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Objective   To test the hypothesis that the association between levels of mould in floor dust and preva-
lence of potentially building-related symptoms may depend on the type of ventilation. 

Methods   This stratified cross-sectional study is part of the Danish moulds in buildings program 
(DAMIB), including 503 adolescent schoolboys aged 13–17 years at 15 schools. Besides assessing 
symptom prevalences in questionnaires, we measured numerous potential risk factors in the school 
buildings. 

Results   Stratifying on type of ventilation (natural, exhaust only, or full mechanical ventilation 
system), the negative effect of high levels of mould in floor dust was more pronounced in rooms with 
mechanical ventilation system. With a variable combining high level of moulds in floor dust with 
type of ventilation in the classroom, a significantly increased risk was found for all symptoms in the 
mechanically ventilated classrooms with high mould concentrations. In multiple logistic regression 
models, significant odds ratios (OR) ranged from 3.9 [95% confidence interval (95% CI) 1.5–10.1] 
(nasal congestion) to 17.0 (95% CI 2.1–138) (dizziness).  

Conclusions   The combined effect of moulds in dust and ventilation form might be a result of the 
higher air flow keeping the dust in the breathing zone for a longer time, thereby increasing the exposure 
for the occupants of the classrooms.  It is important in future indoor air research also to focus on the 
combination effects of risk factors, including the type of ventilation.

Key terms   building-related symptom; combined effect; DAMIB; dust; fungi; mechanical 
ventilation; mold; pupil; school.
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In the Danish moulds in buildings program (DAMIB), we 
have previously found independent associations between 
viable moulds in floor dust and potentially building-related 
symptoms (BRS) among adolescent schoolboys (1). These 
associations were not found among girls. Generally, sev-
eral personal factors were found to be stronger risk factors 
for BRS: recent upper-airway infections, asthma, hay 
fever, and psychosocial workloads. A number of case stud-
ies from many countries have shown that moulds, viable 
as well as non-viable, are associated with BRS, and even 
with an increased prevalence of asthma and allergy (2, 3, 
4, 5). A large and well-designed epidemiological study 

revealed an association between BRS and both the overall 
extent of mould growth and measurements of airborne 
mould spores in dwellings (6). Most studies have not been 
able to distinguish between dampness and mould, and only 
a minority of previous studies have taken into account 
other important confounding factors. Several reviews (7, 
8, 9) have concluded that there is a consistent association 
between dampness in buildings and BRS, although no 
precise explanation for this association could be identi-
fied. Recently the World Health Organization (WHO) 
published guidelines for damp and mould, including a 
thorough review of the literature. Their conclusions were 
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quite similar (10). Other studies have shown associations 
between dust exposure and symptoms, in both an experi-
mental set up (11) and field studies (12, 13). 

Ventilation systems have been found to be carriers 
of microbiological and other pollutants, and it has been 
shown in several studies that rooms with mechanical 
ventilation systems are associated with a higher preva-
lence of symptoms (14). On the other hand, the same 
review also presents studies showing a lower prevalence 
of symptoms in buildings with high air exchange rates. 

Based on the above findings and considerations, we 
hypothesized that the association between the levels of 
mould in floor dust and prevalence of potentially BRS 
may depend on the type of ventilation being used. Pre-
liminary results of this study were presented at the Indoor 
Air Conference 2008 in Copenhagen, Denmark (15).

Methods

The study has been described in detail earlier (16). In 
brief, DAMIB was initiated in the summer of 1998. All 
Danish municipalities except Copenhagen (N=274) were 
queried by questionnaire about water damage and mould 
growth in their school buildings. Based on this informa-
tion and non-invasive inspections, an experienced build-
ing engineer selected 15 schools for the study: 8 “wet” 
schools and 7 “dry” schools.

Questionnaire study

By the end of 1999, all teachers and pupils from the 
8th and 9th grades (N=1832) of the selected schools had 
received a questionnaire. Completed questionnaires 
were returned from 1634 subjects, giving a response 
rate of 89%. Of these, 1024 were school children with 
a median age of 14 years (range 13–17). There were 
503 boys in the group, who comprise the study group 
of this work. Study participants were asked to report 
on any BRS experienced within the preceding four 
weeks, including irritation of eyes, nose and throat, nasal 
congestion, itching and flushing facial skin, headache, 
concentration problems, fatigue and dizziness. Response 
categories for these symptoms were “no”, “yes, now 
and then”, “yes, several times a week” or “yes, daily”. 
For analytical purposes, the two former and the two 
latter options were pooled, and denoted as absence or 
presence of the symptom, respectively. The question-
naire also included questions about asthma, hay fever, 
psychosocial working conditions, as well as airway 
infections during the preceding four weeks, smoking 
habits, medication, and illnesses diagnosed by a physi-
cian. Psychosocial working conditions were assessed 
with five questions about workload, challenging work, 

influence, bullying, and general work satisfaction. The 
four answer categories were “to a high extent”, “to some 
extent”, “to a low extent” and “not at all”.

Dust samples and other measurements 

Exposure measurements were performed during the 
winter period 1999–2000 at all schools and included the 
collection of airborne dust samples, dust samples from 
floors, and settled dust in cardboard boxes (17). Dust 
from the floors of the classrooms was collected using a 
rebuild HVS-3 sampler (Envirometrics, North-Seattle, 
WA, USA) as explained in our previous paper (16), 
which also included details regarding mould cultiva-
tion.  In our preliminary exploring analyses, we found 
that colony-forming units (CFU) of moulds in floor dust 
were significantly associated with six of the nine symp-
toms. The number of grams of floor dust in itself was 
not associated with symptoms. Furthermore, dust mea-
surements from the air and box samples were not associ-
ated with any of the symptoms and were, therefore, not 
chosen for further analyses, as described in our previous 
publication (16). Measurements of temperature, relative 
humidity, and carbon dioxide were also performed in the 
62 classrooms occupied by the 8th- and 9th-grade pupils; 
42% of the rooms had a mechanical ventilation system. 
Characterization of the type of ventilation was assessed 
by an experienced engineer (16). 

Statistical analysis

All basic univariate statistical analyses and the multivari-
able regression analysis were performed using the SPSS 
statistical software for Windows (SPSS Inc, Chicago, 
IL, USA). In the multivariable models, the odds ratios 
were calculated by taking the natural log e raised to the 
regression coefficient for the variable of interest in a 
multiple logistic regression model using the maximum 
likelihood ratio method (18). All variables that were sig-
nificantly associated with the outcome symptom variables 
in the crude analyses were included in the models. With 
manual backward elimination variables with P-values 
>0.1 were withdrawn from the models before repeating 
the analysis. Each section with an outcome symptom 
in tables 4–6 illustrates one model. The goodness-of-fit 
of all the regression analyses was ascertained using the 
Hosmer-Lemeshow test. The 95% confidence intervals 
were calculated conventionally using the standard error of 
the regression coefficient. A two-sided probability value 
of P<0.05 was a priori taken as statistically significant. 

Multi level analyses were performed using Stata 8.2 
(StataCorp LP, College Station, TX, USA). The final 
models from tables 4 and 5 were repeated introducing 
the random effects “classroom” (level 2), and “school” 
(level 3). 
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as described by Snijder & Bosker (19), to illustrate the 
part of the residual variance explained by unmeasured 
factors at classroom and school level. In all but three 
of the models, the random effects were negligible (see 
table 6).

Ethics

Each participant was informed that all personal data 
were confidential, and the parents of the pupils gave 
permission for their childrens’ participation. The study 
was approved by the Ethics Committee for Medical 
Research of Copenhagen and Frederiksberg (approval 
number: KF01-295/99).

Results

Table 1 shows mould measurements and other charac-
teristics of classrooms according to ventilation type. 
Temperature and relative humidity were within the 
comfort zone in all three types of ventilation. As 
expected, the measured CO2 values were lowest in 
the mechanically ventilated rooms. The rooms with 
“exhaust-only” had the highest CO2 level, indicating a 
rather low air exchange rate, compared to rooms with 

natural ventilation, which had a little less air space per 
pupil. Mould levels in floor dust reflecting the expo-
sure over days, were highest in rooms with mechanical 
ventilation.  

Potential confounders for the association between 
symptoms and type of ventilation are shown in table 2. 
Age is the only variable that differs between ventilation 
type categories with a one-year higher median age for 
the group of pupils exposed to mechanical ventilation. 

Table 3 presents symptoms among the schoolboys 
according to the level of mould in floor dust, strati-
fied by the type of ventilation in the classroom. In 
naturally ventilated rooms, no significant associations 
were observed between mould levels and symptoms 
from mucous membranes and skin, although there was 
a tendency of a lower prevalence of “any of the five 
symptoms” in rooms with a low level of moulds in 
floor dust. With respect to general symptoms, there was 
a significant trend for dizziness and having any of the 
four symptoms. None of the rooms with exhaust-only 
were in the highest category of moulds in floor dust. 
Pupils in rooms with medium levels of mould had more 
often nasal congestion and any of five mucous mem-
brane and skin symptoms. They also experienced more 
fatigue and any of the four general symptoms. In rooms 
with mechanical ventilation, no room had mould levels 
in the lowest quintile. Statistically significant positive 
associations were seen with respect to all symptoms 
except nasal irritation and fatigue. 

As presented earlier (15), comparing the lowest quin-
tile of moulds in dust in naturally ventilated rooms with 
the highest quintile of moulds in mechanically ventilated 
rooms, a strong and positive association was found for 
all symptoms. These associations are illustrated in fig-
ures 1 and 2, with all other combinations of ventilation 
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From the variances (VA), residual intraclass correlation 
coefficients (ICC) were calculated using the equation:

Table 1. Classrooms of participating schoolboys: Measurements according to ventilation. [CFU=colony-forming units; ppm=parts per 
million; bold denotes significance, P<0.05]

Building 
measurements

Natural ventilation 
(N=24)

Exhaust-only ventilation 
(N=12)

Mechanical ventilation 
(N=26)

P- value a P-value a P-value a

N Median 10th 
percentile

90th 
percentile

N Median 10th 
percentile

90th

percentile
N Median 10th 

percentile
90th 

percentile
Natural 
versus 
exhaust

Natural 
versus 

mechanical

Exhaust 
versus 

mechanical

103 CFU 
moulds per 
gram floor dust

· 25.6 2.3 413.5 · 14.1 7.6 46.0 · 45.0 13.7 84.8 0.19 0.13 <0.001

Building year · 1964 1952 1972 1959 1956 1971 1972 1966 1980 0.59 <0.001 <0.001
Temperature 
(Celcius)

21 22.0 21.1 23.6 11 20.4 17.9 23.9 24 21.2 19.3 22.3 0.08 <0.001 0.84

Relative  
humidity (%)

22 33.8 23.1 45.9 11 43.0 36.1 54.3 25 35.4 27.8 54.6 0.004 0.28 0.03 

M3 of air per 
pupil in the 
classroom

· 9.2 6.9 14.2 · 10.2 7.1 13.3 25 11.6 9.8 15.8 0.35 <0.001 0.01 

CO2 (ppm) 21 1430 1015 2271 · 1723 1251 2086 · 1262 958 2058 0.06 0.10 0.02 

a Mann Whitney U-test
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type and mould levels in dust as a medium category in a 
combined variable. Clear and significant positive trends 
were found for all symptoms, with relative risks ranging 
from 2.6 (nasal congestion) to 18.5 (dizziness) when 
calculated as prevalence rate ratios between the highest 
and lowest category (data not shown). 

Multivariable analysis

In the multiple logistic regression analyses presented in 
tables 4 and 5, all variables that were associated with 
symptoms in the bivariate analyses, were included in 
the models. After a manual backwards elimination, 
covariables with P-values <0.10 stayed in the models. 

Compared to the earlier paper (1), the combined 
variable was associated with more of the symptoms 
and the associations were stronger. New significant 
associations were found for nasal congestion and throat 
irritation; and significant odds ratio (OR) for the last 
category of the combined variable were higher, ranging 
from 3.9 [95% confidence interval (95% CI) 1.5–10.1)]
(nasal congestion) to 17.0 (95% CI 2.1–138.2) (dizzi-
ness). As previously found, the strongest risk factors for 
symptoms were recent airway infections, asthma/hay 
fever or psychosocial workload, though for eye irritation 
the new combined variable was the strongest risk factor.

Multi-level analyses were performed, repeating 
the models of table 4 and 5, to explore if possible 

unmeasured factors at classroom or school level might 
explain additional parts of the variation. Introducing 
classroom or school as a random effect resulted in 
negligible variances for these effects for most of the 
outcome symptoms. In table 6, we present the three 
symptoms, where some changes were found compared 
to the conventional logistic regression models. Even for 
throat irritation, where the residual intraclass correlation 
coefficient was 27.7% for classroom as random effect, 
the changes of OR and P-values were small. We found a 
pattern that OR were a little but not significantly higher 
in the multi-level models, suggesting an unmeasured 
effect at both room and school level.

Discussion

The combination of high mould levels in floor dust and 
the presence of a full mechanical ventilation system in 
the rooms showed a consistent and statistically signifi-
cant trend for all nine potentially BRS as presented in 
figures 1 and 2. Compared to an earlier paper present-
ing symptoms versus mould levels (1), the combined 
variable was associated with more of the symptoms, 
and both the associations and OR were stronger. Only a 
few, weak random effects were found in the multi-level 
analyses. An unmeasured factor explaining the random 

Table 2. Potential confounders for the association of ventilation type with building-related symptoms among adolescent schoolboys ac-
cording to ventilation characteristics of class-rooms: natural ventilation, exhaust only, and mechanical ventilation system. [Bold denotes 
significance, P<0.05]

Confounders Natural ventilation 
(N=190)

Exhaust-only ventilation 
 (N=105)

Mechanical ventilation 
(N=208)

P-value a

Median N Prevalence (%) Median N Prevalence (%) Median N Prevalence (%)

Diseases
Asthma versus not b · 21 11.1 · 12 11.5 · 29 14.1 0.32
Hay fever versus not b · 45 24.1 · 24 23.1% · 49 24.4 0.87

Airway infections, last 4 weeks
Influenza · 19 10.4 · 10 9.8 · 23 11.4 0.76
Common cold · 128 69.6 · 68 65.4 · 125 62.2 0.13
Sinusitis · 4 2.2 · 3 2.9 · 2 1.0 0.33
Tonsillitis · 26 14.1 · 8 7.8 · 27 13.5 0.91
Pneumonia/bronchitis · 1 0.5 · 1 1.0 · 3 1.5 0.35

Personal/home characteristics 
Age (years) 14 c · · 14 d · · 15 e · · 0.001 
Current smoker · 19 10.2 · 10 9.7 · 23 11.3 0.71
Water damage at home (last 
5 years)

· 35 18.8 · 21 20.6 · 40 19.4 0.89

Psychosocial conditions
High workload · 55 29.6 · 41 41.0 · 69 33.5 0.44
Unchallenging “work” · 110 58.2 · 43 41.3 · 116 56.0 0.74
Low “job” influence · 96 51.1 · 42 41.2 · 103 50.7 0.99
Subject to bullying · 11 5.8 · 4 3.8 · 10 4.8 0.69

a P-values of trend test Kendall’s tau B for categorical variables, Kruskal-Wallis test for continuous variables.
b Excluding participants answering “don’t know”.
c 5th percentile=14.0; 95th percentile=15.5.
d 5th percentile=14.0; 95th percentile=15.0.
e 5th percentile=14.0; 95th percentile=16.0.
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Table 3. Building-related symptoms (several times a week or daily) among adolescent schoolboys according to level of total moulds (103 
of colony forming units per gram floor dust) cultivated on DG18 agar using 10-fold dilution, stratified on ventilation form. Participants 
are subdivided into three groups based on quintile values of moulds in dust: lowest fifth, three intermediate fifths, and highest fifth. 
[Bold denotes significance, P<0.05.]

Symptom

 

Level of mould in floor dust

Low level 
(0.83–11.4)

Medium level 
(12.0–64.4)

High level 
(67.7–3113.2)

P-value

Prevalence 
(%)

N Prevalence 
(%)

N Prevalence 
(%)

N

Natural ventilation a

Mucous membranes and skin
Eye irritation 1.7 1 4.4 4 7.7 3 0.16 b

Nasal irritation 1.7 1 3.3 3 5.1 2 0.35 b
Nasal congestion 16.9 10 25.3 23 25.0 10 0.27 b
Throat irritation 5.2 3 7.7 7 2.6 1 0.69 b
Itching flushing facial skin 5.1 3 5.6 5 2.5 1 0.59 b
Any of the 5 above symptoms 20.7 12 34.4 31 34.2 13 0.09 b

General symptoms
Headache 5.1 3 6.7 6 12.5 5 0.22 b
Concentration problems 8.5 5 11.0 10 12.8 5 0.48 b
Dizziness 1.7 1 4.4 4 12.5 5 0.04 b
Fatigue 13.6 8 21.1 19 22.5 9 0.21 b
Any of the 4 above symptoms 18.6 11 33.0 29 46.2 18 0.003 b

Exhaust-only ventilation c

Mucous membranes and skin
Eye irritation 0 0 4.1 3 · · 0.36 d
Nasal irritation 3.4 1 6.8 5 · · 0.46 d
Nasal congestion 10.0 3 33.8 25 · · 0.008 e
Throat irritation 3.6 1 9.7 7 · · 0.27 e
Itching flushing facial skin 6.7 2 4.1 3 · · 0.58 e
Any of the 5 above symptoms 21.4 6 41.7 30 · · 0.05 e

General symptoms
Headache 3.3 1 11.3 8 · · 0.16 e
Concentration problems 3.2 1 9.5 7 · · 0.24 e
Dizziness 0 0 5.4 4 · · 0.26 d
Fatigue 6.7 2 26.0 19 · · 0.02 e
Any of the 4 above symptoms 13.8 4 35.2 25 · · 0.02 e

Mechanical ventilation f

Mucous membranes and skin
Eye irritation · · 2.8 4 13.8 8 0.005 e
Nasal irritation · · 10.7 15 11.9 7 0.81 e
Nasal congestion · · 22.1 31 37.3 22 0.03 e
Throat irritation · · 6.4 9 20.3 12 0.005 e
Itching flushing facial skin · · 8.5 12 18.6 13 0.048 e
Any of the 5 above symptoms · · 33.6 46 55.2 32 0.005 e

General symptoms
Headache · · 10.6 15 25.4 15 0.01 e
Concentration problems · · 19.0 27 32.2 19 0.047 e
Dizziness · · 8.5 12 20.3 12 0.02 e
Fatigue · · 27 38 32.2 19 0.46 e
Any of the 4 above symptoms · · 39.3 55 55.9 33 0.03 e

a N=58–59 (low level), N=88–91 (medium level), and N=38–40 (high level). 
b Trend test (Kendall’s tau B).
c N=28–31 (low level), N=71–74 (medium level), and N=0 (high level).
d Fisher’s exact test.
e Chi-square test, likelihood ratio.
f N=0 (low level), N=140–142 (medium level), and N=58–59 (high level).

effect at room or school level could, for example, be the 
influence of a reassuring teacher or school leader, reduc-
ing the worries, and perhaps thereby also the symptoms 
of the pupils.

Interestingly, none of the rooms with full mechanical 
ventilation system were in the lowest quintile of mea-
sured moulds in floor dust. And no rooms with exhaust 

only (and the highest CO2 levels) were in the highest 
quintile of moulds in floor dust. 

In general the CO2-levels were rather high in the 
classrooms, which probably is representative of Danish 
municipal schools. As an indicator of a low air exchange 
rate, this in itself might be a mechanism that could 
increase risk of symptoms.
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Table 4. Strength of association of presence of symptoms of mucous membranes and of the skin among adolescent schoolboys; co-variables 
in all analyses include the variable combining ventilation and level of moulds in floor dust besides relevant confounders (see text). Variables 
are presented according to statistical strength of association with outcomes after multivariable adjustment in logistic regression analyses 
using manual backward elimination of variables. [OR=odds ratio; 95% CI=95% confidence intervals; bold denotes significance, P<0.05.]

Symptom N OR 95% CI

Eye irritation 467
Ventilation form and mould level combined

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 2.7 0.34–21.2 
Mechanical ventilation and high mould level · 10.7 1.3–90.3

Recent influenza (last 4 weeks) versus not a · 2.8 0.99–8.1
High “work” load · 2.3 0.92–5.8
Nasal irritation 415
Hay fever versus not a · 5.4 2.4–12.5
Recent cold (last 4 weeks) versus not a · 3.4 1.1–10.3
High “work” load · 2.2 0.97–5.1
Ventilation form and mould level combined

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 1.9 0.41–8.5
Mechanical ventilation and high mould level · 3.8 0.70–21.0

Nasal congestion 409
Recent cold (last 4 weeks) versus not a · 6.4 3.3–12.5
Recent influenza (last 4 weeks) versus not a · 2.9 1.4–5.8
Ventilation form and mould level combined

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 2.0 0.94–4.1
Mechanical ventilation and high mould level · 3.9 1.5–10.1

Unchallenging school work · 1.8 1.1–3.0
Hay fever versus not a · 1.9 1.1–3.2
Throat irritation 401
Recent influenza (last 4 weeks) versus not a · 3.4 1.4–8.7
Ventilation form and mould level combined

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 1.5 0.42–5.6
Mechanical ventilation and high mould level · 5.3 1.3–22.4

Hay fever versus not a · 2.3 1.0–5.1
Recent cold (last 4 weeks) versus not a · 2.6 0.92–7.2
Recent tonsillitis (last 4 weeks) versus not a · 2.2 0.87–5.7
Dry/flushing facial skin 401
Recent tonsillitis (last 4 weeks) versus not a · 3.6 1.4–9.6
Asthma versus not a · 2.9 1.1–7.7
Hay fever versus not a · 2.5 1.0–6.2
Ventilation form and mould level combined

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 1.5 0.39–5.4
Mechanical ventilation and high mould level · 3.5 0.88–15.4

a Excluding participants answering “don’t know”.

Figure 1. Combination of ventilation form and level of moulds in floor 
dust, versus mucous membrane and skin symptoms. [*≤0.05; ** 
≤0.01; *** ≤0.001 (Kendall’s tau b).]

Figure 2. Combination of ventilation form and level of moulds in floor 
dust, versus general symptoms. [***≤0.001 (Kendall’s tau b).]
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Are the associations presented likely to be causal? 
One of the weaknesses of a cross-sectional study like 
this is, that you cannot study temporality (ie, whether 
the exposure precedes the onset of symptoms); specific-
ity is not an issue since the symptoms analyzed can be 
caused by many factors other than the indoor air. On 
the other hand, several of the guidelines to suggest cau-
sality presented by Bradford Hill (20) are actually met 
in this study. High statistical strength of associations, 
strong OR, and biological gradient seen as steep steps 
in figures 1 and 2 (as a form of dose–response pattern) 
are all present. There is good consistency since the 
associations between the exposure variable combining 
ventilation type and mould level are found not only for 
few but all symptoms. Furthermore, with respect to con-
sistency, the present study can be construed as a study 
of three subpopulations exposed to three different types 
of ventilation. Although the level of mould exposure 
and the level of BRS depended strongly on ventilation 
category, the tendency was clear for all three subgroups: 

the higher the level of mould, the higher the prevalence 
of symptoms. Possible mechanisms, making the associa-
tions biologically plausible, for moulds and mechanical 
ventilation systems alone and in combination could be 
the following: it is well known that moulds consist of 
irritative components (eg, toxins and β-glucan) (10), 
and that several studies have shown a higher prevalence 
of symptoms in buildings with mechanical compared to 
natural ventilation (14). Possible mechanisms for this 
higher prevalence include: the systems may themselves 
be a source of pollution from dirty filters or ducts with 
or without recycling of the air, while an unbalanced sys-
tem, with a lower pressure in the room than outside, can 
bring spores and other particles from constructions and 
crawl space/lofts etc into the room. Experiments have 
shown this both in chambers and in the field (21, 22). 
The combined effect of moulds and ventilation might be 
the result of a higher airflow keeping the dust whirled 
up by the activity of the pupils, in the breathing zone for 
a longer time, and thereby increasing the exposure for 

Table 5. Strength of association of presence of general symptoms among adolescent schoolboys; co-variables in all analyses include the 
combined ventilation and level of moulds in floor dust variable plus  relevant confounders (see text). Variables are presented according 
to statistical strength of association with outcomes after multivariable adjustment in logistic regression analyses using manual backward 
elimination of variables [OR=odds ratios; 95% CI=95% confidence intervals; bold denotes significance, P<0.05.]

Symptom N OR 95% CI

Headache 413
Recent tonsillitis (last 4 weeks) versus not a · 6.9 3.3–14.4
Hay fever versus not a · 2.9 1.5–5.8
Ventilation form and mould level combined

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 1.6 0.52–5.0
Mechanical ventilation and high mould level · 4.9 1.4–17.4

High “work” load · 1.9 0.95–3.8
Concentration problems 476
Low “work” challenge · 2.7 1.5–4.9 
Ventilation form and mould level combined ·

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 2.9 0.91–8.9
Mechanical ventilation and high mould level · 6.2 1.7–22.9

Age (per year) · 0.59 0.38–0.93
Recent tonsillitis (last 4 weeks) versus not a · 2.2 1.1–4.4
Building year (per year) · 1.05 0.996–1.1
Dizziness 476
Recent tonsillitis (last 4 weeks) versus not a · 3.7 1.7–8.2
Ventilation form and mould level combined    

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 6.4 0.85–48.3
Mechanical ventilation and high mould level · 17.0 2.1–138

Fatigue 413
Recent influenza (last 4 weeks) versus not a · 3.5 1.7–7.3
High “work” load · 2.4 1.4–4.1
Low “work” challenge · 1.8 1.1–3.1
Building year (per year) · 1.02 1.0–1.1
Hay fever versus not a · 1.7 0.997–2.9
Ventilation form and mould level combined · ·

Natural ventilation/exhaust only and low mould level · 1.0 · ·
All other combinations · 1.5 0.63–3.7
Mechanical ventilation and high mould level · 2.2 0.73–6.6

a  Excluding participants answering “don’t know
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Table 6. Comparison of multi-level analyses with logistic regression analyses of models from tables 4 and 5, where the random effects 
“classroom” or “school” had more than minimal effect on the model. [OR=odds ratio; 95% CI=95% confidence interval; Res ICC=residual 
intra-class correlation coefficient; bold denotes significance, P<0.05]

Symptom N Logistic regression Multi Level Variance Res ICC 
(%)

OR 95% CI OR 95% CI

Throat irritation 401
Recent influenza (last 4 weeks) versus not a · 3.4 1.4–8.7 4.0 1.4–11.5
Ventilation form and mould level combined   

Natural ventilation/exhaust only and low mould level · 1.0 · · 1.0 · ·
All other combinations · 1.5 0.42–5.6 1.5 0.26–8.9
Mechanical ventilation and high mould level · 5.3 1.3–22.4 10.4 1.2–90.9

Hay fever versus not a · 2.3 1.0–5.1 2.6 1.04–6.3
Recent cold (last 4 weeks) versus not a · 2.6 0.92–7.2 2.9 0.93–9.1
Recent tonsillitis (last 4 weeks) versus not a · 2.2 0.87–5.7 2.5 0.85–7.5
Random effect classroom 1.2598 27.7
Random effect school 0.1360 4.0
Concentration problems 476
Low “work” challenge · 2.7 1.5–4.9 2.7 1.4–5.2
Ventilation form and mould level combined

Natural ventilation/exhaust only and low mould level · 1.0 · · 1.0 · ·
All other combinations · 2.9 0.91–8.9 2.9 0.73–11.5
Mechanical ventilation and high mould level · 6.2  1.7–22.9 6.4 1.2–34.5

Age (per year) · 0.59 0.38–0.93 0.63 0.36–1.1
Recent tonsillitis (last 4 weeks) versus not a · 2.2 1.1–4.4 2.4 1.1–5.1
Building year (per year) · 1.05 0.996–1.1 1.05 0.99–1.1
Random effect classroom · 0.6905  17.3
Dizziness 476
Recent tonsillitis (last 4 weeks) versus not a · 3.7 1.7–8.2 3.8 1.7–8.8
Ventilation form and mould level combined  

Natural ventilation/exhaust only and low mould level · 1.0 · · 1.0 · ·
All other combinations · 6.4 0.85–48.3 6.1 0.78–47.8
Mechanical ventilation and high mould level · 17.0 2.1–138 17.8 2.0–159

Random effect school · 0.1688  4.8
a Excluding participants answering “don’t know”.

the occupants of the classrooms. To study the airflow in 
classrooms with the three types of ventilation could be 
of interest in future research. 

We have tried to minimize bias and confounding in 
several ways. It has been shown earlier that symptoms 
among females are often associated with factors other 
than those related to the indoor environment per se 
(23, 1). Therefore only schoolboys were included in 
the analysis. It is highly unlikely that the pupils could 
estimate whether the dust in the room had a high or a 
low content of mould spores, and the visible presence of 
a mechanical ventilation system is probably more likely 
to cause a bias in a positive direction, since most people 
would believe that the systems improve the indoor air 
quality. In the study, we measured many different poten-
tially harmful, ie, confounding factors (16), showing that 
they were evenly distributed among pupils exposed to 
different types of ventilation. 

One might wonder if the result from adolescent 
schoolboys can be extrapolated to the general popula-
tion. We believe so, since there is no reason to believe 
that the irritant effect of moulds in dust should not 
influence the mucous membranes of women or older 

people. Unfortunately the latter cannot be answered in 
this study, since Danish teachers, due to the organization 
of the teaching, circulate from classroom to classroom 
during the day. 

Concluding remarks

With a variable combining mould level in floor dust and 
type of ventilation, significant associations were found 
for all nine symptoms examined. In multiple logistic 
regression models controlling for other potential risk 
factors, significant OR between 3.9 (95% CI 1.5–10.1) 
(nasal congestion) and 17.0 (95% CI 2.1–138) (diz-
ziness) were revealed when comparing rooms with 
low mould level combined with natural ventilation, 
and rooms with high mould level combined with full 
mechanical ventilation system. Controlling for random 
effect at classroom and school level in multi-level mod-
els did not change this substantially. Consequently, it is 
important in future indoor air research to focus also on 
combination effects of risk factors, including the type 
of ventilation.
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