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Introduction

Background
Asthma is one of the classic diseases, recognized by Hippocrates over 2000 
years ago. Henry Hyde Salter, a physician at Charing Cross Hospital in Lon-
don, described asthma in the year 1860. He differentiated it from other kinds 
of breathlessness as “paroxysmal dyspnoea of a peculiar character with in-
tervals of healthy respiration between the attacks” (1). He followed this up a 
few years later by describing many of the characteristics of the disease, such 
as airway hyperresponsiveness to cold air and exercise, attacks provoked by 
airborne irritants and by the consumption of food and wine. He also ob-
served special cells in the sputum of the asthmatics. These were later identi-
fied and named eosinophils after the development of eosin by Paul Ehrlich. 
In the first edition of Principles and Practice of Medicine (1892), Sir Wil-
liam Osler also described factors that could exacerbate asthma including 
allergens, air pollutants, infection, exercise, weather, food and emotion (2). 

Figure 1. From left: Henry Hyde Salter, Paul Erlich and Sir William Osler. 

Hyperresponsiveness of the asthmatic airway is a key feature and can be 
quantified by inhalation of methacholine and histamine. As Salter and Osler 
point out, this sensitivity of the asthmatic airways is caused by an inflamma-
tion accompanied by structural changes such as increase in smooth muscle 
and deposition of matrix leading to overall thickening of the airway wall (3). 
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The first epidemiological studies on asthma are from the middle of the 
nineteenth century. On the basis of these it is possible via numerous subse-
quent studies to confirm a continuous rise in the prevalence of asthma in 
both children and adults. The reason for this increase is uncertain, but most 
explanatory models are multifactorial. Asthma is at the present date consid-
ered a major worldwide health problem. The disease causes a significant 
burden, not only in terms of health care costs but also through reduced pro-
ductivity and participation in family life. In order to understand this increase, 
extensive research has lead to identification of numerous risk and some pro-
tective factors for the development of asthma. Treatment for asthma is avail-
able and asthma may be preventable. It is believed that for infants with a 
family history of asthma or atopy, avoidance of exposure to passive smoking 
and to domestic dust mite, cat, and cockroach allergens may help prevent the 
initial development of asthma. For adults, avoiding exposure to smoke and to 
chemical sensitizers in the workplace is helpful. 

Definition of asthma in epidemiological studies 
The major obstacles in asthma epidemiology are the lack of a definition of 
asthma, the transient nature of symptoms and the absence of sensitive and 
specific markers for the condition. The term “asthma” is currently used to 
describe an inflammatory disorder within the airways, with symptoms of  
intermittent reversible airway obstruction and airway hyperresponsiveness. 
This airway inflammation causes respiratory symptoms such as chest tight-
ness, cough and wheezing. The current consensus definition of asthma is 
following:

Asthma is a chronic inflammatory disorder of the airways in which many 
cells and cellular elements play a role. The chronic inflammation causes an 
associated increase in airway hyperresponsiveness that leads to recurrent epi-
sodes of wheezing, breathlessness, chest tightness, and cough, particularly at 
night or in the early morning. These episodes are usually associated with 
widespread but variable airflow limitation that is at least partially reversible 
either spontaneously or with treatment (4).  

Diagnosis of asthma in clinical practice includes information about familiar 
history of asthma and allergy, the patient history of symptoms in combina-
tion with skin prick test, spirometry and in some cases bronchial provocation 
testing with methacholine, histamine or cold air. Defining asthma using only 
questionnaire responses is a true challenge for a researcher. Questionnaires 
are however used in large populations in order to maximise the information 
and reduce costs. These can be followed up via more detailed investigations 
in smaller samples of the same group. The questionnaires include multiple 
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questions on respiratory symptoms and asthma. The answers and combina-
tions of answers have different sensitivity and specificity for asthma (5). 

Self-reported asthma or self-reported physician-diagnosed asthma is often 
utilized as an outcome variable in epidemiological studies. The second ques-
tion has high specificity; indicating that those who respond positively truly 
have the disease (finding the actual cases). It does however have low sensi-
tivity, indicating that many asthma cases are not detected (missing many 
cases). This leads to an underestimation of the true prevalence of the disease 
in the population. A positive answer to the question “Have you ever had 
asthma” was found to be closest to the true prevalence of asthma in a sub-
sample of the Italian part of the ECRHS (6).  

The term “wheeze” is often used in epidemiological studies for the identi-
fication of asthma. This term is difficult to translate in multilingual studies, 
and the prevalence of other conditions causing wheeze such as chronic bron-
chitis or COPD affect the results. High international consistency has never-
theless been demonstrated in answers to different questions in multilingual 
studies, indicating that international comparisons are not affected by errors 
due to cross cultural variations in the reporting of symptoms (7). Other respi-
ratory symptoms such as cough, breathlessness and chest tightness are also 
possible signs of asthma and are questions concerning these symptoms also 
used in epidemiological studies.  

Testing of BHR has its limits, as considerable proportions of persons who 
are believed to have asthma do not have BHR. A considerable proportion of 
persons who have positive results on such test are also asymptomatic (8;9). 
The validity of BHR testing in asthma has been summarised, concluding that 
current evidence suggests that BHR testing has no greater validity than 
symptom questionnaires for measuring the difference in asthma prevalence 
between populations with the same language and similar symptom recogni-
tion and reporting (9). The method may however provide more comparable 
information when comparing populations which do not share these charac-
teristics. In epidemiological studies BHR testing can also lower the response 
rate and introduce selection bias as the most severe asthma cases are not 
tested with this method.  

Incidence and prevalence of asthma 
Asthma incidence 
Incident of asthma serves as the epidemiologic measure of disease onset. 
The incidence rate of a disease in a population is defined as “the number of 
disease occurring in the population divided by the sum of the time periods of 
observation for all individuals in the population” (10). This definition is suit-
able for disease which can occur more than once in the same individual. 
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Asthma in adults is more or less regarded as a chronic disease and the time 
period of observations terminates with the onset of the disease. The incident 
rate of asthma is thus defined as “the number of persons with an onset of 
asthma in the population divided by the sum of the time periods of observa-
tions for all “non-asthma” persons in the population” (11).  

When estimating incidence risk ratios in follow-up studies, subjects test-
ing positive for the disease at baseline are excluded. Nondifferential misclas-
sification of disease at baseline can lead to bias either away or toward null in 
estimated cumulative incidence risk ratios. This bias is mainly a function of 
sensitivity at baseline, as imperfect sensitivity leads to failure to exclude all 
diseased subjects from the follow-up. Imperfect specificity at baseline has 
less effect. Bias is increased with high true prevalence of disease and low 
true incidence such as asthma or myocardial infarction (12). 

Measuring asthma incidence requires regular follow-ups of large cohorts 
for a long time. Incidence studies give more valid data about the natural his-
tory of asthma and about factors possibly affecting the disease than preva-
lence studies. One could say that the cause and effect of the disease is better 
identified in incidence studies than in cross sectional prevalence studies. 
Regular prospective follow-ups of large cohorts are however difficult to 
perform, and direct measurement of the incidence rate of asthma thus almost 
impossible. Cross-sectional follow-up studies of defined cohorts can be used 
to provide data on incidence. 

The estimated incidence of asthma varies widely between studies. The 
methodology utilized differs; the studies are performed worldwide on differ-
ent population; the age cohorts are not the same and they are performed in 
different timeframes. This combines to make comparison between studies a 
difficult task, and is the reason for the rather large interval in incidence when 
trying to summarize and compare different populations and regions. For all 
age groups the incidence of asthma varies between countries from 2.65-4 per 
1000 individuals per year (13). For children younger than age 5 years in 
whom a firm diagnosis is difficult, incidence rates of 8 to 14 per 1000 and 
4.3 to 9 per 1000 year have been reported for boys and girls respectively. 
The incidence in adults’ age 25 years has been estimated 2.1 per 1000 year. 

Analyses of data based on the RHINE study found that the incidence rate 
of asthma in the whole population sample ranged 1.5-2.2 per thousand popu-
lation, with a higher incidence range among females (14). The incidence of 
asthma in the same study was dependent on the extent to which subjects with 
respiratory symptoms were excluded from follow-up. The annual incidence 
of asthma in adults in northern Sweden has been estimated at 2.3 per thou-
sand population (15). 

Longitudinal studies of birth cohorts, such as the Multicenter Allergy 
Study (MAS) in Germany (16), the BAMSE study in Sweden (17) and the 
Children’s respiratory study in USA (18) provide the best opportunity to 
learn about potential initiators of asthma. Such prospective studies have been 
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designed to “clarify the natural history of the disease and to describe associa-
tions between phenotypes and genetic, environmental, or lifestyle factors” 
(19).

Asthma prevalence 
Asthma and allergic diseases comprises the most common group of diseases 
in children, adolescent and young adults today. The prevalence of disease is 
dependent on both the incidence and remission rates of the disease. Studies 
have shown that the prevalence of asthma has been increasing over the last 
half century, mainly among children and young adults (20). This rise in 
asthma prevalence has been reported all over the world (21-23) including 
Sweden (24). It must however be noted that some individual ISAAC centres 
located in Western countries, have reported no increase or even a decrease in 
asthma prevalence over the last 10 years (25). 

The prevalence of asthma varies widely between studies for the same rea-
sons as mentioned in the chapter above (diagnostic criteria, methodology, 
age groups, timeframe) so the results are difficult to compare. In order to 
cope with these problems, two large multinational surveys were performed 
during the 1990s. They are the International Study on asthma and allergies in 
Childhood (ISAAC) (26) and the European Community Respiratory Health 
Survey (ECRHS) (27) which was performed on young adults. The aim of 
both studies was to collect data with standardized methods within the same 
timeframe in comparable age groups and thus be able to compare the preva-
lence of asthma, respiratory symptoms and allergy worldwide. 

The main results from both studies have been published, showing wide 
variation in the prevalence of asthma in both children and adults (28;29). 
The highest prevalence of asthma in adults was found in Australia and New 
Zealand (11-13%) and within Europe in the United Kingdom (8%). Similar 
pattern was seen for atopy. The prevalence data from the ISAAC study was 
compared to the ECRHS data; prevalence estimates in the ECRHS proving 
to be constantly lower than the prevalence rates in the 13-14 years age group 
in the ISAAC study (30). In general there was a good correlation between 
the prevalence of wheeze and asthma in the ECRHS and the corresponding 
prevalence in the ISAAC study.  

Three main patterns have been observed for the prevalence of asthma in 
epidemiological studies. The first clear pattern is that asthma prevalence is 
highest in English-speaking countries and lower in the Mediterranean region 
and Eastern Europe. Secondly, asthma is more common in Western, more 
affluent countries than in developing countries and finally, the prevalence of 
asthma is in general lower in rural than in urban regions. These results indi-
cate that the current recognized risk factor for the development of asthma 
probably can not fully account for the worldwide increase in prevalence, nor 
can it account for the international variations in asthma prevalence. 
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Risk factors for asthma 
One of the aims of epidemiological studies is to identify risk factors. This is 
done by quantifying some “exposure” and then by comparing one group 
without the “condition” with another group with the “condition” of interest 
regarding the exposure. For example, one can assume that the “condition” is 
asthma (dependent variable) and the “exposure” is smoking (independent 
variable). Then the question is; “Is smoking a possible risk factor for 
asthma?” If the results of our calculations show that smoking is more com-
mon (prevalent) in subjects with asthma as compared to non-asthmatics, one 
can suspect that the answer to our question is “yes”. This first step is called 
univariable analysis. 

In order to get closer to the true effect of the identified or suspected risk 
factor, adjustments are made for possible confounders. A confounder is a 
factor that influences both the “condition” and the “exposure”. Common 
confounders in epidemiological studies are age, gender, smoking and body 
mass index. These calculations are called multivariable analysis, and the 
results are presented as odds ratio (OR) for the risk factor with a 95% confi-
dence interval. Using the same example as above, OR of 2 for smoking 
would suggest that asthma would be twice as common amongst smokers as 
compared to non-smokers. If the 95% CI for the observed OR is not over-
lapping 1 (as 1 represents the reference group with no exposure), the results 
are regarded as being statistically significant. 

When performing epidemiological studies it is also possible to identify 
protective factors, that is to say, some “exposure” that reduces the risk of 
getting or having the “condition” being studied. Such protective factors have 
OR less than 1 and if the 95% CI does not overlap 1 the findings are re-
garded as statistically significant. 

Risk factors for asthma are different for children and adults. In children, 
low birth weight, type I allergy and a family history of asthma are known 
risk factors (31) as are male gender, maternal smoking, indoor dampness at 
home and sensitization to indoor allergens such as cat and mite (32). In 
adults, female gender, obesity, smoking, indoor dampness at home and work 
exposures have been identified as risk factors for asthma (33). 

Table 1, summarizes the major risk factors for asthma in both children 
and adults and the following chapters have the same headlines. Most of the 
known risk factors known today will be mentioned but as with all classifica-
tions some overlap between the groups is unavoidable and some suggested 
risk factors will not be mentioned. 
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Table 1. Potential Risk Factors for Asthma 

Host Factors 
Age
Gender
Genetic predisposition 
Atopy 

Environmental Factors 
Early life and social factors 
Indoor environment 
Outdoor environment 

Lifestyle Factors 
Smoking 
Diet
Obesity and physical activity 
Gastro-esophageal reflux 

Occupational Factors 
Work exposures 

Host factors 
Age and gender 
Boys demonstrate a higher incidence of asthma than girls during childhood. 
This is found to reverse after the age of 15, when girls have higher incident 
of asthma (34-36). This pattern is also reflected in prevalence studies 
(37;38). In addition to this, higher BHR has been reported for boys in child-
hood-adolescent age groups and at older age, while in females a higher BHR 
has been observed during adulthood (39;40). The underlying mechanism of 
this shift from childhood to adolescence is not completely understood. In 
general, BHR at baseline is a risk factor for incident asthma and/or recurrent 
wheeze in both genders (41;42). Later in life the incidence of asthma possi-
bly reverses once more (34). 

Premenstrual exacerbation of asthma symptoms with increase in airway 
resistance has been found (43) as well as positive correlation between hor-
mone replacement therapy (HRT) and asthma in post-menopausal women 
(44). Gomes et al, recently reported that lean women who were HRT users 
had as high a risk for asthma as overweight women not taking HRT (45). 
The authors suggested that HRT and overweight increased the risk of asthma 
through a partially common pathway. 
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Genetic factors and atopic sensitisation 
Asthma appears to be multifactorial in origin and influenced by the interac-
tion of genetic and environmental factors (Figure 1). Genetic studies indicate 
that multiple genes are involved in the pathogenesis of this disease, and 
chromosomal regions likely to harbour asthma susceptibility genes have 
been replicated in several studies (46). The considerable increase in asthma 
prevalence during the last decades does however indicate that genetic factors 
alone are unlikely to account for substantial portions of asthma cases. 

The term atopy has been used to describe allergic conditions such as 
atopic eczema, allergic rhinitis and asthma and is characterized by the pro-
duction of IgE antibodies to common environmental allergens. This produc-
tion of IgE antibodies against one or more allergen is called sensitization. In 
epidemiological studies sensitization can be measured with skin prick testing 
(SPT) or via measurement of specific IgE in blood. The commonly accepted 
hypothesis of the relationship between atopy and asthma is that exposure of 
genetically susceptible individuals to allergen leads to the development of 
sensitisation, and that continued exposure leads to clinical asthma through 
the development of airway inflammation, BHR and reversible airway ob-
struction (47). 

In prospective studies, both personal atopy and a family history of asthma 
are consistent predictors of incident asthma in both children and adults (33). 
Additional risk for asthma in children has been reported for maternal vs. 
paternal asthma history (18) and if both parents had the disease (17). In 
population-based studies on twins, the estimated effect of genetic factors is 
about 35-70 percent depending on the population and the design of the study 
(48).

Environmental factors 
Early life and social factors 
Social and medical factors in early life, related to the onset of asthma include 
low birth weight, breastfeeding, occurrence of infections and social factors 
related to burden of infection such as family size and day-care attendance. 

Low birth weight and breastfeeding 
Low birth weight (<2500g) has been reported as a risk factor for incident 
asthma among children, with OR ranging from 2.1-6.7 (31;35). Low mater-
nal age (<20 years of age) has also been found as a risk factor for incident 
asthma with OR 1.4 (49). Shaheen et al. found no association between 
asthma in adults and BMI at age 10, but birth weight was inversely associ-
ated to asthma (50). A recent meta-analysis has found that children with high 
body weight, either at birth or later in childhood, had an increased risk for 
future asthma (51). Potential biological mechanisms include diet and gas-
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troesophageal reflux, as well as mechanical effects of obesity, atopy, and 
hormonal influences.  

Breastfeeding through the first four months of life has been associated 
with lower risk of incident asthma (52;53). Few studies have not shown any 
protective effects of breast-feeding on allergic diseases (54;55). One study 
found an increased risk for asthma and atopy in children being breastfeed for 
more than 4 weeks (56). 

Figure 1. A multifactorial model for asthma. 

The model is composed of three levels: risk factors associated with asthma, interme-
diate phenotypes and the final trait. The risk factors, which can collectively be 
grouped as environmental or genetic risk factors, determine the extent to which the 
intermediate phenotypes are expressed. The intermediate phenotypes are necessary 
but not sufficient conditions for the development of allergic asthma. The extent to 
which these phenotypes are expressed determines the likelihood of the initiation of 
the disease (dotted), as well as the likelihood of persistence (hatched) and the sever-
ity of the disease (black). Printed with permission from Respirology 2004; 9:16-24. 
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The Hygiene hypothesis 
In the late eighties, Stachan observed that having a greater number of sib-
lings, particularly older siblings, was associated with a reduced prevalence 
of hay fever and atopic eczema (57). The theory proposed was that infections 
in early childhood, transmitted by “unhygienic” contact with older siblings, 
possibly protected the young child from allergic disease later in life. One of 
the central assumptions of the hygiene hypothesis is that the regulation of 
immune responses is, as least partially, nonspecific. It is assumed that infec-
tions, with helminthes, mycobacterium or hepatitis A virus, as well as endo- 
toxin exposure (mainly from gram negative bacteria) or early life infections 
create milieu that leads to a decrease in allergic responses in general. This 
hypothesis was supported by developments in immunology, with the identi-
fication of subset of helper T cells (Th) in mice. These were identified as Th 
1 cells and Th 2 cell with different cytokine profiles (58). The Th1 response 
is characterized by production of the cytokines IL-2 and IFN-gamma and 
activates cell mediated immune functions. The Th2 response is characterizes 
by the production of IL -4, -5, -6, -10 and -13 and promotes humoral immu-
nity with production of antibodies such as IgE. As the system is counter-
regulatory, infections would stimulate Th1 cells, and through their cytokine 
production down-regulate Th2 response. This assists T-cell immune re-
sponses to mature into a balance phenotype that would be less likely to favor 
allergen sensitization. Allergic diseases are considered as classic examples 
of Th2 diseases. 

Infections
Early contact with other children via being placed in day-care should be 
equally effective as having many siblings, as the frequency of various infec-
tions in day care groups is high. Repeated viral infections other than lower 
respiratory tract infections early in life may reduce the risk of developing 
asthma up to school age (16) Another study found that exposure of young 
children to older children at home or to other children at day care does pro-
tect against the development of asthma and frequent wheezing later in child-
hood (18). A recent Swedish study did however report that attending day 
care was associated with an increased risk of symptoms related to airways 
infections as well with eczema and allergic reactions to food (59). 

Studies of children suggest that factors encountered in a farming envi-
ronment might protect against the development of allergy. Comparisons of 
urban and rural population within countries have shown lower prevalence of 
asthma and atopy in the latter. This is the case in both western industrialized 
(60) and developing countries (61). Analyzing of data from the ECRHS 
found that living on a farm in childhood was associated with a reduced risk 
of atopic sensitization in adulthood (62). This protective effect of farming 
environment is thought to be mediated, at least partly, through early contact 
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with gram negative bacteria. In an inner city community, domestic endotoxin 
exposure was found to be inversely associated with eczema at age 1 year, but 
positively associated with wheeze at age 2 years (63). Recently, Douwes et 
al. reported that early exposure to common microbial contaminants, includ-
ing fungal agents, might protect against asthma in children (64). 

Indoor environment 
The modern man spends more than 90% of his life indoors (65). Approxi-
mately 2/3 of this time is spent in the home (66). This fact highlights how 
interesting home indoor environment is, as the complex indoor climate may 
cause or aggravate respiratory disease. Both physical and chemical factors 
are of importance when evaluating indoor air quality. Sensitisation to indoor 
allergens is important, as is indoor air pollution from smoking. In addition to 
this, one must in a number of countries also take into account the effects of 
gas cooking (67). Reports on carpets (68) and plastic floor material (69) in 
relationship to asthma and atopy have been published in the past years. 

Indoor dampness 
Signs of dampness in the home are a very common phenomenon. As many 
as 17-24% of homes in the Nordic countries (70;71), 25% in the Netherlands 
(72) and 37% in Canada (73) and New Zealand (74) exhibit signs of indoor 
dampness such as water leakage or visible moulds on walls, floor or ceilings. 
The adverse effect of dampness on respiratory health has been suspected for 
many years, and large cross-sectional prevalence studies on both adults and 
children have confirmed a positive relationship between indoor dampness 
and respiratory symptoms and asthma (72;75-78). Meta-analysis performed 
by Peat et al. adds further support to these findings (79). In a Nordic review 
on the subject the authors conclude by stating: 

The review shows that "dampness" in buildings appears to increase the risk 
for health effects in the airways, such as cough, wheeze and asthma. Relative 
risks are in the range of OR 1.4-2.2.”(80). 

In general, the association between indoor dampness and respiratory symp-
toms, such as cough and wheeze, is stronger than for asthma (79;80). 

House dust mite, bacteria and moulds 
Moulds thrive in damp environments, and it has been demonstrated that wa-
ter damage which persists for more than three days causes an increase in the 
levels of spores inside a building (81). The major structural components of 
fungal cell wall are glucans, compounds which can cause respiratory symp-
toms (82;83). Organic volatile compounds can be the cause of odor in damp 
homes and it is known that moulds producing mycotoxins thrive in damp 
environments (84). It is also acknowledged that dampness can trigger proc-
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esses within building materials that can result in the release of airway-
irritating fumes into the indoor environment (70;85;86). Björnsson et al.
found higher levels of bacteria and moulds in the homes of subjects report-
ing asthma related symptom like wheeze, breathlessness or chest tightness 
(87). After adjusting for possible confounders, exposure to bacteria remained 
as a risk factor for wheeze and asthma related symptoms in that population. 
Higher levels of house dust mite allergens have also been noted in damp 
homes (88). Both moulds and HDM have allergenic properties and can cause 
sensitization in susceptive individuals. Hesselmar et al. found a strong rela-
tionship between HDM-infestation and wheeze (89). Another research group 
reported that sensitization to house dust mite, BHR, female gender, smoking 
and early onset of asthma were risk factors for relapsing or persistent wheeze 
in adulthood (90). A study by Nicolai et al., found indications that dampness 
at home during childhood was a significant risk factor for persistence of 
bronchial hyper-responsiveness and respiratory symptoms, but that this risk 
could only partially be explained by exposure to HDM antigen (91). 

The mechanisms by which dampness is associated with respiratory symp-
toms and asthma are as of the current date still unknown. A relationship has 
been reported between allergic sensitization to moulds and asthma severity 
(92). In the desert area of Arizona, sensitization to Altenaria was related to 
asthma (93) Recently, Jaakkola et al. found that atopy was a strong determi-
nant of asthma in adulthood where specific IgE antibodies to mites and some 
moulds (Altenaria and Cladosporium) were significantly related to increased 
risk of onset of asthma in adulthood (94). Analysis of data from the ECRHS 
I found that reported mould exposure in the last year was associated with 
asthma symptoms and BHR (68). This effect was stronger in subjects sensi-
tized to Cladosporium species. Centres participating in the same study and 
reporting a higher prevalence of asthma had also a high prevalence of re-
ported indoor mould exposure and was mould exposure highest in older 
houses with recent water damage. 

In contrast to the hygiene hypothesis, which suggests that endotoxin expo-
sure in childhood protects against atopy and asthma, adults exposed to high 
levels of endotoxin display increased risk of asthma and asthma-related 
symptoms (95). A recent study reports an associations between fungal and 
endotoxin levels in office dust with respiratory health in 888 occupants of a 
water-damaged building (96). The relationship between respiratory symp-
toms and the amount of culturable fungi from the floor dust was linear and 
significantly higher in subject with the highest exposure when compared to 
subjects with the lowest exposure. Nonlinear relationships were observed for 
many of these symptoms and endotoxin in floor dust, but interaction models 
showed that endotoxin modified effects of fungi on respiratory symptoms. 
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Sensitization to furry pets 
Asthma is strongly associated with atopy. This indicates that an increased 
sensitization to common indoor allergens appears to be a part of the explana-
tion as both population and case-control studies have shown that sensitiza-
tion to indoor allergens is the strongest risk factor for asthma with adjusted 
odds ratios around four.(97;98). By contrast, sensitization to outdoor aller-
gens such as pollens is strongly associated with seasonal rhinitis and gener-
ally not significantly associated with asthma (99-101). The sensitization 
profile reflects the environment, and there is a dose response relationship 
between the levels of allergen exposure and the risk of sensitization for 
HDM with levels approximately of 2 microgram of group 1 mite aller-
gens/gram of dust (102;103). 

The chief sources of indoor allergens are cats, dogs, HDM and cock-
roaches. There is however, a variation as to which of these sources governs 
when looking at global location. In Sweden sensitization to cats and dogs 
dominates the picture (60;104-106). Where climate is warmer, sensitization 
to HDM is most common (107;108) and in inner cities cockroaches cause 
sensitization (109). The exposure to cat allergens in homes with cats is high 
when compared with HDM exposure (110). Even in countries where cats are 
present in a large proportion of houses, the prevalence of sensitization to cats 
is generally less than the prevalence of sensitization to HDM (111). It has 
also been observed that subjects raised in a home with a cat were less likely 
to become sensitized to cat than those with moderate exposure (112;113). It 
would appear that subjects exposed to high levels of cat allergens can pro-
duce IgG4 antibodies against cat allergens. The resulting theory is that by 
developing IgG antibodies the individual reduces the IgE production and 
thereby decreases the risk for asthma (114).  

A negatively association with having a dog in childhood and atopy has 
been reported but the same study found no protective association for having 
a cat as a child (115). Selective avoidance of pets in atopic families may to 
some extent explain this finding, but there is no reason for why dogs and not 
cats should be selectively avoided, as cats cause more allergic symptoms 
than dogs (116)  

ETS and gas cooking 
Environmental tobacco smoke (ETS) causes passive smoking and is a wide-
spread and avoidable risk factor for respiratory symptoms in both children 
and adults. Among children there are numerous studies that show an in-
creased risk for asthma if the child is exposed to ETS (117;118). On average, 
the increased risk for asthma caused by ETS has odds ratio between 1.2-1.5. 
In adults, ETS exposure is associated with respiratory symptoms, asthma and 
a small but significant impairment of lung function and increased BHR 
(119).
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Gas stoves release respiratory irritants such as nitrogen dioxide and other 
combustion by-products. Children and adults with asthma may be suscepti-
ble to the effects of gas stove exposure because of their underlying BHR, but 
this association has been difficult to establish. In the ISACC study, positive 
associations between asthma related symptoms in 6-7 years old children 
were observed regarding exposure to moulds, environmental tobacco smoke, 
cooking with gas and space heating with fossil fuels, but most associations 
were not statistically significant (120). Among more than 10 000 Chinese 
schoolchildren (aged 10 years), factors during the first year of life signifi-
cantly associated with wheeze were cooking with gas, foam pillows and 
damp housing (121). One study showed increased bronchial responsiveness 
with gas cooking (122). This was only found in subjects with high total im-
munoglobulin E levels, leading the author to suggest that atopic subjects 
were sensitive to adverse effects of gas cooking on respiratory health. 
Analysis of data from the ECRHS found an association between some respi-
ratory symptoms and gas cooking in females with odds ratio around 1.3, but 
there was no evidence that atopy modified this association (67). Data from 
the US Third National Health and Nutrition Examination Survey among 445 
adults with asthma found no association between gas stove use and FEV1 
and respiratory symptoms (123). 

Floor material
Global phthalate ester production has increased from very low levels at the 
end of World War II to approximately 3.5 million metric tons/year. Phthalate 
esters are used as softening agents in plastic material. A Swedish nested case 
control study showed that phthalates, within the range of what is normally 
found in indoor environments, was associated with allergic symptoms in 
children (69). 

Analysis of data from the ECRHS I, found fitted carpets and rugs in the 
bedroom related to fewer asthma symptoms and less BHR. This effect was 
consistent across centres and more pronounced among house dust mite-
sensitized individuals (68). In China, the presence of a carpet was negatively 
associated with most respiratory conditions in children (121). 

Outdoor environment
Airborne pollutants with adjuvant effect, known as airborne adjuvants, may 
promote IgE-sensitization and development of allergic airway diseases. Traf-
fic-related pollution has been confirmed in both cross-sectional and longitu-
dinal studies to be associated with increased asthma morbidity and cardio-
pulmonary mortality (124). Among the particulate pollution, research inves-
tigating the ultra-fine particles and the bacterial components suggested that 
these particles may have important role in asthma morbidity (124). 

However, the classic study comparing subjects from the former East and 
West Germany suggested that asthma and BHR were far more common in 
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the former West Germany than the more polluted East Germany (125). The 
ISAAC study also revealed that Chinese children from Hong Kong had a 
threefold higher prevalence of asthma than children living in more polluted 
cities in Mainland China (121). Prospective studies in children and adults 
suggested that some incident asthma cases could be related to exposure to 
ozone (126). 

Lifestyle factors 
Smoking  
Active cigarette smoking has been associated with the development of
asthma in some (127-130), but not all studies (131;132). In asymptomatic 
teenagers, the development of asthma-like symptoms over a period of 6-
years was independently associated with active tobacco smoking, as well as 
atopy and BHR to methacholine (129). In a retrospective study of a random 
population sample of 15 813 adults, tobacco smokers demonstrated an in-
creased incidence rate compared with never-smokers for adult-onset asthma 
in females, but not amongst males (127). In another study, smoking was 
found to be associated with the onset of asthma among non-atopic individu-
als (128), and as a risk factor for asthma among older adults (130). A study 
from Northern Sweden found current and former smoking as a risk factors 
for incident asthma in adults (133).  

Data from the ECRHS II showed that an increase in BHR was associated 
with continuing or restarting smoking, even after adjusting for reduction in 
FEV1 (134). Regarding smoking and sensitization, Jarvis el al. reported that 
when compared with lifetime non-smokers, current smokers were at an in-
creased risk of sensitization to house dust mite allergen but a decreased risk 
of sensitization to grass and cat allergens (135). The risk of developing self-
reported asthma in former smokers compared with never-smokers is in-
creased after smoking cessation, but this decreases with time (136;132). This 
effect is not thought to be causal, but rather as a result of individuals attribut-
ing symptoms of COPD to asthma or as a result of smokers who stop smok-
ing because of the onset of respiratory symptoms and are later diagnosed 
with asthma. 

Socioeconomic status 
A high prevalence of asthma has been found in affluent western countries 
and on community level a higher prevalence of asthma has been shown in 
more affluent regions in developing countries (29;32). In children who had 
wheezed by five years of age, the persistence of symptoms at 16 years of age 
was independently related to high social status of the mother (137). In Brit-
ish cohort (born 1970), examined at 26 years of age, higher paternal social 
class was associated with increased asthma prevalence (50). High educa-



24

tional level was also a risk factor for clinical allergies among adults in East 
Germany (138).  

Data from the Swedish Military Service Conscription Register was linked 
to two other national registers for 1 247 038 male conscripts. This study 
found low socio-economic status related to a reduced risk of asthma with 
allergic rhinitis in the earliest cohort, but a slightly increased risk in the most 
recent cohort (139). In the same survey, the steepest increase in asthma and 
allergic rhinitis occurred in conscripts with a low socio-economic status. In a 
10-year follow-up of a population-based postal survey in Northern Sweden, 
encompassing 2341 men and 2413 women, low socio-economic status was 
found as a risk factor for the development of asthma, symptoms common in 
asthma, and for chronic productive cough (140). 

Diet
An association between asthma morbidity statistics and the regional sales of 
table salt was observed in Britain (141). This finding has stimulated several 
intervention studies with sodium restriction and/or supplementation. The 
research suggests that the effects of sodium are limited to individuals with 
asthma; current research has however not provided conclusive evidence that 
sodium restriction improves asthma (142). At least one study does neverthe-
less suggest that sodium loading exacerbates BHR (143). Other minerals 
such as selenium, magnesium, copper and zink have also been investigated 
but only regarding magnesium is there strong evidence in cross sectional 
epidemiological studies of protection against asthma (144;145). A four 
months randomized, double-blind, placebo-controlled supplement study did 
however not demonstrate any evidence of benefit (146).  

It has also been suggested that decreasing antioxidant (fruit and vegeta-
bles), increased n-6 polyunsaturated fatty acid (PUFA; margarine, vegetables 
oil), and decreased n-3 PUFA (oily fish) intakes have contributed to the re-
cent increases in asthma and atopic disease, but in general supplementary 
studies have been disappointing (147). Antioxidant are mainly vitamins (vi-
tamin C, E and A), but also selenium. The main source of vitamin C is fruit, 
but some fruit also include flavinoids (eg, anthocyanins and phloridzin) and 
studies have reported an association between fruit intake and asthma (148), 
ventilatory function (149) and respiratory symptoms (150) in children and 
adults. A proposed mechanism is that reduced antioxidant defenses may lead 
to an increased airway susceptibility to oxidant damage, resulting in airway 
inflammation and asthma. A trial of the effect of 5 years of supplementation 
with antioxidant vitamins in the Heart Protection Study provided no evi-
dence of an effect on FEV1, FVC and hospitalization for asthma in the sec-
ondary analysis (151). 

In industrialized countries, change in the dietary intake of fat preceded 
and then paralleled the increase in asthma and atopic disease (152). Public 
health measures to reduce coronary heart disease have lead to reduction in 
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the intake of saturated fats (n-3) but consumption of n-6 polyunsaturated fat 
present in margarine and vegetable oils has on the other hand increased. 
Several cross-sectional studies have reported beneficial associations between 
dietary fish intake, asthma and atopic disease (153) and dietary margarine 
consumption has been associated with an increased likelihood of atopic sen-
sitization and atopic disease (154). It is known that both saturated (n-3) and 
unsaturated n-6) PUFAs can modulate T-cell function directly through ef-
fects on cell membrane fluidity, cell signaling, and gene transcription (155) 
Systematic review of the clinical effects of n3 PUFA fish oil supplementa-
tion on established asthma has concluded that it is not consistently associated 
with beneficial effect (156). 

Obesity and physical activity 
As the prevalence of both asthma (157) and obesity (158) has increased in 
recent decades, this fact has lead to speculations that obese persons might be 
at increased risk of developing asthma. Many studies have reported an asso-
ciation between asthma and obesity in children (159-163) and in adults 
(50;164-170). 

In the British Cohort Study, obesity was a risk factor for asthma and this 
association was stronger for females (50). An association between increasing 
body mass index and asthma incident was found in the Nurses’ Health Study 
II, and the strength of the association increased as the definition of asthma 
became stricter (171). The same study found that weight gain after age 18 
was strongly associated with incident asthma. In the Coronary Artery Risk 
Development in Young Adults study, young adults (age 18-30) were fol-
lowed over 10 years (172). An association between weight gain, obesity and 
asthma diagnosis was found in females but not in males. A Canadian study, 
found body mass index at baseline being associated with self-reported 
asthma among females but not males, but weight gain was not a predictor of 
incident asthma in that study (168). A study from Finland following a cohort 
born in 1966, found an association between obesity at age 14 with having 
asthma at age 31 (173). Participants who were obese at both 14 and 31 years 
of age were found to have over 2 times the odds of having asthma at age 31 
when compared to those who where not obese at either age. 

A study from Tucson, using nested case-control study design, found that 
females with a body mass index over 28 had an increased risk of being sub-
sequently diagnosed as having asthma (174). Another Finish study on adult 
twins found obesity being associated to the risk of adult onset asthma in both 
genders, while short height and low leisure time physical activity were con-
sidered as other potential risk factors (175). In the National Health and nutri-
tion Examination survey I, results from data on incident asthma in obese 
subjects was analysed and a moderately increased risk for incident asthma 
among obese adults could be identified (176). In material from Northern 
Sweden, risk factors for incident asthma among adults were hay fever, a 



26

family history of asthma, allergic sensitisation and ex-smoking status, and 
increased body mass index independent of sex and allergic status (15). 

Two publications have reported an association between obesity, asthma 
and respiratory symptoms. The former found that even though moderate 
(BMI 30-34.9) and severe obesity (BMI>35) was a risk factor for asthma and 
wheeze in the last 12 months, the level of atopy, BHR and airway obstruc-
tion was not higher in those two groups (177). The latter found obesity to be 
a risk factor for self-reported asthma, bronchodilator use and dyspnoea with 
exertion, but obese participants had the lowest risk for significant airflow 
obstruction (178). 

Studies on morbidly obese patients (mean BMI 45) with asthma that are 
treated with surgery show impressive improvement in the clinical status of 
the patients with reduction of asthma medication use, hospitalisation and 
number of asthma attacks (179-184). In up to half of the patient cases their 
condition resolved (179;182). 

The effects of weight loss achieved through diet modification or other be-
havioural change have been studied on obese patient with asthma. Weight 
loss has favourable changes in lung function parameters as well as for dysp-
noea, use of rescue medication and on the number of exacerbations (185-
187).

A major change in diet and physical activity has occurred in the past dec-
ades, leading to increased prevalence of obesity. It has been suggested that 
changes in physical activity could be the lifestyle change related to broncho-
spasm (98) but the mechanistic basis for the relationship between asthma and 
obesity has not been established. It is possible that obesity and asthma share 
some common etiology, such as genetic predisposition, or that obesity and 
asthma are both the result of some other predisposing factor such as physical 
activity or diet (188). There are however also plausible biological mecha-
nisms whereby obesity could be expected to either cause or worsen asthma. 
These include co-morbidities such as GER, breathing at low lung volume, 
sleep disordered breathing, chronic systemic inflammation, and endocrine 
factors, including adipokines and reproductive hormones (189;190). 

Gastroesophageal reflux 
GER disease is common in adult patients with asthma, with reported preva-
lence ranging from 32 to 82%. (191;192). GER is a potential trigger of 
asthma (193) and patients with difficult-to-control asthma should receive 
anti-reflux treatment (194). There is also evidence that nocturnal GER in 
particular may precipitate asthma symptoms (195;196). Although an associa-
tion between GER and asthma has long been acknowledged, it has not been 
possible to establish a cause-effect relationship between the two diseases 
(197). Several explanatory mechanisms as to the association between asthma 
and GER have been suggested, such as vagally-mediated bronchconstriction, 
heightened bronchial reactivity and microaspiration (198). It is reported that 
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anti-reflux treatment can reduce asthma symptoms (199) and improve morn-
ing PEF (200). A Cochrane review on the subject did however conclude that 
the published data did not consistently support the use of GER treatment as a 
means to control asthma, but that improvements were observed in certain 
subgroups of patients (201).

Snoring
Habitual snoring is a common condition with a prevalence of 16-48% among 
men and 8-27% among women. This is one of the main symptom of obstruc-
tive sleep apnea syndrome (OSAS) (202-205). Obesity and GER are com-
mon in subjects with OSAS (206) and BHR can be found in non-asthmatics 
with this syndrome (207). Increased prevalence of sleep disturbances and 
daytime sleepiness has been reported in asthmatics, and asthma was a risk 
factor for snoring after adjusting for possible confounders (208). In that 
study, a majority of the asthmatics had rhinitis (71%); this might be an im-
portant underlying cause of sleep impairment and snoring in asthmatics. 
Furthermore, patients with both OSAS and coexisting asthma showed sig-
nificant improvement in asthma symptoms and recorded daily peak expira-
tory flow rates when treated for sleep apnea with nasal continuous positive 
airway pressure (209). These results suggest that recurrent upper airway 
obstruction and snoring may be important triggering mechanisms of noctur-
nal asthma attacks. 

Occupational factors 
Substantial epidemiologic and clinical evidence indicates that agents inhaled 
at work can induce asthma. In industrialized countries it is possible to impli-
cate occupational factors in 5 to 15% of all cases of adult asthma (210). 
Work-related asthma includes immunologic occupational asthma (IgE medi-
ated), characterized by a latency period before the onset of symptoms and 
non-immunologic, which occurs after single or multiple exposures to high
concentrations of irritant materials (211). Other variants are so called work-
aggravated asthma, which is pre-existing or concurrent asthma exacerbated 
by workplace exposures and variant syndromes (211).

For the diagnosis of occupational asthma a causal relationship between 
asthma and occupational exposure is required. There are currently more than 
250 defined occupational exposures of environments that are considered 
capable of causing asthma (212). Persons who have a history of atopy or 
who smoke are at greater risk than others for asthma that develops in re-
sponse to high-molecular-weight antigens. Low-molecular-weight sub-
stances (less than 5000 daltons) can cause sensitization without producing 
specific IgE. Among these substances we find the isocyanates, widely used 
in polyurethane foams and paints, as a frequently recognized cause of 
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asthma. A higher risk for asthma has been found among laboratory techni-
cians, painters, workers in plastics industries, cleaners and agricultural 
workers (213;214). Assessment of data on 15 637 people participating in the 
ECRHS found the highest risk of asthma, defined as BHR and reported 
asthma symptoms or medication, in farmers, painters, workers in plastics 
industries, cleaners, spray painters, and agricultural workers (215). Because 
some patients continue to have asthma for years after the discontinuation of 
exposure, therapy emphasizes prevention, early diagnosis, and removal of 
the substance responsible for the exposure (216). 
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Aims of present investigations 

To investigate the relationship between indoor dampness and respi-
ratory symptoms in young Swedish adults (I). 

To evaluate obesity, nocturnal GER and habitual snoring as inde-
pendent risk factors for onset of asthma and respiratory symptoms in 
Northern European adults (II). 

To analyze the association between indoor dampness and respiratory 
symptoms in a cross-sectional study, followed by a longitudinal 
analysis of indoor dampness as a risk factor for onset and remission 
of respiratory symptoms and asthma in adults (III). 

To compare indoor environment in three urban areas in Northern 
Europe with differences in the prevalence of asthma and atopy in or-
der to identify factors in the home indoor environment that might be 
of importance for the development of atopic disease (IV). 
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Ethics

All participants gave their informed consent. The respective local Ethics 
Committees approved the studies. 
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Patients and Methods 

The European Community Respiratory Health Survey I (ECRHS I) (27), 
is a multicentre study with 40 centres located in 16 European countries and 
15 centres in seven countries outside Europe. The study was divided in two 
stages. Stage I took place in 1990 and consisted of a screening questionnaire 
sent out to randomly selected men and women 20-44 years of age. The total 
number of subjects that responded were 137 619. Stage II took place be-
tween 1991 and 1993, and comprised of 18 811 subjects from the random 
sample that were invited to participate in further investigations. These in-
cluded a more detailed interview, skin prick test, lung function measure-
ments, test for airway responsiveness and blood sampling for total and spe-
cific IgE analysis. In some centres (n=25), symptomatic subjects (n=2998) 
were included in stage II. The main results of the survey have been summa-
rized in a review (29). All protocols and questionnaires can be found on the 
website (www.ecrhs.org).

The aims of the ECRHS I were: 

To estimate the variation in the prevalence of asthma-like symp-
toms and bronchial labiality in Europe. 
To estimate variation in exposure to known or suspected risk fac-
tors for asthma; to measure their association with asthma; and to 
further assess the extent to which they explain variation in preva-
lence across Europe. 
To estimate the variation in treatment practice for asthma in the 
European Community. 
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Figure 2.  Results from the ECRHS I showing the prevalence of asthma in young 
adults (20-44 years) in different parts of the world. The Nordic centres (Iceland, 
Norway, Denmark, Sweden and Estonia) participating in the ECRHS I/II and in the 
RHINE study are marked on the map.

The European Community Respiratory Health Survey II (ECRHS II) 
(217) is a follow-up survey of subjects from 14 countries who participated in 
the clinical phase (stage II) of ECRHS I. The participants answered a de-
tailed structured interview about symptoms, exposure to known or suspected 
risk factors for asthma, occupation and health service utilization. Blood was 
taken for measurement of specific IgE to house dust mite, grass, cat and 
Cladosporium and DNA extraction. Lung function measurements and meth-
acholine challenge were performed. Health related quality of life was as-
sessed by self-completed questionnaires: SF-36 and AQLQ. In a sub-sample, 
home visits were made to measure exposure to house dust mites and cat al-
lergens. Throughout the study outdoor exposure to PM2.5, PM10 and NO2 
was measured in the centres participating in the study. 
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The aims of the ECRHS II were: 

To determine the incidence and prognosis of allergy, allergic dis-
ease and low lung function in adults living in Europe and some 
other countries.  
To describe the distribution of exposure to known or suspected en-
vironmental risk factors associated with the incidence and progno-
sis of allergy, allergic disease and low lung function.  
To determine the risk attributable to chronic exposure to these envi-
ronmental risk factors for the incidence and prognosis of allergy, 
allergic disease and low lung function.  
To identify subgroups within the population based on gender, prior 
disease status, bronchial responsiveness and genetic risk that may 
be more susceptible to these environmental risk factors and meas-
ure their excess risk.
To establish a bank of blood samples suitable for DNA analysis 
from representative samples of the population that can be linked to 
health and environmental information. 

The RHINE Study 
Respiratory Health in Northern Europe (RHINE) is a follow-up study of 
participants from seven Northern European centres who participated in 
European Community Respiratory Health Survey I, stage I. The target popu-
lation for the RHINE study were all subjects (n=21 802) from the cities of 
Reykjavik in Iceland, Bergen in Norway, Umeå, Uppsala and Göteborg in 
Sweden, Aarhus in Denmark and Tartu in Estonia that participated in stage 1 
of the ECRHS I (response rate 83.7%). The eligible subjects received a 
postal questionnaire during the period 1999-2001. In total 16 191 (74.3%) 
subjects answered the questionnaire. This questionnaire includes questions 
on respiratory symptoms, asthma, rhinitis, bronchitis, smoking, indoor envi-
ronment, occupation, early life exposure and sleep disorders. 

The aims of the RHINE study were:  
To assess the incidence and remission rate of asthma and allergic 
rhinitis and to determine risk factors in a representative Nordic 
population sample. 
To assess the influence of occupational and home related environ-
mental exposure on the development of asthma and allergic rhinitis 
in Northern Europe.
To investigate the association between the menstrual cycle and 
asthmatic symptoms in women. 
To assess the incidence and remission of sleep disturbances and de-
termine risk factors including atopy and asthma. 
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Paper I
In each centre in Sweden the population registry was used to randomly select 
1800 men and 1800 women, aged 20 to 44 years. In stage I, subjects were 
sent the ECRHS I screening questionnaire. In stage II, a smaller random 
sample of subjects who had completed the screening questionnaire was in-
vited to attend for a more detailed interview-led questionnaire, blood tests 
for the measurement of total and specific IgE, spirometry and methacholine 
challenge. In this analysis all three centres in Sweden were included. The 
centres were: Västerbotten, a large county in northern Sweden with a sub-
artic climate, Uppsala a university city 60 km north-west of Stockholm in the 
interior part of the country and Göteborg, the second largest city in Sweden, 
located by the coast in the south-western part of the country. A total of 2084 
subjects from the three Swedish centre participated. Included in the study 
were 1853 (88.9%) subjects who had answered one or more question on 
indoor dampness. 

Paper II
The Respiratory Health in Northern Europe (RHINE) is a follow-up study of 
subjects who participated in the ECRHS I, stage I. In stage I, male and fe-
male subjects aged 20 to 44 were randomly selected from the population 
register in each participating centre. A postal questionnaire was sent to 3000-
4000 subjects at each centre. The target population for the RHINE study 
were all subjects from the cities of Reykjavik in Iceland, Bergen in Norway, 
Umeå, Uppsala and Göteborg in Sweden, Aarhus in Denmark and Tartu in 
Estonia that had responded in stage I of the ECRHS (n=21 802, response rate 
84%). The eligible subjects from ECRHS stage I alive in 1999-2001 re-
ceived a postal questionnaire. Subjects not responding to the first mailing 
were sent two reminders.  

Paper III 
The same population is used in Paper III as in Paper II.

Paper IV 
This study comprised subjects participating in the ECRHS I and II in Reyk-
javík (Iceland) Uppsala (Sweden) and Tartu (Estonia). Out of the 1238 sub-
jects from the random sample of ECRHS II, 510 had not moved since the 
ECRHS I survey. Of these, 60 randomly selected subjects from each centre 
were invited to participate in the present study and 129 (72%) accepted. The 
Icelandic homes were visited between March 2001 and January 2002, in 
Uppsala between February 2001 and December 2001 and in Tartu between 
April 2001 and June 2002. All subjects included in this study, also partici-
pated in the ECRHS II Indoor study. We used data from the ECRHS II In-
door study in our analysis (measurements of mite and cat allergens) as well 
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as data from the ECRHS II questionnaire (respiratory symptoms), blood 
samples (specific IgE) and results from the methacholine test and combined 
this with our additional indoor measurements. 

The questionnaires 
The ECRHS questionnaire for a structured interview was used (218;219). It 
was translated from English into the local language and re-translated back to 
English. The interview included questions on symptoms, diagnoses, smoking 
history, parental smoking history, family structure, family history, early en-
vironment, education, employment, home environment, and diet, use of 
medicines, attitudes to medicines and the use of health services. The RHINE 
questionnaire is partly based on ECRHS questionnaire but included addi-
tional questions on diet, infections, diabetes, GER, snoring and menstruation 
for women. 

Asthma and respiratory symptoms 
Original questionnaires can be downloaded from the ECRHS and RHINE 
websites (www.ecrhs.org and www.rhine.nu). The following questions were 
used in both surveys and the participants were asked whether they had ex-
perienced any of the following in the last 12 months: 

1. “wheezing or whistling in the chest” 
2.  “being woken by a feeling of tightness in the chest” 
3. “an attack of shortness of breath during the day when resting”,  
4. “an attack of shortness of breath following strenuous activity” 
5. “being woken by an attack of shortness of breath” 
6. “currently taking any medicine (including inhalers, aerosols or tablets)  

for asthma?” 

In paper II and III, an “asthma case” was defined by answering “yes” to 
one or both of the questions: “Have you had an attack of asthma in the last 
12 months?” and/or “Are you currently taking any medicine (including in-
halers, aerosols or tablets) for asthma?” In paper III, “night-time symptoms”
were defined as a positive answer to either/or both questions two and five. In 
paper IV, to increase sensitivity and to reduce the numbers of respiratory 
symptom variables, these were combined and named in the following man-
ner: “daytime breathlessness”: a combination of questions three and four, 
“nocturnal breathlessness”: a combination of questions two and five, 
“asthma symptoms”: a combination of questions one to five.  
In paper I “current asthma” was defined as a positive answer to the ques-
tion “Do you have asthma?” and having had an attack of asthma in the pre-
ceding 12 months. In paper IV, “current asthma” is the combination of a 
positive answer to the following questions: physician diagnosed asthma and 
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having had asthma symptoms or an attack of asthma in the preceding 12 
months. 

Onset of asthma/respiratory symptoms was defined as reporting no symp-
toms in the first survey but doing so in the follow-up survey. A converse 
response was subsequently defined as a remission of asthma/respiratory 
symptoms. 

Bronchitis related questions 
“Nocturnal cough” was defined as answering “yes” to the question: “Have 
you been woken by an attack of coughing at any time in the last 12 months?” 
“Long term cough” was defined as answering ‘yes’ to at least one of the 
following questions: ”Do you usually cough first thing in the morning in the 
winter?” and “Do you usually cough during the day or at night in the win-
ter?” “Long term phlegm production” was defined as answering “yes” to at 
least one of the following questions: ”Do you usually bring up any phlegm 
from your chest first thing in the morning in the winter” and ”Do you usually 
bring up any phlegm from your chest during the day or at night in the win-
ter?”

Dampness and building-related questions  
In paper I, the following questions were asked: “Has there ever been any 
water damage to the building or its contents, for example, from broken pipes, 
leaks or floods?” Participants who answered yes to this question were subse-
quently asked: “Has there been any water damage in the last 12 months?” 
and “Has there ever been any mould or mildew on any surface, other than 
food inside the home?” Those who answered yes to this question were then 
asked: “Has there been mould or mildew on any surfaces inside the home in 
the last 12 months?”

In paper III, exposure to indoor dampness was considered if any of the 
following three damage types had been observed within the housing during 
the last 12 months: 1) “water leakage or water damage indoors in walls, floor 
or ceilings”, 2) “bubbles or yellow discoloration on plastic floor covering, or 
black discoloration of parquet floor” or 3) “visible mould growth indoors on 
walls, floor or ceilings”. Subjects reporting one or more signs of dampness 
are referred to as reporting “any sign” of indoor dampness in the last 12 
months. For the longitudinal analysis, signs of indoor dampness were based 
on a separate question where subjects were asked if they have had any: “wa-
ter damage, leakage or mould growth in the home between the surveys?” 

The participants were asked about the age of their present home, type of 
building, fitted carpets in the room used most at home during the day and in 
the bedroom and type of glazing. 
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Smoking history and body mass index  
The subjects were categorized into three groups: never-smokers, ex-smokers
and current smokers. Environmental tobacco smoke exposure (ETS) was 
defined as the estimated average numbers of hours exposed to other people’s 
tobacco smoking. Body mass index (BMI) was calculated for each subject as 
weight in kilograms divided by the squared height in meters (kg/m²). 

Lung function and methacholine test 
Forced expiratory volume in one second (FEV1) and forced vital capacity 
(FVC) was recorded by spirometry using a standardised method (27). Meth-
acholine challenge was carried out using a dosimeter (Mefar, Brescia, Italy). 
The bronchial responsiveness to methacholine is presented as “slope” using 
the following formula: 100/(regression coefficient + 10), where the regres-
sion coefficient was calculated by regressing percentage fall in FEV1 on 
log10 (methacholine dose). Presenting the bronchial responsiveness to meth-
acholine as “slope” makes the method less affected by variation in nebulizer 
output and can be used for multicentre comparisons, with restriction to a 
common dose protocol (220). Lower slope value indicates a higher degree of 
bronchial responsiveness. 

Gastroesophageal reflux and snoring 
The questionnaire contained seven multiple-choice questions in which the 
subjects were asked to estimate the frequency of various sleep related symp-
toms on the following 5-points scale: never; less than once a week; one to 
two nights a week; three to five nights a week and almost every night. The 
question asked regarding gastroesophageal reflux was: ”Do you have heart-
burn or belching when you have gone to bed?” Subjects reporting these 
symptoms 1 to 2 nights per week or more are in this study referred to as re-
porting nocturnal GER. The question asked regarding snoring was: ”Do you 
snore loudly and disturbingly?” Subjects reporting snoring 3 to 5 times per 
week or more are referred to as reporting habitual snoring. 

Allergic sensitization 
Total and specific IgE was measured using the Pharmacia CAP System 
(Pharmacia Diagnostics, Uppsala, Sweden). In all centres specific IgE was 
measured against HDM (Dermatophagoides pteronyssinus), cat, timothy 
grass, birch and mould (Cladosporium herbarum). Detection of specific IgE 
(>0.35 kU/L) was used as the definition of sensitisation. Atopy was defined 
as being sensitised to any of the allergens above.

Indoor allergens 
Dust sampling was carries out using ECRHS II Indoor protocol 
(www.ecrhs.org). Dust was collected using an Elektolux Mondo vacuum 
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cleaner (1300 W) with an ALK dust collection device (ALK-Albelló A/S, 
Hörsholm, Denmark. The dust was analysed for major house dust mites 
(HDM) allergens, Dermatophagoides farinae 1 (Der f 1) and Dermato-
phagoides pteronyssinus 1 (Der p 1) (221) and major cat allergen felis do-
mesticus 1 (Fel d 1) (222) using standard monoclonal antibody enzyme-
linked immunosorbent assays (ELISA). Allergen levels are expressed as 
microgram allergen per gram of dust (ug/g).

Home indoor measurements 
Temperature and relative air humidity was measured with an Assman py-
chrometer (psychrometer type SK-RHG; Sato Keiryoky Mfg Co, Tokyo, 
Japan). Airborne micro-organisms were sampled on 25 mm nucleopore fil-
ters with a pore size of 0.4 m and a sampling rate of 2 l/min for 2.5 hours. 
After sampling, the nucleopore filters were stored in a refrigerator (+4 
to+100C), sent by priority mail and analysed within 7 days at Pegasus Lab 
AB, Uppsala, Sweden. The total concentration of airborne moulds and bacte-
ria, respectively, was determined by the CAMNEA method (223).  

Socioeconomic index 
A socioeconomic index was created using information on current occupation 
in four of the seven centres (Bergen, Göteborg, Uppsala and Tartu). Based 
on this information the subjects were divided in to the following five catego-
ries: 1)"Managers and professionals; non-manual" (legislators, senior offi-
cials, managers and professional), 2)"Other non-manual" (technicians and 
associate professionals, clerks, service workers and market sales workers), 
3)"Skilled manual" (skilled agricultural and fishery workers and craft and 
related trades workers), 4)"Semi-skilled or unskilled manual" (plant and 
machine operators and assemblers and elementary occupations) 
5)”Unclassifiable or unknown” (housewife, student, not classifiable job, 
unemployed, not working because of poor health and retired) 

Statistical methods 
The statistical analysis was performed using StatView 5.0 (SAS Institute Inc, 
Cary, NC, USA) and Stata 6.0, 7.0 and 8.0 (Stata Corporation, College Sta-
tion, Texas). 

Chi-square test was used to analyses differences between groups, test for 
trend were used to calculate associations between nominal and continuous 
variables and linear regression was used to correlate continuous variables. 
To analyse the influence of several risk factors, multiple logistic and linear 
regression analyses were performed and the results are presented as adjusted 
odds ratios with a 95% confidence interval (95% CI). In general, adjustments 
were made for age, gender, centre, smoking and body mass index. Addi-
tional adjustments were made for different confounders in each study (se 
respective paper). 
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The distribution of cat (fel d 1) and mite (der f 1 and der p 1) allergens 
were positively skewed but logarithmic transformation normalized the dis-
tribution. The results are presented as geometric means (+SD). The units of 
the regression coefficient (S) were that of the outcome variable, per change 
of 104 organism/m3 for total bacteria and mould and 103 for viable bacteria 
and mould. These values for change of exposure were selected to be in a 
similar order of magnitude as the measured values in the homes. 

 In order to detect heterogeneity between centres, the adjusted odds ratios 
were calculated separately for each centre. Average effect estimates were 
derived and potential heterogeneity between centres was examined using 
standard methods for random-effects meta-analysis (224). A p-value of less 
than 0.05 was regarded as statistically significant. 
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Results

Paper I 
Information on reported water damage was available from 1853 subjects 
(mean age (range)) 33.3 (20-45 years) of the 2084 subjects invited to partici-
pate (response rate 88.9%). Of the 1853 subject included in our study, spiro- 
metry was performed on 1607, IgE measurements on 1521 and methacholine 
challenge on 1455.   

In the total sample, 136 subjects (7.4%) reported having had water dam-
age in the household during the preceding 12 months and 318 subjects 
(17.3%) reported having observed visible moulds in the household within the 
last 12 months.  

Multiple variable analyses was performed where adjustments were made 
for age, gender, smoking history, environmental tobacco smoke (ETS), total 
serum IgE and IgE sensitization to mite, cat, timothy grass, birch and mould 
(Cladosporium). The combination of water damage and visible moulds was 
independently associated with attacks of breathlessness when resting and 
after activity and long term cough. The association between the combination 
of water damage and visible moulds and attacks of breathlessness when rest-
ing and after activity and long term cough remained significant when using 
meta-analysis. No heterogeneity between centres was found for the associa-
tion between the humidity indicators and any of the respiratory symptoms. 
No significant interaction was found in the association between water dam-
age and symptoms, asthma or bronchitis in atopic or non-atopic subjects. 

Paper II 
A total of 16 191 subjects participated in the study (a response rate of 
74.3%) and 8587 (53.0%) of the participants were women.  The mean + SD 
age of the participants were 39.6 + 7.1 years. The mean follow-up time was 
7.9 years. The mean + SD BMI was 24.8 + 4.0 kg/m2.

The prevalence of nocturnal GER increased with higher BMI and the 
same pattern could be seen with habitual snoring.  Reported onset of asthma, 
wheeze and night-time symptoms increased in prevalence along with the 
BMI gradient, with the highest values in subjects with a BMI over 30 kg/m2.
The prevalence of asthma onset gradually increased with increasing BMI in 
both men (p for trend =0.02) and women (p for trend =0.03). Similarly, sub-
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jects reporting nocturnal GER and habitual snoring exhibited a higher preva-
lence of asthma and respiratory symptom onset between the surveys. 

In the multivariable logistic regression analyses all values were adjusted 
for age, centre, smoking, rhinitis and other variables in the table. Obesity and 
nocturnal GER were independent risk factors for the onset of asthma, 
wheeze and night-time symptoms. Habitual snoring was however found to 
be an independent risk factor for the onset of wheeze and night-time symp-
toms but not for the onset of asthma.  The odds ratio for the onset of asthma 
and respiratory symptoms in obese subjects (BMI>30kg/m2) changed only 
slightly after adjustments for nocturnal GER and/or snoring (Table 4). In the 
same manner, the odds ratio for nocturnal-GER and habitual snoring was 
only slightly affected when adjusting for obesity. Gender did not affect the 
associations between the onset of asthma, respiratory symptoms, BMI, noc-
turnal GER or habitual snoring. Neither were there any significant interac-
tions between BMI-groups, nocturnal GER and habitual snoring in the asso-
ciation of these variables with onset of asthma or respiratory symptoms. 

Paper III 
A total of 16 190 subjects (response rate 74.2%) responded to the question-
naire. The mean age of the subjects was 40 years (+7 years) (mean+SD), and 
8,587 (53%) of these were female. The mean follow-up time was 7.9 years 
(+ 1 year). A total of 16 028 subjects responded to one or more questions on 
building dampness. 

In the second survey, 18% of the subjects reported exposure to indoor 
dampness during the last 12 months. Water damage was reported by 13.4%, 
dampness in floor material by 3.8% and visible moulds by 6.7%. Indoor 
dampness was observed by 27% of the subjects since the previous survey. 
Reports of respiratory symptoms in the second survey show that 20.6% of 
the subjects reported wheeze, 5.3% reported nocturnal breathlessness, 29% 
reported nocturnal cough, 18% productive cough and 6.7% of the subjects 
reported asthma. 

Respiratory symptoms and asthma were significantly more prevalent in 
subjects exposed to indoor dampness. These associations remained signifi-
cant after adjustment for possible confounders such as age, centre, gender, 
body mass index, rhinitis, smoking status, type of housing, age of the build-
ing and SEI. All three indicators of indoor dampness (water damage, damp-
ness in the floor material and visible mould) were significant risk factors for 
all respiratory symptoms but water damage was not found to be a significant 
risk factor for asthma. The strongest associations were found between damp-
ness in floor material and all respiratory symptoms and asthma. 

In the longitudinal analysis, data from the ECRHS I is used together with 
RHINE data to identify 1488 subjects with onset of wheeze, 551 with onset 
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of night-time breathlessness, 551 with onset of night-time cough and 596 
subjects with asthma onset.  

Onset of respiratory symptoms was more common in subjects living in 
“damp” homes. The prevalence for onset of respiratory symptom in “dry” 
versus “damp” homes was 11.1% vs. 13.7%, for wheeze (p=0.0001), 3.2% 
vs. 4.4% for nocturnal breathlessness (p=0.0006), 18.7% vs. 22.4% for noc-
turnal cough (p=<0.0001) and 3.8% vs. 4.1% for asthma onset (p=0.30). 
Remission from nighttime respiratory symptoms between the two surveys 
was less likely in subject living in “damp” homes (p=0.001).  

After adjusting for possible confounders such as age, study centre, gen-
der, body mass index, rhinitis, smoking status, type of housing and building 
age, indoor dampness was found to be an independent risk factor for onset of 
respiratory symptoms but not for asthma onset. Indoor dampness was also 
found to be an independent risk factor for persistent nighttime breathlessness 
and cough. 

The association between indoor dampness and respiratory symptoms was 
assessed by meta-analysis in order to detect heterogeneity between the cen-
tres. Meta-analyses were also performed for the association of incidence and 
remission of symptoms and asthma in relation to building dampness. In all 
analyses the estimates were almost identical to those derived when analysing 
the pooled data and no significant centre heterogeneity was detected 
(p>0.10).

Paper IV 
A total of 129 subjects from Reykjavík (n=41), Uppsala (n=46) and Tartu 
(n=42) accepted and were included in this analysis. Blood samples from 126 
subjects were analysed for total and specific IgE and methacholine test was 
performed on 101 subjects.

The age of the participants was significantly lower in Tartu as the interval 
between ECRHS I and II was shortest there .The prevalence of atopy was 
lowest in Reykjavík and highest in Uppsala. Almost 70% of the population 
in Tartu lives in apartments, and this is twice as common as in the other two 
centres (p=0.009). The prevalence of respiratory symptoms and current 
asthma was similar in the centres.  

The amount of total and viable bacteria did not differ between the centres 
and the same applied for viable mould. Significantly higher levels of total 
mould were measured in Tartu compared to Reykjavík and Uppsala. Reyk-
javík had the lowest level of cat allergen and no HDM allergens were de-
tected there. 

The mean indoor temperature was the same in Reykjavík and Uppsala and 
significantly higher than in Tartu. Indoor air humidity was highest in Upp-
sala and lowest in Reykjavík.  
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In the multivariable logistic regression analysis, all values were adjusted 
for age, gender, BMI and smoking. In the total analysis (all centres in-
cluded), a positive association was found between “asthma symptoms” and 
cat allergen exposure. Analyses in each centre separately, an association 
between total mould and “wheeze” was found in Reykjavík with OR 1.22 
(1.01-1.47)). In Uppsala a weak association between total bacteria and “noc-
turnal breathlessness” was found (OR 1.05 (1.01-1.10) and in Tartu, 
“wheeze” was related to cat allergen exposure with OR 2.90 (1.19-7.09). No 
centre heterogeneity was found regarding the associations between respira-
tory symptoms and indoor allergens or micro-organisms. 

Using linear regression model the association between indoor exposure 
and bronchial responsiveness was calculated. Adjustments for age, gender, 
BMI and smoking were done. A positive association was found between the 
levels of viable mould with bronchial responsiveness. 
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General discussion

Indoor dampness and respiratory symptoms 
Classical signs of high indoor humidity are visible mould or mildew on sur-
faces inside the home, as well as condensation of water on walls, ceilings 
and windows. Special odours are also related to moulds both in- and out-
doors. Dampness in the floor material causes uneven surfaces and discolora-
tions of plastic material and parquet. Water leakage or dampness in building 
construction can cause damage in the floor material. The major sources of 
indoor dampness are normal daily activities like showering, cooking and wet 
laundry (225). Effective methods for lowering indoor humidity are good 
ventilation (open windows or mechanical) and minimizing the amount of 
dampness coming from indoor activities. 

In papers I and III, 20% and 18% respectively of the population reported 
at least one sign of indoor dampness in the past 12 months. Any sign of in-
door dampness between the two surveys was reported by 27% of the popula-
tion (III). The 12 months prevalence is in accordance with two other Swed-
ish studies, which found the prevalence of building dampness being 17% and 
19% in randomly selected buildings (85;226). Furthermore, a recent Swedish 
study reported dampness in 18% of the homes (227). The prevalence of 
building dampness in this study was on the same level as in Finland (23%) 
(71) and the Netherlands (25%) (72), but the prevalence of indoor dampness 
in Northern Europe is considerable lower than in Canada where Dales et al., 
reported 38% of the homes as having had moisture, flooding or moulds 
within the last year (76). 

In our papers we confirm earlier findings on the relationship between in-
door dampness and respiratory symptoms. The OR we found, are of the 
same magnitude as reported in review articles on the subject (79;80) Using 
Hill’s criteria (228) there are now abundant evidence for the association 
between indoor dampness and respiratory symptoms and asthma (80). In 
most studies, the association stronger between dampness and respiratory 
symptoms such as cough and wheeze than dampness and asthma and is this 
in line with our findings. 

Very few studies have looked prospectively at indoor dampness as a risk 
factor for onset of asthma in adults. In a 3 year prevalent case-control study, 
visible moulds and/or mould odour in the work place were found to be a risk 
factor for onset of asthma in adults (229). In this study, water damage or 
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damp stains alone were not found to be risk factors for onset of asthma. This 
is in line with our findings, as we did not find water damage in the past 12 
months as a risk factor for asthma onset. Jaakkola et al. recently found that 
specific IgE antibodies to mites and some moulds (Altenaria and Cladospo-
rium) were significantly related to increased risk of adult-onset asthma (94). 
Another study has reported that working in buildings affected by dampness 
and mould brought on a fourfold risk of asthma (230).  

A unique finding in paper III was that reported indoor dampness between 
the surveys was a risk factor for onset of nighttime symptoms and that sub-
jects living in “damp” homes between the surveys were less likely to report 
remission of nighttime symptoms than subjects living in “dry” homes. The 
lack of positive association between onset of asthma and indoor dampness in 
this study is probably not explained by a lack of power in the present study, 
as it includes 596 new asthma cases. Another explanation could be that floor 
dampness was the indicator that had the strongest relationship to asthma in 
the cross-sectional analysis. The longitudinal analysis was however only 
based on a single question, with no differentiation between different types of 
building dampness. 

Obesity, GER and snoring
Obesity is a common health problem in affluent countries and the rise in the 
prevalence of obesity has occurred parallel to the increase of atopic diseases 
(231). This has lead to speculations on possible cause-effect relationship 
between obesity and asthma (188). Suggested mechanism behind such a 
relationship include co-morbidities such as GER, breathing at low lung vol-
ume, sleep disordered breathing, chronic systemic inflammation, and endo-
crine factors, including adipokines and reproductive hormones.(189;190) 

In paper II, we found that the prevalence of nocturnal GER increased 
with higher BMI and the same pattern could be seen for habitual snoring. 
Other studies have found higher prevalence of reflux in obese subject (195) 
and higher prevalence of reflux has been found in asthmatics (199). Obesity 
is a well-known risk factor for obstructive sleep apnoea syndrome (OSAS) 
(203) and habitual snoring is one of the main symptoms of OSAS.  

We also found that onset of asthma, wheeze and night-time symptoms in-
creased in prevalence along with the BMI gradient, with the highest values 
in subjects with a BMI over 30 kg/m2. No gender difference was seen in our 
study regarding this relationship. Published data on the subject confirms our 
findings, with higher incidence of asthma in obese subjects. In some studies, 
however, the relationship between onset of asthma with obesity is stronger 
for women (50) or only found in women (172) while other studies reports no 
gender differences regarding this effect (15;175;176). A Canadian study 
found body mass index at baseline as associated with self-reported asthma 
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among women but not men, but weight gain was not a predictor of incident 
asthma in that study(168). 

Two publications have reported an association between obesity, asthma 
and respiratory symptoms. The former found that even though moderate 
(BMI 30-34.9) and severe obesity (BMI>35) was a risk factor for asthma and 
wheeze in the last 12 months, the level of atopy, BHR and airway obstruc-
tion was not higher in those two groups (177). The latter found obesity to be 
a risk factor for self-reported asthma, bronchodilator use and dyspnoea with 
exertion, but obese participants had the lowest risk for significant airflow 
obstruction (178). This data suggests that obstructive airway disease in obese 
subjects might be over-diagnosed. As our study is questionnaire-based with 
no objective measurement such as spirometry and/or methacholine test, we 
can assume that the same applies for our study population and may possibly 
bias our results. The prevalence of atopy in our study population is also un-
known, but we do adjust for rhinitis in our calculations.  

We found, after adjusting for possible confounders, obesity and nocturnal 
GER as independent risk factors for the onset of asthma, wheeze and night-
time symptoms. Habitual snoring was however found to be an independent 
risk factor for the onset of wheeze and night-time symptoms but not for the 
onset of asthma. The association between obesity and onset of asthma was 
relatively unaffected by adjustment for nocturnal GER and habitual snoring. 
This in turn indicates that the association is probably not solely explained by 
the higher prevalence of GER and obstructive sleep apnoea in obese sub-
jects.

BMI was calculated from self-reported weight and height, which can pos-
sibly induce error. Self-reported height and weight can however be used in 
epidemiological studies where the subjects are 60 years old or younger 
(232). As the subjects participating in this study are in the age group 24-53 
years old, we propose that this method of calculating BMI does not cause 
any significant error in the study results. 

Indoor allergens, bacteria and moulds 
Both population and case-control studies have shown that sensitization to 
indoor allergens is one of the strongest risk factors for asthma, with adjusted 
odds ratios around 4 (98). In paper IV, the level of sensitization (both in-
door and outdoor allergens) was highest in Uppsala, Sweden and lowest in 
Reykjavík, Iceland. This is in line with earlier findings from the ECRHS I 
(29). The difference in the prevalence of atopy between our study and the 
ECRHS I is possibly due to the low numbers of participants in our study and 
not a true decline in the cohort between the surveys as Jarvis et al. reported 
that in subjects participating in both ECRHS I and II, the risk of being sensi-



47

tized to at least one environmental allergen over a 10 year period did not 
change significantly (233). 

The lowest level of indoor cat allergens was measured in Reykjavík and 
no HDM were detected in the 42 dust samples included in our study. As a 
part of the ECRHS II Indoor study, 197 homes in Reykjavík were investi-
gated and out of those only two dust samples were positive for HDM. (234). 
Studies measuring the level of indoor allergens in Sweden and Estonia and 
have found similar levels of both cat and HDM allergens in the two countries 
and the level of sensitization to cat and HDM in children and young adults is 
also similar (88;235;236). The amount of indoor allergens, bacteria and 
mould found in our analysis are of the same size as earlier reported within 
the area (87;234;235). Björnsson et al. reported higher levels of HDM and 
airborne bacteria in houses of subjects with asthma-related symptoms (87).
This association was, however, not related to mite allergy, as none of the 
subjects who lived in houses with measurable house dust mite levels were 
sensitized to house dust mite.  

In the multivariable analysis, the strongest associations were seen be-
tween indoor cat allergen exposure and all respiratory symptoms but only the 
combined variable “asthma symptoms” was significant. The association 
remained with OR only slightly lower than before after removing cat sensi-
tized individuals from the analyses but the association became non-
significant.

In the linear regression analysis, bronchial responsiveness was positively 
related to viable mould exposure. This suggests that indoor mould exposure 
might induce airway inflammation. It is known that the major structural 
components of fungal cell wall are glucans, and that these compounds can 
cause respiratory symptoms (82). 

Methodological aspects and limitations 
One could say that epidemiology is a method used to conduct high quality 
non-experimental research. Perhaps the single most important individual in 
the development of research methods and analysis in epidemiology is Sir 
Austin Bradford Hill (1897-1991). Bradford Hill developed a list of criteria 
that continues to be used today. This list is very useful and should be kept in 
mind when discussing relationships and risk factors (228).  

The Bradford Hill Criteria: 
1: Strength of Association. The stronger the relationship between the inde-
pendent variable and the dependent variable, the less likely it is that the rela-
tionship is due to an extraneous variable.  
2: Temporality. It is logically necessary for a cause to precede an effect in 
time.



48

3: Consistency. Multiple observations, of an association, with different peo-
ple under different circumstances and with different measurement instru-
ments increase the credibility of a finding.
4: Theoretical Plausibility. It is easier to accept an association as causal 
when there is a rational and theoretical basis for such a conclusion.  
5: Coherence. A cause-and-effect interpretation for an association is clearest 
when it does not conflict with what is known about the variables under study 
and when there are no plausible competing theories or rival hypotheses. In 
other words, the association must be coherent with other knowledge.
6: Specificity in the causes. In the ideal situation, the effect has only one 
cause. In other words, showing that an outcome is best predicted by one 
primary factor adds credibility to a causal claim.  
7: Dose Response Relationship. There should be a direct relationship be-
tween the risk factor (i.e., the independent variable) and people’s status on 
the disease variable (i.e., the dependent variable).  
8: Experimental Evidence. Any related research that is based on experi-
ments will make a causal inference more plausible.  
9: Analogy. Sometimes a commonly accepted phenomenon in one area can 
be applied to another area.  

Important definitions 
Bias
Bias is a systemic error in a study that leads to distortion of the results. Bias 
can be classified into 3 major groups: 1) selections bias 2) information bias, 
and 3) confounding.  
The most common selection bias in epidemiological cohort or follow-up 
studies is that subjects are lost to follow-up. The analysis of non-responders 
is thus important in order to evaluate if there is a possible selection bias that 
might affect the results. In paper I, selection bias due to low response rates 
is unlikely, because the average response rate was 86% in the initial postal 
questionnaire. Non-responders were not different from responders with re-
spect to age, sex or smoking habits. The respond rate in the RHINE study
(paper II and III) was 74.3%, but only 60% of the original population re-
sponded to both questionnaires which could in turn induce bias. In the 
ECRHS I, the response rate varied widely both between the countries 
(Coimbra, Portugal 54%-Algeria 100%), with a median participation rate of 
76%. In the RHINE study, compared to the responders in the follow-up, the 
non-responders were younger, reported wheeze more often, had more night-
time symptoms and were more often men. Other studies have reported simi-
lar profile for non-responders (237;238). No significant difference was found 
between responders and non-responders however, when looking at the 
prevalence of asthma in the ECRHS I. Responders in paper IV were signifi-
cantly older (45.3 vs. 41.0 yrs, p<0.001) and reported wheeze more often 
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(26% vs. 17%, p=0.011) than responders to the ECRHS II questionnaire. No 
difference was found between the groups regarding BMI, gender, smoking 
history, atopy or in the prevalence of other respiratory symptoms (or combi-
nations of respiratory symptoms).

Information (or misclassification) bias can occur if there is an inaccuracy 
in the measurement or in the definition. With respect to asthma status, there 
are two sources of misclassification. First, asthma tends to be underestimated 
(sensitivity). Secondly, individuals may be defined as having asthma when 
they actually do not have it (specificity). Nondifferential disease misclassifi-
cation at baseline examination of a follow-up study can lead to over- or un-
derestimation of the cumulative incidence risk ratios. The bias can be sub-
stantial for disease with low incidence and high prevalence, such as asthma 
or myocardial infarction. The results underscore the need to select a highly 
sensitive test for disease at baseline to exclude all diseased subjects from the 
follow-up (12). Recall bias is another source of information bias and a possi-
ble confounder in our studies, as most of our questions regarding signs and 
symptoms occurring for the past 12 mounts. Two studies have on the other 
hand established that there is no difference in the reporting rate of indoor 
dampness between symptomatic and non-symptomatic subjects (239) and 
that both groups tended to underestimate the signs of indoor dampness (240). 
The effect of misclassification on measures of association depends on its 
extent and whether it was differential or non-differential with respect to the 
measure of exposure. If the misclassification is non-differential, it is possible 
that this may bias the magnitude of the measures of association to the null 
hypothesis of no association (231). This may in turn reduce or lower the OR 
of the relationship between dampness and respiratory symptoms for exam-
ple.

Interview bias is minimized by using specially trained personal in all cen-
tres. Training of field personal, standardization of all methods (spirometri, 
methacholine challenge, indoor measurements and sample analysing) and 
intern control of all procedures, including interviewing, was used in order to 
reduce information and method bias in both ECRHS and the RHINE study.  

Confounding is the term used to describe a factor that is both related to 
the exposure and the disease and therefore disturbs the interpretation of the 
association between them. Confounding factors often adjusted for in epide-
miological studies are for example age, gender and smoking. It is possible to 
control for confounding within the study design, or in the analysis or both. 
Randomisation of the study population, restriction (only white young men), 
and matching (age, gender, ethnicity) are methods used in the study design 
but the most common approach for controlling for confounding is control-
ling in the analysis. This is performed in multivariate analysis by stratifying 
data into subgroups according to the level of the confounder and calculation 
summary estimate of the association across strata.  
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It is possible that an unmeasured variable may have confounded our re-
sults but it was nevertheless possible to control for the most important co-
variants such as age, gender, BMI, smoking, rhinitis, type of housing, age of 
the building, SEI and centres. 

Validity and Reliability 
Validity refers to the ability of parameter estimates to on average reflect 

what they are intended to reflect. The most common reasons for invalid es-
timates for parameters relating exposure to disease are sample selection bias, 
information bias, and confounding. Internal validity corresponds to making 
correct inferences about the study population. External validity refers to 
making correct inferences about other populations.  

Estimating the validity of self-reported asthma or self-reported physician 
diagnosed asthma is complicated by the lack of a true gold standard for de-
fining asthma (5). Reported asthma is also biased in relation to disease sever-
ity, meaning that subjects with mild disease were less prone to report their 
asthma (241). The questions used in our study have nevertheless been evalu-
ated in other surroundings and have been found to have high specificity for 
asthma (6). A high internal consistency in the ECRHS questionnaire has also 
been found, which suggests that international comparisons are not affected 
by errors due to cross-cultural variations in reporting of symptoms(7). 

Good reproducibility of self-administered questions on building humidity, 
visible moulds and flooding have been reported with the sensitivity and 
specificity of 74% and 71% respectively (70). One study found that subjects 
with and without respiratory symptoms had a similar reporting rate but the 
discrepancies between self-reported house dampness and what research in-
vestigators find can be as much as 30% (239). Another study found that oc-
cupants with respiratory symptoms were less likely to report dampness in 
their home (242). In a Canadian study, reported mould, water damage, and 
mouldy odours were associated with elevated levels of indoor fungi but in-
accuracy was high and there was evidence of a systematic reporting bias in 
allergic subjects (overestimation) and smokers (underestimation)(243). 
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Conclusions

Based on the present work, the following conclusions were made: 

Indoor dampness is related to some respiratory symptoms in 
young Swedish adults (I). 

Obesity and GER are independent risk factors for onset of respi-
ratory symptoms and asthma in both genders and habitual snoring 
is a risk factor for onset of respiratory symptoms (II).  

Dampness in the home is related to higher prevalence of respira-
tory symptoms. Onset of respiratory symptoms were more com-
mon in subjects living in “damp” homes and remission of night-
time respiratory symptoms were less common in “damp” homes 
(III).

The low prevalence of atopy in Iceland is possibly related to low 
indoor allergen exposure there. In Tartu, where the allergen expo-
sure is comparable to Uppsala, the reasons for the lower preva-
lence of atopy there are probably different than in Reykjavík (IV).
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Tasks for the future 

Future studies should place central focus on understanding the immunologi-
cal mechanisms behind the development of allergic diseases and identifica-
tion of protective factors against these diseases. They are now reaching epi-
demiological proportions in the western world. The identification of protec-
tive factors might in the future lead to the development of a treatment (vac-
cination?) affecting the “allergic cascade”, especially in children coming 
from “high risk” families. 

Because of the abundant evidence we have today, on the effect of build-
ing dampness on respiratory health, new houses must be constructed in a 
way that minimizes the risk of dampness, both during the work and after-
wards to avoid dampness in the building construction. Older houses should 
be inspected for dampness and repaired if damaged. Attention should be 
drawn to official buildings, especially day-cares and schools regarding venti-
lation and if any sign of dampness occurs, reparations should be started 
without delay. 

As obesity is a major health problem, the general population should fur-
thermore be encouraged to assume “healthy” lifestyle with more physical 
activities. Preventive work is important and should focus on children and 
parents.
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