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The home environment has changed
considerably during the past 3 decades
because of rapid change in building technol-
ogy, as well as in the type of materials used
in interior decoration, furniture, and textiles.
Some of the new surface materials are poten-
tial emitters of chemical compounds and par-
ticulates with allergenic properties. Little is
known about whether exposure to these
indoor air pollutants in the home environ-
ment contributes to bronchial obstruction
and asthma.

Inflammation of the airways is an
important part of the mechanism in asthma
and bronchial reactivity.' Most allergens
stimulate production of IgE antibodies that
bind to mast cells, and with linkage of anti-
gens the mast cells release inflammatory
mediators causing bronchospasm and mucus
production. There also appear to be chemical
compounds with a capacity to trigger inflam-
mation without involving IgE.2 Long-term
occupational exposure to relatively high lev-
els of chemicals such as formaldehyde,3
toluene di-isocyanate,4 and acid anhydrides5
is known to increase the risk of asthma.
Exposure to some of these chemical com-
pounds, such as formaldehyde, may also
lead to development of specific airway
hypersensitivity.3

Plasticized polyvinyl chloride (PVC)
materials are presently among the most fre-
quently used wall and floor covering materi-
als in homes because they provide inexpen-
sive, easy-to-clean surfaces that are
especially practical in kitchens, bathrooms,
and children's playrooms and bedrooms.6
PVC materials are potential emission
sources of chemicals used as plasticizers,
viscosity modifiers, and stabilizers, and these
emissions are usually long-lasting.

Textile surface materials may emit
chemical compounds and may serve as
sources of particulate pollution. Studies of
office workers have shown that mucosal and

allergic symptoms are more common in
offices with large amounts of textile surface
materials.78

We assessed the role of interior surface
materials in the home in the development of
bronchial obstruction during the first 2 years
of life. In particular, we hypothesized a priori
that PVC plastics and textile materials were
determinants ofbronchial obstruction.

Methods

Study Design

The study was a matched pair case-
control study based on the Oslo Birth
Cohort, a cohort of 3754 children born in
Oslo during a period of 15 months in 1992
and 1993. Details of the recruitment and fol-
low-up of the cohort have been presented
elsewhere.9 Information on the child's health
and environmental exposures was collected
at birth and when the child was aged 6
months (follow-up rate 95%), 12 months
(92%), 18 months (92%), and 24 months
(81%).

This study was approved by the
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for data registration was given by the Nor-
wegian Data Inspectorate.
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Selection ofSubjects

The outcome of interest was bronchial
obstruction, defined as 2 or more episodes
with symptoms and signs of bronchial
obstruction or 1 episode lasting more than 1
month.'0"' All of the children from the
cohort who had had bronchial obstruction
were recruited for the case group. We
obtained information on episodes of
bronchial obstruction from the project pedia-
trician, family physician records, follow-up
questionnaires, and medical records. The
final decision on which children were to be
included in the case group was made by a
committee of 3 senior pediatricians, as
described in more detail elsewhere.1'"'

As soon as a case subject was identi-
fied, the child born closest in time to that
child was selected as the age-matched con-
trol, providing he or she had no medical his-
tory suggestive of bronchial obstruction at
the time of selection. Only children still liv-
ing in Oslo and with the same home address
during the last 3 months before becoming
candidates for the study were included.

Assessment ofSurface Materials

For the assessment of interior surface
materials, the residence was divided into 2
areas: the child's bedroom and the remainder
of the residence. The interior surfaces were
categorized as floors, walls, ceiling, furni-
ture, and the child's bed. The materials com-
monly used in the interior surfaces were
identified and classified into 13 categories.
These categories were given material-
specific values from 1 to 8 based on their
expected emission of plasticizers: metal, tile,
wood or parquet, wallpaper, and wall fiber-
glass were given a value of 1; cork, paint,
lacquer, and textile wallpaper, 2; rubber, 3;
carpet and linoleum, 4; plastic laminate, 6;
and PVC, 8.12,3 Each surface category was
given a weight reflecting the child's potential
exposure. The weights for the child's bed-
room and the remaining rooms, respectively,
were as follows: floors, 0.20 and 0.40; walls,
0.10 and 0.20; ceilings, 0.05 and 0.10; fumi-
ture, 0.15 and 0.30; child's bed, 0.50 and 0.0.
These weights and material-specific values
were used to calculate a plasticizer exposure
index.

Data Collection

Two trained persons assessed exposures
and interviewed parents during site inspec-
tions. The home visits were performed in the
same 2-week period for the matched
case-control pairs. The families were urged
not to perform any interventions before the

visit, which usually was conducted within 1
week after the first contact.

Building characteristics were evaluated
in detail: interior surface materials, type of
building, type of ventilation system, presence
or absence of a kitchen range hood, crowded-
ness (square meters per occupant), bedroom
arrangements, and home dampness problems.
The air change rates (h-') were measured in a
subgroup of 172 pairs with a passive (perflu-
orocarbon) tracer gas method,'4 over a 14-
day integrated sampling period.

Statistical Methods

We used the odds ratio (OR) as a mea-
sure of association between outcome and
exposure. We calculated crude odds ratios as
ratios between the numbers of discordant
pairs, and we calculated 95% confidence
intervals (CIs) on the basis of the Mantel-
Haenszel test statistics. We estimated the
adjusted odds ratios in conditional logistic
regression analysis.'5

First, in bivariate analyses using
dichotomous variables, we assessed the role
of type of floor, wall, and ceiling materials.
We fitted all these exposure variables in the
model with other covariates. Information on
covariates was taken from the follow-up
questionnaires and home inspections. Sex,
parental history of atopy, breast-feeding,
having siblings, day-care attendance at the
age of 1 year, exposure to environmental
tobacco smoke, and the presence of damp-
ness in the home were considered core
covariates. Information on one (usually) or
more covariates was missing for one subject
in 42 case-control pairs. In this situation the
information was assumed to be the same for
both subjects and thus all pairs were retained
in the analyses to maximize precision. Mod-
els that excluded the pairs with missing
information produced almost identical point
estimates.

Second, we assessed the role of plastic
materials, fitting the plasticizer exposure
index both as a categorical and as a numerical
variable. The exposure categories were the 2
highest quartiles of the exposure indices
(50th-75th and 75th-4OOth percentiles); the 0
through 50th percentile was the reference cat-
egory. The core covariates were included in
all the models. Other variables, such as birth-
weight, maternal age, maternal education,
annual family income, pets, type of building,
type of ventilation system, presence of
kitchen range hood, crowdedness, and bed-
room arrangement, were included in the
model only ifthey changed the point estimate
or improved the precision of the studied rela-
tionship.'6 The categorization of building
variables is presented in Table 1; that of other

variables is presented elsewhere." Children
living in homes in which one or more inhabi-
tants smoked (as reported in the birth ques-
tionnaire) were considered to be exposed to
environmental tobacco smoke. Children with
at least one parent reporting a history of
asthma or hay fever were considered as hav-
ing atopic parents.

Results

A total of 304 children from the Oslo
Birth Cohort fulfilled the case definition. Of
these, 256 were still living in Oslo at the
time of diagnosis and were therefore candi-
dates for the case-control study. A total of 5
pairs were lost to follow-up: the parents of 3
case subjects were unwilling to have a home
visit, and the homes of 2 pairs were not vis-
ited by mistake.

The case group had a higher proportion
of boys, atopic parents, children with sib-
lings, and exposure to environmental
tobacco smoke and a lower proportion of
breast-feeding after the age of 6 months than
did the control group (see Table 2 in Nafstad
et al.' 1). There were few differences between
the case and control groups in type of build-
ing and ventilation, presence or absence of
a kitchen range hood, crowdedness, and
child's bedroom arrangement (Table 1).

Surface Materials and Bronchial
Obstruction

Both in the crude analyses and in the
conditional logistic regression adjusting for
other materials and potential confounders,
the risk of bronchial obstruction was greater
in the presence of PVC in the floors
(adjusted OR= 1.89; 95% CI= 1.14, 3.14)
and of textile wallpaper in one or more
rooms (adjusted OR= 1.58; 95% CI= 0.98,
2.54), compared with the reference category
of wood or parquet flooring and painted
walls and ceiling (Table 2).

Plasticizers and Bronchial Obstruction

Figure 1 shows the cumulative fre-
quency distribution of the plasticizer expo-
sure index for case and control subjects. The
curve deviates for index values above 2.5.
The mean exposure index was significantly
higher in case subjects (3.09; SD = 0.88)
than in control subjects (2.87; SD = 0.73)
(paired t test P= .001).

In the conditional logistic regression
analysis controlling for potential confounders
(Table 3), bronchial obstruction was signifi-
cantly associated with assessed exposure to
plasticizers. The estimated odds ratio in the
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contrast between the highest quartile of expo-
sure and the reference category was 2.71
(95% CI = 1.50, 4.91) when adjustments
were made for the core covariates, maternal
education, and family annual income. The
inclusion of other covariates did not influence
the point estimate or improve precision; how-
ever, in a subgroup of 172 pairs, air change
rate was also included as a covariate. The
resulting estimated odds ratios were 1.08
(95% CI = 0.55, 2.12) for the 50th-75th per-

centile and 3.29 (95% CI = 1.59, 6.81) for the
75th-1OOth percentile in comparison to the
reference category (0-50th percentile).

Fitting of the continuous exposure vari-
able indicated a significant exposure-

response pattern, with an increase of 1.65
(95% CI= 1.20, 2.27) in the odds ratio per

unit increase in the plasticizer exposure

index (range, 1 to 8). This estimate was from
a model that included the core covariates,
maternal education, and family annual
income, and it remained relatively stable
when other covariates were included. In the
subgroup of 172 pairs, air change rate was

also included, resulting in a slightly higher
odds ratio of 1.84 (95% CI = 1.24, 2.74).

Discussion

In our case-control study, children with
bronchial obstruction were more likely to
have PVC flooring and textile wall materials
in their homes than were children without
bronchial obstruction. With adjustment for
confounding, the estimated odds ratio for
bronchial obstruction was 1.89 (95%
CI= 1.14, 3.14) among children with PVC
flooring and 1.58 (95% CI= 0.98, 2.54)
among children with textile wall materials,
in contrast to the reference category of wood
or parquet floor and painted walls and ceil-
ings. We further evaluated the plasticizers
used in PVC materials as a potential cause of
bronchial obstruction and found that the risk
of bronchial obstruction increased in relation
to the amount of plasticizer-emitting materi-
als in the home.

Validity ofResults

Given the vast number of different
chemicals commonly present in building
materials, it would be infeasible to measure

the concentrations of all the separate compo-
nents. Therefore, we used the type of materi-
als in different interior surfaces as a proxy
for exposure to chemicals and particles.

Many previous studies have used
wheezing as an outcome when studying
causes of lower airway diseases. However,
reported wheezing is probably not an optimal

TABLE 1-Distribution of Building Characteristics Among Case and Control
Subjects in a Study of Bronchial Obstruction in Young Children:
Oslo, Norway, 1992-1995

Case Subjects
(n = 251)
% (95% Cl)

Type of building
Single-family house
Detached or semidetached house
Apartment building

Type of ventilation
Natural
Mechanical exhaust
Balanced

Kitchen range hood (exhaust)

Interior surface material in child's bedroom,
living room, and bathroom
Floor (in 1 or more of 4 rooms)
Wood/parquet
PVC*
Tile
Carpet
Linoleum

Wall (in 1 or more of 4 rooms)
Paint
Tile
PVC-coated wallpaper
Textile wallpaper*
Wallpaper
Wood panel

Ceiling
Paint
Wood panel

Crowdedness (<20 m2 per occupant)
Separate bedroom for child

Home dampness problems (verified)*

Note. Cl = confidence interval; PVC = polyvinyl chloride.
*P .05 (x2 test).

measure of bronchial obstruction. We
attempted to use a more accurate measure by
restricting the case definition to recurrent or

prolonged episodes of bronchial obstruction,

19 (14, 24)
28 (23, 34)
52 (46, 58)

68 (62, 74)
32 (26, 38)
0(0, 1)

53 (47, 59)

69 (63, 75)
72 (66, 77)
61 (55, 76)
39 (33, 45)
7 (4,10)

92 (89, 95)
48 (42, 54)
32 (26, 38)
31 (25, 36)
23 (18, 28)
13 (9,17)

90 (87, 94)
17 (12, 21)
22 (17, 27)
55 (48, 61)
27 (22, 33)

Control Subjects
(n=251)
% (95% Cl)

25 (20, 30)
23 (18, 28)
52 (46, 58)

66 (60, 72)
32 (26, 38)
2 (1, 4)

55 (49, 61)

76 (70, 81)
59 (53, 65)
69 (63, 75)
46 (40, 52)
8 (5,12)

95 (92, 98)
45 (38, 51)
34 (28, 40)
22 (17, 27)
24 (19, 30)
11 (7,15)

93 (90, 96)
22 (16, 27)
22 (17, 27)
58 (52, 64)
14 (9,18)

using a specialist committee's judgment
based on data from clinical examinations and
available health records. We also made an

effort to detect all the cases by reminding the
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TABLE 2-Crude and Adjusted Odds Ratios (ORs) for Bronchial Obstruction
During the First 2 Years of Life According to Interior Surface
Materials in the Home (Conditional Logistic Regression of 251
Pairs): Oslo, Norway, 1992-1995

Crude OR (95% Cl) Adjusted OR' (95% Cl)

Flooring material
PVC in 1 or more rooms 1.73 (1.19, 2.50) 1.89 (1.14, 3.14)
Carpet in 1 or more rooms 0.76 (0.54,1.07) 0.74 (0.48,1.13)

Wall coating material
PVC-coated wallpaper in 1 or more rooms 0.92 (0.63,1.36) 0.72 (0.42,1.22)
Textile wallpaper in 1 or more rooms 1.53 (1.02, 2.27) 1.58 (0.98, 2.54)

Note. Cl = confidence interval; PVC = polyvinyl chloride.
aAdjusted for other intenor surface materal variables (tile and linoleum on floor; tile, wallpaper,
and wood panel on wall; wood panel on ceiling), the core covarates (sex, parental atopy,
having siblings, day-care attendance, breast-feeding, exposure to environmental tobacco
smoke, and dampness problems), maternal education, and family annual income. The
reference category is wood or parquet floors and painted walls and ceilings.

February 1999, Vol. 89, No. 2



Building Materials and Bronchial Obstruction

parents, in each questionnaire, to contact the
project pediatrician if the child experienced
respiratory problems; by asking the outpatient
clinics to refer all possible cases to the project
pediatrician; and by contacting families who
reported children's respiratory symptoms in
the questionnaires. To evaluate the detection
of bronchial obstruction, a physician con-

ducted telephone interviews with 100 parents
who had reported no symptoms or signs of
bronchial obstruction in their children. No
overlooked episodes were revealed.

Participation rates among both case

subjects (98.4%) and control subjects
(100%) were very high and could not intro-
duce bias. Parents' conscious choice of inte-
rior materials is a potential source of bias if
related to risk of bronchial obstruction. The
adjustment for parental atopy reduced any
selection bias related to the child's predispo-

sition to bronchial obstruction. Avoidance of
plastic or textile materials among parents of
children experiencing symptoms would
have led to underestimation of the relation-
ship between exposure and outcome. The
assessment of exposure shortly after the
case definition reduced this potential source

of bias. Thus, selection bias is not a likely
explanation for the observed relationship
between bronchial obstruction and surface
materials.

The information for case and control
subjects was comparable for several reasons.

The assessment of interior materials and
other factors was a standard procedure that
was carried out concurrently in the homes of
each case-control pair. The investigators
were advised not to ask about the child's
case or control status, but some parents may
have provided this information during the

home visit. Furthermore, information on a

number of other potential determinants of
bronchial obstruction was collected in the
baseline and follow-up questionnaires given
to parents of the cohort before the develop-
ment ofbronchial obstruction.

Potential confounding by age and sea-

son was controlled by one-to-one matching
of case and control subjects. Other potential
confounders were adjusted for in the condi-
tional logistic regression analysis.

Synthesis With Previous Knowledge

To our knowledge there is little previ-
ous empirical evidence of an increased risk
of bronchial obstruction or asthma related to
interior materials in the indoor environment.

Plastic interior materials, especially
plasticizers used in the synthesis of PVC
plastics, are potential sources of chemicals
that may cause inflammation of the airways
and increase the risk of bronchial obstruc-
tion and asthma. Plasticizer di-(2-ethyl-
hexyl) phthalate (DEHP) is widely used in
PVC plastics, and it may constitute 40% of
PVC. There is some suggestive empirical
evidence of plasticizers' effect on airways in
rats and human infants. Mono(2-ethylhexyl)
phthalate (MEHP), the primary hydrolysis
product of DEHP, was found to induce
bronchial hypersensitivity in rats,'7 and
preterm infants exposed to DEHP from res-

piratory tubing systems were reported to
have a higher risk of bronchial asthma.'8
Furthermore, it is hypothesized that MEBP
mimics the inducing prostaglandins (PGs)
PGD2, 9a, 11 3PGF2, PGF2a, and thrombox-
anes in the lungs and thereby increases the
risk of inducing inflammation in the air-
ways, which is a characteristic feature of
asthma.'9

Plasticizers have a high affinity20 for
particles, and they have been shown to
migrate from PVC floor to sedimented house
dust.'9 Thus exposure from PVC floor mate-
rials could be stronger than exposure from
wall coverings, especially in young children,
whose breathing zone is close to the floor.
This could explain why the risk of bronchial
obstruction was related to PVC flooring but
not to PVC wall materials.

Conclusion

Our results provide new evidence sup-
porting the hypothesis that PVC materials
and textile wall materials used in the home
environment are possible determinants of
bronchial obstruction in early childhood. Pos-
sible direct causal agents could be plasticizers
emitted from PVC plastic materials.
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FIGURE 1-Cumulative frequency distribution of the plasticizer exposure index
for case and control subjects in a study of bronchial obstruction in
young children: Oslo, Norway, 1992-1995.

TABLE 3-Crude and Adjusted Odds Ratios (ORs) for Bronchial Obstruction
During the First 2 Years of Life According to Plasticizer Exposure
Index (Conditional Logistic Regression of 251 Pairs): Oslo, Norway,
1992-1995

Crude OR (95% Cl) Adjusted ORa (95% Cl)

Model 1
0-50th percentile (reference category) 1.00 ... 1.00 ...
50th-75th percentile 1.28 (0.81, 2.04) 1.34 (0.78, 2.30)
75th-100th percentile 2.46 (1.50, 4.02) 2.71 (1.50,4.91)

Model 2 (continuous) 1.56 (1.20, 2.04) 1.65 (1.20, 2.27)

Note. Information on plasticizer exposure index was missing for 12 of the 251 pairs. Cl =
confidence interval.

aAdjusted for the core covariates (sex, parental atopy, having siblings, day-care
attendance, breast-feeding, exposure to environmental tobacco smoke, and dampness
problems), maternal education, and annual family income.
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