
Abstract. Aim: To investigate the effect of oxidative stress
biomarkers on the risk of potentially malignant oral
disorders (PMODs). Materials and Methods: A total of 208
male adults with PMODs and an equal number of same-age
control patients were enrolled. Plasma biomarkers of
oxidative stress, measured with 8-hydroxy-2’-deoxyguanosine
(8-OHdG) and 8-isoprostane (8-ISO), were determined using
enzyme-linked immunosorbent assay kits. PMODs were
diagnosed in accordance with the World Health
Organization (WHO) guidelines. Results: A significant
association between a high level of 8-ISO and an increased
risk of PMODs was identified [odds ratio (OR)=1.71, 95%
confidence interval (CI)=1.12-2.63; p=0.013]. This positive
association was stronger among patients with PMOD
subtype of leukoplakia (OR=1.94, 95% Cl=1.24-3.06;
p=0.004). However, no significant association was observed
between plasma 8-OHdG levels and overall risk of PMODs
or subtypes. Conclusion: Our findings suggest that increased
plasma 8-ISO levels may indicate the prominence of lipid
peroxidation in the development of PMODs, particularly
leukoplakia. 

Potentially malignant oral disorders (PMODs) pose a
pressing public health challenge because of their high rate of
transformation into oral malignancies. In Taiwan, oral cancer

(OC) is a leading cause of mortality, especially among men
aged 24 to 44 years (1), indicating the necessity of early
intervention.

Tumor development is a complex process that is mediated
by numerous endogenous and exogenous factors (2).
Prominent among these is the induction of reactive oxygen
species (ROS). At normal physiological concentrations, ROS
act as signal molecules mediating cell growth, migration, and
differentiation. High concentrations, however, induce cell
death, apoptosis, and senescence (3), particularly when the
antioxidant defense is overwhelmed. ROS can oxidize lipids
and proteins and interact directly with DNA, thereby
triggering oxidative stress (4, 5), which can lead to
manifestation of 8-hydroxy-2’-deoxyguanosine (8-OHdG) and
8-isoprostane (8-ISO) as biomarkers of oxidative damage (4,
6). Oxidative stress has been implicated in the pathogenesis
of various pathologies, including oral tumors (7, 8). 

The cytochrome P-450 (CYP-450) and glutathione 
S-transferase (GST) families of enzymes, which are involved
in the metabolism and detoxification of toxic endogenous and
environmental agents (9), play key roles in combating toxicity
and ROS generation through their metabolites (10). We
demonstrated in a previous study that genetic polymorphism
in GSTM1 and CYP1A1*2C may increase susceptibility to
PMODs, especially among smokers (11). Moreover,
accumulated evidence has helped identify certain lifestyle
factors, such as cigarette smoking, alcohol consumption, and
betel-nut chewing, as risks for PMODs (12). Whether
oxidative stress is associated with the risk of PMODs and
whether such an association may be modified by genetic,
environmental or lifestyle factors remains unclear. 

Thus, the aim of this study was to investigate the
association between oxidative stress biomarkers, measured
based on 8-OHdG and 8-ISO levels, and the risk of PMODs.
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Additionally, we investigated how lifestyle factors and
genetic polymorphisms affected the association between
oxidative stress biomarkers and PMOD risk.

Materials and Methods

Participants. This case–control study included 208 male patients
with PMODs and an equal number of control patients without oral
lesions. A detailed description of participant characteristics has
already been published (11). In brief, participants were recruited
from a male penitentiary in Taiwan. A complete oral examination
was conducted on all participants by two experienced
otolaryngologists in accordance with World Health Organization
guidelines (13). Patients with PMOD were those diagnosed with
submucous fibrosis or leukoplakia, and controls of the same ages
were randomly selected from individuals with healthy oral-
screening results.

All eligible subjects completed a self-administered questionnaire
covering information on sociodemographics, personal and family
medical history, and lifestyle habits such as cigarette smoking,
betel-nut chewing, and alcohol consumption. Based on their habits,

participants were categorized as nonsmokers, current smokers (had
been smoking for more than 1 year), or former smokers (had not
smoked for at least the previous 6 months). Total cigarette
consumption was computed in pack-years (PY), as the number of
packs of cigarettes smoked daily multiplied by the duration of time
(years) spent smoking. Body-mass index (BMI) was calculated from
weight and height measurements as (weight/height2; kg/m2). The
Ethics Review Committee of China Medical University and
Hospital approved this study (IRB No: DMR96-IRB-085). All
participants provided written, informed consent following a detailed
explanation of the study objectives.

DNA isolation and genotyping. The methods for DNA isolation and
genotyping were reported previously (11). In summary, 10 ml of
venous blood was collected from all participants for genomic
extraction. From buffy-coated cells, genomic DNA for genotyping
was isolated. Genotyping of GSTM1, GSTT1, GSTP1, and
CYP1A1*2C was performed through polymerase chain
reaction/restriction fragment length polymorphism. A 10% random
sample was retested and showed 100% concordance for all
polymorphisms. All laboratory personnel were blinded to disease
status of participants.
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Table I. Comparison of characteristics of healthy controls and patients with potentially malignant oral disorders. 

Variablea                                                                                  Controls (N=208)                            Cases (N=208)                                      p-Valuec

Mean±SD age, years                                                                    38.45±9.3                                         38.78±9.1                                             0.719
Mean BMI±SD, kg/m2                                                                24.07±3.1                                         24.76±3.8                                             0.038
BMI                                                                                                                                                                                                                    0.019
   Normal weight (<24 kg/m2)                                                  116 (55.77%)                                    92 (44.23%)                                              
   Overweight (≥24 kg/m2)                                                         92 (44.23%)                                   116 (55.77%)                                              
Educational level, n (%)                                                                                                                                                                                    0.076
   Below elementary school                                                        35 (16.83%)                                    40 (19.51%)                                              
   Junior high school                                                                   90 (43.27%)                                  105 (51.22%)                                              
   Above senior high school                                                       83 (39.90%)                                    60 (29.27%)                                              
Cigarette smoking, n (%)                                                                                                                                                                                  0.141
   Nonsmoker                                                                               11 (5.29%)                                         5 (2.40%)                                                
   Current smoker                                                                      180 (86.54%)                                  192 (92.31%)                                              
   Ex-smoker                                                                                17 (8.17%)                                       11 (5.29%)                                                
Cigarette pack-years, n (%)b                                                                                                                                                                                  
   <13                                                                                         108 (51.92%)                                    96 (46.15%)                                          0.239
   ≥13                                                                                         100 (48.08%)                                   112 (53.85%)                                              
Alcohol consumption, n (%)                                                                                                                                                                             0.871
   Never                                                                                        73 (35.10%)                                    68 (32.69%)                                              
   Current drinker                                                                        75 (36.06%)                                    77 (37.02%)                                              
   Ex-drinker                                                                                60 (28.85%)                                    63 (30.29%)                                              
Betel-nut chewing, n (%)                                                                                                                                                                                  0.019
Never                                                                                           76 (36.54%)                                    50 (24.04%)                                              
Current chewer                                                                            48 (23.08%)                                    62 (29.81%)                                              
Ex-chewer                                                                                   84 (40.38%)                                    96 (46.15%)                                              
Family history of cancer, n (%)                                                                                                                                                                        0.817
   No                                                                                           160 (76.92%)                                  158 (75.96%)                                              
   Yes                                                                                            48 (23.08%)                                    50 (24.04%)                                              
Median 8-OHdG (range), ng/mg                                                51.59 (228)                                      43.33 (209)                                          0.053
Median 8-ISO (range), pg/ml                                                    666.21 (3565)                                  790.26 (2242)                                        0.009

SD, Standard deviation; BMI, body-mass index; 8-OHdG, 8-hydroxy-2’-deoxyguanosine; 8-ISO, 8-isoprostane. aNumbers may not equal the total
number because of missing data. bDivided according to median cigarette pack-years among control patients. cStudent’s t-test, Pearson’s Chi-squared
test, or Kruskal–Wallis test. 



Measurements of plasma 8-OHdG and 8-ISO. Measurements of 8-
OHdG and 8-ISO in plasma samples were carried out using
enzyme-linked immunosorbent assay kits (Cayman Chemical
Company, Ann Arbor, MI, USA) by following the kit protocol. The
intra- and inter-assay variability coefficients were 4.7%-11.6% and
4.5%-10.7%, respectively, for 8-OHdG, and 6.4%-12.6% and
10.5%-24.3%, respectively, for 8-ISO.

Statistical analysis. Data analysis was performed using the SAS
Statistical Package (Vers. 9.4 for Windows; SAS Institute, Cary, NC,
USA). Statistical differences between cases and controls were assessed
using the Student’s t-test, Pearson’s chi-squared test, or the Kruskal–
Wallis test, where appropriate. Logistic regression models were used
to calculate odds ratios (ORs) and 95% confidence intervals (CIs) to
assess the association between oxidative stress biomarkers and risk of
PMODs. Adjusted ORs were calculated using multivariate logistic
regression models with adjustments for education, BMI, cigarette
smoking (PY), alcohol consumption, and betel-nut chewing. Further
analysis was conducted to examine the effects of lifestyle factor–
biomarker and gene–biomarker interactions on the risk of PMODs.
The levels of 8-OHdG and 8-ISO were dichotomized into binary
variables according to median values for the controls. The joint effects
of lifestyle factors (cigarette smoking, alcohol consumption, and betel-
nut chewing), and genetic polymorphisms (GSTM1, GSTT1, GSTP1,
and CYP1A1*2C) with biomarkers were also estimated using
multivariate regression models with adjustments for covariates. Due
to the high proportion of smokers in our sample, the median smoking
time among controls (13 PY) was used to examine the interaction
between biomarkers and smoking habit. Statistical significance was
two-sided and set at p<0.05.

Results

Table I compares characteristics between cases and controls.
The case group had higher mean BMI (p=0.038), a higher
proportion of overweight subjects (p=0.019), a higher
proportion of current and former betel-nut chewers (p=0.019),
a lower median 8-OHdG level (p=0.053), and a higher median
8-ISO level (p=0.009) than did the control group. 

No significant association was observed between 8-OHdG
and overall risk of PMODs or leukoplakia in the multivariate

logistic regression models. However, high levels of 8-OHdG
were marginally significantly associated with lower risk of
submucous fibrosis (p=0.063). Additionally, 8-ISO was
significantly associated with an increased risk of PMODs
(p=0.013) and leukoplakia (p=0.004) but not with an
increased risk of submucous fibrosis (p=0.587) (Table II).
Therefore, we further examined the joint effects of 8-ISO
and lifestyle or genetic factors on the risk of PMODs.

Table III lists the effects of 8-ISO on the risk of PMODs
and leukoplakia, as stratified according to lifestyle factors. No
statistically significant interaction between 8-ISO and lifestyle
factors was observed; however, 8-ISO elevation conferred an
approximately two-fold or more increased risk of PMODs and
leukoplakia in participants with ≤13 PY of smoking (p=0.018
and p=0.002, respectively) and in participants who ever
consumed alcohol (p=0.046 and p=0.014, respectively).
Moreover, 8-ISO elevation more than doubled the risk of
leukoplakia alone in participants who had never been betel-
nut chewers (p=0.027) and significantly increased risk in
those who had been betel-nut chewers (p=0.046).

No significant interaction was observed between genetic
polymorphisms and the oxidative stress biomarker on risks for
PMODs or leukoplakia. After stratifying according to genotype,
participants with GSTM1-null (p=0.038) or CYP1A1*2C AA
(p=0.034) genotypes and high 8-ISO level exhibited a
significantly increased risk of leukoplakia. Participants with
GSTT1-null (p=0.005 and p=0.002) or GSTP1 AA (p=0.027
and p=0.015) genotypes and high 8-ISO level exhibited
increased risk of both PMOD and leukoplakia (Table IV).

Discussion

PMODs carry a significant risk for malignant transformation
(14). Among them, OC is highly prevalent in Taiwan (15).
Evidence has linked oxidative DNA damage and lipid
peroxidation to such malignancies, including OC (7, 16, 17).
In this study, we demonstrated that a high 8-ISO level was
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Table II. Associations between biomarkers of oxidative stress and risk of potentially malignant oral disorders.

                                                                      All cases                                                Leukoplakia                                         Submucous fibrosis
                              Controls
Biomarkera             N=208     N=208       OR (95% CI)b       p-Value     N=168      OR (95% Cl)b         p-Value     N=40       OR (95% CI)b      p-Value

8-OHdG, ng/mg                                                                                                                                                                                                                
<51.59                     104         119                   1.00                                    87                  1.00                                       32                 1.00                     
≥51.59                     104           89         0.71 (0.47-1.09)       0.115          81        0.93 (0.59-1.45)         0.744             8        0.22 (0.31-1.03)       0.063

8-ISO, pg/ml                                                                                                                                                                                                                     
<666.21                   104           79                   1.00                                    59                  1.00                                       20                 1.00                     
≥666.21                   104         129         1.71 (1.12-2.63)       0.013        109        1.94 (1.24-3.06)         0.004           20        1.24 (0.58-2.67)       0.587

8-ISO, 8-Isoprostane; BMI, body-mass index; 8-OHdG, 8-hydroxy-2’-deoxyguanosine; OR, odds ratio; CI, confidence interval. aMedian values
based on controls. bAdjusted for education, BMI, cigarette smoking (pack-years), alcohol consumption, and betel-nut chewing. 



significantly associated with an increased risk of PMODs,
particularly leukoplakia. We also revealed that both genetics
and lifestyle factors may modify the effects of these
biomarkers on the risk of PMODs.

As a byproduct of oxidative DNA damage, 8-OHdG is
considered a reliable biomarker of oxidative damage (18).
Research evidence has established a correlation between 
8-OHdG level and PMODs and OC (8). Conversely, our
analysis revealed lower levels of 8-OHdG in patients with
PMODs than in controls, indicating that a high 8-OHdG
level conferred no risk of PMODs. In this study, we obtained
measurements of plasma 8-OHdG levels, that may reflect
both oxidative DNA damage and a deficient DNA-repair
system. A defect in the repair of 8-OHdG residue may
indicate that 8-OHdG levels are elevated in tissue and
peripheral leukocytes, but low in plasma (19). Thus, our
results may reflect a defective DNA-repair system in our
case patients because plasma 8-OHdG is derived from
residual repaired 8-OHdG in DNA. The 8-OHdG levels
measured in plasma were also lower in patients with colon
cancer than in control patients (20). Similarly, Rossner et al.
determined there was no association between plasma 8-
OHdG level and breast cancer (21). 

ROS-induced lipid peroxidation has been shown to be
mutagenic and may serve as a reliable biomarker of both
cellular damage and DNA adducts (8). Therefore, we also

assessed oxidative stress by examining plasma 8-ISO levels.
Our data revealed that patients with high 8-ISO levels had
increased susceptibility to PMODs and leukoplakia, which is
consistent with the findings of other studies on patients with
colon cancer, oesophageal cancer, and leukoplakia (17, 22,
23). The sensitivity of cell membranes to ROS induces lipid
peroxidation that can produce a variety of mutagenic carbonyl
products (24) and contribute to neoplastic transformation.

We further examined the combined effects of 8-ISO and
lifestyle factors on the risk of PMODs and leukoplakia. No
significant effects were observed, but individuals with a high
8-ISO level who fell in the category of either smokers of ≤13
PY or those who had ever consumed alcohol exhibited a
significantly increased risk of both PMODs and leukoplakia.
Alcohol consumption and smoking are established risk
factors for PMODs (12). Interestingly, only those with high
8-ISO levels who had smoked for relatively few PY (≤13)
exhibited an increased risk of PMODs and leukoplakia. This
may be because the majority of our participants (96%) were
cigarette smokers. When we stratified the results according
to smoking status (never-smoked and ever-smoked), the
results were significant for those who ever- smoked, but no
results were generated for participants who had never
smoked because of their small number. Since, we could not
elucidate the effects of 8-ISO on PMODs in nonsmokers,
further studies may be required. We observed that regardless
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Table III. Association between 8-isoprostane (8-ISO) level and the risk of potentially malignant oral disorders, stratified according to lifestyle
factors. 

                                                                                                                           All cases                                                           Leukoplakia
                                                                            Controls
Factor                                   8-ISO, pg/ml           N=208        N=208           OR (95% CI)           p-Value        N=168           OR (95% CI)        p-Value

Cigarette smoking 
(pack-years)                                                                                                                                                                                           
≤13                                           <666.21                   56                34                      1.00                                           21                       1.00                       
                                                 ≥666.21                   52                62            2.07 (1.13-3.79)a          0.018             53            2.83 (1.45-5.53)a        0.002
>13                                           <666.21                   48                45                      1.00                                           38                       1.00                       
                                                 ≥666.21                   52                67            1.47 (0.77-2.81)a          0.339             56            1.43 (0.74-2.78)a        0.288
                                          p for interaction                                                                                      0.408                                                                 0.099
Alcohol consumption                                                                                                                                                                            
Never                                        <666.21                   35                24                      1.00                                           21                       1.00                       
                                                 ≥666.21                   38                44            2.05 (0.89-4.70)b          0.091             37            1.90 (0.81-4.47)b        0.141
Ever                                          <666.21                   69                55                      1.00                                           38                       1.00                       
                                                 ≥666.21                   66                85            1.70 (1.01-2.87)b          0.046             72            2.03 (1.15-3.55)b        0.014
                                          p for interaction                                                                                      0.640                                                                 0.937
Betel-nut chewing                                                                                                                                                                                  
Never                                        <666.21                   38                20                      1.00                                           15                       1.00                       
                                                 ≥666.21                   38                30            2.12 (0.95-4.73)c          0.067             28            2.68 (1.12-6.43)c        0.027
Ever                                          <666.21                   66                59                      1.00                                           44                       1.00                       
                                                 ≥666.21                   66                99            1.60 (0.95-2.69)c          0.077             81            1.75 (1.01-3.04)c        0.046
                                          p for interaction                                                                                      0.983                                                                 0.721

OR, Odds ratio; CI, confidence interval. aAdjusted for education, BMI, alcohol consumption, and betel-nut chewing. bAdjusted for education, BMI,
cigarette smoking (pack-years), and betel-nut chewing. cAdjusted for education, BMI, alcohol consumption, and cigarette smoking (pack-years).



of betel-nut chewing habit, 8-ISO only increased the overall
risk of PMODs, which supports the conclusions of other
reports regarding the independent effects of both 8-ISO and
betel-nut chewing on leukoplakia (12, 17).

Our data also demonstrated that polymorphisms of drug-
metabolizing genes may modify the effects of 8-ISO on PMOD
risk. Participants with high 8-ISO levels and GSTT1-null or
GSTP1AA genotypes exhibited increased risk of both PMODs
and leukoplakia, whereas GSTM1-null and CYP1A1*2C AA
genotypes exhibited an increased susceptibility to leukoplakia.
These findings support those of other studies that both GST and
CYP independently affect the development of PMODs and
leukoplakia (25, 26). The adverse effects of ROS through lipid
peroxidation have previously been linked to OC and leukoplakia
development (17, 26). The development of PMODs involves
multiple processes, including molecular and cellular processes,
which lead to tumor formation. These processes are mediated
by ROS (27), which have been determined to initiate and
promote tumor formation (8). In the presence of low antioxidant
levels, ROS also attack the polyunsaturated fatty acids of fatty-
acid membranes, causing lipid peroxidation that eventually

results in changes to cell-membrane structure and functionality.
The polymorphisms of GSTM1, GSTT1, GSTP1, and
CYP1A1*2C have been discovered to affect OC and PMODs
(25). Various studies have also demonstrated the association of
both GSTM1-null and CYP1A1*2C AA genotypes with
increased risk of leukoplakia (11, 28).

Our study findings must be interpreted in light of several
limitations. Firstly, we measured plasma 8-OHdG, which may
reflect not only oxidative DNA stress but also DNA repair
efficiency. SecondIy, we did not include nutritional and
psychological factors, which may have some effects on oral
tumors. Thus, the exclusion of these confounding factors in
future studies may be required in order to determine the
effects of oxidative stress on PMODs. Finally, our participants
were males from a penitentiary and therefore might not be
representative of the general Taiwanese population.

Conclusion

Our findings revealed that an elevated level of plasma 8-ISO,
but not 8-OHdG in patients with PMOD compared to control
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Table IV. Association between 8-isoprostane (8-ISO) levels and risk of potentially malignant oral disorders, stratified according to genetic
polymorphism.

                                                                            Controls                        All cases (N=208)                                            Leukoplakia (N=168)
                                                                            (N=208)
Polymorphism                     8-ISO, pg/ml          Number      Number         OR (95% CI)a          p-Value       Number          OR (95% CI)a        p-Value

GSTM1                                                                                                                                                                                                                              
Present                                      <666.21                   51                32                      1.00                                           24                       1.00                       
                                                 ≥666.21                   51                57            1.72 (0.88-3.36)           0.115             47             1.92 (0.92-3.98)         0.081
Null                                          <666.21                   53                47                      1.00                                           35                       1.00                       
                                                 ≥666.21                   53                72             1.66 (0.9–2.96)           0.087             62             1.91 (1.04-3.51)         0.038
                                          p for interaction                                                                                      0.681                                                                 0.833
GSTT1                                                                                                                                                                                                                               
Present                                      <666.21                   45                36                      1.00                                           26                       1.00                       
                                                 ≥666.21                   44                42            0.96 (0.48-1.94)           0.918             34              1.18 (0.5-2.50)          0.663
Null                                          <666.21                   59                43                      1.00                                           33                       1.00                       
                                                 ≥666.21                   60                87            2.31 (1.29-4.13)           0.005             75             2.63 (1.42-4.87)         0.002
                                          p for interaction                                                                                      0.178                                                                 0.208
GSTP1                                                                                                                                                                                                                               
AA                                            <666.21                   71                52                      1.00                                           39                       1.00                       
                                                 ≥666.21                   67                88            1.82 (1.07-3.10)           0.027             72             2.02 (1.15-3.56)         0.015
AG/GG                                     <666.21                   33                27                      1.00                                           20                       1.00                       
                                                 ≥666.21                   37                41            1.53 (0.67-3.48)           0.310             37             1.61 (0.67-3.89)         0.290
                                          p for interaction                                                                                      0.315                                                                 0.394
CYP1A1*2C                                                                                                                                                                                                                      
AA                                            <666.21                   55                49                      1.00                                           39                       1.00                       
                                                 ≥666.21                   70                87            1.69 (0.97-2.93)           0.064             77             1.87 (1.05-3.34)         0.034
AG/GG                                     <666.21                   49                30                      1.00                                           20                       1.00                       
                                                 ≥666.21                   34                42            1.66 (0.81-3.39)           0.165             32             1.83 (0.84-3.99)         0.131
                                          p for interaction                                                                                      0.415                                                                 0.402

8-OHdG, 8-Hydroxy-2’-deoxyguanosine; OR, odds ratio; CI, confidence interval; GSTM1, glutathione S-transferase mu 1; GSTT1, glutathione S-
transferase theta 1; GSTP1, glutathione S-transferase pi 1; CYP1A1*2C, cytochrome P-450 1A1*2C. aAdjusted for education, BMI, alcohol
consumption, cigarette smoking (pack-years), and betel-nut chewing.



patients might indicate the prominence of lipid peroxidation in
the development of PMODs, particularly leukoplakia.
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