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Association between ventilation rates in 390 Swedish homes and

allergic symptoms in children

Practical Implications

Abstract The aim of the study was to test the hypothesis that a low-ventilation
rate in homes is associated with an increased prevalence of asthma and allergic
symptoms among children. A total of 198 cases (with at least two of three
symptoms: wheezing, rhinitis, eczema) and 202 healthy controls, living in 390
homes, were examined by physicians. Ventilation rates were measured by a
passive tracer gas method, and inspections were carried out in the homes. About
60% of the multi-family houses and about 80% of the single-family houses did
not fulfill the minimum requirement regarding ventilation rate in the Swedish
building code (0.5 air changes per hour, ach). Cases had significantly lower
ventilation rates than controls and a dose—response relationship was indicated.
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A low-ventilation rate of homes may be a risk factor for allergies among children. Families with allergic children
should be given the advice to have good ventilation in the home. In investigations, of associations between envi-
ronmental factors and allergies, the air change rate in homes has to be considered.

Background

Increased costs for energy, and thus for heating of
buildings, starting with the oil embargo in 1973, has
induced tightening of building envelopes and reduced
ventilation in cold climate (Oie et al., 1999; Sundell,
1994). This decrease in ventilation rates coincides in
time with the increase in allergic diseases among
children and adults.

In a multidisciplinary review of the scientific litera-
ture on ventilation and health (EUROVEN) it was
concluded that a low-ventilation rate in offices is
associated with an increased risk of health effects
(SBS symptoms) (Seppdnen and Fisk, 2002; Wargocki
et al., 2002). However, only a few conclusive studies
were found regarding ventilation of homes and its
association to health effects. For homes in a Nordic

climate it was concluded that ventilation rates above
0.5 air changes per hour (ach) decrease the risk of
infestation of house dust mites, and thus the risk of
allergic sensitization and symptoms. In one study from
Norway (Oie et al.,, 1999) and one from Sweden
(Emenius et al., 2004) no obvious direct association
could be seen between ventilation rates of homes and
asthma and allergy among children. However, in the
study by Oie et al. it was found that bronchial
obstruction among children was associated with some
pollution sources (vinyl surfaces on walls and floors,
and ‘dampness’) and that this association became
elevated at a low-ventilation rate (below 0.5 ach).

The aim of this study was to test the hypothesis that
a low-ventilation rate in homes is associated with
asthma and allergic symptoms among children in
Sweden.
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Method

This study is a part of a large investigation on the
impact of the indoor environment on asthma and
allergy among children in Sweden, DAMPNESS IN
BUILDINGS AND HEALTH (DBH) (Bornehag
et al., 2004a). The first step of the DBH-study was a
cross-sectional questionnaire investigation involving
14,077 children aged 1-6 years in Viarmland, Sweden
(DBH-step 1) (Bornehag et al., 2004b). The present
study is a part of the second step (DBH-step 2): a
nested case—control investigation including 198 symp-
tomatic children (cases) and 202 non-symptomatic
controls. A description of the design of the question-
naire study (DBH-step 1) and the selection procedure
for cases and controls (DBH-step 2) are described in
Bornehag et al. (2004a).

Inclusion criteria for cases and controls

The selection criteria for the cases in DBH-step 2 were
(1) in the initial questionnaire, reports of at least two
symptoms of ‘wheezing during last 12 months without
a cold,” ‘rhinitis during last 12 months without a cold’
and ‘eczema during last 12 months.” In the follow-up
questionnaire, 1.5 years later, they had to: (2) report at
least two of three possible symptoms. Inclusion criteria
for the controls (i.e. non-cases) were (1) no symptoms
in the first questionnaire and (2) no symptoms in the
follow-up questionnaire. For both groups they should
not have: (3) rebuilt their homes because of moisture
problems, and (4) changed residence since the first
questionnaire. All children with at least two symptoms
in the first questionnaire were invited to the case—
control study (n = 1056 corresponding to 9.7% of the
total population). In the first questionnaire 5303
(48.9%) reported no airway, eye, nose, or skin symp-
toms. Of these, 1100 children were randomly selected
and invited to cooperate in the case—control study. This
process ultimately yielded 198 cases and 202 controls.
A more detailed description of the selection procedure
and the influence of potential selection biases is
described elsewhere (Bornehag et al., unpublished).

Building investigations

The 400 children lived in 390 buildings, there being
10 pairs of siblings. Between October 2001 and April
2002, visual inspections and indoor air quality (IAQ)
assessments were performed in the 390 dwellings. Six
professional inspectors according to a manual carried
out the inspections.

Ventilation rates of the entire home and of the
bedroom of the index-child were measured during
1 week with a passive tracer gas method — ‘the
homogeneous emission technique.” This PFT (perfluor-
ocarbon tracer) technique, described in NT VVS 118
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(Nordtest, 1997), yields information on the mean
ventilation rates during the measured week.

Physical examination

The medical examinations of the 400 children
(3-8 years) were performed during the same 2 weeks
as the technical inspections and measurements. A team
of four medical doctors examined the children follow-
ing a structured anamnesis. A blood sample was drawn
from 387 children and screened for common allergens
(Phadiatop®). The allergens screened for were: tim-
othy, common silverbirch, mugwort, cat, horse, and
dog, two house dust mites (Dermatophagoides pteron-
yssinus and Dermatophagoides farinae), and one
mould (Cladosporium).

Statistical analysis

Differences in ventilation rates between buildings were
tested with parametric and non-parametric tests (Stu-
dent’s 7-test and Mann—Whitney U) as the measured
ventilation rates were not fully normally distributed. In
order to investigate dose—response relationships, the
ventilation rate data were divided into quartiles.
Associations were then estimated with crude and
adjusted Odds Ratio (OR) in logistic regression mod-
els. Adjustments were made for sex, smoking in the
family, and inspector’s observations of moisture-rela-
ted problems in the home expressed in a 5-step scale
from ‘no’ to ‘severe damages.” Finally, we have earlier
reported an association between the concentration of
phthalates in dust (butyl benzyl phthalate, BBzP) and
case status (Bornehag et al., 2004c). Therefore, adjust-
ments were made for BBzP in dust in quartiles. Trends
in data were tested with linear-by-linear associations.
A P value of less than 0.05 was used as significance
value. Statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS, 11.5).
The local Ethics Committee approved the study.

Results

The physical examination of the children showed good
agreement between doctors’ diagnoses and case—con-
trol status. All children with obvious asthma were
found among cases while two children with rhinitis and
eight children with eczema were found among controls.
Approximately half of the cases with doctor-diagnosed
asthma and eczema, respectively, were IgE positive to
at least one of the tested allergens. Among cases with
asthma, 49 children were non-atopics (IgE-negative)
and 54 were atopics (IgE-positive) and among cases
with eczema, 54 children were non-atopics and 56 were
atopics. Regarding rhinitis, about 80% of the cases
were IgE-positive, i.e. 16 children were non-atopics and
68 were atopics.
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Type and age of homes

Almost 83% of the children lived in single-family
houses (Table 1). Half of the single-family houses were
constructed 1960 or earlier; row houses and multi-
family houses were somewhat newer. Most single-
family houses had natural ventilation and a kitchen
fan, and multi-family houses were mostly ventilated
with mechanical systems.

Building characteristics and ventilation rates

Valid ventilation rates in the 390 available buildings
were obtained for 386 homes as regards mean venti-
lation for the total building, and for 378 homes
regarding the index-child’s bedroom.

Multi-family houses had higher mean ventilation
rates than other types of homes (Table 1). In the
following, results are mainly focused on single-family
houses as they represent 83% of the study population
and consist of more homogenous groups of buildings
and families (Bornehag et al., 2004b).

Single-family houses with a mechanical exhaust and
supply ventilation system had higher ventilation rates
compared with buildings with other ventilation systems
(Table 2). Buildings from the 1960s and the 1970s
(1961-1983) had lower ventilation rates than buildings
from earlier or later construction periods, and homes
with concrete on ground as foundation were found to
have the lowest ventilation rate. Finally, single-family
houses with only one floor had lower ventilation rates
compared to buildings with more than one floor.

Ventilation rate and health

There were no significant differences in type of buildings
between cases and controls. Regarding single-family

Table 1 Description of the homes for 198 cases and 202 controls

houses, cases were more likely than controls to live
in houses that had mechanical exhaust ventilation,
were constructed in the period 1961-1983, had a
concrete foundation, and were one-storey buildings
(Table 2).

Cases living in single-family houses had significantly
lower ventilation rates than controls, both in the total
building and in the child’s bedroom (Table 3). In multi-
family houses and row houses there were no significant
differences in ventilation rates between cases and
controls.

In single-family houses, a dose-response relation-
ship between ventilation rate and the risk of being a
‘case-child’ was found in crude analyses with data on
ventilation rates divided into quartiles (Table 4).
When adjusting for potential confounders the same
tendency of a dose-response relationship as in the
crude analyses was found, but the results did not
reach significance.

Doctor-diagnosed disease

Case children with doctor-diagnosed rhinitis and
eczema, living in single-family houses had a lower
ventilation rate in the child’s bedroom compared
with controls (Table 5). However, no association was
found between ventilation rate and doctor-diagnosed
asthma. When the ventilation rates were divided into
quartiles, trend analysis (linear-by-linear association)
showed a significant association (P < 0.05) for
rhinitis (data not shown). When comparing the
group with the lowest ventilation rates (first quartile)
with the group with the highest ventilation rates
(fourth quartile) there was an increased risk of
rhinitis among children in the first quartile, although,
not significant (OR 1.65; 95% confidence interval
(CI) 0.81-3.35).

Building characteristics®

Number of buildings with different characteristics [n (%)]

Type of building Single-family houses (SH) Row houses (RH) Multi-family houses (MH) Total
Number of buildings in the study: n (%) 323 (82.8) 23 (5.9) 44 (11.3) 390°
Construction period
Till 1960 159 (49.2) 3(13.0) 17 (38.6) 179 (45.9)
1961-1983 128 (39.6) 12 (52.2) 17 (38.6) 157 (40.3)
1984 onwards 36 (11.2) 8 (34.8) 10 (22.7) 54 (13.9)
Ventilation system
Natural incl. kitchen fan 239 (74.0) 8 (34.8) 10 (22.8) 257 (65.9)
Mechanical exhaust 52 (16.1) 11 (47.8) 30 (68.2) 93 (23.8)
Mechanical exhaust and supply 32 (9.9) 4(17.3) 4(9.1) 40 (10.2)

Mean ventilation rate®
Ach in total building (n)
Ach in child's bedroom (n)

0.36 (320)
0.35 (315)

035 (23)RH—MH*
0.37 (23)HMH=x

0.48 (43)H-MH=xx
0.51 (40)SH-MH»

*P < 0.05; ***P < 0.001.

All data from inspections in DBH-step 2.

®There were 10 pairs of siblings in the study population.

“Test of difference between groups of buildings made by Student's t-test.
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Table 2 Difference in mean ventilation rate between different building characteristics in single-family houses

Ventilation rate® (mean ach)

Case—Control status [n (%)]

Building characteristics Total building Child's bedroom Cases (n = 161) Controls (n = 172)
Ventilation system
Natural (N) 0.37 0.34N-MESxx 114 (71.7) 128 (78.0)
Mechanical exhaust (ME) 0.32MEMESxxx 0.32ME-MESxx 31 (195) 20 (12.2)
Mechanical exhaust/supply (MES)® 0.44 0.47 14 (8.8) 16 (9.8)
Construction period
Till 1960 (1) 0.47Hhexx 037+ xxx 73 (45.3) 93 (54.1)
1961-1983 (Il) 0.30" == 0.29" == 77 (47.8) 54 (31.4)
1984 onwards (Ill) 0.39 0.42 11 (6.8) 25 (14.5)
Type of foundation
Basement (B) 0.368°CS* 0.348-C5+ 60 (38.0) 67 (39.4)
Crawl Space (CS) 0.4205Cxxx 0.4005-Cx* 40 (25.3) 55 (32.4)
Concrete on ground (C) 0.32 0.31 58 (36.7) 48 (28.2)
Number of floors
1 floor 0.31%** 0.29%** 56 (35.2) 53 (31.4)
>1 floor 0.39 0.38 103 (64.8) 116 (68.6)

*P<0.05 **P<0.01, ***P<0.001.

Test of difference in mean air change rate (ach) between groups made by Student's t-test.

®Mechanical exhaust and supply system.

Table 3 Differences in mean ventilation rate between cases and controls in different
groups of buildings

P-value

Type of buildings Cases Controls ttest  Mann—-Whitney U
Single-family houses (n) 161 172

Mean ach in total building (n) ~ 0.34 (161) ~ 0.38 (169) 0.025 0.014
Ach in child's bedroom (n) 0.32 (158) 0.37 (166) 0.020 0.011
Chain houses (n) 12 1"

Mean ach in total building (n) 0.37 0.32 0.627 0.622
Ach in child's bedroom (n) 0.40 0.33 0412 0712
Multi-family houses (n) 25 19

Mean ach in total building (n) 0.49 (25) 0.47 (18)  0.793 1.000
Ach in child's bedroom (n) 0.50 (23) 052 (17) 0.807 0.967

All types of building (n) 198 202
Mean ach in total building (n) 0.36 (198) 0.39 (198) 0.126 0.053
Ach in child's bedroom (n) 0.34 (193) 0.38 (194) 0.099 0.068

Specific IgE in blood

Table 6 examines the ventilation rate among cases and
controls with and without specific IgE in blood (i.e.

atopics and non-atopics). Within the group of cases
and controls there were no difference in ventilation rate
between atopics and non-atopics.

Discussion
Ventilation rate

The measured air change rate in the 390 buildings was
generally low. The minimum requirement for homes
according to the Swedish building code is 0.5 ach. The
mean ventilation rate for single-family houses was
0.36 ach and for multi-family houses 0.48 ach. About
80% of the single-family houses and 60% of the multi-
family houses did not fulfill the minimum legal
requirements. In an earlier nationwide investigation it
was found that about 86% of the single-family houses
and about 50% of the multi-family houses did not
fulfill the minimum requirements (Stymne et al., 1994;
Norlén and Andersson, 1995). Furthermore, it was
shown in the present study that buildings from the

Table 4 Association between ventilation rate (ach) indoor and case status in single-family houses

0dds ratio (95% Cl)

Total building Child's bedroom
Quartile for
ventilation rate Min—Max (ach) Crude analysis Adjusted analysis® Min—-Max (ach) Crude analysis Adjusted analysis®
Fourth quartile (ref) 0.44-1.43 1.0 1.0 0.42-1.79 1.0 1.0
Third quartile 0.33-0.43 1.32 (0.71-2.44) 1.17 (0.57-2.42) 0.31-0.41 0.90 (0.48-1.69) 0.94 (0.46-1.95)
Second quartile 0.24-0.33 1.52 (0.82-2.82) 1.35 (0.66-2.74) 0.21-0.31 1.56 (0.84-2.90) 1.56 (0.77-3.12)
First quartile 0.05-0.24 1.99 (1.07-3.71) 1.95 (0.94-4.04) 0.02-0.21 1.73 (0.93-3.22) 1.77 (0.87-3.65)
P-valug” 0027 - 0.029 -

Association expressed as crude and adjusted odds ratio (OR) with 95% confidence interval (Cl).
#Adjusted for sex, smoking in family, observed moisture problems in the dwelling [classified from 1 (extensive problems) to 5 (no observed moisture problems)] and butyl benzyl phthalate

(BBzP) in dust (quartiles).
®inear-by-inear association.
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Table 5 Ventilation rate in single-family houses for case children with a doctor-diag-
nosed disease compared with controls

Cases with disease Controls P-value
Mean Mean

Diagnosed ventilation ventilation Mann—
disease® n (ach) n (ach) ttest Whitney U
Total building ventilation

Asthma 101 0.36 169 0.38 0.253 0.148

Rhinitis 82 0.35 169 0.38 0.233 0.086

Eczema 107 0.34 169 0.38 0.032 0.028
Children's bedroom ventilation

Asthma 99 0.34 166 0.37 0.207 0.195

Rhinitis 79 032 166 0.37 0.073 0.023

Eczema 106 0.31 166 0.37 0.024 0.016

#Obvious doctor-diagnosed disease (asthma, rhinitis, or eczema, respectively) among
cases (possible disease and no disease excluded) compared with all controls.

Table 6 Difference in ventilation rate for controls and cases with and without IgE in
blood (atopics and non-atopics) in single-family houses

Mean and (median) ventilation rate, (ach)

Controls Cases
Ventilation Non-atopic (142)  Atopic (21)  Non-atopic (79)  Atopic (77)
Total building 0.38 (0.35) 0.38 (0.35)  0.33(0.32) 0.34 (0.30)
Children's bedroom  0.37 (0.32) 0.36 (0.33)  0.32(0.29) 0.31(0.27)

sixties and seventies had the lowest ventilation rate.
This finding accords well with reports from Norway
(Oie et al., 1998, 1999).

In two recent Nordic studies, no direct association
was found between home ventilation rates and asthma
and allergy among children (Emenius et al., 2004; Oie
et al., 1999). However, in both studies much higher
ventilation rates were reported and the frequency of
multi-family houses was higher than in the current
study. In the Norwegian study, 63% of the homes had
a ventilation rate above 0.5 ach and 52% of the
buildings were multi-family houses (Oie et al., 1998,
1999). In the Swedish study, the mean ventilation rate
was 0.68 ach and about 75% of the buildings were
multi-family houses (Emenius et al., 2004). The tracer
gas method used and the laboratory performing the
analyses was the same in all these studies. The higher
ventilation rates in the studies by Oie et al. (1998, 1999)
and Emenius et al. (2004) might explain why they could
not find an association between ventilation rate and
health, in contrast to our study on homes with lower
ventilation rates. Associations between ventilation
rates and health effects may occur only when the air
change rate is below 0.5 ach. However, in the Nor-
wegian study, ventilation rate was found to be an effect
modifier of risks. With low-ventilation rate the risks
associated with moisture problems, and vinyl floor and
wall materials in the building increased (Oie et al.,
1999).

Many indoor-generated exposures will be increased
in buildings with a low-ventilation rate. Furthermore, a
low-ventilation rate increases the time for indoor air
reactions of, e.g. ozone and terpenes with formation of,
e.g. free radicals and formaldehyde (Weschler and
Shields, 2000).

A reduced ventilation rate also means increased
indoor air humidity, and therefore a risk of increased
infestation of house dust mites (Emenius et al., 1998;
Harving et al., 1994; Sundell et al., 1994; Warner et al.,
2000). House dust mite exposure is a well-known risk
for sensitization and symptoms among mite sensitized
persons (Eggleston et al., 1998; Holm et al., 1999;
Nahm et al., 1998; Ricci et al., 1999; Sporik et al., 1999;
Warner et al., 1999).

The lack of an association between ventilation rate
and atopic status of the children indicates that there are
no immunological mechanisms involved. Instead, a
low-ventilation rate could be seen as a risk factor for
irritation.

Design of the study

The second phase of the DBH-study is per definition
not a case—control study, but a case non-case study of
all persons with prevalent symptoms at two separate
periods 1.5 years apart. This means that the risk
estimates are not reflecting incident cases but severe
prevalent cases. Hence, the risks associated to any of
the factors found in this study are associated to
duration/severity of the disease rather than the induc-
tion of disease. Although this is a theoretical issue of
concern the public health effect of this is negligible,
since the prevalent severe cases are the main burden of
society.

To be included as a ‘case’ a child was required to
have at least two symptoms. Consequently, this study
was not fine-tuned to examine associations between
building factors and single symptoms (i.e. asthma,
rhinitis, or eczema). However, even if the design is
suboptimal, meaning harder to find associations
between single symptoms and exposures, the associa-
tions between selected building factors and single
symptoms are meaningful and possibly under estimates
true associations.

Selection bias

The selection process for cases and controls has been
analyzed elsewhere (Bornehag et al., unpublished).
Some potential selection biases were identified (for
participating children/families). Factors associated
with participating were more health problem in the
case families, more health-related lifestyle factors such
as non-smoking parents and a higher socio economic
status of the family. However, no obvious selection
bias regarding ventilation factors could be found.
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The associations shown between home ventilation and
the health effects studied are rather weak and several
associations did not reach statistical significance. In
crude analyses, significant associations were found but
in adjusted analyses the estimated risks were reduced
and did not reach significance. One reason for non-
significant associations could be a low-statistical power
due to a small sample size. However, the reduced
estimated risks indicate that there are other factors
(covarying with ventilation rate) of importance for
allergic symptoms among children. Thus, the hypothesis
that low-ventilation rates in homes increase the risk of
allergic symptoms among children could not be rejected.
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