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Abstract: Background: Recently, methods of quantifying total oxidant status (TOS) and total antioxidant 
capacity (TAOC) were developed to investigate periodontitis. This study was performed to evaluate the salivary 
TOS and TAOC levels of patients with chronic periodontitis (CP) and investigating the association between 
periodontal clinical parameters and these oxidative stress biomarkers. Material and methods: 40 participants 
(23-65 years old) were classified into two groups of 20 each, namely the CP group (participants with CP) and 
the control group (periodontally healthy controls). Clinical periodontal parameters were monitored, and TOS 
and TAOC levels were measured using laboratory assays. Results: TOS level increased in the saliva of patients 
with CP and the salivary TAOC in patients with CP was significantly lower than that of the control group. The 
TOS had a positive moderate correlation with the plaque index and clinical attachment loss (r=0.32 and 0.37, 
respectively) while TAOC was negatively and moderately correlated with clinical attachment loss (r=-0.35). 
Conclusion: Salivary TOS and TAOC were distinguished in healthy and chronic PD patients. Further studies 
are required to comprehensively evaluate the potential role of these biomarkers in diagnosis and treatment 
evaluation of CP. 
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1. INTRODUCTION 

Chronic periodontitis (CP) is a destructive form of 
periodontal diseases (PD), and has been suggested to augment 
the risks of certain systemic diseases [1]. The common clinical 
indicators used in the diagnosis of PD are the periodontal 
pocket depth (PPD), the bleeding on probing index (BOP), the 

clinical attachment loss (AL) and analysis on X-ray film [2]. 
These factors are meant to indicate the severity of PD, while 
their role in predicting the PD is quite poor [3]. Therefore, the 
search for other indicators in support of diagnosis and 
prediction is ongoing.  
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Recently, reactive oxidant species (ROS) have been 
suggested to be associated with the development of 
periodontitis. ROS is a phrase used to depict a group of free 
oxygen radicals and chemical reactive molecules that are 
oxidizing agents and/or easily converted into radicals [4]. 
Oxidative stress (OS) occurs when the balance between free 
radicals and cellular antioxidants is impaired, resulting from 
the overproduction and/or mismanagement of ROS, loss of 
antioxidant defense, or both [5]. A previous study has shown 
that patients with periodontitis had an increase in lipid, protein 
and DNA oxidation products [6]. As an alternative to the 
quantification of oxidation products, a method of quantifying 
total oxidant status (TOS) was developed by Erel in 2005 [7]. 
Otherwise, oxidative factors that occur during inflammation 
are neutralized by various antioxidant systems. Therefore, the 
quantification of total antioxidant capacity (TAOC) could be 
considered as an important tool in the diagnosis of PD.  

In order to better understand the role of related biomarkers 
in the diagnosis of PD, we conducted this study in aiming at 
evaluating the TOS and TAOC levels in the saliva of patients 
with CP compared to that of the control group and 
investigating the possible relationship between periodontal 
clinical parameters and these OS biomarkers. 

2. MATERIALS AND METHOD  

2.1. Patients and study design 

40 participants (17 men and 23 women, aged from 23 to 
65 years old) were enrolled in this case-control study, from 
May 2018 to June 2019, at the Faculty of Odonto-
stomatology, University of Medicine and Pharmacy at Ho Chi 
Minh City. Among these, 20 patients had CP (the CP group), 
and 20 patients had periodontally healthy controls (the control 
group). The sample size was calculated based on the results of 
previous studies [8, 9]. Data about dental health behaviors, 
smoking habits, educational backgrounds, socioeconomic 
status and the presence of systemic diseases were collected 
with questionnaire (Supplementary Document S1). The 
eligibility criteria for participants were described in our 
previous studies [10, 11]. The inclusion criteria were as 
follows: 1/ no systemic disease; 2/ no periodontal treatment 
within six months from the enrollment date; 3/ no antibiotic, 
anti-inflammatory, or antioxidant medication within three 
months from the enrollment date; 4/ non-smokers; 5/ no 
diabetes or hypertension; 6/ no alcohol consumption; 7/ no 
menstruation, pregnancy, or lactation at the time of the study; 
8/ a body mass index (BMI) of less than 25; 9/ age from 21 
years old; 10/ more than 18 teeth present; 11/ less than 5 decay 
cavities, and 12/ no hypo- or hyper-salivation. 

The patients were clinically and radiographically 
evaluated for generalized CP according to the 1999 
International Workshop for a Classification of Periodontal 
Diseases criteria [12, 13]. The bone loss conditions were 
verified through a panoramic radiograph of each patient. 
Subjects were recruited to the CP group when satisfying the 
following criteria: PPD > 3 mm, positive BOP index, AL ≥ 2 
mm and >15% of sites with bone loss or presence of sites with 
bone loss ≥ 2 mm. The control group had clinically healthy 
gingiva with the scores of gingival indices (GI), PPD, and 
plaque index (PI) being less than 1 mm, 2 mm, and 1 mm, 
respectively. 

The Ethics Committee of the University of Medicine and 
Pharmacy at Ho Chi Minh City approved the study protocol 
(No.18327/DHYD-HD). All participants signed informed 
consent before enrollment. 

2.2. Periodontal clinical parameters 

PI, GI, BOP, PPD, and AL were used as the periodontal 
clinical parameters in the study. Six positions (mesio-buccal, 
buccal, disto-buccal, mesio-lingual, lingual, and disto-lingual) 
and full-mouth measurements were performed. The values of 
each parameter (PI, GI, PPD and AL) were calculated by 
dividing the total score to the number of positions. The final 
BOP index was presented by the percentage of sites where 
bleeding had been recorded. The same clinician carried out 
this process using a Williams periodontal probe (Hu-Friedy, 
Chicago, IL, USA). The inter-rater reliability assessment was 
conducted as follows: five participants had their periodontal 
parameters for five teeth measured by the rater on a 
continuous scale; then under the same condition, the 
measurement was repeated for the same participants an hour 
after the first test. Then, the Interclass Correlation Coefficient 
(ICC) was determined. The ICC showed values of 0.85, 0.79, 
0.80, 0.82, and 0.89 for PI, GI, BOP, PPD, and AL, 
respectively. 

2.3. Saliva collection 

The whole unstimulated saliva was collected using the 
standard technique described by Navazesh et al [14]. 5 mL of 
saliva was collected, and the time collecting the sample was 
recorded. The salivary flow rate (SFR) was determined by the 
volume of saliva collected in one minute. Samples were then 
centrifuged at 3,000 rpm for 10 minutes at 4 °C to remove 
debris and cells. The supernatant was divided into small 
aliquots and immediately stored at -80 °C until assays were 
performed. 

2.4. TOS and TAOC assays 

TAOC and TOS were quantified using TAOC (Total 
Antioxidant Capacity Assay Kit, Sigma Aldrich®, Missouri, 
USA) and TOS (Total Oxidant Status Assay Kit, Creative 
Diagnostics®, New York, USA) kits according to the 
manufacturer's instructions. 

2.5. Data analysis 

For statistical analysis, the difference between CP and 
control group was compared by Chi-square test and Wilcoxon 
ranksum tests with the level of significance being 0.05. The 
correlation between clinical and laboratory parameters was 
determined by Spearman correlation coefficients and its 
significance tests. Ordinary Least Squares regression (OLS) 
was used to assess the magnitude of association between 
clinical parameters and TOS, TAOC for each study group 
with adjustment for age and sex. 

3. RESULTS  

There were 40 patients recruited in the study, including 20 
in the CP group (mean age, 47,05  ±9,68 years; 11 men and 9 
women) and 20 in the control group (mean age, 23,6 ±1,14 
years; 6 men and 14 women) (Figure 1). There was no 
significant difference in sex distribution between the study 
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groups (p=0.110). However, significant differences in age and 
SFR were found between the study groups (p<0.001). 

Periodontal clinical parameters 

The periodontal parameters are presented in Table 1. The 
results showed that all the periodontal clinical parameters 
including PI, GI, BOP, PPD and AL were significantly higher 
in the CP group than control group (p<0.001).

Table 1: Periodontal parameters and saliva flow rate of the study groups. 

 Total CP group Control group pa 

PI  

Mean±SD 0.67±0.65 1.17±0.51 0.16±0.26 <0.001 

Median  

Interquartile range 

0.5  

(0 - 1.23) 

1.23  

(0.78 - 1.56) 

0  

(0 - 0.22) 

 

GI  

Mean±SD 0.72±0.69 1.3±0.43 0.14±0.3 <0.001 

Median  

Interquartile range 

0.59  

(0 - 1.33) 

1.33  

(1.03 - 1.55) 

0  

(0 - 0.15) 

 

BOP (%)  

Mean±SD 31.73±36.86 59.65±33.62 3.8±4.1 <0.001 

Median  

Interquartile range 

9.5  

(2.5 – 66) 

66  

(27 – 92) 

2.5  

(0 – 7) 

 

PPD (mm)  

Mean±SD 1.75±1.45 3.05±0.61 0.45±0.62 <0.001 

Median  

Interquartile range 

2.09  

(0.2 - 2.91) 

2.91  

(2.68 - 3.54) 

0.2  

(0 - 0.96) 

 

AL (mm)  

Mean±SD 2.23±1.82 3.76±1.02 0.7±0.88 <0.001 

Median  

Interquartile range 

2.55  

(0.33 - 3.46) 

3.46  

(2.85 - 4.54) 

0.35  

(0 - 1.48) 

 

aWilcoxon ranksum tests 

 

TOS and TAOC levels 

The results showed that the TOS level in the CP group was 
significantly higher than the control group (p=0.020). The 

TAOC level in the CP group was significantly lower than the 
control group (p<0.001). These results are presented in Table 2. 

The correlations between periodontal clinical parameters 
and OS biomarkers 

Figure 1: Gender, age and the saliva flow rate (SFR) of study groups. 

A. There was no significant difference in genders between chronic periodontitis (CP) and control group (Chi-square test). 
B Control group was younger than CP group significantly (Wilcoxon ranksum test). C. SFR in CP group was lower than 
in control significantly (Wilcoxon ranksum test). 
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The correlations among variables are shown in Table 3. 
There were significantly positive correlations between 
salivary TOS levels and PI (r = 0.32; p = 0.045) and CAL 
values (r = 0.35; p = 0.019) and significantly moderate 
negative correlation between salivary TAOC levels and AL 
values (r = -0.35; p = 0.028). Other correlations were not 
statistically significant (p > 0.05). 

Table 4 presents the association between clinical 
parameters and TOS, TAOC for each study group with 
adjustment for age and sex. The results showed that there were 
significant correlations between salivary TOS levels and PPD 
(p = 0.002) and AL values (p < 0.001). TAOC level was 
significantly correlated with PI (p = 0.014) and GI values (p = 
0.029).

Table 2: Total oxidant status (TOS) and total antioxidant capacity (TAOC) of the study groups. 

 Total CP group Control group pa 

TOS (µM H2O2/L)     

Mean±SD 3.85±3.59 5.10±4.15 2.60±2.47 0.020 

Median  

Interquartile range 

2.41 

(1.06 - 6.17) 

3.74  

(1.37- 9.67) 

1.96  

(0.73 - 3.6) 

 

Min-Max 0.14 - 12.31 0.14 - 12.3 0.39 - 9.08  

TAOC (mM)  

Mean±SD 1.51±0.75 1.21±0.64 1.81±0.74 <0.001 

Median  

Interquartile range 

1.4  

(0.9 - 2.04) 

0.92 

(0.77 -1.81) 

1.62 

(1.37 - 2.19) 

 

Min-Max 0.36 - 3.67 0.36 - 2.66 0.42 - 3.66  

a Wilcoxon ranksum test 

Table 3: Correlations between periodontal parameters and TOS, TAOC 

  PI GI BOP PPD AL SFR TOS 

GI R 

(p) 

0.96 

(<0.001) 
      

BOP (%) R 

(p) 

0.88 

(<0.001) 

0.89 

(<0.001) 
     

PPD (mm) R 

(p) 

0.90 

(<0.001) 

0.89 

(<0.001) 

0.86 

(<0.001) 
    

AL (mm) R 

(p) 

0.90 

(<0.001) 

0.88 

(<0.001) 

0.88 

(<0.001) 

0.98 

(<0.001) 
   

SFR 

(ml/p) 

R 

(p) 

0.37 

(0.018) 

0.43 

(0.005) 

0.29 

(0.069) 

0.25 

(0.114) 

0.27 

(0.096) 
  

TOS R 

(p) 

0.32 

(0.045) 
0.30 (0.61) 

0.31 

(0.059) 
0.34 (0.32) 

0.37 

(0.019) 

-0.11 

(0.496) 
 

TAOC R 

(p) 

-0.16 

(0.322) 

-0.21 

(0.184) 

-0.24 

(0.138) 

-0.31 

(0.052) 

-0.35 

(0.028) 

-0.27 

(0.087) 

0.38 

(0.815) 

Note: R = Spearman’s correlation coefficient, p = p value from significance test 

Table 4: Correlations between periodontal parameters and TOS, TAOC stratified by study groups with adjustment for 

age and sex 

 TOS  TAOC 

 Coef (95% CI) p  Coef (95% CI) p 

PI      

All 2.66 (0.34; 4.98) 0.026  0.50 (0.08; 0.93) 0.022 

CP 3.07 (-0.77; 6.91) 0.110  0.62 (0.14; 1.09) 0.014 

Control -2.04 (-7.38; 3.30) 0.430  0.35 (-0.88; 1.58) 0.555 

 

 

GI 

     

All 2.28 (-0.19; 4.75) 0.069  0.39 (-0.07; 0.85) 0.093 
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 TOS  TAOC 

 Coef (95% CI) p  Coef (95% CI) p 

CP 3.38 (-1.34; 8.10) 0.149  0.68 (0.08; 1.28) 0.029 

Control -1.78 (-6.19; 2.63) 0.405  0.28 (-0.74; 1.30) 0.570 

BOP (%)      

All 0.05 (0.01; 0.09) 0.013  0.01 (-0.01; 0.01) 0.194 

CP 0.05 (-0.01; 0.10) 0.111  0.01 (-0.01; 0.01) 0.322 

Control -0.13 (-0.46; 0.20) 0.408  0.02 (-0.06; 0.09) 0.625 

PPD (mm)      

All 1.98 (0.72; 3.23) 0.003  0.20 (-0.05; 0.46) 0.112 

CP 4.74 (2.03; 7.46) 0.002  0.17 (-0.33; 0.67) 0.481 

Control -0.42 (-2.71; 1.87) 0.703  0.05 (-0.47; 0.58) 0.833 

AL (mm)      

All 1.55 (0.65; 2.44) 0.001  0.12 (-0.06; 0.31) 0.188 

CP 3.00 (1.56; 4.45) <0.001  0.07 (-0.23; 0.36) 0.639 

Control -0.58 (-2.14; 0.97) 0.438  0.03 (-0.33; 0.39) 0.851 

SFR (ml/p)      

All 7.08 (-4.84; 18.99) 0.236  1.19 (-1.02; 3.40) 0.283 

CP 15.18 (-16.33; 46.70) 0.322  -0.18 (-4.68; 4.32) 0.933 

Control 7.59 (-3.20; 18.37) 0.155  1.79 (-0.66; 4.24) 0.142 

4. DISCUSSION 

In our study, the age of the two groups was different 
significantly; this observation could be explained by the 
characteristics of PD which is common in elderly population 
[15]. The difference in the age of the two groups in this study 
is also consistent with previous similar studies [16, 17].  

On the other hand, the mean SFR values in the control 
group were significantly higher than in the CP group. The 
average values in the two groups of this study were almost 
similar to those of Wei et al. [8]. However, this result was 
inconsistent with the previous study by Nguyen et al. [10, 11]. 
The inconsistency between studies could be explained by the 
fact that SFR is influenced by many factors such as 
individual’s characteristics and methods of determining SFR.  

The mean of TOS values in saliva of CP patients was 
almost two times higher than that of the control group. This 
result was similar to previous studies [8, 18] where increased 
TOS was observed in periodontitis. The increase of TOS level 
in saliva reflects the increase of ROS radicals in PD. A study 
using TOS as an indicator to track the effectiveness of non-
surgical periodontal treatment showed that TOS had a 
statistically significant reduction after good treatment of PD 
[8]. 

The salivary TAOC in patients with CP was significantly 
lower than that of the control group. The results of this study 
were similar to previous studies on TAOC in saliva of PD 
patients [19-21]. This can be explained by the fact that the 
immune system's inactivity against the periodontal pathogens 
leads to an increase in ROS products from neutrophilic 
granulocytes. To counteract the tissue destruction of ROS, a 
large amount of antioxidant components must be used to 
neutralize the ROS, which is probably the cause of the 
decrease in TAOC concentration in saliva in patients with PD. 

However, several studies revealed that TAOC increased or 
remained unchanged between PD group and control group 

[22, 23]. Differences in salivary TAOC levels in different 
studies can be explained by the diversity of TAOC 
measurement methods. In addition, TAOC is a complex 
variable since it is the synthesis of the antioxidant capacity of 
many different substances; so it will depend on the interaction 
and synergistic effects between these substances [24]. 

The TOS has a positive moderate correlation with the PI 
and AL (or PPD and AL after age and sex adjustment). This 
suggests that the TOS has the potential to replace clinical 
periodontal indicators in monitoring disease severity or 
assessing treatment effectiveness. In previous studies,[8, 18] 
TOS was strongly associated with clinical periodontal 
indicators. However, Zhang et al. concluded that TOS was not 
associated with any clinical periodontal index [21]. Further 
research on the use of TOS as a replacement for periodontal 
indices should be conducted with better control of interfering 
factors that may affect oxidative stress such as eating regimen 
and smoking status. TAOC is negatively and moderately 
correlated with AL (or PI and GI after age and sex 
adjustment). Further research is in need to confirm that TAOC 
is related to the severity of the disease.  

The limits of this current study were that data on systemic 
diseases were collected based on questionnaires and we did 
not investigate much on factors that may have effects on both 
PD and oxidative stress such as lifestyle or oral hygiene. 
Furthermore, small simple size, non-randomized study design 
and a lack of blinding of examiners may also be considered as 
major limits to interpret data to the full meanings. Otherwise, 
the difference in age between the two study groups could lead 
to bias in results; which should be corrected in further studies. 

Conclusion 

In this current study, we found that TOS level increased in 
the saliva of patients with CP and the salivary TAOC in 
patients with CP was significantly lower than that of the 
control group. The TOS has a positive moderate correlation 
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with the PI and AL while TAOC is negatively and moderately 
correlated with AL. Future studies are necessary to thoroughly 
evaluate the potential role of TOS and TAOC in diagnosis and 
treatment evaluation of PD. 
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