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This study investigated whether sick building syndrome (SBS) complaints and indoor air
pollution for office workers are associated with oxidative stress indicated by urinary 8-
hydroxydeoxyguanosine (8-OHdG). With informed consent, 389 employees in 87 government
offices of 8 high-rise buildings in Taipei city completed self-reported questionnaires on SBS
complaints at work in the past month. Urinary 8-OHdG was determined for each study partic-
ipant and on-site air pollutants were measured for each office in both indoor and outdoor air.
The results showed that urinary 8-OHdG had significant associations with volatile organic com-
pounds and carbon dioxide levels in offices, and with urinary cotinine levels. The mean urinary
8-OHdG level was also significantly higher in participants with SBS symptoms than in those
without such complaints (6.16 vs. 5.45 µg/g creatinine, p = .047). The mean 8-OHdG increased
as the number of SBS symptoms increased. The multivariate logistic regression analyses showed
that the adjusted odds ratios (OR) in relation to micrograms per gram creatinine increase in
8-OHdG were statistically significant for eye dryness (1.12), upper respiratory syndrome (1.17)
with particularly nose itching (1.25), sneezing (1.51), dry throat (1.21), skin dryness (1.31), and
dizziness (1.19). This study indicates that the 8-OHdG level was significantly associated with
SBS complaints after controlling for air pollution and smoking. Whether the 8-OHdG can be
used as an effective predictor for SBS symptoms deserves further study.

Workers are considered to have sick building syndrome (SBS)
when they suffer from symptoms related to eyes, nose, and
throat, dry skin, headache, and/or lethargy inside a building,
and the symptom complaints may ease when workers leave the
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buildings (Levin, 1989). Many previous studies were conducted
to investigate the etiology of the SBS, but the risk factors causally
associated with SBS remain debatable (Kreiss, 1990; Menzies
et al., 1997; Redlich et al., 1997; Teculescu et al., 1998; Seid-
ner, 1999; Tearle, 1999; Mahmoudi & Gershwin, 2000; Niven
et al., 2000; Yassi et al., 2001). Among findings, insufficient
ventilation and uncomfortable temperature and humidity have
been thought to be the major factors associated with the SBS
(Bourbeau et al., 1997; Backman & Haghighat, 1999; Seppänen
et al., 1999; Apte et al., 2000; Engvall et al., 2001; Burge, 2004).
Insufficient ventilation in officices may cause indoor air pollu-
tants to accumulate gradually. Previous studies have indicated
that both carbon dioxide (CO2) and volatile organic compounds
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(VOCs) are the major air pollutants resulting from insufficient
ventilation in offices (Apte et al., 2000; Burge, 2004). Nonethe-
less, little has been known regarding specific human biomarkers,
if any, that may be associated with the occurrence of SBS.

One way to improve the acknowledgment of the occurrence
of SBS is to identify a marker that may best reflect the exposure
of certain air pollutants as a result of insufficient ventilation. Re-
active oxygen species (ROS) are components widely found in
many of the air pollutants (van Klaveren & Nemery, 1999; Huang
et al., 2005), and can cause oxidative damage to lipids, pro-
teins, and nucleic acids, resulting in oxidative stress (Loft et al.,
1992; Wu et al., 2004). We hypothesized that oxidative stress can
serve as a predictor of SBS. Urinary 8-hydroxydeoxyguanosine
(8-OHdG) has been known to be a biological marker of oxida-
tive stress on DNA. As a result of exposure to ROS, 8-OHdG
can be excised with hydroxylation by constitutive enzymatic re-
pair systems and excreted in the urine (Shigenaga et al., 1989;
Floyd et al., 1990; Fraga et al., 1990). Urban air pollution, to-
bacco smoke, environmental tobacco smoke (ETS), VOCs, and
ionization radiation have been associated with the rise of urinary
8-OHdG levels (Samet et al., 1987; Anderson et al., 1991; Wilson
et al., 1993; Tagesson et al., 1995, 1996; Calderon-Garciduenas
et al., 1999; Carstensen et al., 1999).

The investigation of etiology of SBS in office buildings re-
mains an important research issue. To our best knowledge, there
have been no previous studies that investigated the association of
oxidative stress with SBS symptoms. This study, therefore, was
conducted to examine whether poor air quality may be associ-
ated with an office worker’s oxidative stress, and subsequently
with SBS symptoms. The oxidative stress status of individual
worker was indicated by the concentration of urinary 8-OHdG.
In addition, we used a self-reported questionnaire to assess a
worker’s SBS complaints.

MATERIALS AND METHODS

Study Design and Study Subjects
From November 2003 to June 2004, we randomly selected 16

government agencies and commercial organizations in high-rise
buildings in the city center of Taipei, for recruitment of study
subjects and on-site measurements of indoor air pollutants. Five
organizations declined to participate. Three of the remaining
11 institutions declined to provide urinary specimens. An in-
vitational letter explaining the study was delivered to potential
participants at 87 office units of the rest 8 organizations. With
informed consent, 398 persons responded to this study (response
rate 61.7%). Each of these office workers was asked to provide
a spot urine sample for the measurement of 8-OHdG and com-
pleted a self-reported questionnaire on various variables includ-
ing SBS complaints. The urine sample was collected from each
participant at the end of the work day. Samples were transported
in a cold box at 4◦C to the laboratory and stored at −80◦C until
analysis. This study was approved by an ad hoc review commit-
tee organized by the National Science Council, Taiwan.

Questionnaire Survey and Air Quality Examination
This study used a questionnaire to collect the information

on typical SBS symptoms adapted from the recommendations
of the WHO Regional Office for Europe Report (World Health
Organization, 1986). The questionnaire inquired about SBS ex-
perienced in the past month, specifically for eyes, upper and
lower respiratory tract, skin, and nonspecific complaints. Infor-
mation on sociodemographic status (sex, age, education, and
job), lifestyle (smoking, environmental tobacco smoke), recent
airway infections, and medication (asthma, nasosinusitis, atopic
rhinitis, and allergy) was also obtained through questionnaire.

On-site measurements of air pollutants for each office were
performed for carbon dioxide (CO2) (inside and outside the of-
fice), carbon monoxide, total volatile organics (TVOC), tem-
perature, and humid. CO2 measures were standardized in the
range of 0–5000 ppm (Q-TRAK IAQ model 8551, TSI, Inc.,
Shoreview, MN), and VOCs were standardized with 102 cat-
egories (PGM-7240, RAE System, Sunnyvale, CA). Venti-
lation efficiency in each office was represented by the 8-h
average difference between indoor and outdoor CO2 levels
(dCO2 = CO2 indoor − CO2 outdoor).

Determinations of Urinary Creatinine, Cotinine,
and 8-OHdG

Specimens of urine were stored at −80◦C and assayed within
1 to 2 months. Thawed samples were pretreated with a centrifuge
at 2000 rpm for 10 min to remove the particulate matter. The
urinary creatinine values in samples were determined with an
automatic analyzer (Hitachi 7250, Tokyo) based on the Jaffe
colorimeter reaction (Nerurkar & Sahasrabudhe, 1960; Chuang
et al., 2003).

Both VOCs and tobacco smoking are potential materials as-
sociated with the 8-OHdG levels in urine. We also determined
urinary cotinine to assay the levels of smoking and environmen-
tal tobacco smoke exposures among the participants. Urinary
cotinine was determined by direct barbituric acid (DBA) as-
say on the basis of rapid analysis based on the König reaction
(Benowitz, 1996; Haufroid & Lison, 1998; Willers et al., 2004).
At room temperature, 400 µl of each sample or standard so-
lution was used for analysis. The cotinine concentration in the
sample was determined by comparing the absorbance values at
550 nm against a calibration curve generated by 5, 10, 50, 100,
150, 200, and 250 µmol/L cotinine, expressed as micrograms
per gram creatinine.

Urinary 8-OHdG levels were determined by the OXIS Re-
search enzyme-linked immunosorbent assay (ELISA) kit (Japan
Institute for the Control of Aging, Shizuoka, Japan) on the basis
of highly sensitivity and specificity, and rapid analysis. At room
temperature, 50 µl of 8-OHdG monoclonal antibody and 50 µl
of each urine sample or standard solution were loaded onto a
microtiter plate that was precoated with 8-OHdG for assay (Yin
et al., 1995). The determination ranged from 0.5 to 200 ng/ml,
generated using 0.5, 2, 8, 20, 80, and 200 ng/ml 8-OHdG, ex-
pressed as micrograms per gram creatinine.
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Statistical Analysis
In statistical analyses, we first used Pearson’s χ2 test to

test the associations between 8-OHdG levels of study partici-
pants and selected covariates, including sociodemographic sta-
tus, lifestyle, and office environmental status and air quality. The
level of 8-OHdG was presented in a tertile distribution (≤3.79,
3.80–6.63, >6.63 µg/g creatinine). Mean concentrations of in-
door air pollutants and CO2, temperature, and tobacco smoke
exposure (cotinine) were compared, using one-way analysis of
variance (ANOVA) by the level of 8-OHdG. We also used Stu-
dent’s t-test to compare the 8-OHdG level in association with
the specific SBS symptoms, including eyes (eye dryness and
eye irritation), upper respiratory tract (nose itching, runny nose,
stuffy nose, sneezing, and dry throat), lower respiratory tract
(difficulty in breathing), skin (skin dryness), and nonspecific
symptoms (headache, tiredness, difficulty concentrating, angry
easily, and dizziness). A study participant was considered to
suffer from SBS symptoms if he or she reported having one or
more selected symptoms for at least 1–3 days per week at work
in the office in the previous month, but the symptoms improved
or disappeared at the end of the working day and/or on weekends
or vacations. The prevalence rates of SBS symptoms were cal-
culated for the selected symptoms individually and as a group.
Finally, simple and step-down multivariate logistic regression
(MLR) models were constructed using each of the SBS symp-
toms as the dependent variables, and the creatinine adjusted
8-OHdG level as independent variable. The odds ratio (OR) and
corresponding 95% confidence interval (CI) were calculated.
The final MLR analysis was performed controlling for potential
confounding factors, including gender, age, presence of carpet
in workspace, whether sensitive to tobacco smoke and air pol-
lutants, difference between indoor and outdoor carbon dioxide,
and urinary cotinine concentrations. Air pollution and tobacco
smoking have been considered the important factors associated
with urinary 8-OHdG levels. In this study we found that urinary
8-OHdG levels have a stronger association with CO2 than with
TVOC, and these two groups of substances had a significant
collinear relationship. We therefore included CO2 and urinary
cotinine as covariates in the multivariate analysis. Probability
values less than 5% were considered statistically significant. All
data analyses used SPSS for Windows version 10.0 (SPSS, Inc.,
Chicago).

RESULTS

Self-Reported Symptoms
Study participants were predominantly women (77.1%). In

the tertile distribution of 8-OHdG, 48.3% men versus 28.7%
women had their 8-OHdG in the highest tertile, that is,
>6.63 µg/g creatinine (Table 1). The urinary 8-OHdG. levels
were also higher in active smokers than in nonsmokers and ex-
smokers, The study participants who were sensitive to tobacco
smoke and air pollutants also tended to have significantly lower
level of 8-OHdG.

Urinary 8-OHdG Level
Table 2 shows that the urinary 8-OHdG concentrations were

strongly associated with certain indoor air pollutants and uri-
nary cotinine concentrations. The study participants with higher
tertiles of 8-OHdG tended to work in offices with higher con-
centrations of dCO2 and TVOC. The mean TVOC in the of-
fices exposed by the study participants in the highest tertile
of 8-OHdG was approximately 8 times higher than that ex-
posed by the participants with the lowest tertile (2580 vs.
302 ppb). Additionally, the average urinary cotinine concen-
trations were 1.95, 3.15, and 6.22 µg/g creatinine, respectively,
with the corresponding lowest, middle, and highest tertiles of
8-OHdG.

The prevalence rates of SBS symptoms were the highest for
nonspecific conditions (29.0% or 111/389), and lowest for skin
(1.4% or 6/389) (data not shown). The symptom prevalence
rates for upper respiratory tract, lower respiratory tract, skin,
and others such as tiredness, difficulty in concentrating, an-
gry easily, and dizziness were estimated at 15.7%, 6.7%, 1.5%,
20.4%, 13.9%, 12.7%, and 6.5%, respectively. Table 3 shows
that the means ± standard deviations of urinary 8-OHdG con-
centration was greater for study participants with one or more
SBS complaints than those without such complaints (6.16 ± 3.81
vs. 5.45 ± 3.10 µg/g creatinine) (p = .047). Among specific
SBS complaints associated with significantly elevated levels
of 8-OHdG, the highest level was observed for skin dryness,
followed by headache, sneezing, nose itching, stuffy nose, dry
throat, dizziness, angry easily, tiredness, and difficulty con-
centrating, with a mean ranging from 11.2 (skin dryness) to
7.43 µg/g creatinine (difficulty concentrating). On the other
hand, we noted that participants with lower respiratory tract
symptoms had a mean 8-OHdG level similar to those without
such symptoms (p = .828).

To assess the relationship between severity of SBS symp-
toms and level of 8-OHdG level, Table 4 shows the mean
8-OHdG according to number of SBS symptoms. The study
participants with only one SBS symptom had a mean 8-OHdG
level of 5.11 ± 3.02 µg/g creatinine, which is somewhat
lower than that of participants free from any SBS com-
plaints. The 8-OHdG level concentration then increased mono-
tonically with an increase of number of SBS symptoms
(Table 4).

We used both univariate and multivariate logistic regres-
sions models to estimate the relative risk of specific SBS in
association with per unit increase of 8-OHdG (Table 5). Af-
ter controlling for age, gender, presence of carpet, sensitivity
to tobacco smoke and air pollutants, difference between indoor
and outdoor carbon dioxide, and urinary cotinine concentra-
tions, the highest adjusted OR associated with micrograms per
gram creatinine increase in urinary 8-OHdG level was noted for
sneezing (OR = 1.51, 95% CI = 1.21–1.87), followed by skin
dryness, nose itching, dizziness and eye dryness (OR = 1.12,
95% CI = 1.02–1.23).
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TABLE 1
Tertile distribution of 8-hydroxydeoxyguanosine (8-OHdG) according to selected characteristics

8-OHdG, µg/g creatinine

Variables N ≤3.79, n (%) 3.80–6.63, n (%) >6.63, n (%) p

Sex
Male 89 24 (27.0) 22 (24.7) 43 (48.3) .002b

Female 300 108 (27.0) 106 (35.3) 86 (28.7)
Age, years

<40 269 84 (31.2) 90 (33.5) 95 (35.3) .204
≥40 120 48 (40.0) 38 (31.7) 34 (28.3)

Years at work
≤4 211 66 (31.3) 77 (36.5) 68 (32.2) .237
>4 178 66 (37.1) 51 (28.7) 61 (34.3)

Smoking habits
Never/former 344 132 (38.4) 121 (35.2) 91 (26.5) <.001b

Current 45 0 7 (15.6) 38 (84.4)
Dust allergy

No 291 97 (33.3) 101 (34.7) 93 (32.0) .413
Yes 98 35 (35.7) 27 (27.6) 36 (36.7)

Animal allergy
No 356 117 (32.9) 119 (33.4) 120 (33.7) .344
Yes 33 15 (45.5) 9 (27.3) 9 (27.3)

Sensitive to tobacco smoke
No 122 24 (19.7) 39 (32.0) 59 (48.4) <.001b

Yes 267 108 (40.4) 89 (33.3) 70 (26.2)
Sensitive to air pollutants

No 138 35 (25.4) 48 (34.8) 55 (39.9) .021b

Yes 251 97 (38.6) 80 (31.9) 74 (29.5)
Asthma

No 375 125 (33.3) 124 (33.1) 126 (33.6) .196
Yes 14 7 (50.0) 4 (28.6) 3 (21.4)

Nasosinusitis
No 360 118 (32.8) 119 (33.1) 123 (34.2) .182
Yes 29 14 (48.3) 9 (31.0) 6 (20.7)

Atopic rhinitis
No 277 95 (34.3) 95 (34.3) 87 (31.4) .473
Yes 112 37 (33.0) 33 (29.5) 42 (37.5)

Stress at work
No 350 119 (34.0) 115 (32.9) 116 (33.1) .996
Yes 39 13 (33.3) 13 (33.3) 13 (33.3)

Social support from family
No 145 79 (32.4) 45 (31.0) 47 (32.4) .687
Yes 224 79 (32.4) 83 (34.0) 82 (33.6)

Carpet in workspace
No 146 65 (44.5) 34 (23.3) 47 (32.2) .001b

Yes 243 67 (27.6) 94 (38.7) 82 (33.7)
New decoration in workspace

No 356 117 (32.9) 117 (32.9) 122(34.3) .227
Yes 33 15 (45.5) 11 (33.3) 7 (21.2)
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TABLE 1
Tertile distribution of 8-hydroxydeoxyguanosine (8-OHdG) according to selected characteristics (Continued)

8-OHdG, µg/g creatinine

Variables N ≤3.79, n (%) 3.80–6.63, n (%) >6.63, n (%) p

Painting recently in workspace
No 370 121 (32.7) 123 (33.2) 126 (34.1) .065
Yes 19 11 (57.9) 5 (26.3) 3 (15.8)

Mold speck in workspace
No 357 122 (34.2) 118 (33.1) 117 (32.8) .860
Yes 32 10 (31.3) 10 (31.3) 12 (37.5)

Exposure to ETSa

No 326 110 (33.7) 107 (32.8) 109 (33.4) .965
Yes 63 22 (34.9) 21 (33.3) 20 (31.7)

aEnvironmental tobacco smoke.
bSignificant difference.

DISCUSSION
This study used the urinary excretion of 8-OHdG as a

marker to assess whether it has an association with SBS re-
lated symptoms in office workers. The results showed that
the 8-OHdG level was positively and significantly associated
with concentrations of CO2 and VOC at offices. The 8-OHdG
level was also significantly elevated among workers with sneez-
ing, headache, skin dryness, dry throat, dizziness, nose itch-
ing, stuffy nose, runny nose, tiredness, eye dryness, and upper
respiratory tract and nonspecific complaints. A positive dose-
response effect can also be found between 8-OHdG levels and
the number of symptoms. These findings tend to indicate that
the occurrence of SBS is likely to be associated with oxidative
stress.

TABLE 2
Means and standard deviations (SD) of indoor air pollutants in offices according to tertile levels of urinary

8-hydroxydeoxyguanosine of study participants

8-hydroxydeoxyguanosine, µg/g creatinine

Variable ≤3.79, n = 132 3.80–6.63, n = 128 >6.63, n = 129 Total, N = 389 p

COa 2.59 (0.36) 2.61 (0.33) 2.63 (0.41) 2.61 (0.37) .731
dCOb

2 483 (566) 770 (570) 781 (487) 676 (559) <.001g

TVOCc 302 (987) 500 (1093) 2580 (8545) 1123 (5086) <.001g

Td 24.1 (2.06) 23.7 (1.67) 23.9 (1.65) 23.9 (1.81) .115
RHe 57.5 (7.27) 56.8 (5.56) 56.5 (6.55) 56.9 (6.51) .486
Cotinine f 1.95 (1.28) 3.15 (2.22) 6.22 (5.80) 3.76 (4.06) <.001g

aCO, indoor carbon monoxide (ppm).
bdCO2, difference between indoor and outdoor carbon dioxide (ppm).
cTVOC, indoor total volatile organic compounds (ppb).
d T, temperature (◦C).
eRH, indoor relative humidity (%).
f Cotinine, urinary cotinine concentrations in participants (µg/g creatinine).
gSignificant difference.

To examine the oxidative stress, the measurement of 8-OHdG
excretion in urine has been used as a viable noninvasive marker.
The formation of 8-OHdG involves environmental exposure
(traffic exhaust, sunlight, etc.), lifestyle (smoking, betel nut
chewing, etc.), physiological factors (gender, age, body mass
index [BMI]), stress (working conditions), and disease (cancer,
systemic lupus erythematosus, arthritis, diabetes mellitus, etc.)
(Loft et al., 1992; Witherell et al., 1998; van Zeeland et al.,
1999; Kasai et al., 2001; Chuang et al., 2003). The present study
showed that the risk factors associated with SBS, somewhat
similar to factors associated with the formation of 8-OHdG, are
complex.

The SBS symptoms first attracted attention in the 1970s
associated with ventilation systems in more energy-efficient
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TABLE 3
Mean and standard deviation (SD) of urinary 8-hydroxydeoxyguanosine levels of study participants according to SBS symptoms

Self-rated SBS symptoms

Symptom (n/n)a Ever, mean (SD)b µg/g creat.c Never, mean (SD)b µg/g creat.c p

Eye, any (89/300) 6.32 (3.84) 5.68 (3.39) .134
Eye dryness (74/315) 6.62 (3.84) 5.64 (3.40) .029d

Eye irritation (22/367) 5.60 (4.24) 5.84 (3.46) .751
Upper respiratory, any (62/327) 8.32 (4.30) 5.35 (3.13) <.001d

Nose itching (10/379) 8.49 (4.93) 5.76 (3.44) .015d

Runny nose (11/378) 7.73 (4.02) 5.77 (3.48) .067
Stuffy nose (24/365) 8.88 (4.29) 5.62 (3.36) <.001d

Sneezing (10/379) 9.12 (4.02) 5.74 (3.46) .003d

Dry throat (26/363) 8.61 (4.54) 5.63 (3.34) <.001d

Lower respiratory, any (28/361) 5.69 (3.88) 5.84 (3.48) .828
Difficulty in breathing (28/361) 5.69 (3.88) 5.84 (3.48) .828

Skin, any (6/383) 11.2 (4.78) 5.74 (3.43) <.001d

Dryness (6/383) 11.2 (4.78) 5.74 (3.43) <.001d

Nonspecific, any (111/278) 6.91 (4.13) 5.39 (3.13) <.001d

Headache (7/382) 10.9 (2.16) 5.73 (3.46) <.001d

Tiredness (81/308) 7.46 (4.10) 5.39 (3.21) <.001d

Difficulty concentrating (59/330) 7.43 (4.17) 5.56 (3.32) <.001d

Angry easily (50/339) 7.69 (4.95) 5.55 (3.16) <.001d

Dizziness (23/366) 8.44 (4.72) 5.64 (3.33) <.001d

All, any (205/184) 6.16 (3.81) 5.45 (3.10) .047

a(n/n): sample size of Ever/Never.
bSD, standard deviations.
ccreat., Creatinine.
d Significant difference.

buildings. Among studies, no single factor or group of factors
has been regarded as the specific cause of SBS (Redlich et al.,
1997). Burge (2004) has proposed a number of factors related to
the increased prevalence of building symptoms; these factors in-
cluded personal factors (female and working at lower hierarchy
in building), individual factors (paper dust, cigarette smoke, of-
fice dust, and using computers), and building factors (high indoor
temperature, low fresh air ventilation in office, poor control of
temperature and lighting, air-conditioned building, poor build-
ing service maintenance, poor cleaning or cleanability, and water
damage). Attention has been focused on the multiple exposures
and sources of common contaminants in the indoor air (Redlich
et al., 1997). The office air quality observation with self-reported
symptoms by subjects in the present study may strengthen with
the association between SBS and urinary 8-OHdG. Volatile or-
ganic compounds, environmental tobacco smoke, and carbon
dioxide in the building may accumulate from insufficient venti-
lation rate. Low ventilation rate in room, environmental tobacco
smoking (ETS), formaldehyde, carbon dioxide, and VOCs have
been noticed in sick building syndrome (SBS) etiologic stud-
ies (Skov et al., 1989; Lyles et al., 1991; Norback & Edling,

1991; Engvall et al., 2001; Kim et al., 2002; Bako-Biro et al.,
2004; Pommer et al., 2004; Sari et al., 2004). Additionally, ex-
posure to molds inside building has been associated with SBS
(Straus et al., 2003; Burge, 2004; Ebbehoj et al., 2005; Laum-
bach & Kipen, 2005). In this study, we failed to find such kind of
association.

TABLE 4
Mean and standard deviation (SD) of urinary

8-hydroxydeoxyguanosine levels of study participants
according to numbers of SBS symptoms

Number of Mean (SD),
SBS symptoms n µg/g creat. p Value

0 184 5.45 (3.10)
1 90 5.11 (3.02)
2 48 5.79 (3.44) <.001
3–4 45 7.36 (4.38)
≥5 22 8.81 (4.52)

Note. creat., Creatinine.
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TABLE 5
Crude and adjusted odds ratio of SBS symptoms associated

with microgram per gram creatinine increase in urinary
8-hydroxydeoxyguanosine level

Odds ratio (95% CI)b

SBSa

symptom Crude estimates Adjusted estimatesc

Eye, any 1.06 (0.99–1.13) 1.11d (1.01–1.21)
eye dryness 1.08d (1.01–1.16) 1.12d (1.02–1.23)
eye irritation 0.98 (0.86–1.11) 1.12 (0.93–1.36)

Upper respiratory, any 1.24d (1.15–1.34) 1.17d (1.05–1.30)
Nose itching 1.18d (1.03–1.36) 1.25d (1.02–1.53)
Runny nose 1.16d (1.01–1.34) 1.22 (0.98–1.52)
Stuffy nose 1.34d (1.11–1.35) 1.12 (0.97–1.29)
Sneezing 1.22d (1.06–1.40) 1.51d (1.21–1.87)
Dry throat 1.22d (1.11–1.34) 1.21d (1.06–1.38)

Lower respiratory, any 1.00 (0.89–1.11) 0.97 (0.83–1.13)
Difficulty in 1.00 (0.89–1.11) 0.97 (0.83–1.13)

breathing
Skin, any 1.34d (1.12–1.60) 1.31d (1.04–1.65)

Dryness 1.34d (1.12–1.60) 1.31d (1.04–1.65)
Nonspecific, any 1.13d (1.06–1.20) 1.05 (0.96–1.15)

Headache 1.32d (1.14–1.53) 1.11 (0.77–1.60)
Tiredness 1.17d (1.09–1.25) 1.03 (0.94–1.14)
Difficulty 1.16d (1.08–1.25) 1.03 (0.93–1.15)

concentrating
Angry easily 1.16d (1.08–1.25) 0.99 (0.88–1.12)
Dizziness 1.18d (1.08–1.30) 1.19d (1.05–1.35)

aSBS, sick-building syndrome.
b95% CI, 95% confidence interval.
cAdjusted for age, gender, presence of carpet in workspace, sensitivity

to tobacco smoke and air pollutants, difference between indoor and
outdoor carbon dioxide, and urinary cotinine concentrations.

d Significantly different.

Low ventilation rate in the room is thought to be the major
cause of SBS symptoms (Bourbeau et al., 1997; Seppänen et

al., 1999; Backman & Haghighat, 1999; Apte et al., 2000). It
has been found that the indoor volatile organic compounds ex-
posure has a significant respiratory effect (Samet et al., 1987).
And our further data analysis for nonsmokers did show that the
urinary 8-OHdG levels of participants increased as the exposed
TVOC and/or CO2 levels increased in the office (data not shown).
We believe some of these common contaminants in offices are
associated with oxidative stress leading to the generation of 8-
OHdG. Among previous SBS studies, no study has related SBS
with increased level of urinary 8-OHdG.

In this study, the urinary 8-OHdG concentrations were signif-
icantly associated with volatile organic compounds and carbon
dioxide levels measured in the offices. We also found that the
8-OHdG concentration was higher in smokers, with an average
of 10.9 ± 4.0 µg/g creatinine, but it was somewhat lower than
that observed for community smokers (Chuang et al., 2003). This

study also showed that the concentrations of CO2 and volatile
organic compounds at offices were higher than those in the air
outside of the building.

Results of the current analyses suggest significant associa-
tions between urinary 8-OHdG levels and risks of certain SBS
complaints among office workers, with ORs ranging between
1.11 and 1.51. Additionally, SBS complaints and 8-OHdG are
both associated with indoor air pollutants such as carbon diox-
ide, volatile organic compounds, and tobacco smoke exposure.
These findings were evident in adjusted MLR models through
adjustment for potential confounders, such as gender, age, sen-
sitivity to tobacco smoke and air pollutants, difference in carbon
dioxide between indoor and outdoor, tobacco smoke exposure,
the presence of carpet in workplace, and so on. The gradient re-
lationship between number of symptoms and 8-OHdG concen-
trations in urine has strengthened our research hypothesis, that
is, that 8-OHdG can be a predictor for SBS. To our knowledge,
this is the first observation of a positive association between
SBS and the urinary 8-OHdG level. This study suggested that in
urine 8-OHdG, a response to indoor oxidative chemicals, could
be considered as a predictor to moderate the risks of certain
SBS complaints including eye dryness, nose itching, sneezing,
dry throat, dryness of skin and eye, dizziness, and upper respi-
ratory syndromes in office employees. Because the etiology of
SBS complaints has not been fully understood, the findings from
this analysis cannot be dismissed and warrant further research.
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