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The prevalence and risk factors of sick building syndrome (SBS) symptoms in domestic environments were studied by a ques-
tionnaire survey on the home environment. Parents of 5299 3—-6 years old children from randomly selected kindergartens in
Chongging, China returned completed questionnaires between December 2010 and April 2011. The prevalence of parents’ SBS
symptoms (often (every week) compared with never) were: 11.4% for general symptoms, 7.1% for mucosal symptoms and 4.4%
for skin symptoms. Multiple logistic regressions were applied controlling for gender and asthma/allergic rhinitis/eczema. Living
near a main road or highway was a strong risk factor for general symptoms (adjusted odds ratio, aOR=2.16, P<0.001), skin symp-
toms (aOR=2.69, P<0.001), and mucosal symptoms (aOR=1.63, P<0.01). Redecoration was a risk factor for general symptoms
(aOR=2.00, P<0.001), skin symptoms (aOR=1.66, P<0.01), and mucosal symptoms (aOR=1.66, P<0.05). New furniture was a
risk factor for general symptoms (aOR=2.16, P<0.001) and skin symptoms (aOR=1.67, P<0.01). Dampness related problems
(mould spot, damp stain, water damage and condensation) were all risk factors for SBS symptoms, as was the presence of cock-
roaches, rats, and mosquitoes/flies and use of incense. Protective factors include cleaning the child’s bedroom every day and fre-

quently exposing bedding to sunshine. In conclusion, adults’ SBS symptoms were related to factors of the home environment.
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Since the mid-1970s, symptoms and complaints have been
increasingly reported by occupants of certain buildings or
specific rooms. In 1983, WHO referred to a suite of symp-
toms as sick building syndrome (SBS) [1]. Typically, SBS
symptoms disappear after the occupant leaves the building
or room. SBS symptoms can be grouped into general symp-
toms (headache, fatigue, feeling heavy-headed and difficulty
concentrating), mucosal symptoms (eye, throat and nose
irritations or coughing) and skin symptoms (for example on
the face, hands or scalp). A study from 1986 found that up
to 30% of new and rebuilt buildings had higher rates of
complaints than what was regarded as normal, and that the
sensation of dry mucous membranes is most frequently re-
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ported in the building illness syndrome [2].

Since WHO’s first reports on SBS, a large number of
SBS studies have been conducted [3]. These studies charac-
terized potential risk factors for SBS symptoms. Certain
building and room factors, airborne pollutants, gender, atopy
and working conditions were important risk factors. In a
large study on office workers, a low outdoor-to-indoor air
flow rate, ventilation operating hours less than 10 h per day,
and the presence of certain pollution sources, such as copy-
ing machines, were associated with an elevated prevalence
of SBS symptoms [4]. Later Wargocki et al. [5,6] showed in
climate chamber studies that ventilation rates well above the
minimum levels prescribed in existing standards and guide-
lines could reduce SBS symptoms.

SBS is related to both personal and environmental risk
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factors. Numerous studies have shown that female gender
[7-11], allergies [3,12] and building dampness [13,14] are
SBS risk factors. A low ventilation rate [4-6,15], indoor air
pollution [16,17], psychosocial factors [18-20], a sensation
of dryness [21], are also SBS risk factors.

However, the mechanisms are still largely unknown.
Sensory reactions from the olfactory (odor) and trigeminal
(irritation) systems seem to be involved [22-24], and so do
cutaneous senses. Presumably there is an interaction in-
volving environmental factors and sensory systems [23].
Immune reactions have a possible role. One study from Tai-
wan, China showed that oxidative stress associated with
volatile organic compounds was also associated with SBS-
related symptoms among office workers [25]. Biomarkers
of allergy and inflammation were associated with a higher
incidence of SBS symptoms [26].

Most published studies on sick building syndrome (SBS)
have dealt with symptoms among office workers. There are
few published studies on SBS in relation to domestic expo-
sures. However, a Japanese study of sick house syndrome
(SHS), which is defined similarly to SBS, has shown that
the presence of dampness (mould) as well as some semi-
volatile organic compounds (SVOC) was related to an in-
creased risk of SHS [27]. A study from Stockholm reported
that people who owned their home reported less “SBS” than
those who rented their dwellings [28]. Another cohort study
from Sweden showed that dampness in a dwelling was a risk
factor for new onset of SBS symptoms [29]. Reducing
dampness in buildings has been shown to be important for
reducing SBS symptoms in the general population [29].

There are no published studies about SBS in relation to
domestic exposures (except some school SBS studies) in
China. The main aim of the present study is to estimate the
prevalence of SBS symptoms in Chongqing adults with
young children, and to characterize domestic environmental
factors associated with Chongqing parents’ SBS symptoms.

1 Methods

1.1 The survey

The present study is part of an epidemiological study on
children’s health and their relation to the home environment
in China (China, Children, Homes, Health, CCHH). The
study is a parallel to studies conducted in Sweden, Bulgaria,
Denmark and USA [30-33], starting with a cross-sec-
tional questionnaire survey and followed by a nested case-
control study. The survey was carried out from December
2010 to April 2011. The study was approved by an ethical
committee.

1.2 Selection of the study subjects

The questionnaires were handed out to children’s parents
through teachers in kindergartens. Three districts (Shaping-
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ba, Jiulongpo, Yubei) were randomly selected from 9 dis-
tricts of Chongqing City. Out of the 54 randomly selected
kindergartens (15 from Shapingba, 21 from Jiulongpo and
18 from Yubei), 7117 subjects (parents of children aged 1-8
years old) were selected and invited for questionnaire sur-
vey. Completed questionnaires were collected one week later
by teachers.

1.3 Questionnaire

A modified version of the self-administered questionnaire
previously used in Sweden Bulgaria and USA [30,31,33]
has been used in this study. The questionnaire was slightly
modified to be more appropriate for Chinese culture, life-
style, building structure and interior characteristics.

Questions about SBS symptoms were obtained from the
Northern Swedish Office Illness study [4]. They are: During
the last 3 months, have you had any (or more) of the fol-
lowing symptoms: (1) Fatigue; (2) Feeling heavy headed; (3)
Headache; (4) Nausea/dizziness; (5) Difficulties concentrat-
ing; (6) Itching, burning or irritation of the eyes; (7) Irritat-
ing, stuffy or runny nose; (8) Hoarse, dry throat; (9) Cough;
(10) Dry or flushed facial skin; (11) Scaling/itching scalp or
ears; (12) Hands dry, itching, red skin. There are 3 options
to choose for each answer: (1) Often (every week); (2)
Sometimes; (3) Never.

Questions about demographic information, exposure in-
dicators and building characteristics used for the present
analysis were:

(1) Gender;

(2) A history of asthma, allergic rhinitis or eczema (yes/
no);

(3) Current smoking (yes/no);

(4) House site (urban/suburban/rural);

(5) * Whether current residence is near a main road or
highway within a distance of 200 m (yes/no);

(6) Building construction time (before 1980/1980-1990/
1991-2000/2001-2005/after 2005);

(7) Residence area (<40 m%/41-60 m*/61-75 m*/76-100 m*/
101-150 m*/>150 m?);

(8) Wall materials on children’s bedroom (wall paper/
cement/lime/paint/emulsion paint/other);

(9) Floor materials on children’s bedroom (wood/cement/
ceramic tile or stone/laminated floor/other);

(10) * Whether any redecoration has been done since one
year before pregnancy (yes/no);

(11) * Whether any new furniture has been bought since
1 year before pregnancy (yes/no);

(12) * Whether subject has reported any mould spot in
child’s bedroom (yes/no);

(13) * Whether subject has reported any damp stain in
child’s bedroom (yes/no);

(14) * Whether subject has reported any water damage of
current residence (yes/no);

(15) * Whether subject has reported condensation on
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window panels during winter in child bedroom (yes/no);

(16) * Whether subject has seen cockroaches in home
before (yes/no);

(17) * Whether subject has seen rats in home before
(yes/no);

(18) * Whether subject has seen mosquitoes/flies in
home before (yes/no);

(19) Whether subject has used mosquito-repellent in-
cense in home before (yes/no);

(20) * Whether subject has used incense in home before
(yes/no);

(21) * Whether subject has pets in home currently (yes/
no); if yes, please indicate it is (cat/dog/rodent (rabbit/rat)/
bird/aquarium fishes or reptiles/other);

(22) * The frequency of cleaning child’s bedroom (every
day/less than or equal to twice a week);

(23) * The frequency of putting child’s bedding to sun-
shine (frequently/never or rarely);

(24) The frequency of opening window in child’s bed-
room in winter (frequently/never or rarely).

The meanings of those questions above with “*” will be
explained in Section 1.4.

1.4 Indoor environment risk factors score

From the 24 questions about demographics, exposure indi-
cators and building characteristics above, an indoor envi-
ronment risk factor score (0-14) was constructed by using
14 questions which marked with “*”. Question 22 was changed
to ask whether the child’s bedroom was cleaned everyday
(Yes/No, “Yes” was code as “0” and “No”” was coded as “1”")
and question 23 was changed to ask whether bedding was
put in sunshine frequently (Yes/No, “Yes” was code as “0”
and “No” was coded as “1”). Each “Yes” responses to any
one of the other 12 exposure indicators of home environ-
ment which marked with “*” was coded as “1” and each
“No” response was coded as “0”. The total score was ob-
tained by adding all the scores from 14 questions for each
subject.

A category score for sums of numbers of indoor envi-
ronment risk factors was developed: 0, 1, 2 and 3 risk fac-
tors out of 14 were scored as 0; 4 risk factors out of 14 were
scored as 1; 5 out of 14 were scored as 2; 6 out of 14 were
scored as 3 and 7 or more out of 14 were scored as 4.

1.5 Statistical analysis

The analyses were based on cases and controls defined in
this study. All analyses of associations between risk factors
and SBS symptoms were made for a case group of subjects
compared with a control group. Case subjects for general
symptoms were those who reported weekly symptoms of at
least one general symptoms; case subjects for mucosal
symptoms were those who reported weekly symptoms of at
least one mucosal symptoms; case subjects for skin symp-
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toms were those who reported weekly symptoms of at least
one skin symptoms; case subjects for 3 types of SBS symp-
toms were those who reported weekly symptoms of at least
one general symptoms, one mucosal symptoms and one skin
symptoms. Control group are subjects who reported never
having had the particular type of symptoms. Results were
given for general symptoms (at least one), mucosal symp-
toms (at least one), skin symptoms (at least one) and 3 types
of SBS symptoms.

All statistical analyses were conducted with SPSS 17.0.
Initially, Chi-square tests were applied to estimate the sta-
tistical significance of exposure-associated differences in
prevalence. Crude logistic regression models were used to
obtain the association between SBS symptoms and house
site, gender, history of asthma, allergic rhinitis or eczema,
and current smoking. Associations between 18 (question No.5
and Nos.8-24) home exposure indicators and SBS symp-
toms were evaluated in logistic regression models (enter
method) with adjustment for gender, and history of asthma,
allergic rhinitis or eczema. Since the number of variables
analyzed in the models was relatively large, stepwise multi-
ple logistic regression models (forward elimination, condi-
tion method) were used to find the most significant varia-
bles for SBS symptoms. Results achieved by the reduced
stepwise models were compared with initial logistic regres-
sion models.

As a next step, associations between SBS symptoms and
the indoor environment risk factors score (as a continuous
variable, ranging from 0-14) were calculated by logistic
regression models (enter method). The odds ratios (OR)
were calculated for one unit increase of the environment
risk factor scores on the 14 steps. Then, the category varia-
ble on indoor environment risk factors score (score 0, score 1,
score 2, score 3 and score 4, as described above) were con-
structed and applied in logistic regression models for ana-
lyzing associations between different score values and SBS
symptoms.

Results are presented as OR supplemented with 95%
confidence intervals (CI). Analyses were considered to be
statistically significant if the P value was less than 0.05. In
all statistical analysis, two-tailed tests and a 5% level of
significance were applied.

2 Results

Totally, 5299 of 7117 questionnaires were returned. The
total response rate was 74.5%, with small fluctuations across
different kindergartens. Initially, 194 questionnaires for 1, 2,
7 and 8 years old children were excluded due that the num-
bers in these groups were small. Secondly, questionnaires
lacking responses were excluded from the analyses: 155
with no children’s gender; 392 questionnaires with no par-
ent’s gender; and 308 questionnaires (answered by grand-
parents) with no history provided for asthma, allergic rhini-
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tis or eczema symptoms. Thus, 4250 complete question-
naires were included in the analysis. Demographic infor-
mation is shown in Table 1 (percentages for each question
are for valid data). Compared with women, men had much
fewer allergies and were more often smokers. Table 2 shows
the prevalence of home environmental characteristics (per-
centages for each question are for valid data).

Table 3 shows the prevalence of SBS symptoms answered
with “often (every week)” (percentages for each question
are for valid data). There was no significant difference on
the prevalence of adults’ general symptoms, mucosal symp-
toms, and skin symptoms between groups of subjects with
different ages of children’s (range 3—6 years old) (data not
shown).

For general symptoms, the number of cases was 483;
controls numbered 753. For mucosal symptoms, the number
of cases was 300; controls numbered 930. For skin symp-
toms, the number of cases was 188; controls numbered 1906;
for 3 types of SBS symptoms, the number of cases was 32;
controls numbered 457.

The OR for house site, gender, history of asthma, allergic
rhinitis or eczema symptoms, smoking habit and SBS symp-
toms calculated in logistic regression models are shown in
Table 4. Subjects living in rural areas have fewer general
symptoms. A history of asthma, allergic rhinitis or eczema
was a significant risk factor for SBS symptoms. A history of
asthma, a history of allergic rhinitis, and a history of eczema
were all significantly associated with SBS symptoms (data
not shown). Current smoking was not associated with SBS
symptoms. However, men’s current smoking is significantly
related to their own general symptoms but not to mucosal
and skin symptoms (data not shown).

Associations between home environment, lifestyle and
SBS symptoms are shown in Table 5. Living near a main
road or highway, redecoration, new furniture, pets and in-
dicators of an impaired indoor environment, such as with
dampness, cockroaches, and mosquitoes/flies, were risk fac-
tors for each of the three groups of symptoms or for 3 types
of SBS symptoms. A laminated floor was associated with
risk for general symptoms. Cats and dogs were the most
common pets (out of 4250 participants, 219 subjects had
cats and 298 subjects had dogs). There was a risk tendency

Table 1 Demographic information on participating parents (n=4250)
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of having cats for mucosal symptoms (aOR(95% CI): 1.63
(0.95,2.82), P=0.078) and having dogs for general symp-
toms (aOR(95% CI): 1.54(0.95,2.50), P=0.083). Cleaning
the child’s bed room every day and frequently put bedding
to sunshine were all protective against SBS symptoms.
There was no significant association between different con-
struction times of buildings, area and SBS symptoms in this
study (data not shown). Stepwise regression (forward elim-
ination, condition method) was applied to reduce the models,
including house site, gender, a history of asthma, allergic
rhinitis or eczema, current smoking and all the other home
environmental factors in Table 5. Similar results to those in
the previous statistical models (enter method used in Tables
4 and 5) were obtained (Table 6).

Logistic regression models for the association between
SBS symptoms and the indoor environment risk factor
scores (as a continuous variable, range from 0-14) are
shown in Table 7. There were significant associations be-
tween each unit increase of risk factor scores and SBS
symptoms. Logistic regression models for the associations
between SBS symptoms and indoor environment risk factor
scores (as a category variable) are shown in Table 8. Gener-
ally, categories with higher risk factor scores were associ-
ated with a higher risk of having SBS symptoms.

3 Discussion

The prevalence of weekly SBS symptoms among parents of
young children (3—6 years old) in Chongqing was not high
in our study compared with other studies. Indoor environ-
ment risk factors were associated with adults’ SBS symp-
toms. The most significant risk factors were living near a
main road or highway, dampness indicators, redecoration,
new furniture, the presence of cockroaches, rats and mos-
quitoes/flies. Protective factors in our study were a higher
frequency of cleaning and frequently putting bedding to
sunshine. Other indicators of an impaired indoor environ-
ment increased the risk of having SBS symptoms. Subjects
living in rural areas reported less general symptoms than
those in urban areas, but did not report fewer mucosal and
skin symptoms. The most important risk factors for subjects

Total n(%) Male n(%) Female n(%) P
4250(100) 1257(29.6) 2993(70.4)
Aa{‘li:rtggr‘l’é ;ﬁ?i’f;czemah) Yes 220(5.5) 43(3.7) 177(6.3) 0.001
Asthma Yes 65(1.5) 20(1.6) 45(1.5) 0.840
Allergic rhinitis Yes 108(2.5) 18(1.4) 90(3.0) 0.003
Eczema Yes 68(1.6) 12(1.0) 56(1.9) 0.029
Current smoking? Yes 659(16.2) 602(50.9) 57(2.0) <0.001

a) P value in Chi-square test; b) subjects who have ever had asthma, allergic rhinitis or eczema; c¢) subject’s smoking habit.
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Table 2 Home environmental characteristics of participating parents (n=
4250)
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Table 3 Prevalence of weekly SBS symptoms among participating par-
ents (%)

n(%)
House site Urban 2886(71.2)
Suburban 761(18.8)
Rural 403(10.0)
L}i]\fing nea:: a main road or Yes 1749(44.4)
ighway
Construction time Before 1980 146(3.7)
1980-1990 365(9.1)
1991-2000 897(22.5)
2001-2005 1399(35.1)
After 2005 1184(29.7)
Area <40 m’ 591(14.6)
41-60 m’ 531(13.1)
61-75 m’ 751(18.6)
76-100 m> 1047(25.9)
101-150 m* 931(23.0)
>150 m’ 196(4.8)
Wall material Wall paper 485(11.7)
Paint 354(8.6)
Lime 763(18.5)
Cement 323(7.8)
Emulsion paint 1908(46.2)
Other 295(7.1)
Floor material Wood floor 719(17.6)
Cement 719(17.6)
Ceramic tile/stone 1401(34.3)
Laminated 1162(28.4)
Other 89(2.2)
Redecoration ” Yes 1199(34.2)
New furniture © Yes 2209(57.5)
Dampness ¥ Yes 1615(44.1)
Mould spot Yes 208(5.4)
Damp stain Yes 329(8.5)
Water damage Yes 339(9.2)
Condensation Yes 1204(30.0)
Cockroaches © Yes 2961(76.2)
Rats ¥ Yes 1647(44.3)
Mosquitoes/flies © Yes 3361(85.6)
Current pets Yes 856(21.1)
Mosquito-repellent incense ©  Yes 3496(86.6)
Incense ” Yes 679(17.1)
Cleaning every day Yes 1642(40.8)
ngﬂ‘slﬁi‘iy put bedding to Yes 1670(41.0)
F\r:iclqutlZ?tly open window in Yes 1436(35.9)

a) Subject’s home located within a distance of 200 meters of a main
road or highway; b) subject’s home has been redecorated since 1 year
before pregnancy; c) subject’s home has acquired new furniture since 1
year before pregnancy; d) subject has reported any of the four dampness
signs at home: mould spot, damp stain, water damage or condensation on
window panels during winter in child’s bedroom; e) subject has seen cock-
roaches/rats/mosquitoes/tlies in home before; f) subject has used mosquito-
repellent incense/incense in home before.

Total Female Male
Number of subjects n(%) 4250(100) 2993(70.4) 1257(29.6)
General symptoms >1 11.4 11.3 11.1
Fatigue 8.4 8.1 9.0
Heavy-headed 1.8 1.7 2.0
Headache 1.9 1.9 1.7
Nausea/dizziness 1.0 1.1 0.7
Difficulties concentrating 2.9 29 29
Mucosal symptoms >1 7.1 7.3 6.6
Itching eyes 2.1 2.2 1.8
Runny nose 2.5 2.7 2.1
Hoarse 32 32 3.0
Cough 1.5 1.2 2.1
Skin symptoms >1 44 4.5 43
Dry facial skin 1.6 1.8 1.1
Scaling scalp or ears 3.0 29 3.2
Hands dry 0.5 0.5 0.7
3 types of SBS symptoms
(>1 general symptom and >1 0.8 0.6 1.0

mucosal symptom and >1 skin
symptom)

who often have SBS symptoms (with at least one general,
one mucosal and one skin symptoms weekly) are a history
of asthma, allergic rhinitis or eczema, living near a main
road or highway, new furniture, cockroaches, while the most
protective factor is “frequently put bedding to sunshine”.

Epidemiological studies can be affected by selection bias.
In this study, we included all parents from the cross-sectional
study, with no prior information on parents’ health status.
The sample size of this study is reasonably large, and the
response rate is good (74.5%). Thus, an individual selection
bias within the study population is fairly unlikely. We do
note, however, that the study population is more representa-
tive of young parents, especially maternal parents, than of
all age range adults in Chongqing.

Recall bias is another potential problem. Subjects may
overestimate or underestimate their personal symptoms and/
or signs of indoor environment risk factors. Recall bias for
SBS symptoms should not be a big issue in this study, since
questions about SBS symptoms are for the last three months.
Information bias, in which subjects are aware that certain
factors have previously been identified as risks, is another
potential problem. However, the SBS risk factors studied in
this paper (e.g. wall and floor materials, dampness, odors
and lifestyle), are likely not well known among the Chinese
population. We also note that the questionnaire has been
tested in Sweden, Bulgaria, and USA, and no information
bias was found [30,31,33].

In this study, questions on mould spot, damp stain, con-
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Table4 Associations between house site, gender, a history of asthma, allergic rhinitis or eczema, current smoking, and SBS symptoms OR(95% CT)®

General symptoms

Mucosal symptoms

Skin symptoms

3 types of SBS symptoms

House site Urban 1.00
Suburban 1.02(0.76,1.38)
Rural 0.58(0.39,0.88)"
Gender Female 1.00
Male 0.82(0.64,1.05)
A history of asthma, Yes 6.01 (3.33,10.8)*“

allergic rhinitis or eczema

Current smoking Yes

1.19(0.88,1.62)

1.00
0.91(0.65,1.27)
1.01(0.64,1.60)
1.00
0.86(0.64,1.14)

11.2(6.33,19.8)""

1.14(0.80,1.63)

1.00
0.74(0.48,1.14)
0.80(0.47,1.37)
1.00

0.86(0.62,1.19)
5.42(3.28,8.94)

1.08(0.73,1.60)

ok

1.00
0.78(0.29,2.12)
1.16(0.38,3.50)
1.00
1.28(0.62,2.66)

38.1(10.7,136)

1.53(0.64,3.69)

a) **¥* P<0.001, ** P<0.01,* P<0.05.

Table 5 Associations between home environment, lifestyle and SBS symptoms among participating parents aOR(95% CI)*

General Mucosal Skin Three types of
symptoms symptoms symptoms SBS symptoms
Living near a main road or highway ~ Yes 2.16(1.68,277)""  2.69(2.01,3.61)""  1.63(1.18,2.25)"  3.46(1.51,7.92)"
Wall materials Others 1.00 1.00 1.00 1.00

Floor materials

Emulsion paint/paint

Cement/ceramic tile/stone

Wood floor

Laminated floor

1.25(0.98,1.60)
1.00
0.86(0.62,1.19)
1.37(1.04,1.82)"

1.03(0.77,1.36)
1.00

0.78(0.53,1.15)
1.17(0.84,1.63)

1.12(0.81,1.55)
1.00

0.70(0.44,1.11)
0.96(0.67,1.38)

1.40(0.61,3.19)
1.00

0.59(0.18,1.99)
1.68(0.70,4.03)

Redecoration Yes 2.00(1.52,2.64)""  1.66(1.21,2.28)" 1.66(1.18,2.33)" 2.07(0.87,4.91)
New furniture Yes 2.16(1.68,2.78)™"  1.67(1.24,2.23)"  1.38(0.99,1.94) 3.21(1.30,7.90)
Mould spot Yes 2.53(1.43,4.50)"  3.98(2.36,6.71)""  1.64(0.84,3.21) 1.39(0.17,11.10)
Damp stain Yes 2.26(1.40,3.65) 2.35(1.46,3.79)™"  1.90(1.12,3.22)" 2.66(0.64,11.20)
Water damage Yes 227(1.46,3.53)""  3.34(2.04,548)""  1.98(1.21,325)"  1.67(0.36,7.73)
Condensation Yes 1.97(1.50,2.58)""  1.98(1.46,2.68)™"  1.68(1.20,2.34)"  2.48(1.04,5.89)"
Cockroaches Yes 3.03(224,4.11)"  2.03(1.43,2.88)""  1.48(1.00,2.19)" 3.34(1.11,10.10)°
Rats Yes 1.73(1.34,2.24)™"  1.93(1.44,2.60)™"  1.88(1.35,2.61)""  1.22(0.52,2.86)
Mosquitoes/flies Yes 2.72(1.88,3.92)™  2.50(1.58,3.96)""  4.28(2.08,8.82)""  8.65(1.07,70.20)"
Current pets Yes 1.61(1.18,2.18)"  1.46(1.05,2.02)" 1.33(0.91,1.94) 0.96(0.33,2.79)
Mosquito-repellent incense Yes 1.31(0.94,1.82) 1.35(0.91,2.02) 1.41(0.87,2.29) 1.24(0.45,3.43)
Incense Yes 1.59(1.152.21)"  1.43(0.97,2.11) 1.06(0.70,1.61) 1.72(0.59,5.03)
Cleaning every day Yes 0.59(0.46,0.76)""  0.50(0.37,0.68)""  0.86(0.62,1.18) 0.78(0.35,1.75)
Frequently put bedding to sunshine ~ Yes 0.56(0.44,0.72)""  0.50(0.37,0.68)""  0.66(0.47,0.92)"  0.28(0.11,0.70)"

Frequently open window in winter Yes

0.89(0.69,1.15)

0.80(0.59,1.08) 0.92(0.66,1.28) 0.91(0.39,2.16)

a) Odds ratios were adjusted for gender and the history of asthma, allergic rhinitis or eczema. *** P<0.001, ** P<0.01, * P<0.05.

densation and cleaning frequency are based on child’s bed-
room. This could lead to some miss-classification of par-
ents’ exposure. However, we still found strong associations
between these and parents’ SBS symptoms. Usually, Chi-
nese homes are not very big and bedrooms are close to each
other. Thus, dampness and other impaired factors could
influence the whole family members.

While statistical models can affect results, consistent re-
sults have been obtained from different tests, and good
agreement was found between the enter method and step-

wise method in logistic regression models.

In our study, general symptoms and mucosal symptoms
were reported more frequently than skin symptoms. A study
of Chinese junior high school pupils in Taiyuan reported the
prevalence of any weekly mucosal symptoms and any weekly
general symptoms in Chinese pupils was 3 to 4 times higher
than our study [34]. Swedish studies of offices [4] and
homes [35] reported a two times greater prevalence of all
symptoms than our study.

The present study shows only a small difference between
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Table 6 Significant variables identified in reduced multiple models,
obtained by forward stepwise regression (enter model P value level is P<
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Table 8 Association between SBS symptoms and indoor environment
risk factors score (as a category variable)

0.10)

aOR(95% CI)” P
General symptoms
Score category 0—4 - <0.001
Score category 0 1.00 -
Score category 1 2.20(1.12,4.32) 0.023
Score category 2 6.13(3.34,11.3) <0.001
Score category 3 6.28(3.37,11.7) <0.001
Score category 4 17.5(9.50,32.1) <0.001
Mucosal symptoms
Score category 0—4 - <0.001
Score category 0 1.00 -
Score category 1 1.39(0.65,2.96) 0.396
Score category 2 1.82(0.90,3.68) 0.093
Score category 3 1.77(0.88,7.57) 0.109
Score category 4 4.05(2.17,7.57) <0.001
Skin symptoms
Score category 0—4 - 0.003
Score category 0 1.00 -
Score category 1 2.15(0.86,5.34) 0.100
Score category 2 2.75(1.17,6.50) 0.021
Score category 3 1.62(0.65,4.03) 0.300
Score category 4 3.80(1.69,8.56) 0.001
3 types of SBS symptoms
Score category 0—4 - 0.002
Score category 0 1.00 -
Score category 1 5.11(0.48,54.1) 0.176
Score category 2 15.7(1.66,149) 0.016
Score category 3 4.71(0.38,59.1) 0.230
Score category 4 40.7(4.58,361) 0.001

a) Odds ratios were adjusted for gender and history of asthma, allergic

rhinitis or eczema.

OR(95% CI) P
General symptoms
A history of asthma, allergic rhinitis 3.47(1.54,7.83) 0.003
or eczema
Living near a main road or highway 2.06(1.44,2.95) <0.001
New furniture 2.05(1.42,2.94) <0.001
Damp stain 2.43(1.08,5.44) 0.031
Condensation 1.83(1.25,2.69) 0.002
Cockroaches 2.57(1.69,3.91) <0.001
Mosquitoes/flies 1.79(1.07,2.99) 0.026
Incense 1.76(1.08,2.87) 0.023
Cleaning every day 0.62(0.43,0.90) 0.012
Frequently put bedding to sunshine 0.60(0.42,0.87) 0.007
Mucosal symptoms
A history of asthma, allergic rhinitis 6.48(3.21,13.1) <0.001
or eczema
Living near a main road or highway 2.38(1.60,3.53) <0.001
Mould spot 2.40(1.11,5.18) 0.026
Water damage 2.74(1.36,5.52) 0.005
Condensation 1.68(1.12,2.54) 0.013
Cleaning every day 0.57(0.38,0.87) 0.009
Frequently put bedding to sunshine 0.59(0.39,0.88) 0.010
Skin symptoms
A history of asthma, allergic rhinitis 4.49(2.35.8.59) <0.001
or eczema
Living near a main road or highway 1.68(1.09,2.56) 0.018
Damp stain 2.63(1.30,5.30) 0.007
Rats 1.69(1.11,2.59) 0.016
Mosquitoes/flies 3.17(1.35,7.45) 0.008
Frequently put bedding to sunshine 0.53(0.34,0.82) 0.005
3 types of SBS symptoms
A history of asthma, allergic rhinitis 19.4(2.59,146) 0.004
or eczema
Living near a main road or highway 4.36(1.45,13.1) 0.009
New furniture 3.14(1.05,9.34) 0.040
Cockroaches 9.37(1.71,51.4) 0.010
Frequently put bedding to sunshine 0.24(0.08,0.78) 0.017

Table 7 Associations between SBS symptoms and indoor environment
risk factors score (as a continuous variable, range from 0—14)

aOR(95% CI)” P
General symptoms 1.63(1.47,1.79) <0.001
Mucosal symptoms 1.30(1.20,1.42) <0.001
Skin symptoms 1.24(1.12,1.37) <0.001
3 types of SBS symptoms 1.59(1.25,2.04) <0.001

a) Odds ratios were adjusted for gender and history of asthma, allergic
rhinitis or eczema.

genders, consistent with another Chinese study of high school
pupils’ SBS symptoms [34]. In all other previous studies,
women report 2-3 times more SBS symptoms than men
[3,4,18,35-37]. The reason for this difference between sex-
es has been discussed [4,38,39]. One study used clinical
examination on SBS symptoms that indicated the excess
symptom prevalence among females is real and not a re-
porting artifact [38]. It has been suggested that it may be
due to females’ subjective higher sensitivity [10].

Our finding that a history of asthma, allergic rhinitis or
eczema was strongly associated with more reports of SBS
symptoms is consistent with reports from other studies
[3,4,34,35,40].

A noteworthy finding in our study is that people living
near a main road or highway reported more SBS symptoms.
A cross-sectional study of SBS symptoms, which was made
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in schools in Taiyuan, China, showed that outdoor air pollu-
tion associated with motor vehicle traffic such as NO, and
coal-burning related pollutant SO, were positively associ-
ated with junior high school pupils’ SBS symptoms [34].
Exposure to higher self-reported truck traffic on the street of
residence was also found to be associated with increased
reports of symptoms of asthma, rhinitis, and eczema [41].
Our study did not measure the outdoor pollutants, but one
study on the air pollutants in and out of the highway toll
gates in Chongqing showed that the indoor and outdoor
average concentrations of CO, NO, and PM, had high cor-
relativity and exceed indoor air quality standard [42]. In-
door PM,, level at home was the largest contributor to the
population weighted exposure, and city zone and northeast
were found to be the highest health risk regions due to par-
ticulates in Chongqing [43]. Moreover, a recent study on air
fine particles pollution in Chongqing showed that PM, 5 of
main traffic route came mainly from vehicle emission [44].

Floor materials were found to be associated with SBS in
this study. Compared with cement/ceramic tile/stone floor,
laminated floor was a risk factor for SBS symptoms. Lami-
nated floor is a source of chemicals in the house. Redecora-
tion and new furniture were also risk factors for SBS symp-
toms; the associations were more consistent for new furni-
ture than for redecoration. Redecoration and getting new
furniture are often associated with each other due to Chi-
nese traditions. Jaakkola et al. [45] found in a study in Rus-
sia that new particleboard, new furniture and new painting
were all associated with 8—12 years old children’ asthma and
allergy; particleboard is part of laminated floor. A Swedish
cohort study found indoor painting increased the incidence
of general SBS symptoms [26]. A study about SBS in the
home environment found renovation, coating materials and
volatile organic compounds (VOC) were all positively as-
sociated with SBS symptoms [46]. A Japanese study which
measured pollutants in newly built buildings reported that
higher formaldehyde concentration increased the reporting
of SBS symptoms [47]. A Japanese SHS study also showed
semi-volatile organic compounds to be related to higher risk
of reporting SBS symptoms [27].

Our study also found that using incense in the home was
a risk factor for SBS symptoms. In Asian countries where
Buddhism and Taoism are the main religions, incense burn-
ing can be a daily practice. Incense smoke contains particu-
late matter, gas products and many organic compounds [48].
A study from Taiwan, China found people who burned in-
cense everyday had on average 43.6 pg/m’ higher PMj,
exposure than those who only burned incense twice a month
[49]. A study on indoor air pollutants and health conducted
in United Arab Emirates showed that burning of incense
daily was significantly associated with increased headache,
difficulty concentrating and forgetfulness [50]. Incense
burning is also a common trigger of wheezing among asth-
matic children in Oman [51]. Incense smoke in the home may
increase the risk of lung cancer among smokers in Chinese
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men [52]. Reduced incense smoke exposure time could sub-
stantially reduce health risks.

The present study reaffirms the findings of many previ-
ous studies that “dampness” and biological factors related to
dampness are also risk factors. An increased risk for SBS
was found when several dampness indicators, appeared sim-
ultaneously in a Japanese dwelling study [53]. A Swedish
study [29] reported similar findings. Bornehag et al. showed
that dampness problems such as condensation on the inside
of window panes, floor moisture problems and visible
mould and/or damp spots in the dwelling were significantly
associated with SBS symptoms [35]. Moisture damage and
consequent microbial contamination have been commonly
reported from indoor environments. Mold, yeasts, wood-
rooting fungi, and bacteria could grow in damp buildings
[54], and could affect human health by a variety of biologi-
cal mechanisms, including infections, allergic or hypersen-
sitivity reactions, and irritant reactions. Another Japanese
study on female university students’ found that nocturnal
breathlessness was related to current building dampness
[55]. House dust mites, one of the most important allergens
associated with allergic asthma, rhinitis and eczema symp-
toms, are more common in damp environment that has a
high relative humidity. A Chinese study on the prevalence
of sensitizations in patients with asthma and/or rhinitis
showed that house dust mites were the most common aller-
gens in patients with asthma and/or rhinitis in China [56]. A
Japanese study reported that an increased concentration of
“Microbial Volatile Organic Compounds” (MVOC) of houses
including 620 participants was significantly associated with
home-related mucosal symptoms [57]. There is an associa-
tion between bioaerosols and sick building syndrome, and
toxicological studies have provided some evidence sup-
porting biological plausibility [58]. However, the extent to
which bioaerosol exposure may explain the nonspecific
symptoms of the condition is still unclear and needs further
research.

The association between pet allergens (such as allergens
from cats and dogs), cockroach allergens and human health
has been widely discussed in epidemiological studies. Our
study did not test allergens from pets and cockroaches, but
we found that pet keeping was associated with an elevated
risk of general symptoms and mucosal symptoms, consistent
with a Norwegian study of four university buildings [59].
The presence of cockroaches was associated with all three
types of SBS symptoms in our study. Cockroach allergen is
quite common in China [56]. The present study reports for
the first time an association between the presence of rats,
mosquitoes/flies with SBS symptoms. Cockroaches, rats,
mosquitoes/flies were highly significantly associated with
damp homes in our study. Allergens from rats and mosqui-
toes/flies have been reported in recent studies. A study of
US households showed increased concentrations of mouse
allergen when rodent or cockroach presence was reported
and especially when floor mopping was performed instead
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of vacuuming [60]. Mouse allergen levels in schools have
been reported substantial, and aerosolization of mouse al-
lergen in classrooms may result in significant exposure for
students [61]. Mosquito allergens have been reported to be
associated with human health. A study of a Puerto Rican
population found that sensitivity to mosquitoes (OR=2.25,
P<0.02) increased an individual's likelihood of suffering
from rhinitis [62]. Blood-sucking by hematophagous insects
can elicit a local allergic reaction, presenting as a wheal or
papule, in at least 75% of the population [63]. In our study,
reports of the presence of mosquitoes/flies is common and
is associated with the reporting of using mosquito repellent
(P<0.001). Whether it was allergens from mosquitoes or
chemicals released by burning mosquito-repellent that
caused SBS symptoms is still unclear. Further studies are
needed to identify causative factors.

Our study also found protective factors. Cleaning every
day and frequently putting bedding to sunshine were both
negatively related with SBS symptoms. We found no study
about the association between cleaning frequency and SBS
symptoms in the home environment. Cleaning and putting
bedding to sunshine could be associated with reduced ex-
posure to house dust mite allergens. One school study
showed that where the desks and curtains were more fre-
quently cleaned, the concentrations of cat and dog allergen
in settled dust were lower [64]. The wet mopping cleaning
method was associated with more airborne viable bacteria
but less settled dust compared with the dry method [64].
Chongqing is a city with high relative humidity all year
around, the reporting of damp bedding was quite common
in our study (data not shown). It is generally believed that
putting bedding to sunshine is good, and to our knowledge,
the present study is the first with epidemiological evidence
that supports this belief.

4 Conclusions

Adults” SBS symptoms are associated with a history of asth-
ma, allergic rhinitis or eczema. Factors in the home envi-
ronment, especially living near a main road or highway,
dampness and new furniture, may increase the risk of SBS
symptoms in Chinese residents. The results of this study
indicate the need to control material emissions from indoor
surface, reduce household dampness and encourage clean-
ing and putting bedding to sunshine to decrease potential
allergens in indoor environment.
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