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Abstract
Aim: Oxidative stress is involved in both Periodontal Disease (PD) and Diabetes Mellitus (DM). The present study aimed to evaluate the oxidative balance in diabetic 
patients diagnosed with PD before and after non-surgical periodontal treatment.

Materials and methods: Sixty patients were divided into three groups all receiving non-surgical periodontal treatment plus either chlorhexidine, 
ozone-therapy or antioxidant mouth-rinse. Probing depth (PPD), Percentage Plaque Index (%PI) and Percentage Bleeding on Probing (%BoP) were 
recorded. Free-radicals (dROMs), plasmatic antioxidants (PAT), salivary antioxidants (SAT) and glycated hemoglobin ( HbA1c) were measured. 
Results: Mean PPD at baseline was 3.14 mm. Mean PPD three months after was 2.05 mm. The overall %PI at baseline was 55% and %BOP 76%. Three months after 
treatment %PI was 34% and %BoP was 64%. The longitudinal analysis did not show differences between groups. Mean dROMs at baseline was 353 U. Carr (oxidative 
stress) and decreased after three months reaching 295 U. Carr (normal). SAT was 2083 U. Carr at baseline (inflammation) and decreased to 1337 U. Carr (ideal).  The 
longitudinal analysis did not show differences between groups. Mean HbA1c at baseline was 6.92% and decreased significantly to 6.63% three months after treatment.

Conclusion: Based on the results of the present study, oxidative stress should be further investigated as a potential modulator of the clinical course of both DM and PD.
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Introduction
Periodontal Disease is caused by a dysbiosis, an imbalance in 

the relative presence or influence of microbial species that take part 
of the oral microbiome [1,2]. The dysbiotic microbial community, 
if left untreated, might cause or, at least, exacerbate other systemic 
inflammatory disorders [3]. In the last decades, many researchers have 
focused on the association between periodontitis and various systemic 
inflammatory pathologies. An increasing number of studies have 
suggested that systemic inflammation might sometimes result from 
the entry of oral microbial agents and their virulence factors into the 
circulation [4]. 

Diabetes mellitus (DM) is increasingly common worldwide 
[5]. Diabetic subjects present an increased prevalence and severity 
of periodontitis [6,7].  The pathological microbial environment of 
periodontitis has been suggested as a metabolic influencer [8,9]. The 
nature of the relationship is still debated [10].  Several mechanisms 
have been proposed to explain it: increased oxidative stress, advanced 
glycation end-products, altered immune function, and changes in 
collagen. Nowadays, there is a broad consent about the fact that 
periodontal treatment might improve glycaemic control: a significant 
reduction of HbA1C, 3 months after periodontal treatment, has been 
demonstrated [11-13].  Since periodontitis is greatly untreated, 
what measures would improve its management in persons at risk 
for complications of diabetes? Many inflammatory chemokines and 
endotoxins (c-reactive protein, interleukin 6, tumour necrosis factor 
α) have been investigated as markers of systemic inflammation in 

diabetic patients [14].  Lately, a large amount of literature has been 
directed to the study of reactive oxygen species and their role in the 
pathophysiology of different systemic inflammatory disorders [15]. 
Oxidative stress is caused by an excessive release of free radicals or 
by a deficiency of anti-oxidant agents. A great amount of pro-oxidant 
agents is produced during inflammatory conditions, such as chronic 
periodontal disease [16]. The overexposure to free radicals may worsen 
systemic inflammatory conditions leading to tissue damage [17]. Saliva 
is rich in molecules, such as uric acid, vitamin C, reduced glutathione 
(GSH), oxidized glutathione (GSSG), lacto-ferrine, and many others 
[18]. Since those molecules work in concert renewing each other, 
total antioxidant capacity may be useful to assess individuals ‘defense 
capabilities. The aim of the present prospective clinical study was to 
investigate the putative correlation between   oxidative stress, clinical 
periodontal indexes and glycaemic status in diabetic patients. The 
null hypothesis was that non-surgical periodontal treatment does not 
induce any remarkable difference in terms of markers of oxidative 
stress and glycaemic status.
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-	 Control group: standard non-surgical periodontal treatment 
(ultrasonic debridement and manual scaling) plus a domiciliary 
prescription of a commercial chlorhexidine mouthwash for the 
following 7 days.

-	 Test group: standard non-surgical periodontal treatment 
(ultrasonic debridement and manual scaling) plus a domiciliary 
prescription of an anti-oxidant mouthwash for the following 7 days.

-	 Test group: standard non-surgical periodontal treatment 
(ultrasonic debridement and manual scaling) plus professional ozone 
administration and the domiciliary usage of an ozone delivery device 
(Aquolab s.r.l.+).

The ultrasonic device used was the Mectron Multipiezo (Mectron 
s.p.a.*). The ozone delivery device was a hydro-pulseur (Aquolab s.r.l) 
with a magnetic drive pump that produces a continuous release of 
ozonized-water. Professional usage was set at a higher range of ozone 
tension (12 V) with the smallest nozzle (0.6 mm). Domiciliary devices 
were calibrated and then handed to patients. Ozone tension was set at 
12 V and the nozzle of choice was the largest available. 

Motivation to proper oral hygiene had the duration of 30 to 60 
minutes per patient; the operator informed each patient about the 
correct maneuvers to perform at home in order to achieve the best 
results in terms of personal oral hygiene.

Laboratory analysis   

Clinical samples were collected early in the morning. Both 
saliva and blood samples were processed according to instructions 
furnished the company producing the collection kit and the dedicated 
spectrophotometer (H&D s.r.lç). 

The d-ROM (derived reactive oxygen molecules) test determines the 
concentration of hydro-peroxides in the blood. Its unit of measurement 
is the U. CARR (0.08 mg/dL of a solution of hydrogen peroxide). The 
PAT (plasmatic antioxidant test) determines  the concentration of 
the water-soluble antioxidants in the blood that are able to reduce ferric 
ions to ferrous ions. Its unit of measurement is the U. CARR as well. The 
SAT (salivary antioxidant test) evaluates the salivary total antioxidant 
capacity. Saliva was immediately analyzed since it degenerates fast 
altering the absorbance properties of the sample. 

Glycemic status and medical anamnesis 

At baseline, information regarding physical activity, diet, major 
complications of diabetes, body mass index and smoking habits were 
recorded. In cooperation with the Department of Diabetology, the 
level of glycated hemoglobin was assessed before treatment.  At three 
months, the new value/ post-treatment was registered. 

Statistical analysis 

Clinical and laboratory parameters were inserted into an Excel 
data-sheet. Outcome variables were defined as: mean probing depth 
(PPD), mean plaque index in percentage (PI%), mean bleeding on 
probing in percentage (BoP%), mean dROMs, mean PAT, mean 
SAT, mean HbA1c. Descriptive and statistical analyses of data were 
performed by usage of two statistical tool packages (Stata# and R 
Studio°). Normal distribution was tested with the Shapiro-Wilcoxon 
method. All measurements in the text and Tables are described as 
mean and standard deviations (m ± std). Intergroup and intragroup 
longitudinal analysis was performed using the Brunner and Langer 
model for non-parametric longitudinal designs [20]. The inter-group 
analysis (between subject) was based on the stratification for the group 

Materials and methods
Sixty patients were recruited for this prospective randomized 

clinical study. All of the patients were diagnosed with Diabetes Mellitus 
(DM) type 1 or 2 at the Diabetology Department of the University of 
Pisa. Detailed information of their current medications were collected 
as well as their glycemic control status.

Each patient had to sign an informed written consent and to answer 
a specific anamnestic questionnaire.

The study has been conducted in accordance with the Helsinky 
declaration of 2002.  

Selection criteria

Inclusion criteria for study participation were an age range of 18–
70 years and the diagnosis of both Diabetes Mellitus (type 1 and type 
2) and Periodontitis.

Exclusion criteria were

Pregnancy, conditions requiring antibiotic prophylaxis, psychiatric 
disorders, severe physical handicaps, carcinoma, immunosuppressive 
therapy, hospital in-patient, vitamins supplements or antibiotics taken 
within 3 months before the study or periodontal therapy received 
within 6 months.

Study design

The study design was a prospective clinical study. The cohort size 
was determined by power calculation analysis according to previous 
published literature. Recruitment began in September 2015, and the 
follow-up is still on-going. The last recall visit is due to be within 
12 months from baseline. All of the recruited patients underwent 
a periodontal examination (clinical assessment with a standard 
periodontal UCLA probe) and were eventually asked to participate in 
the experimental part of the study. Diagnosis of periodontal disease was 
assessed as the proximal attachment loss ≥3 mm in ≥ 2 non-adjacent, 
BOP on at least 25% of their total sites and documented radiographic 
bone loss [19]. 

At baseline (T0) patients were randomly allocated to one of the 
three groups of treatment, so that a professional hygiene session was 
performed and an adjunctive domiciliary therapy was prescribed. At 
the same time, clinical and laboratory parameters were collected. The 
follow-up schedule comprised two recall visits: one month (T1) and 
three months after periodontal treatment (T2). Each visit consisted in a 
full periodontal examination and in the collection of saliva and blood 
samples in order to evaluate specific markers.  

Periodontal assessment

One investigator performed full periodontal examinations. 
Periodontal probing depth (PPD) was measured using a UNC-PCP15 
(Hu Friedy) probe at six sites (mesio-buccal, mid-buccal, disto-buccal, 
mesio-lingual and disto-lingual) per tooth (third molars excluded). 
Mean values of PPD per patient were calculated. Marginal bleeding on 
probing (BoP) and plaque index (PI) were assessed dichotomously (“1” 
present, “0” absent) at six sites per tooth. For each patient BoP and PI 
were then expressed as a percentage (BoP%, PI%) of positive sites.

Periodontal treatment and motivation

Randomization was obtained by a virtually-generated list. Diabetic 
patients were then assigned to one of the three groups of treatments 
(twenty patients per group):
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of treatment (whole-plot factor). The intra-group analysis (within 
subjects) relied on the stratification for repeated measures on one sub-
plot factor: time.  The mixed method applied for longitudinal analysis 
consisted of Wald type statistic (WTS), ANOVA type statistic (ATS) 
and modified ANOVA-Type Statistic for the Whole-Plot Factors. The 
significance was set at 95% for all of the tests performed.

Results
A total of 75 Type 1 and 2 diabetes patients were screened; 11 

patients were excluded based on their medical history and 4 for personal 
reasons, leaving a total of 60 patients eligible for study participation. 
Table 1 reports the demographic characteristics of the initial cohort. 
The cohort presented 22 females and 38 males; mean age was 60.9 years 
old with Type-I patients, being significantly younger than type II. Mean 
body mass index was 27.8, being higher among type 2 Diabetes patients.  
Eleven patients were smokers. Twenty-two out of 60 patients suffered from 
DM type 1 and the left 38 patients were affected by DM type 2.  

Table 2 reports the periodontal findings for each group of treatment, 
for every moment of the follow-up. Mean probing depth (PPD) for the 
entire cohort at baseline was 3.14 mm. The overall mean plaque index 
at baseline was 55%. Bleeding on Probing (BOP) resulted positive in 
76% of sites. Three months after treatment, the global mean of PPD 
was 2.05 mm. The mean percentage plaque presence decreased to 34% 
of positive sites. Bleeding on Probing showed a positive percentage at 
3 months of 64% of sites analyzed. The oxidative balance descriptive 
statistics is reported in table 3. The mean amount of plasmatic free 
radicals (d-ROM) for the cohort at baseline was 353 U.Carr. which is 
higher than the mean values of the general population. Three months 
after periodontal non-surgical treatment the mean value recorded was 
295 U.Carr. which is considered to be in a normal range. The mean 
concentration of Plasmatic Antioxidant agents at baseline was 1838 
U.Carr. which is considered a deficiency status. Coming to the analysis 
of Total Antioxidant Capacity of Saliva at baseline the mean value was 
2083 U.Carr which is considered a high value denoting periodontal 
inflammation. Three months after treatment mean SAT for the entire 
cohort was 1337 U. Carr, a value that is considered ideal. 

The longitudinal intra- and inter-group analysis is reported in 
table 4. Time was set as a sub-plot factor (intragroup analysis or 
within subjects) and the group of treatment was fixed as a whole-plot 
factor. When time was the only factor considered in the analysis, each 
clinical outcome variable changed significantly three months after 
treatment (within subjects). Periodontal indices of inflammation 
(PPD, PI%, BoP%) decreased significantly denoting an improvement 
in periodontal health after non-surgical therapy. Anyway, none of the 
tests applied reached statistically significant p-values for the whole-plot 
factor (group of treatment) indicating that the null hypothesis of no 
treatment effect on periodontal status could not be rejected. Without 
reaching significance, Ozone group showed the best results in terms of 
periodontal inflammation reduction.

Three months after treatment, dROMs and SAT changed 
significantly (p value < 0.05) as reported in table 4. PAT remained 
unaltered in a range of deficiency. The oxidative balance of the 
entire cohort improved significantly three months after non-surgical 
periodontal treatment. Anyway, none of the tests applied reached 
statistically significant p-values for the whole-plot factor (group of 
treatment) indicating that the null hypothesis of no-treatment-effect 
on the oxidative balance could not be rejected. Ozone group showed 
the best results in terms of oxidative stress reduction. The laboratory 
analysis performed at the Department of Diabetology of the University 
of Pisa showed a mean value of HbA1C of 6.92% for the entire cohort 
at baseline. Three months after treatment, the mean value of HbA1c 
was 6.63%. The reduction was statistically significant (p-value<0.05) 
three months after periodontal treatment (Table 4). Anyway, it was 
not possible to demonstrate a treatment effect in reducing glycated 
hemoglobin neither a different outcome between type I and type II 
diabetic patients.

Discussion
The present study was a randomized clinical investigation and 

it was based on emerging data that relate oxidative stress to both 
Diabetes and Periodontal disease [21].  The results of the present study 

Variable Mean ± SD
Number of patients 60
Number of DM-1 22
Number of DM-2 38
Number of males 38

Number of smokers 11
Age 60.9 ± 2.71

Body mass index 27.8 ± 0.90

Table 1. Demographic characteristics.

Variable Time point Overall Treatment Group
Clhorhexidine Ozone Antioxidant

Mean ± SD Mean ± SD Mean ± SD Mean ± SD
PPD

Baseline 3.14 ± 0.26 3.43 ± 0.39 3.06 ± 0.33 3.35 ± 0.27
1 month 2.11 ± 0.11 2.23 ± 0.24 2.60 ± 0.22 2.17 ± 0.29
3 months 2.05 ± 0.22 2.25 ± 0.49 1.96 ± 0.16 2.26 ± 0.33

%PI
Baseline 0.55 ± 0.07 0.53 ± 0.14 0.51 ± 0.12 0.65 ± 0.16
1 month 0.15 ± 0.04 0.13 ± 0.09 0.17 ± 0.08 0.15 ± 0.05
3 months 0.34 ± 0.07 0.45 ± 0.12 0.30 ± 0.12 0.25 ± 0.12

%BoP
Baseline 0.76 ± 0.10 0.71 ± 0.18 0.66 ± 0.16 1.00 ± 0.00
1 month 0.41 ± 0.12 0.28 ± 0.18 0.55 ± 0.17 0.40 ± 0.24
3 months 0.64 ± 0.11 0.85 ± 0.14 0.77 ± 0.22 0.60 ± 0.24

Table 2. Mean (±standard deviation) PPD, %PI, % BoP outcome measures at baseline, one 
month and three months.

Variable Time point Overall Treatment Group
Clhorhexidine Ozone Antioxidant

Mean ± SD Mean ± SD Mean ± SD Mean ± SD
dROMs

Baseline 353 ± 20.3 396 ± 37.4 339 ± 31.3 310 ± 22.4
1 month 332 ± 17.0 372 ± 33.7 309 ± 23.1 312 ± 23.8
3 months 295 ± 11.8 263 ± 14.1 324 ± 14.9 285 ± 33.9

PAT
Baseline 1838 ± 173 2113 ± 389 1547 ± 217 2009 ± 144
1 month 1670 ± 143 1607 ± 275 1864 ± 197 1344 ± 300
3 months 1502 ± 152 1039 ± 185 2058 ± 89.6 1060 ± 377

SAT
Baseline 2083 ± 360 1757 ± 241 2347 ± 636 2059 ± 1174
1 month 1071 ± 215 1673 ± 497 827 ± 696 569 ± 179
3 months 1337 ± 170 1078 ± 179 1325 ± 278 1819 ± 477

HbA1c
Baseline 6.92 ± 0.22 6.63 ± 0.27 7.27 ± 0.32 7.10 ± 1.10
3 months 6.63 ± 0.16 6.41 ± 0.25 6.68 ± 0.06 6.80 ± 0.80

Table 3. Mean (±standard deviation) dROMs, PAT, SAT, HbA1c outcome measures at 
baseline, one month and three months.
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agreed with the current literature about the capability of non-surgical 
periodontal treatment to reduce systemic inflammation [22]. It has 
been demonstrated that chronic inflammation following periodontal 
infection may enhance the release of inflammation mediators and free 
radicals, thus threatening the natural history of diabetes [23]. In gingival 
tissues of subjects with diabetes who also have periodontitis, the presence 
of AGEs (advanced glycation end-products) and accompanying 
markers for increased oxidant stress have been demonstrated [24]. 
The present cohort of patients was characterized by its fair glycaemic 
control (mean value at baseline of 6.92%) due to the fact that all the 
patients joined a strict regimen within the unit of Diabetology of the 
University of Pisa. The mean probing depth at baseline was 3.14 mm 
and the mean bleeding on probing was 76%. The mean plaque index 
was 1.94. These values pictured a mild-to-moderate periodontitis at 
baseline for the entire cohort. The descriptive statistics for the mean 
initial oxidative balance showed a tendency towards pathological 
ranges. The mean count of plasmatic free radicals (d-ROM) was 353 
U.Carr., a value that denoted a moderate level of oxidative stress. At the 
same time, the plasmatic antioxidant status (PAT) showed a deficiency 
if compared to the general population. The amount of plasmatic 
reactive oxygen species (dROMs) showed a significant reduction three 
months after periodontal treatment in each of the three groups of 
treatment. The intergroup analysis did not highlight any remarkable 
differences in terms of dROMs reduction between the three treatment 
modalities. PAT values remained in a deficiency status at a three-month 
evaluation. The mean total salivary antioxidant capacity of the present 
cohort at baseline was 2083 U.Carr which resulted higher than normal 
range thus denoting a potential state of inflammation in diabetic 
patients affected by moderate periodontitis. The over-production of 
free radicals caused by periodontal inflammation is in fact supposed to 
cause an up-regulation of the anti-oxidant defence [25,26].  The results 
of the present study agree with literature relating high levels of salivary 
antioxidants (SAT) to a possible periodontal inflammatory condition. 
In response to oxidative stress, antioxidant enzymes appeared up-
regulated in inflamed periodontal tissues [27,28]. The longitudinal 
analysis of this trial showed a normalization of SAT values three months 
after non-surgical periodontal treatment. This inversion of tendency 
was coherent to the reduction of mean PPD, PI% and BOP% of the 
cohort during the follow-up. Since recently it has been hypothesized 
that oral dysbiosis might contribute to diabetes genesis among healthy 
individual [29], it would be crucial to explore new ways to monitor the 
oral microbiome behavior. The present clinical investigation has linked 
diabetes condition cross-sectionally to oxidative stress both systemic 
(plasmatic count) and local (salivary count). Periodontal treatment 
brought to periodontal indices normalization and to a reduction in 
terms of oxidative stress. Periodontal indexes showed a better outcome 
1 month after treatment if compared to the three-month evaluation. 
This result highlighted how it is difficult to maintain an ideal balance 
within few months in problematic patients. In our opinion, it would be 
crucial to tailor the timing of hygiene recalls to each patient considering 

one’s specific “periodontal deadline”. Coming to glycaemic control, 
the mean reduction of glycated haemoglobin was 0.56. It is a key 
point to note that baseline values of HbA1c among this cohort were 
already almost acceptable for a group of diabetic patients. Therefore, 
a small reduction of HbA1c over three months, should not be ignored 
even if occurring within non-alarming values.  At least, it would be 
worthwhile to investigate the same phenomenon over a larger sample 
including uncontrolled diabetic patients. The mean reduction of 
HbA1c was more evident among the ozone test group thus reinforcing 
the role of this particular type of adjunctive periodontal therapy in 
diabetic patients. The present study was designed as a pilot research 
in the field of perio-medicine. Given its limitations in terms of the 
number of patients and heterogeneity of the sample, it was impossible 
to establish any linear relationship between the variables of interest. 
The results obtained suggested the possibility to identify new markers 
describing the risk profile of diabetic patients to develop inflammatory-
based-complications, periodontitis being included. Oxidative stress is 
an active factor both in the etiology and in the course of diabetes and 
periodontal disease. To monitor the oxidative balance of a complicated 
patient could mean preventing future major complications. It will be 
interesting in the future to further investigate the role of ozone therapy 
in the management of periodontal disease in diabetic patients. 
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