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1 |  INTRODUCTION

Oxidative stress is considered to cause lifestyle- related dis-
eases, including cancer, diabetes, and cardiovascular dis-
ease.1,2 In addition, oxidative stress increases with exposure 
to hazardous materials such as asbestos3,4 and nanoparticles,5 

which are associated with work- related diseases. Measuring 
oxidative stress could clarify the mechanisms underlying the 
onsets of these diseases and their prevention. A representa-
tive oxidative stress marker is 8- hydroxy- 2′- deoxyguanosine 
(8- OHdG), which reflects the oxidized state of a nucleobase.6 
This oxidized nucleobase has been widely analyzed using 
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Abstract
Objective: Oxidative stress is considered to cause lifestyle- related diseases, includ-
ing cancer. Urinary 8- hydroxy- 2′- deoxyguanosine (8- OHdG) is widely analyzed as 
an oxidative stress marker. We extensively scrutinized the relationships between 8- 
OHdG levels and lifestyle choices as carcinogenic factors.
Methods: In this study, we investigated health examination results and working con-
ditions affecting urinary 8- OHdG levels in 503 male workers.
Results: The urinary 8- OHdG level was positively associated with high blood sugar 
and leanness in smokers. In addition, urinary 8- OHdG tended to increase with or-
ganic solvent or hydrochloric acid exposure, as well as long working hours. On the 
other hand, the urinary 8- OHdG level was negatively associated with high plasma 
LDL- cholesterol levels in non- smokers and anemia.
Conclusion: According to the results, anemia decreased the oxidative stress, regard-
less of smoking status, while leanness or high blood sugar increased the oxidative 
stress in smokers, and the presence of plasma cholesterol contributed to the lower 
oxidative stress in non- smokers. Certain types of occupational exposure may cause 
oxidative stress. The measurement of urinary 8- OHdG at annual health checks may 
be a useful biomarker for preventing lifestyle-  and work- related diseases.
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urine samples, which can be collected non- invasively. In ad-
dition, human urinary 8- OHdG levels are reportedly stable 
throughout the day.7

Cross- sectional studies have shed light on the relationship 
between lifestyle/work environment and urinary 8- OHdG 
levels. Urinary 8- OHdG levels were increased by smoking,8,9 
drinking,8 exposure to cooking oil fumes,10 long working 
hours,11 and shift work.8 On the other hand, urinary 8- OHdG 
levels were decreased by light- colored vegetable consump-
tion11 and moderate physical activity.12 In addition, a recent 
longitudinal study has revealed a decrease in urinary 8- OHdG 
levels by smoking cessation.13

Previous studies also reported the negative correlation be-
tween body mass index (BMI) and urinary 8- OHdG levels.8,11 
The mechanism remains unclear, although obesity is a risk 
factor for lifestyle- related diseases.14 Hyperuricemia associ-
ated with obesity may contribute to lower urinary 8- OHdG 
levels, because of the antioxidant effect of uric acid (UA).15,16

To the best of our knowledge, no investigations have 
considered the associations between working environment, 
BMI, and urinary 8- OHdG levels, with reference to health 
examinations, including blood tests. Identifying the factors 
that affect the urinary 8- OHdG levels will support the correct 
interpretation of urinary 8- OHdG results and facilitate the 
prevention of lifestyle-  and work- related diseases.

The purpose of this study is to clarify the relationships be-
tween urinary 8- OHdG levels and health examination results, 
including blood tests, and between urinary 8- OHdG levels 
and the working environment, including metal fume, organic 
solvent, or hydrochloric acid exposure.

2 |  MATERIALS AND METHODS

2.1 | Urine collection

A total of 602 male volunteers ages 18- 64, from three com-
panies in Japan, participated in the study. Urine samples 
(~10  ml) were collected in polypropylene tubes between 
8:00 AM and 11:00 AM, stored in a cooler box containing ice 
during the sampling, and then frozen at −30°C until analysis. 
The study was approved by the University of Occupational 
and Environmental Health Ethics Committee (H26- 239). 
Written informed consent was obtained from all subjects.

2.2 | Lifestyle/work environment survey and 
health examination

At the time of urine collection, a physical examination, an-
thropometry, and blood tests were performed, and the sub-
jects answered lifestyle, disease, and working environment 
questionnaires.

We obtained information about smoking (smoker or non- 
smoker), daily alcohol intake (<20 or ≥20 g/d), and aerobic 
exercise for 30 minutes at least twice a week (yes or no) as 
lifestyle choices by the two- case method.

Regarding the working environment, we asked for re-
sponses by the two- case method about metal fume exposure, 
organic solvent, or hydrochloric acid (chemicals handled at 
these companies) exposure, shift work, sunlight exposure, 
and long working hours (60 hours or more overtime: defined 
as “long working hours” in these companies during the urine 
collection month). The survey on the working environment 
was based on self- reporting; therefore, not only those who di-
rectly handled hazardous substances but also the workplace 
managers and those who transported hazardous materials an-
swered that they were exposed to hazardous substances.

Information on working environment measurements 
(Control Class- Ⅰ/Control Class- Ⅱ/Control Class- Ⅲ) of metal 
fume- exposed workers was obtained if available. In addi-
tion, information on urinary organic solvent metabolite levels 
(Level- Ⅰ/Level- Ⅱ/Level- Ⅲ) of organic solvent- exposed work-
ers was obtained if available.17

The following information was collected from the anthro-
pometry and blood tests. This information included height 
and weight (for BMI), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), and the levels of blood sugar (BS), 
blood hemoglobin (Hb), plasma HDL- cholesterol (HDL- 
Chol), plasma LDL- cholesterol (LDL- Chol), plasma tri-
glyceride (TG), plasma UA, plasma aspartic aminotransferase 

T A B L E  1  Assignment of dummy variables for lifestyle and 
working environment

Lifestyle and working environment 
factors

Category: assigned 
dummy variable

Smoking status Non- smoker: 0

Smoker: 1

Alcohol consumption (g/d) <20:0

≥20:1

Aerobics 30 min No: 0

Yes: 1

Fume exposure (self- reported) No: 0

Yes: 1

Organic solvents or hydrochloric acid 
exposure (self- reported)

No: 0

Yes: 1

Shift work No: 0

Yes: 1

Sunlight exposure No: 0

Yes: 1

Long working hours No: 0

Yes: 1



   | 3 of 10WATANABE ET Al.

T A B L E  2  Lifestyle factors and health examination vs urinary 8- OHdG (N = 503)

Factors Category

Total (N = 503) Non- smoker (N = 290) Smoker (N = 213)

N 8- OHdG N 8- OHdG N 8- OHdG

Smoking status Non- smoker 290 3.30 (2.60- 4.10)

Smoker 213 3.60 (2.80- 4.70)**

Age (y) <50 424 3.40 (2.70- 4.30) 238 3.30 (2.60- 4.10) 186 3.60 (2.80- 4.70)

≥50 79 3.40 (2.85- 4.60) 52 3.30 (2.70- 4.15) 27 4.30 (3.00- 5.10)

Alcohol consumption 
(g/d)

<20 376 3.35 (2.70- 4.30) 227 3.20 (2.60- 4.05) 149 3.60 (2.80- 4.70)

≥20 127 3.50 (2.90- 4.55) 63 3.40 (2.85- 4.30) 64 3.75 (2.95- 4.80)

Aerobics 30 min No 432 3.40 (2.70- 4.40) 251 3.20 (2.60- 4.05) 181 3.60 (2.90- 4.80)

Yes 71 3.30 (2.65- 4.30) 39 3.40 (3.05- 4.45) 32 3.20 
(2.45- 4.15)*

BMI (kg/m2) <18.5 23 3.70 (3.05- 4.70)*, a 9 3.20 (3.00- 3.60) 14 4.35 (3.30- 
5.60)*, a 

18.5- 25 341 3.40 (2.80- 4.40)*, b 203 3.40 (2.70- 4.20) 138 3.60 (2.80- 4.70)

>25 139 3.20 (2.45- 4.10) 78 3.10 (2.30- 4.10) 61 3.50 (2.70- 4.70)

BP (mmHg) SBP: <140 and 
DBP: <90

466 3.40 (2.70- 4.40) 272 3.35 (3.10- 3.80) 194 3.60 (2.90- 4.70)

SBP: ≥140 or 
DBP: ≥90

37 3.30 (2.70- 4.20) 18 3.30 (2.60- 4.10) 19 3.00 (2.20- 4.30)

BS (mg/dL) <110 472 3.40 (2.70- 4.30) 270 3.25 (2.60- 4.10) 202 3.60 (2.80- 4.50)

≥110 31 3.40 (2.85- 4.85) 20 3.30 (2.60- 4.10) 11 4.80 
(4.45- 6.55)**

TG (mg/dL) <300 486 3.40 (2.70- 4.40) 285 3.30 (2.60- 4.10) 201 3.60 (2.90- 4.70)

≥300 17 2.80 (2.50- 4.10) 5 2.80 (2.70- 3.30) 12 3.10 (2.35- 4.35)

HDL- Chol (mg/dl) <40 15 3.20 (2.80- 4.75) 9 3.10 (2.80- 3.60) 6 3.90 (2.80- 5.50)

≥40 488 3.40 (2.70- 4.35) 281 3.30 (2.60- 4.10) 207 3.60 (2.85- 4.70)

LDL- Chol (mg/dl) <140 403 3.60 (2.80- 4.45) 220 3.40 (2.80- 4.30) 183 3.70 (2.80- 4.80)

≥140 100 3.05 (2.50- 3.60)** 70 2.90 (2.50- 3.40)* 30 3.40 (2.90- 3.80)

AST (U/L) <36 453 3.40 (2.70- 4.30) 258 3.30 (2.60- 4.10) 195 3.60 (2.85- 4.70)

≥36 50 3.15 (2.70- 4.50) 32 3.05 (2.60- 4.10) 18 4.35 (2.80- 5.60)

ALT (U/L) <41 430 3.40 (2.70- 4.30) 248 3.30 (2.60- 4.10) 182 3.60 (2.90- 4.70)

≥41 73 3.30 (2.70- 4.40) 42 3.10 (2.80- 4.10) 31 3.60 (2.70- 4.85)

γ- GTP (U/L) <81 441 3.40 (2.70- 4.30) 255 3.30 (2.60- 4.20) 186 3.60 (2.80- 4.70)

≥81 62 3.30 (2.70- 4.40) 35 3.30 (2.60- 4.20) 27 3.50 (2.85- 4.75)

UA (mg/dl) <8 458 3.40 (2.70- 4.40) 262 3.30 (2.60- 4.10) 196 3.60 (2.80- 4.80)

≥8 45 3.20 (2.90- 3.60) 28 3.15 (2.80- 3.35) 17 3.40 (3.00- 3.80)

Hb (g/dl) ≤13 5 1.40 (1.10- 2.30)** 3 1.40 (1.25- 2.30)* 2 1.55 
(0.80- 2.30)*

>13 498 3.40 (2.70- 4.40) 287 3.30 (2.60- 4.10) 211 3.60 (2.90- 4.70)

Note: Urinary 8- OHdG (ng /mg creatinine) levels were median (25th quartile- 75th quartile).
Abbreviations: 8- OHdG, 8- hydroxy- 2′- deoxyguanosine; ALT, alanine aminotransferase; AST, aspartic aminotransferase; BMI, body mass index; BP, blood pressure; 
BS, blood sugar; DBP, diastolic blood pressure; Hb, hemoglobin; HDL- Chol, high- density lipoprotein- cholesterol; LDL- Chol, low- density lipoprotein- cholesterol; 
SBP, systolic blood pressure; TG, triglyceride; UA, uric acid;γ- GTP, γ- glutamyl transpeptidase.
aBMI: <18.5 kg/m2 versus > 25 kg/m2. 
bBMI: 18.5- 25 kg/m2 versus > 25 kg/m2. 
*P < .05, by Mann- Whitney test. 
**P < .01by Mann- Whitney test. 
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(AST), plasma alanine aminotransferase (ALT), and plasma 
γ- glutamyl transpeptidase (γ- GTP).

2.3 | Analysis of urinary 8- OHdG

We determined the urinary 8- OHdG levels according to the 
method of Kasai et al.8 Briefly, urine samples were thawed 
and centrifuged, and then 50 μL of the supernatant was mixed 
with an equal volume of a dilution solution containing the ri-
bonucleoside marker 8- hydroxyguanosine. A 20- µL portion 
of this mixture was injected into the high- performance liq-
uid chromatography (HPLC)- 1 column (MCI GEL CA08F, 
1.5 × 150 mm; Mitsubishi Chemical). The chromatograph 
was recorded with a UV detector (Gilson UV/VIS- 151, 
235  nm). The fraction containing 8- OHdG was automati-
cally injected into the HPLC- 2 column (Inertsil™ ODS- 3, 
3 μm, 4.6 × 250 mm; GL Sciences, Inc). The 8- OHdG was 
detected by an electrochemical detector (Coulochem II, 
ESA). The 8- OHdG levels were expressed as the ratios to 
the urinary creatinine contents (UV detection at 235 nm).

2.4 | Statistical analysis

From 602 male participants, we excluded subjects from 
this study with malignancies, cerebrovascular disease, and 

cardiovascular disease, as well as subjects with missing data 
on their questionnaires, and those who had consumed meals 
within 10 hours. Finally, 503 male subjects were selected for 
the analysis. All statistical analyses were performed with the 
EZR statistical software18 and Exploratory for Windows 10, 
which is a graphical user interface for R (R Foundation for 
Statistical Computing, Vienna, Austria).

The urinary 8- OHdG levels did not have a normal distri-
bution (Shapiro- Wilk test: P <  .001); therefore, a nonpara-
metric method was used for statistical analysis. The values 
are shown as the median with the 25th- 75th quantiles. In 
the univariate analysis, the health examination results were 
classified as follows: BMI (<18.5, 18.5- 25, and >25 kg/m2), 
blood pressure (SBP: <140 mmHg and DBP: <90 mmHg; 
SBP: ≥140  mmHg or DBP: ≥90  mmHg), BS (<110 and 
≥110 mg/dL), Hb (≤13.0 and >13.0 g/dL), HDL- Chol (<40 
and ≥40 mg/dL), LDL- Chol (<140 and ≥140 mg/dL), TG 
(<300 and ≥300 mg/dL), UA (<8.0 and ≥8.0 mg/dL), AST 
(<36 and ≥36 U/L), ALT (<41 and ≥41 U/L), and γ- GTP 
(<81 and ≥81 U/L). These cutoffs were based on the criteria 
of the Japan Society of Ningen Dock.19 The Mann- Whitney 
test (between two groups) was used to compare 8- OHdG lev-
els with these categorical variables. Because it is well known 
that urinary 8- OHdG levels are elevated in smokers, we also 
conducted separate analyses for non- smokers and smokers.

In the multiple regression analysis, we used the forced 
entry method. The logarithmic levels of 8- OHdG were used 

T A B L E  3  Multiple regression analysis of (logarithmic 8- OHdG) versus health examination results

Health 
examination 
results

Totala  (N = 503, R2 = 0.10,  
P < .001)

Non- smoker (N = 290, R2 = 0.10, 
P = .02)

Smoker (N = 213, R2 = 0.16,  
P = .002)

Partial r SE β P Partial r SE β P Partial r SE β P

Hb 0.029 0.008 0.157 <0.001 0.025 0.012 0.143 0.040 0.03 0.014 0.176 0.017

LDL- Chol −0.001 0.000 −0.136 0.007 −0.001 0.000 −0.201 0.003 0.000 0.000 −0.040 0.612

BS 0.002 0.001 0.112 0.026 0.000 0.001 0.007 0.918 0.003 0.001 0.228 0.004

BMI −0.005 0.003 −0.112 0.048 −0.003 0.003 −0.068 0.379 −0.010 0.004 −0.203 0.022

TG 0.000 0.000 −0.075 0.176 0.000 0.000 0.054 0.498 0.000 0.000 −0.142 0.091

UA −0.008 0.006 −0.060 0.204 −0.003 0.007 −0.025 0.689 −0.011 0.010 −0.080 0.281

AST 0.001 0.001 0.099 0.224 −0.002 0.002 −0.153 0.212 0.003 0.001 0.227 0.064

γ- GTP 0.000 0.000 −0.043 0.449 −0.001 0.000 −0.127 0.103 0.000 0.000 −0.102 0.286

SBP 0.001 0.001 0.045 0.504 0.001 0.001 0.061 0.481 0.001 0.002 0.054 0.634

DBP −0.001 0.001 −0.049 0.521 −0.001 0.002 −0.063 0.528 0.000 0.002 −0.028 0.815

HDL- Chol 0.000 0.001 −0.039 0.466 0.000 0.001 −0.027 0.715 −0.001 0.001 −0.045 0.585

ALT 0.000 0.001 −0.042 0.601 0.001 0.001 0.183 0.178 −0.001 0.001 −0.080 0.481

Note: Analyses were adjusted for age, alcohol consumption, aerobics, and health examination results.
Abbreviations: 8- OHdG, 8- hydroxy- 2′- deoxyguanosine; ALT, alanine aminotransferase; AST, aspartic aminotransferase; BMI, body mass index; BP, blood pressure; 
BS, blood sugar; DBP, diastolic blood pressure; Hb, hemoglobin; HDL- Chol, high- density lipoprotein- cholesterol; LDL- Chol, low- density lipoprotein- cholesterol; 
SBP, systolic blood pressure; TG, triglyceride; UA, uric acid;γ- GTP, γ- glutamyl transpeptidase.
aSmoking status was entered into the multiple regression analysis model only when analyzing total subjects. Smoking (ꞵ = 0.128, P = .004) was positively associated 
with (logarithmic 8- OHdG). 
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as the dependent variable. Lifestyle factors, working environ-
ment factors, and health examination results were used as the 
independent variables. Age and health examination results 
were fed directly into the multiple regression analysis models 
as numerical data. Regarding lifestyle and working environ-
ment, we created dummy variables as shown in Table 1 and 
used them for the multiple regression analysis models.

3 |  RESULTS

The coefficient of variation, calculated based on the 8- OHdG 
standard solution, was within 5%. The 8- OHdG level (ng/
mg creatinine) in 503 male subjects aged 18- 64  years was 
3.65  ±  1.37 (mean  ±  SD); minimum: 0.80; 25th quartile: 
2.70; median: 3.40; 75th quartile: 4.35; maximum: 10.8.

Table 2 shows the relationships between lifestyle- related 
factors and health examination results with the urinary 

8- OHdG levels. As a whole, the urinary 8- OHdG levels were 
significantly higher in the groups of smokers, low BMI sub-
jects, and low LDL- Chol subjects, while on the other hand, 
the urinary 8- OHdG levels were significantly lower in the 
low Hb groups.

In smokers, the urinary 8- OHdG levels were significantly 
higher in lean individuals, as compared with obese individ-
uals. In addition, urinary 8- OHdG levels were significantly 
elevated in those with high BS. In non- smokers, the urinary 
8- OHdG levels were significantly lower in the high LDL- 
Chol groups.

Table  3 shows the multiple regression analysis of the 
health examination factors associated with the urinary 8- 
OHdG levels. The urinary 8- OHdG levels were positively as-
sociated with smoking (β = 0.128, P = .004), Hb (β = 0.157, 
P < .001), and BS (β = 0.112, P = .026). On the other hand, 
the urinary 8- OHdG levels were negatively associated with 
LDL- Chol (β = −0.136, P =  .007) and BMI (β = −0.112, 

T A B L E  4  Health examination factors and urinary 8- OHdG levels in obese (BMI: >25 kg/m2) subjects

Factors Category

Total (N = 139) Non- smoker (N = 78) Smoker (N = 61)

N 8- OHdG N 8- OHdG N 8- OHdG

BP (mmHg) SBP: <140 and 
DBP: <90

118 3.20 (2.40- 4.10) 66 3.00 (2.30- 4.10) 52 3.40 (2.70- 4.50)

SBP: ≥140 or DBP: 
≥90

21 3.40 (3.00- 4.30) 12 3.35 (2.80- 3.65) 9 4.30 (3.00- 5.10)

BS (mg/dL) <110 123 3.20 (2.40- 4.10) 68 3.10 (2.30- 4.10) 55 3.30 (2.65- 4.05)

≥110 16 4.25 (2.85- 5.10) 10 3.25 (2.20- 3.80) 6 5.90 (4.70- 7.10)**

TG (mg/dL) <300 133 3.20 (2.50- 4.10) 75 3.10 (2.30- 4.05) 58 3.45 (2.70- 4.70)

≥300 6 3.70 (2.20- 4.30) 3 3.30 (2.60- 3.70) 3 4.30 (3.25- 4.55)

HDL- Chol (mg/dL) <40 7 2.90 (2.75- 4.65) 4 2.85 (2.75- 4.20) 3 3.80 (3.00- 5.80)

≥40 132 3.25 (2.40- 4.10) 74 3.15 (2.30- 4.10) 58 3.45 (2.70- 4.70)

LDL- Chol (mg/dL) <140 92 3.35 (2.55- 4.35) 48 3.30 (2.55- 3.4.25) 44 3.60 (2.55- 4.80)

≥140 47 3.00 (2.40- 3.55) 30 2.90 (2.20- 3.40)* 17 3.40 (3.00- 3.60)

AST (U/L) <36 113 3.20 (2.40- 4.10) 59 3.30 (2.25- 3.85) 54 3.50 (2.70- 4.30)

≥36 26 3.20 (2.80- 4.50) 19 3.30 (2.85- 4.15) 7 3.00 (2.60- 5.05)

ALT (U/L) <41 89 3.40 (2.40- 4.30) 47 3.20 (2.20- 4.10) 42 3.50 (2.80- 4.30)

≥41 50 3.15 (2.70- 4.10) 31 3.10 (2.75- 3.60) 19 3.30 (2.55- 4.70)

γ- GTP (U/L) <81 111 3.20 (2.50- 4.10) 61 3.10 (2.40- 4.10) 50 3.50 (2.70- 4.30)

≥81 28 3.30 (2.30- 4.25) 17 3.30 (2.20- 3.70) 11 3.40 (2.85- 4.75)

UA (mg/dL) <8 111 3.30 (2.40- 4.30) 60 3.15 (2.25- 4.10) 51 3.50 (2.75- 4.80)

≥8 28 3.10 (2.80- 3.40) 18 3.10 (2.90- 3.30) 10 3.05 (2.50- 3.60)

Hb (g/dL) ≤13 1 1.10 1 1.10 — — 

>13 138 3.25 (2.50- 4.10) 77 3.10 (2.30- 4.10) 61 3.50 (2.70- 4.70)

Note: Urinary 8- OHdG (ng/mg creatinine) levels were median (25th quartile- 75th quartile).
Abbreviations: 8- OHdG, 8- hydroxy- 2′- deoxyguanosine; ALT, alanine aminotransferase; AST, aspartic aminotransferase; BMI, body mass index; BP, blood pressure; 
BS, blood sugar; DBP, diastolic blood pressure; Hb, hemoglobin; HDL- Chol, high- density lipoprotein- cholesterol; LDL- Chol, low- density lipoprotein- cholesterol; 
SBP, systolic blood pressure; TG, triglyceride; UA, uric acid;γ- GTP, γ- glutamyl transpeptidase.
*P <.05, by Mann- Whitney test. 
**P <.01, by Mann- Whitney test. 
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P = .048), independently from age, smoking status, alcohol 
consumption, exercise, and other health examination items. 
In smokers, positive associations were found between the uri-
nary 8- OHdG levels and BS (β = 0.228, P = .004) and Hb 
(β = 0.176, P = .017), no association was found between the 
urinary 8- OHdG level and LDL- Chol (β = −0.004, P = .612), 
and a negative association was found between the urinary 8- 
OHdG level and BMI (β = −0.203, P = .002).

In non- smokers, a positive association was found between 
the urinary 8- OHdG level and Hb (β = 0.143, P = .040), no 
associations were found between the urinary 8- OHdG lev-
els and BS (β  =  0.007, P  =  .918) and BMI (β  =  −0.068, 
P = .379), and a negative association was found between the 
urinary 8- OHdG level and LDL- Chol (β = −0.201, P = .003).

The relationships between health examination results and 
urinary 8- OHdG levels in obese (BMI: >25 kg/m2) subjects 
are shown in Table  4. High BS subjects have significantly 
higher urinary 8- OHdG levels, especially in smokers.

In terms of working environment and urinary 8- OHdG 
levels (Table 5), subjects exposed to organic solvents or hy-
drochloric acid had significantly higher urinary 8- OHdG 
levels, as compared with subjects with no exposure. Among 
them, 15 subjects had known urinary metabolite levels of or-
ganic solvents, but we did not compare the urinary 8- OHdG 
levels because all metabolites were Level- Ⅰ.

Table  6 shows the multiple regression analysis of the 
working environment associated with the urinary 8- OHdG 
levels. The urinary 8- OHdG levels were positively associated 

with shift work (β = 0.103, P = .028), and marginally posi-
tively associated with exposure to organic solvents or hydro-
chloric acid (β = 0.092, P = .051) and long working hours 
(β = 0.064, P = .137), independently from age, smoking sta-
tus, alcohol consumption, exercise, and other health examina-
tion items. When analyzed by smoking status, no significant 
results were found.

4 |  DISCUSSION

The levels of urinary 8- OHdG as an oxidative stress marker 
were related to lifestyle choices, medical examination results 
and work environments in this study. The urinary 8- OHdG 
levels were increased due to smoking, in both the univari-
ate and multiple regression analyses. Other studies have like-
wise shown that the urinary 8- OHdG levels in smokers are 
higher than those in non- smokers.7,8,20 In addition, the levels 
of 8- hydroxyguanine (8- OHGua), the oxide of a free guanine 
base, in leukocyte DNA21 and saliva22 reportedly rise after 
smoking.

In the present study, we evaluated the relationship be-
tween health examination results, work environment, and 
urinary 8- OHdG in non- smokers and smokers, and obtained 
some interesting findings.

Our results demonstrated that urinary 8- OHdG levels 
are positively associated with Hb. It is possible that iron de-
ficiency, which is one cause of anemia, contributed to the 

T A B L E  5  Working environment and urinary 8- OHdG (N = 503)

Factors Category

Total (N = 503) Non- smoker (N = 290) Smoker (N = 213)

N 8- OHdG N 8- OHdG N 8- OHdG

Fume exposure (self- reported) No 273 3.40 (2.70- 4.30) 163 3.20 (2.55- 4.10) 110 3.70 (2.90- 4.70)

Yes 230 3.45 (2.80- 4.40) 127 3.30 (2.65- 4.10) 103 3.60 (2.80- 4.80)

Fume levels in the work 
environmenta 

Control Class- Ⅰ 13 3.60 (3.30- 4.00) 7 3.80 (3.05- 4.00) 6 3.60 (2.90- 3.65)

Control Class- Ⅱ 41 3.55 (2.90- 4.35) 21 3.50 (2.85- 4.05) 20 3.60 (3.30- 4.55)

Organic solvent or hydrochloric 
acid exposure (self- reported)

No 449 3.40 (2.70- 4.30) 267 3.20 (2.60- 4.00) 182 3.60 (2.80- 4.70)

Yes 54 3.75 (3.00- 4.80)* 23 3.90 (3.20- 4.35)* 31 3.70 (2.90- 4.95)

Urinary metabolite levels of 
organic solventsb 

Level- Ⅰ 15 3.40 (2.70- 4.40) 8 3.40 (2.50- 3.55) 7 3.95 (3.05- 4.70)

Shift work No 464 3.40 (2.70- 4.30) 270 3.20 (2.60- 4.10) 194 3.60 (2.80- 4.70)

Yes 39 4.00 (3.10- 4.50) 20 4.00 (3.10- 4.30)* 19 3.40 (3.10- 5.10)

Sunlight exposure No 314 3.40 (2.70- 4.30) 188 3.20 (2.60- 4.00) 126 3.60 (2.90- 4.70)

Yes 189 3.50 (2.70- 4.50) 102 3.40 (2.60- 4.10) 87 3.70 (2.80- 4.85)

Long working hours No 501 3.40 (2.70- 4.30) 289 3.30 (2.60- 4.10) 212 3.60 (2.80- 4.70)

Yes 2 5.05 (4.80- 5.30) 1 4.80 1 5.30

Note: Urinary 8- hydroxy- 2′- deoxyguanosine (8- OHdG: ng/mg creatinine) levels were median (25th quartile- 75th quartile).
aSubjects with a known level of fume exposure in their working environment. 
bSubjects with known levels of organic solvent metabolites in urine. 
*P < .05, by Mann- Whitney test. 
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oxidative stress reduction. In a rat experimental system, the 
levels of superoxide dismutase (SOD) and glutathione (GSH) 
in renal cells were decreased, due to an increase in oxida-
tive stress by iron administration.23 Further investigations are 
needed to reveal the mechanism by which anemia causes a 
decrease in urinary 8- OHdG levels.

Overall, obese subjects had lower urinary 8- OHdG lev-
els, consistent with previous reports.8,10,20 In general, ox-
idative stress is increased in obesity.24 On the other hand, 
several studies about the inverse relationship between BMI 
and urinary 8- OHdG have been reported.25,26 In this study, 
the inverse relationship between BMI and urinary 8- OHdG 
was observed in the smokers. Weight loss is attributed to 
an increase in the basal metabolism. Consequently, reactive 
oxygen species are increased in intracellular mitochondria, 
and thereby, higher levels of oxidative stress were observed 
with leanness. Exposure to nicotine in cigarettes may in-
crease energy- producing metabolism,27 thus amplifying the 
reactive oxygen species production and contributing to the 
increased urinary 8- OHdG level. In connection with that, 
leanness is associated with the induction of cancers in the 
lung28- 30 and esophagus.31 In the case of another oxidative 
stress biomarker, 8- isoprostane, although the urinary levels 
of 8- isoprostane (oxidative damage marker of phospholip-
ids) were elevated in obese children,32 they were not ele-
vated in the adults (37- 88  years, male, non- smoker) up to 
a BMI of 29.1  kg/m2.33 In the recent systematic review of 
urinary 8- isoprostane measurements,34 no differences in the 
8- isoprostane levels were detected between the BMI: ≤25 kg/
m2 group and BMI: >25 kg/m2 group in the non- smokers, as 
determined by an accurate chromatographic analysis. Further 
studies of the relationship between BMI and oxidative stress, 
including the mechanism, are needed.

In non- smokers, the LDL- Chol and urinary 8- OHdG 
levels showed an inverse relationship, but this relationship 
was not found in smokers. In non- smokers, cholesterol may 
contribute to the stabilization of cell membranes and the ab-
sorption of vitamin E, an intracellular antioxidant, thereby 
contributing to the reduction of oxidative stress.35 In smok-
ers, on the other hand, cholesterol may be oxidized by smok-
ing and thus not capable of performing these functions.36 No 
association between plasma UA and urinary 8- OHdG was 
observed, although UA is generally believed to have an an-
tioxidant effect. Therefore, the effect of plasma UA itself on 
urinary 8- OHdG was considered to be limited.

This study revealed that high BS subjects had higher 
urinary 8- OHdG levels, only in the smoking subjects. This 
may be due to the effect of smoking, which contributes to in-
creased oxidative stress in pancreatic beta cells.37 As a result, 
glucose intolerance may have occurred.

The urinary 8- OHdG levels were generally higher in shift 
workers, as compared with non- shift workers, in this anal-
ysis. In a preceding study of steel- manufacturing workers, T
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day- night shift workers tended to have higher urinary 8- 
OHdG levels than daytime workers.8 Another study demon-
strated that the levels of SOD and catalase were lower in shift 
workers.38 This study did not distinguish between the day and 
night shift workers. The effect of the latest night shift on uri-
nary 8- OHdG should be investigated in a future study.

Salimi et al reported that xylene- exposed leukocytes 
had increased reactive oxygen species.39 Another study 
demonstrated that exposure to low doses of toluene causes 
DNA damage.40 El- Metwaly et al reported that the SOD 
and GSH levels in lung tissues were reduced by the en-
dotracheal infusion of hydrochloric acid, in a rat experi-
ment.41 In this study, the urinary 8- OHdG levels were 
higher in the subjects exposed to organic solvents or hydro-
chloric acid, perhaps because this exposure caused oxida-
tive stress. The relationship between quantified indicators 
of toxic substance exposure and urinary 8- OHdG needs to 
be elucidated in the future because only a few subjects in 
this study had known levels of urinary metabolites of or-
ganic solvents.

Our results showed that the urinary 8- OHdG levels tended 
to be higher in subjects with long working hours and are con-
sistent with previous studies.10,42 Further investigations will 
be needed to clarify the detailed mechanism.

The point of this study was to investigate the effects of 
health examination results and working environment on uri-
nary 8- OHdG levels. We observed that leanness and high BS 
were associated with high urinary 8- OHdG levels in smokers, 
whereas high LDL- Chol was associated with low urinary 8- 
OHdG levels. Smoking, leanness, and diabetes increase the 
risk of cardiovascular disease death, all- cancer death, and all- 
cause death43; therefore, the results of this study may contrib-
ute to quantifying the risks of these deaths.

We also revealed that shift work, organic solvent or hydro-
chloric acid exposure, and long working hours raised urinary 
8- OHdG levels. Shift work and long working hours are re-
portedly risk factors for cardiovascular disease,44,45 and thus, 
the results of this study may be useful in quantifying these 
risks. The relationship between health problems due to metal 
fume and organic solvent/acid exposure and urinary 8- OHdG 
should be further investigated by quantifying the exposure 
indices.

One way to use the results of urinary 8- OHdG for health 
management is to observe the changes in urinary 8- OHdG 
levels within an individual, because urinary 8- OHdG levels 
can vary from person to person.7 Changes in urinary 8- OHdG 
levels can occur due to changes in lifestyle, health examina-
tion results, and the work environment. The urinary 8- OHdG 
level is a typical oxidative stress marker, but not a specific 
disease marker. In addition, each subject had a characteristic 
8- OHdG level reflecting their personal lifestyle factors, such 
as stress status, exercise, sleep time, alcohol consumption, 

and diet.7 Therefore, it is useful to measure 8- OHdG levels 
for each individual and evaluate the changes over a certain 
period, rather than trying to manage the levels within a nor-
mal range. The results obtained by analyzing an individual's 
8- OHdG levels during a health examination would be helpful 
to improve their lifestyle and working environment, for the 
prevention of oxidative stress- related diseases and for the risk 
assessment of occupational and environmental exposure.

In conclusion, our results suggested that leanness or high 
blood sugar contributes to higher urinary 8- OHdG levels in 
smokers, while anemia or high plasma LDL- Chol contributes 
to lower urinary 8- OHdG levels in non- smokers. At the same 
time, our results suggested that a harmful working environ-
ment increases the urinary 8- OHdG levels. The measurement 
of urinary 8- OHdG levels during regular health examinations 
may provide significant value toward preventing lifestyle-  
and work- related diseases.
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