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Abstract: Diabetes and periodontitis are complex chronic diseases that are potentially interrelated,
as well as associated with oxidative stress. Thus, the aim of the present study was to evaluate the
influence of nonsurgical periodontal treatment on salivary 8-hydroxy-deoxyguanosine (8-OHdG)
levels and glycemic control in patients suffering from both diabetes mellitus type 2 (DM2) and
periodontitis. The study sample included 53 DM2 patients, while 31 systemically healthy patients
served as controls. Participants in both groups suffered from periodontitis of comparable severity.
Periodontal clinical parameters, namely plaque index (PI), gingival index (GI), papilla bleeding index
(PBI), probing pocket depth (PPD), and clinical attachment level (CAL) were recorded, along with
salivary 8-OHdG levels and glycated hemoglobin (HbA1c). Levels of 8-OHdG were analyzed by
ELISA. All aforementioned parameters were evaluated prior to commencing the study and at 90-day
follow-up upon nonsurgical periodontal therapy completion. At baseline, salivary levels of 8-OHdG
in DM2 patients were significantly higher (1.17 ng/mL) than those measured for the control group
(0.75 ng/mL) and showed significant positive correlation with GI and PPD (p < 0.05). Three months
after nonsurgical periodontal therapy, the salivary 8-OHdG levels were significantly reduced in DM2
patients (p < 0.05). Analysis results also revealed statistically significant changes in all measured
clinical parameters between baseline and three-month follow-up in both groups (p < 0.05). Upon
treatment completion, a decline in the HbAlc level was noted in DM group, but it did not reach
statistical significance (p > 0.05). It can be concluded that DM2 patients benefit from non-surgical
periodontal therapy, as indicated by a marked reduction in their salivary 8-OHdG level and a modest
improvement in glycemic control. Short-term clinical benefits noted in the DM group were similar to
those observed in the non-diabetic periodontal patients.

Keywords: diabetes mellitus; periodontal disease/therapy; 8-hydroxy-deoxyguanosine; dental
scaling; root planing

1. Introduction

The worldwide prevalence of diabetes mellitus (DM) is reaching epidemic proportions,
resulting in a greater number of individuals experiencing a wide range of comorbidities
that reduce the lifespan and placing a significant burden on the healthcare system [1]. It is
estimated that, by 2024, 783 million individuals will be affected by DM worldwide [2].

Presently, it is believed that many of the complications related to DM can be miti-
gated via better glycemic control. Poor metabolic control has been established as a factor
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contributing to the risk of chronic complications associated with diabetes. Conversely,
reduction in HbAlc was found to yield 20—40-fold reduction in the risk of DM-related
death, myocardial infarction, and microvascular complications [3].

Many DM patients suffer from periodontitis and some researchers posit presence of
an interacting, complex relationship between these conditions [4]. Available evidence also
indicates that DM patients suffering from periodontitis are less likely to establish good
glycemic control [5]. Thus, adequate periodontal disease management may be beneficial
for DM patients, alongside a healthy diet, exercise, and conventional treatment with
hypoglycemic agents and insulin [6].

DM patients that undergo nonsurgical periodontal therapy generally attain improved
periodontal status, while research findings regarding its effects on their glycemic status is
inconsistent [7-12]. A recent meta-analysis of published studies indicated that glycemic
control can be improved via periodontal therapy [13], while other authors cautioned that
available data are insufficient for drawing definitive conclusions [14].

Oxidative stress plays a major role in the pathogenesis of many systemic and oral
diseases. Prior research indicates that it may serve as a link between periodontal disease,
and systemic conditions such as diabetes mellitus [15]. Oxidative stress arises due to an
imbalance between the production of reactive oxygen species and the antioxidant defense,
leading to tissue damage. The generated reactive oxygen species, such as superoxide
anions, hydroxyl radicals, and peroxyl radicals, cause damage to many biological molecules
(including DNA, lipids, and proteins), whereby their prolonged existence in the body
promotes severe tissue damage and cell death [16].

The link between glycemic control in patients with DM2 and periodontal status
remains poorly understood [6]. Nonetheless, it is presently assumed that presence of
pathogenic bacteria in periodontal tissues triggers cytokine production, as well as the
release of acute phase proteins and reactive oxygen species (ROS) that impair insulin
sensitivity or action over time [6,17]. This view is supported by the findings reported by
Allen et al. [18], indicating that DM2 patients with periodontitis have augmented plasma
markers of oxidative stress and significantly lowered {3 cell function, as well as higher
HbA1lc and fasting glucose levels, compared to matched DM2 patients without periodonti-
tis. Thus, it is biologically plausible that periodontitis may exacerbate glycaemia in patients
with DM2 and that, by reducing circulating cytokine levels and oxidative stress, periodontal
treatment may assist in the attainment of more optimal glycemic control [18-22].

Considerable research has recently been carried out on 8-hydroxy-deoxyguanosine
(8-OHdQG), as its levels in blood and saliva can serve as biomarkers of oxidative DNA damage
caused by ROS, allowing the effectiveness of periodontal therapy to be assessed [19,23,24].
Findings yielded by these studies indicate that salivary 8-OHdG concentration is signif-
icantly higher in periodontitis patients than in periodontitis-free controls and that the
concentration of this marker tends to decrease following periodontal treatment [17,19,25].
However, limited information presently exists on the influence of oxidative stress arising
from periodontal lesions on the 8-OHdG concentration in DM2 patients [21,22]. Thus, the
goal of the present study was to assess the effects of nonsurgical periodontal therapy on
the level of salivary 8-OHdG and glycemic control in DM 2 patients with periodontitis.

2. Materials and Methods
2.1. Study Sample

The individuals that formed the DM group in our prospective experimental clinical
study were recruited from the cohort of 89 DM2 patients that presented to our clinic over a
6-month period. They were referred for periodontal examination by their endocrinologist
following a routine examination. Only patients aged 30-70 years that were diagnosed
with both DM2 (treated with oral antidiabetic agents) and periodontitis were eligible for
inclusion into the DM group.

DM2 patients were excluded from the study if they were taking insulin medication,
were regular smokers, were prescribed antibiotics in the three months preceding the study,
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underwent periodontal treatment within the preceding 6-month period, were pregnant, or
suffered from other systemic diseases that could have contributed to periodontitis. Thus,
the DM sample comprised of 60 DM2 patients with at least two sites at which clinical
attachment (CAL) and probing pocket depth (PPD) of >3 mm and >4 mm at different teeth
were identified, respectively, or PPD > 5 mm was noted at one site [26]. Consequently, as
diabetes treatment protocol was modified in four cases, and a further three patients failed
to attend the 3-month follow-up appointment, the final DM sample utilized in the analyses
consisted of 53 individuals (21 males and 32 females; mean age = 59.2 years).

For the control group, 34 individuals not diagnosed with DM but suffering from
periodontitis were recruited from the pool of patients referred to a periodontics specialist
by their dentist due to suffering from periodontitis (comparable in severity to the DM
group). However, 31 periodontitis patients remained at the end of the study (13 of whom
were male and 18 were female; mean age = 57.4 years), as two had to be excluded due
to antibiotic use and one failed to complete the study protocol. Prior to commencing
any treatment, the study protocol was approved by the local Ethics Committee, and fully
adhered to the Declaration of Helsinki. Moreover, all individuals recruited for the DM and
the control group gave written informed consent.

2.2. Periodontal Examination

Clinical examination involved measurement of plaque index (PI) [27], gingival index
(GI) [28], papilla bleeding index (PBI) [29], probing pocket depth (PPD), and clinical
attachment level (CAL). PPD and CAL were recorded at four sites (mid-buccal, mesio-
buccal, mid-lingual, and disto-lingual) per tooth for all teeth using a Michigan “O” probe
with William’s markings.

2.3. Laboratory Analysis

Oxidative DNA damage was assessed via 8-OHdG concentrations in saliva. For this
purpose, participants provided saliva samples in the morning between 9 and 12 a.m., prior
to undergoing clinical periodontal measurements [30]. Patients were instructed to abstain
from any food or drink (except water) during the 12 h preceding the visit. Unstimulated
salivary samples were collected by patients expectorating into disposable tubes and were
immediately centrifuged to remove cell debris (3000x g 10 min). The supernatants were
stored at —80 °C until required for analysis. The 8-OHdG level in the supernatant was
determined using a competitive ELISA kit (Cell Biolabs OxiSelect™, San Diego, CA,
USA) in line with the manufacturer’s instructions. Each 8-OHdG sample was assayed
in duplicate.

The glycated hemoglobin level served as the indicator of the long-term metabolic DM
control. Venous blood samples were taken in the morning, prior to periodontal examination.

2.4. Periodontal Therapy

In most cases, nonsurgical periodontal therapy involved two one-hour sessions during
which affected teeth were subjected to scaling and root planing (SRP) using an ultrasonic
device and Gracey curettes. All patients were also provided with guidelines for maintaining
oral hygiene at home and were treated by the same therapist who performed clinical
evaluations. All periodontal parameters, saliva, and blood samples were evaluated at
baseline and three months after the therapy completion.

2.5. Statistical Analysis

All study data was analyzed using the IBM SPSS Statistics 20 for Windows (SPSS,
Chicago, IL, USA) commercial software package. The results are presented in the form of
absolute (1) and descriptive statistics (mean + standard deviation). Before commencing the
study, the sample size was determined using the G*Power software 3.1.9.7 for Windows
with the power (1-f) of 0.8 and significance o = 0.05. For the comparison between the
experimental and the control group, these criteria indicated that 74 patients (47 + 27) were
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required, while 30 patients were needed for the pre-post treatment comparison. Due to
attrition and exclusion, 53 DM2 patients and 31 controls remained at the end of the study,
which meets the specified sample size criteria. The Shapiro-Wilk test was performed to
determine if data were normally distributed. The differences in the mean values of clinical,
metabolic, and oxidative stress parameters (Shapiro-Wilk p < 0.05) between groups at
baseline, as well as treatment success evaluation, were assessed using the Mann—-Whitney
test, and the Wilcoxon test was adopted for pre-post treatment comparison. Chi-squared
test was performed for gender, and differences in the means between the two groups at
baseline with respect to age (Shapiro Wilk p = 0.150) and number of teeth (Shapiro-Wilk
p = 0.139) were evaluated via student’s t-test. Spearman correlation was used to evaluate
the relationship between 8-OHdG values and clinical parameters (PI, GI, PBI, PPD, and
CAL) as well as HbAlc at baseline. Findings were deemed statistically significant at
p <0.05.

3. Results

Pertinent characteristics of the DM and the control group are reported in Table 1.

Table 1. Patient characteristics at baseline.

DM Group Control Group
(n=53) (n=31) P
Gender: Male/Female (1) 21/32 13/18 0.507
Age (years) (mean £ SD) 59.23 £ 691 57.42 £7.33 0.261
Number of teeth (mean + SD) 17.04 +4.81 20.32 £ 5.22 0.004 **
DM duration (years) (mean =+ SD) 7.74 + 5.68

DM = diabetes mellitus; DM group = DM2 patients; Control group = non-diabetic patients; # = number of patients;
SD = standard deviation; ** Statisticaly significant difference p < 0.01.

At baseline, relative to the control group, DM2 patients showed statistically signifi-
cantly higher PI (1.86), GI (1.65), and PBI (1.81) values (PI = 1.32; GI = 0.94, PBI = 1.45),
while no statistically significant differences in the PPD and CAL values were observed
between the two groups (Table 2).

Table 2. Comparison of periodontal parameters at baseline and at three months upon periodontal
therapy completion.

Group Baseline 11&3:)131-01\:[\/(311?121 (Bas(éllﬁltg—efMo) N bp r

P coml 134051 0s6t0s  osstos 000 gpge. 0308
G Comrol 0514072 0yiods  oiom 000 gggec 0081
PBL Cowrol  lasiom  Oeriods  ozsioss OO gggee 0788
PIDmm o osmios 205408  0ss0z 009 ggggee 0000
CALmM ool amiid  1esis  0mbos U1 gpgpes 010

Values are expressed as mean + SD; A—changes in values from baseline to the 3-month follow-up; PI = plaque
index; GI = gingival index; PBI = papilla bleeding index; PPD = probing pocket depth; CAL = clinical attachment
level; DM group = DM2 patients; Control group = non-diabetic patients; * Statisticaly significant difference
p < 0.05; *** Statisticaly significant difference p < 0.001. p value pertains to differences noted between the groups
at baseline (Mann-Whitney test); ®p value pertains to the longitudinal changes within each group (Wilcoxon test);
€p value relates to the comparison of changes in parameters between treatment groups (Mann-Whitney test).
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Three months after completing periodontal therapy, periodontal parameter values in
both examined groups declined relative to the baseline and all differences were statistically
significant. In terms of the treatment success, the differences between the DM2 patients and
the controls in terms of the reduction noted in most clinical parameters were not statistically
significant (API p = 0.308; AGI p = 0.081; APBI p = 0.788; ACAL p = 0.163). In the DM group,
PPD reduction was significantly less pronounced compared to that measured for the control
group, 0.12 mm vs. 0.34 (p = 0.000).

At baseline (Table 3), salivary levels of 8-OHdG in DM2 patients showed significant
positive correlation with GI and PPD and were significantly higher (1.17 ng/mL) than those
measured for the control group (0.75 ng/mL) (Table 4). Three months after the periodontal
treatment, the 8-OHdG levels were lower in both groups, but the reduction was statistically
significant in the DM group only (p = 0.042).

Table 3. Correlations between 8-OHAG and clinical parameters (PI, GI, PBI, PPD, and CAL) as well
as HbAlc at baseline.

PI GI PBI PPD CAL HbA1lc
8-OHdG (DM group) 0.087 0.004 ** 0.214 0.013 * 0.207 0.161
8-OHdG (Control group) 0.064 0.383 0.088 0.254 0.402 0.847

8-OHdG = 8-hydroxy-deoxyguanosine; PI = plaque index; GI = gingival index; PBI = papilla bleeding index;
PPD = probing pocket depth; CAL = clinical attachment level; HbAlc = glycated hemoglobin; DM group = DM2
patients; Control group = non-diabetic patients; * Correlation is significant at the 0.05 level (Spearman correlation).
** Correlation is significant at the 0.01 level (Spearman correlation).

Table 4. Comparison of 8-OHdG and HbAlc at baseline and at three months upon periodontal
therapy completion.

At 3-Month Change A a b c

Group Baseline Follow-Up (Baseline—3 Mo) P P P
8-OHdG DM 1.17 £ 0.86 0.95 £ 0.56 0.23 £0.56 0.036 * 0.042 * 0.393
(ng/mL) Control 0.75 £+ 0.54 0.64 £ 0.40 0.11 + 0.33 ’ 0.088 ’
o DM 7.36 + 1.58 724 +1.49 0.12 +1.31 o 0.255
HbAle (%) ontrol 551+032 546 +027 0.05 + 0.15 0.000 0.051 0.170

Values are expressed as mean £ SD; HbAlc = glycated hemoglobin, 8-OHdG = 8-hydroxy-deoxyguanosine;
A—changes in values from baseline to the 3-month follow-up; DM group = DM2 patients; Control group = non-
diabetic patients; * Statisticaly significant difference p < 0.05; *** Statisticaly significant difference p < 0.001.
ap value pertains to differences noted between the groups at baseline (Mann-Whitney test); °p value pertains to
the longitudinal changes within each group (Wilcoxon test); “p value relates to the comparison of changes in
parameters between treatment groups (Mann-Whitney test).

In DM group, the level of glycemic control did not change significantly during the
study (Table 4). Three months after treatment completion, the mean HbAlc decreased
by 0.12% in this group, compared to 0.05% recorded for control group. The percentage
reduction noted in the HbAlc level for the two groups was not statistically significant.

4. Discussion

Initially, significantly higher PI, GI, and PBI values were noted for DM2 patients
relative to the controls. These results are consistent with those reported by other authors
who noted a higher risk to periodontal disease in DM2 subjects compared with systemically
healthy individuals [31-33]. In extant research, it is also postulated that diabetes exacerbates
inflammatory host response [4]. However, no statistically significant differences were noted
between the DM and the control group with respect to CAL and PPD, which are recognized
as the main indicators of periodontal damage.

A significant improvement in periodontal status was noted in both DM and control
group by the end of the study. A comparison of periodontal healing revealed comparable
improvements in plaque and gingival indices, as well as in papilla bleeding index and clini-
cal attachment level. The only difference between the groups pertained to probing pocket
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depth, as a significantly lower PPD reduction (0.12 mm) was observed in the DM compared
to the control group (0.34 mm). This finding was expected, given that the DM group had low
PPD at baseline, and thus benefitted less from periodontal treatment [34]. These findings
are in line with previously published reports indicating that, in the short term, periodontal
treatment yields similar outcomes irrespective of patients’ diabetic status [34-36].

Oxidative stress plays a significant role in the pathogenesis of diabetes mellitus, and
the available evidence points to a correlation between the severity of diabetes (as indicated
by HbAlc levels in blood) and the degree of oxidative stress in serum and saliva [37,38].
Findings reported by several authors also indicate that periodontal disease increases oxida-
tive stress [17,19,39,40]. Specifically, Takane et al. [39] and Konopka et al. [40] respectively
measured significantly higher 8-OHdG levels in the saliva and blood of periodontal patients
compared to healthy subjects. Pertinent literature further indicates that increased levels of
oxidative stress markers in the blood of patients with periodontal disease can negatively
affect their systemic health [41]. In addition, results obtained in previous experimental
studies conducted on animals suggest that, by exacerbating circulating oxidative stress,
periodontitis induces oxidative damage in the liver and descending aorta [42—44]. For
example, Tomofuji et al. [42] reported oxidative DNA damage in the liver of rats with
lipopolysaccharide/protease-induced periodontitis, along with enhanced hydrogen perox-
ide serum levels. Periodontitis could have a similar effect in patients with diabetes, given
that hyperglycemia results in an increased production of free radicals along with a reduced
antioxidant protection capacity in the affected individuals [45].

In most extant clinical studies, however, the focus was solely on patients diagnosed
with periodontitis, with no underlying medical condition, such as diabetes. Their findings
indicate that salivary 8-OHdG levels are related to the degree of periodontal damage [39,46].
For example, Badea et al. [46] measured salivary 8-OHdG in the 5.25-7.50 ng/mL range
for participants with the CPITN score < 3, compared to 3.00-5.00 ng/mL for those with
scores < 2. Similarly, Takane and colleagues [39] measured statistically significantly higher
salivary 8-OHdG levels (4.78 ng/mL) in patients affected by periodontitis who had teeth
indicated for extraction compared to patients with no teeth in the terminal periodontitis
phase (2.35 ng/mL). These authors posited that 8-OHdG in saliva is primarily associated
with significant periodontal tissue damage. They further noted that nonsurgical peri-
odontal therapy can result in a statistically significant reduction in the 8-OHdG levels in
patients in whom teeth with poor prognosis are extracted. This is contrasted with the
results obtained in patients that had no teeth in the terminal periodontitis phase, in whom
8-OHdG reduction following periodontal treatment was not statistically significant. In
comparison to the findings reported in extant studies, our analyses revealed both lower
range (0.14-2.0 ng/mL) and mean 8-OHdG values (0.75 ng/mL) in the saliva of patients
in the control group, who while suffering from periodontitis did not have DM2. After
nonsurgical periodontal treatment salivary 8-OHdG levels declined from 0.75 ng/mL to
0.64 ng/mL in control group, but this difference wasn’t statistically significant. We posit
that these results are influenced by a lesser periodontal damage in our patients, due to
which very few individuals in control group had teeth in the terminal periodontitis phase.
The findings reported here are in line with those obtained by Dede et al. [24], who measured
0.61 ng/mL 8-OHdG concentration in saliva in systemically healthy patients with 2.12 mm
periodontal pocket depth. After receiving nonsurgical periodontal treatment, salivary
8-OHdG level declined to 0.53 ng/mL and this difference was not statistically significant.

Atbaseline, the DM group had significantly higher mean 8-OHdG in saliva (1.17 ng/mL)
relative to the controls (0.75 ng/mL), which was probably the result of greater periodontal
tissue inflammation in DM group at baseline, as we found a positive significant correlation
between 8-OHdG and GI, which is a widely adopted clinical tissue inflammation indica-
tor [47]. Further, salivary 8-OHdG values at baseline were not significantly correlated with
HbA1lc. Our findings are congruent with those obtained by Dede et al. [48], suggesting
that salivary 8-OHdG levels in obese patients are primarily governed by the extent of
periodontal inflammation. Su et al. [30] also reported significantly higher mean levels of
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8-OHdG in the saliva of DM patients relative to controls, although they neither declared
the degree of diabetes metabolic control nor analyzed periodontal status in their work,
even though both can affect the reported results. Higher values of 8-OHdG in our DM2
patients at baseline are probably the reason for the statistically significant reduction in
mean salivary 8-OHdG measured after nonsurgical therapy, in contrast to the patients of
the control group.

In DM patients, periodontal healing was associated with HbAlc reduction from 7.36%
to 7.24%, which was not statistically significant, in accordance with extant findings [10-12].
For example, Correa et al. [12] reported a non-significant reduction in HbAlc values
(from 9.1% to 8.7%) after periodontal therapy in DM2 patients. Conversely, other authors
indicated that periodontal infection management improves metabolic control [7-9,49,50].
However, in some of these studies, periodontal therapy was provided in addition to
antibiotic administration [7,49]. As the effects of scaling and root planing on HbAlc could
be masked by systemic antibiotic use, it potentially contributed to the observed reduction in
HbAlc levels [10]. Stewart and colleagues [50] noted a reduction in HbAlc levels from 9.5%
to 7.6% following periodontal therapy. However, they also reported that, during the study,
the oral anti-hyperglycemic medication dose was increased in nearly half of the sample,
which hinders objective assessment of the periodontal treatment effectiveness in improving
metabolic diabetes control. It is worth noting that a direct comparison of findings reported
by different authors is rarely possible due to the differences in study protocols, such as
variations in baseline HbAlc or periodontal disease severity, antibiotics use, the follow-up
period or sample size, and/or the control group characteristics [10].

As the present study aimed at assessing glycemic control following periodontal ther-
apy, only patients that had no modifications to their diabetic control regimen during the
three-month study period were assessed. However, when interpreting our findings, some
limitations should be considered. First, the periodontal disease in the patients included in
the study sample ranged from mild to severe. As more severe periodontal disease tends
to exert a greater influence on hyperglycemia, patients with lower degrees of periodontal
damage could not have achieved comparable improvements [51]. Second, as at baseline,
glycemic control was not compromised in nearly half of the DM sample, and the effects of
periodontal therapy on HbAlc levels was less pronounced [8,51]. A further study limita-
tion stems from the absence of an additional control group comprising of diabetic patients
who were not given any periodontal treatment, which could have allowed another level
of comparison.

5. Conclusions

Despite previously noted study limitations, the findings reported here suggest that
DM2 patients benefit from nonsurgical periodontal therapy, as indicated by a marked
reduction in their salivary 8-OHdG level and a modest improvement in glycemic control.
Future research is thus needed to identify the factors influencing the extent of HbAlc
reduction, such as periodontal disease severity and glycemic control at baseline, as well
as periodontal treatment and study protocols. Short-term clinical benefits of nonsurgical
periodontal therapy were similar in diabetic and non-diabetic periodontal patients.
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