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Abstract: Background/Objectives: Periodontitis is an inflammatory disease induced by
bacteria in dental plaque that can activate the host’s immune-inflammatory response and
invade the bloodstream. We hypothesized that a higher periodontal inflamed surface
area (PISA) is associated with higher levels of inflammatory biomarkers, lower levels
of antioxidants, and mitochondrial DNA copy number (mtDNAcn). Methods: Using
periodontal parameters, we calculated the PISA score, measured the levels of inflammatory
biomarkers and antioxidants in the serum, and took buccal swabs for mtDNA and nuclear
DNA (nDNA) extraction. Results: Higher PISA was associated with higher CRP levels,
higher leukocyte, neutrophil, and erythrocyte counts, and lower magnesium-to-calcium
ratio, but not with mtDNAcn. A higher number of deep pockets was associated with higher
leukocytes and neutrophil counts and higher uric acid levels. Conclusions: The PISA score
might be an appropriate parameter to assess the inflammatory burden of periodontitis, but
not to assess mitochondrial dysfunction after mtDNA isolation from buccal swabs.

Keywords: PISA; mitochondrial DNA copy number; mtDNA buccal swab; oxidative
biomarkers

1. Introduction

Periodontitis is a chronic, multifactorial inflammatory disease associated with dysbi-
otic plaque biofilms [1] as the primary risk factor for periodontitis, but the host inflamma-
tory immune response plays an equally important role in the development and progression
of the disease. The persistent inflammation of periodontal tissues leads to clinical attach-
ment loss (CAL), alveolar bone loss, and periodontal pocket formation associated with
bleeding on probing (BOP) because of ulcerated pocket epithelium [2], which becomes
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permeable to bacteria and their products. The size of this area, referred to as the periodon-
tal inflamed surface area (PISA), can be estimated by calculating the probing depths and
BOP [3,4]. After invading the periodontal tissues, bacteria and their products can enter
the systemic circulation [5], activating the host’s inflammatory and immune response and,
thus, affecting the patient’s health [1].

The impact of periodontitis on systemic health can be assessed by biomarkers such
as C-reactive protein, leukocyte counts, especially neutrophils, red blood cell count,
haemoglobin, and various cytokines levels measured in the peripheral blood. White
blood cell counts, especially neutrophils [6-8] and C-reactive protein (CRP), are elevated in
periodontitis [6,9-12], but the relationship between periodontitis and red blood cell count
is inconsistent [13-15]. Furthermore, studies show that higher Mg/Ca levels are associated
with a lower risk of periodontitis [16,17], while periodontitis is closely associated with
oxidative stress, which plays an important role in the development and progression of the
disease. Oxidative stress refers to an imbalance between the production of reactive oxygen
species (ROS) and the body’s antioxidant defence mechanisms [18]. Antioxidants are im-
portant to prevent tissue damage caused by an overproduction of ROS [19]. One of the most
important antioxidants is uric acid. The increase of uric acid levels is related to the severity
of periodontitis, suggesting that uric acid is not only an antioxidant, but also proinflam-
matory [20]. It is also possible that elevated serum uric acid levels have a protective effect
against periodontitis [21]. The other important antioxidant is coenzyme Q10 [22], as its
deficiency has been observed in the gingival tissue of periodontal patients [23], and the use
of CoQ10 as an adjuvant to non-surgical therapy showed a positive clinical impact [24-26].

Mitochondrial DNA copy number (mtDNAcn) has been shown to reflect the ratio
between mitochondrial and nuclear DNA copy number [27], and oxidative stress is known
to affect this number, which can serve as a biomarker of mitochondrial health. Decreased
mtDNAcn may indicate mitochondrial stress or damage, as commonly seen in inflamma-
tory diseases such as periodontitis [28]. MtDNA is more susceptible to oxidative damage
than nuclear DNA (nDNA) [29-31]. The number of mitochondria in a cell varies depending
on the type of tissue, which is due to the different energy requirements of each tissue.
Therefore, the mtDNA /nDNA ratio can be used as an estimate of the variability in the
number of cells and their mitochondrial content between samples. Since each cell contains
a single nucleus, but multiple mitochondria, the ratio normalizes the mtDNAcn to the
number of cells present [32,33]. This is particularly important when analysing samples
with different cell compositions, such as buccal swabs containing a mixture of epithelial
cells and leukocytes [34]. Many studies show that changes in mtDNAcn are associated with
systemic diseases such as diabetes, cardiovascular diseases, various types of cancer, cogni-
tive impairment, and neurodegenerative diseases [30,35-40]. In patients with periodontitis,
the expected ratio of mtDNA to nDNA may vary due to mitochondrial dysfunction and
abnormalities associated with the disease [28]. At different stages of periodontitis, the
expected ratio of mtDNA to nDNA may vary due to disease progression and associated
mitochondrial dysfunction [41].

Previous studies have already demonstrated a bidirectional relationship between
periodontal parameters and several of the above-mentioned systemic parameters re-
lated to inflammatory responses (e.g., CRP), oxidative stress (e.g., coenzyme Q10),
metabolic parameters (e.g., HbAlc), and mitochondrial dysfunction (e.g., changes in
mtDNAcn) [13,17,28,42,43]. To determine mitochondrial dysfunction in the context of
other systemic diseases or conditions, the buccal swab has mainly been used and proven to
be a suitable method due to its simplicity and non-invasiveness [44,45]. To our knowledge,
the swab has not yet been used for the extraction of mtDNA in the context of periodontitis.
Our aim was to test whether a buccal swab could serve as an effective source of mtDNA
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and nDNA, and to determine the relationship between the number of mtDNAcn from
the buccal swab and the PISA score or number of deep pockets. We hypothesised that
mtDNAcn is associated with a higher PISA score, higher levels of inflammatory biomarkers,
and lower levels of antioxidants, indicating mitochondrial damage, higher inflammatory
burden, and higher oxidative stress in patients with periodontitis. For these reasons, we
exclusively collected epithelial cells with a buccal swab at or near the site of inflammation,
rather than peripheral blood mononuclear cells, to isolate mtDNA and nDNA.

2. Materials and Methods
2.1. Study Population

The study was conducted on patients referred for periodontal treatment at the Munici-
pal Health Centre in Maribor, Slovenia. A health questionnaire and an interview with the
patients were used to collect general and socioeconomic data, medical history, information
on medication, antibiotic treatment, and smoking. Pregnant and breastfeeding mothers,
patients with systemic diseases that affect the inflammatory and immune response of the
body, such as cancer and autoimmune diseases, patients taking medications that affect
the gums (e.g., calcium channel blockers or antiepileptic drugs), patients who had taken
antibiotics or anti-inflammatory drugs in the last six months, smokers, and anyone who
had previously been treated for periodontitis were excluded from our study. Before in-
clusion in the study, each patient underwent a clinical examination. Patients with fewer
than 20 teeth were excluded from our study. Oral hygiene was assessed by measuring the
plaque index, inflammation by BOP, and periodontal tissue involvement by measuring
pocket probing depth (PPD), gingival recession (REC), and clinical attachment loss (CAL)
at six sites around the tooth on all teeth. All clinical parameters were measured with a
Williams periodontal probe (Carl Martin). The PISA score was calculated from PPD, REC,
and BOP, as suggested by Nesse at al. (2008) [4]. Clinical measurements were performed
by an experienced periodontist (MKR). In the conducted study, intra-examiner calibration
was performed on a sample of 10 patients with at least 20 teeth focusing on PPD mea-
surement. The results demonstrated a high level of consistency, with a match rate of 93%
for measurements within 1 mm or less. The clinical examination was supplemented by
X-ray diagnostics. The study was approved by the National Medical Ethics Committee
of the Republic of Slovenia (No-0120-602/2019/3 [6.2.2020]). The purpose of the study
was explained to the patients who met the inclusion criteria, and they signed an informed
consent form to participate in the study.

2.2. Blood Sample, Buccal Swab Collection, and DNA Extraction

A buccal swab was taken from the volunteers who agreed to participate in the study.
The Isohelix Buccal-Prep Plus DNA Isolation Kit (Cell Projects Ltd., Kent, England, UK)
was used to isolate the mtDNA and nDNA from the buccal swab. From the samples, the
ratio between mitochondrial encoded MT-ND1 gene (mtDNA) and HBB gene encoded by
nuclear DNA (nDNA) was determined by qPCR using the QuantStudio 12K Flex Real-Time
PCR System, Applied Biosystems (Thermo Fisher Scientific, Waltham, MA, USA) according
to the protocol of Shin et al. (2017) [46], and number of copies (mtDNAcn) was calculated
according to the protocol of Quiros et al. (2018) [34]. Circulating cell-free DNA (ccfDNA)
was extracted from 1 mL blood plasma using QIAamp ccfDNA /RNA Kit (Qiagen, Hilden,
Germany). The plasma levels of mtDNA (ccf mtDNA) were assessed based on the MT-ND1
plasma levels, which were determined by absolute quantification using qPCR to assess
copy number of mitochondrial gene MT-ND1 from blood plasma (ccf mtDNAcn).

All described measures were performed at the Centre for Human Molecular Genetics
and Pharmacogenomics (CHMGEF) at the Faculty of Medicine in Maribor, Slovenia. The
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subjects were referred to the laboratory of the Municipal Health Centre in Maribor for
blood sampling, where the blood parameters were measured.

2.3. Statistical Analyses

We first compared the periodontal parameters of subjects whose values for the sys-
temic parameters were within the physiological reference range with those who were above
or below the reference values. In the second step, we compared the values of the systemic
parameters of subjects with a high periodontal inflammatory burden (higher PISA value)
with those with low values. Given the above-mentioned correlation between systemic and
periodontal parameters and mitochondrial metabolism, in the final step, we attempted to es-
tablish a relationship between periodontal parameters, systemic inflammatory parameters,
and mtDNAcn from buccal swabs.

The mtDNAcn was determined as the primary outcome. Due to the lack of previous
data and the exploratory nature of the study, a detailed calculation of the exact number
of patients to meet the statistical power of 0.8 was not possible. However, based on the
data obtained, the number of patients meeting this requirement was calculated post hoc
(see Results).

Categorical variables were described with frequencies and percentages, normally
distributed continuous variables with means and standard deviations, and non-normally
distributed variables with medians and interquartile ranges (IQR). The correlation between
the PISA score and the continuous variables was examined using the Spearman correlation
coefficient. The difference in the PISA score between two groups according to the reference
values of the laboratory parameters was tested using the Mann—-Whitney U test. Based on
the PISA scores, the patients were divided into two groups—the bottom three quarters and
the top quarter of patients. The association between the PISA groups and the laboratory
and other parameters was examined by univariate logistic regression where possible, and
by likelihood ratio or Mann-Whitney U test in other cases, as appropriate. Patients were
also divided into two groups according to the presence of deep pockets. Patients without
deep pockets (PPD > 5 mm) served as controls. The association between demographic,
laboratory, and other parameters and the presence of deep pockets was tested using a
univariate logistic model. Program SPSS, v. 29 was used for statistical analysis. No
correction for multiple testing was applied. All statistical tests were performed with a
significance level of 0.05.

3. Results

Approximately 52 subjects were included in the study. A total of 22 (42.3%) were male.
The mean (SD) age of the patients was 46.2 (8.8) years, and the mean (SD) BMI was 27.3
(4.1). Half of the patients exercised 2 h or fewer per week (IQR: 1-4), 1 patient finished
primary school, 31 finished middle school, and the others finished faculty. All belonged
to the middle socioeconomic class, and all had jobs; therefore, this information did not
affect the research, and we did not include it in the statistics. The values of the laboratory
tests, the number and percentage of patients with values of the laboratory tests within and
outside the reference range, and qPCR data are shown in Table 1. In the analysed patient
population, the most detected values outside the reference range were for cholesterol (87%),
LDL (86%), SOD (80%), coenzyme Q (72%), and creatinine (76%).
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Table 1. Values of blood parameters and qPCR data in patients.

n and (%) of Participants

Laboratory Test of Reference Range of Value of Laboratory Test (Out of 52) Within the
Blood Parameters Laboratory Parameters Reference Range of Each
Lab Parameter
Sedimentation 0-15mm/h Median (IQR): 9.5 (6-14.5) 42 (80.8)
Leucocytes 4-1010°/L Mean (SD): 6.3 (1.5) 50 (96.2)
Erythrocytes 45-5510'2/L Mean (SD): 4.7 (0.4) 31 (59.6)
Hb 130-170 g/L Mean (SD): 142 (12.5) 43 (82.7)
Platelets 50-410 10° /L Mean (SD): 261 (59.6) 51 (98.1)
Neutrophils 1.5-7.410°/L Mean (SD): 3.6(1.2) 51 (98.1)
Lymphocytes 1.1-3.510%/L Mean (SD): 2(0.5) 50 (96.2)
NLR Mean (SD): 1.96 (0.78)

Fibrinogen 2-4¢g/L Median (IQR): 3(2.6-3.5) 46 (88.5)
Glucose 3.6-6.1 mmol/L Mean (SD): 5.7 (0.5) 41 (78.8)
HbAlc 4.3-6.1% Median (IQR): 5.2 (5.1-5.3) 51 (98.1)
Bilirubin <17 umol/L Median (IQR): 13 (9-19) 38 (73.1)
AST <0.58 pkat/L Median (IQR): 0.4 (0.3-0.5) 44 (84.6)
ALT <0.74 pkat/L Median (IQR): 0.4 (0.3-0.6) 43 (82.7)
Gamma GT <0.92 pkat/L Median (IQR): 0.4 (0.2-0.6) 45 (86.5)
Urea 2.8-7.5 mmol/L Mean (SD): 5.3 (1.3) 50 (96.2)
Uric acid 210-420 mmol/L Mean (SD): 304.9 (92.6) 41 (78.8)
Iron 10.7-28.6 umol/L Mean (SD): 18.6 (6) 46 (88.5)
Transferrin 2-3.8¢g/L Mean (SD): 2.7 (0.3) 50 (96.2)
Ferritin 20-300 pg/L Median (IQR): 79.5 (39.5-134.5) 48 (92.3)
Triglycerides 0.6-1.7 mmol/L Median (IQR): 1.04 (0.75-1.41) 43 (82.7)
HDL >1 mmol/L Mean (SD): 1.42 (0.36) 48 (92.3)

Cholesterol 4-5 mmol/L Mean (SD): 5.42 (0.91) 13 (25)

LDL <3 mmol/L Mean (SD): 3.49 (0.84) 14 (26.9)
CRP <5mg/L Median (IQR): 2.1 (0.9-3.9) 44 (84.6)
Ca 2.10-2.60 mmol/L Median (IQR): 2.43 (2.34-2.5) 50 (96.2)
Mg 0.6-1.10 mmol/L Mean (SD): 0.88 (0.07) 52 (100)
Mg/Ca Median (IQR): 0.36 (0.344-0.382)
Lactate 0.5-2.2 mmol/L Median (IQR): 1.2 (0.9-1.8) 46 (88.5)

Creatinine 0.3-0.7 mg/dL Mean (SD): 0.7 (0.21) 24 (46.2)
CoQ10 0.8-1.4 mmol/L Mean (SD): 1.15(0.42) 28 (53.8)

SOD 164-240 U/mL Median (IQR): 246 (205.5-284) 20 (38.5)
qPCR data Me (IQR)

Ct MT-ND1 12.7 (12.1-13.3) SD MT-ND1 0(0-0.1)

Ct HBB 20.6 (20.1-22.8) SD HBB 0.1 (0-0.1)
deltaCt 8.4 (7.8-9.3)

mtDNAcn 694.2 (460.2-1265.9)

Values are presented as mean and standard deviation or median and interquartile range for laboratory tests and
as n (numbers) or % out of a total 52. Abbreviations include haemoglobin (Hb), neutrophils and lymphocytes
ratio (NLR), glycated haemoglobin (Hb1Ac), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamy] transferase (gamma GT), high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL), C-reactive protein (CRP), calcium (Ca), magnesium (Mg), magnesium and calcium ratio
(Mg/Ca), Coenzyme Q10 (CoQ10), superoxide dismutase (SOD), cycle threshold of mitochondrial DNA encoded
nicotinamide adenine dinucleotide dehydrogenase 1 gene (Ct MT-ND1), cycle threshold of nuclear DNA encoded

haemoglobin beta gene (Ct HBB), difference between Ct-MT-ND1 and Ct HBB (delta Ct), and mitochondrial DNA
copy number (mtDNAcn). The Ct value is a critical measure in qPCR, representing the cycle number at which
the fluorescence generated by the PCR product crosses a defined threshold level. This threshold is set during
the exponential phase of amplification, where the amount of DNA doubles with each cycle. A lower Ct value
indicates a higher initial quantity of target nucleic acid, while a higher Ct suggests a lower initial quantity [47].
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Half of the patients had 54 or fewer sites with PPD > 5 mm (IQR: 4-73). Half of the
patients had 28 or fewer teeth (IQR: 27-30). Half of the patients had a PISA score of 14.5 or
lower (IQR: 0.3-21.1). There is a strong correlation between the PISA score and the number
of deep pockets per tooth (Spearman r = 0.95; p < 0.001).

There was a statistically significant correlation between the number of leukocytes, neu-
trophils, and CRP and the PISA value. The correlation is moderately strong (0.39-0.43). A sig-
nificant marginal correlation was identified between PISA and NLR, uric acid, haemoglobin,
ferritin, and calcium levels. No statistically significant correlation was found for other
parameters examined. Both patients with a leukocyte count outside the reference range
had a PISA value of 0, while half of the patients with a leukocyte count within the reference
range had a PISA value of 15.76 or lower (IQR: 0.42-21.38). The PISA value was lower
(Me [IQR]: 0.1 (0-8.3) in patients with uric acid values outside the reference range compared
to patients with values within the range (Me [IQR]: 17.75 [7.91; 22.59]) (p < 0.001). Both
patients with calcium outside the reference range had higher PISA scores (Me [IQR]: 29.44
[24.06-34.81]) compared to those with calcium within the reference range (Me [IQR]: 13.64
[0.31-20.73]) (p = 0.043). The relationship between the PISA score, demographic status,
laboratory values, and values related to mitochondrial dysfunction, as well as the compar-
ison of the PISA score between patients with parameters within the reference range and
those with values outside the reference range, using the Mann-Whitney U test are shown
in Table 2.

Table 3 summarizes the median (IQR) values of blood parameters by PISA groups
after dividing the participants into two groups according to PISA score (in the second
column are participants with PISA scores of lower than or equal to 21, and in the third
column are those with PISA scores of more than 21) using univariate logistic regression
(or the Mann—-Whitney U test where indicated). The two groups differ in the number
of erythrocytes. Patients with higher values of erythrocytes have ~5 times higher odds
(95% CI: 1-24.9) for belonging to the top-quarter PISA group. Calcium values are higher in
the top-quarter PISA group. Due to the high value of the odds ratio, the Mann-Whitney U
test was used to test the difference in calcium values between the two PISA groups. The
difference was statistically significant (p = 0.033). Patients with higher Mg/Ca values have
close to zero odds (95% CI: 0-0.51) of belonging to the top-quarter PISA group. The amount
of coenzyme Q10 is higher in the top-quarter PISA group. The odds of belonging to the top-
quarter PISA group are ~14 times higher (95% CI: 1.98; 103.15) with each mmol/L increase
in the amount of coenzyme Q10. Marginal significance was noted for the probabilities of
being in the highest quartile of PISA values for Hb (OR 1.06 [1; 1.12]) and CRP (OR 1.19
[0.99; 1.42]). No association between other blood parameters and PISA groups was found.

Table 4 shows differences between participants with blood parameters outside the
recommended range having a PISA score of lower than or equal to 21 and those with a
score of higher than 21 using univariate logistic regression (or the Likelihood ratio test
where indicated).

There were no patients with uric acid values outside the recommended range of
210-420 umol/L in the top-quarter PISA group (Table 4). Eleven (28.2%) patients in the
lower PISA group had uric acid values outside the recommended range. The difference
is statistically significant (p = 0.007). No patients in the bottom PISA group had values of
calcium outside the recommended range of 2.1-2.6 mmol /L, while there were 2 (15.4%) such
patients in the top-quarter PISA group (p = 0.016). No statistically significant association
between the values of other parameters according to their reference range and PISA group
was found.
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Table 2. Correlation between demographic status, blood parameters (hemogram and biochemistry
tests), mitochondrial DNA copy number, and PISA score, using Spearman correlation coefficient
(p-value) (second column); comparison of PISA value (median (IQR); n) between patients having
a parameter within the reference range and those with values outside the range; and results of
Mann-Whitney U test (third, fourth, and fifth columns).

Parameters’ Reference Values

Demographic Status, PISA Value Laboratory Tests Laboratory Tests p
Laboratory Tests, Spearman Correlation Within Reference Outside Reference (Bet‘fveen Within and
Buccal Swab Range Range Outside the Reference
mtDNAcn ) PISA (Me (IQR); n  PISA (Me (IQR)); n Range)
Age —0.05 (0.73)
BMI 0.2 (0.152)
Sports activity 0.08 (0.571)
Sedimentation 0.11 (0.452) 11.1 (0.23-20.45); 42 19.24 (13.49-24.06); 10 0.125
Leukocytes 0.42 (0.002) 15.76 (0.42-21.38); 50 0 (0-0); 2 0.028
Erythrocytes 0.24 (0.087) 15.23 (0.5-22.59); 31 13.49 (0.04-20.73); 21 0.327
Hb 0.27 (0.053) 13.79 (0.42-21.38); 43 17.52 (0-20.82); 9 0.553
Platelets —0.05 (0.728) 15.23 (0.31-21.38); 51 11.39 (11.39-11.39); 1 0.868
Neutrophils 0.43 (0.002) 15.23 (0.33-21.38); 51 0(0-0);1 0.125
Lymphocytes 0.11 (0.424) 15.76 (0.31-21.38); 50 412 (0.33-7.91); 2 0.341
NLR 0.27 (0.052)
Fibrinogen 0.17 (0.231) 12.44 (0.23-20.45); 46 22.4 (17.75-24.98); 6 0.053
Glucose 0.09 (0.525) 13.49 (0.23-20.82); 41 17.22 (7.91-24.98); 11 0.370
Hbalc —0.02 (0.878) 15.23 (0.33-21.38); 51 0(0-0);1 0.125
Bilirubin —0.12 (0.406) 17.37 (0.5-21.42); 38 4.24 (0.15-17.08); 14 0.890
AST 0.02 (0.879) 15.76 (0.28-20.78); 44 10.41 (4.17-23.33); 8 0.919
ALT 0.07 (0.649) 15.23 (0.23-20.73); 43 11.39 (8.03-24.06); 9 0.594
Gamma GT 0.09 (0.536) 13.79 (0.31-20.45); 45 20.82 (8.03-24.06); 7 0.295
Urea 0.1 (0.468) 14.51 (0.33-20.82); 50 10.69 (0-21.38); 2 0.651
Uric acid 0.27 (0.054) 17.75 (7.91-22.59); 41 0.1 (0-8.03); 11 <0.001
Iron —0.06 (0.696) 14.51 (0.31-20.82); 46 12.1 (0.33-22.59); 6 1
Transferrin 0.03 (0.834) 14.51 (0.31-20.82); 50 16.04 (10.65-21.42); 2 0.634
Ferritin 0.25(0.077) 15.76 (0.37-21.4); 48 0.45(0.17-9.15); 4 0.175
Triglycerides 0.03 (0.845) 16.28 (0.42-20.82); 43 9.42 (0-22.59); 9 0.208
HDL 0(0.985) 15.76 (0.32-21.1); 48 10.76 (4.01-18.77); 4 0.655
Cholesterol 0.22 (0.124) 17.22 (10.65-20.45); 13 13.49 (0.15-21.42); 39 0.612
LDL 0.18 (0.2) 17.37 (0.42-21.42); 14 12.44 (0.31-20.82); 38 0.606
CRP 0.39 (0.004) 11.1 (0.19-20.64); 44 20.18 (15.66-22.74); 8 0.091
Ca 0.24 (0.086) 13.64 (0.31-20.73); 50 29.44 (24.06-34.81); 2 0.043
Mg —0.07 (0.62) 14.51 (0.32-21.1); 52 - -
Mg/Ca —0.19 (0.174)
Lactate 0.02 (0.911) 13.64 (0.31-21.38); 46 18.24 (10.81-19.62); 6 0.557
Creatin —0.08 (0.58) 16.68 (0.24-19.67); 24 12.59 (0.37-21.4); 28 0.993
CoQ10 0.26 (0.067) 11.1 (0.27-20.04); 28 17.49 (0.38-23.33); 24 0.291
SOD 0.02 (0.912) 17.63 (0.1-20.78); 20 11.1 (0.38-21.4); 32 0.836
mtDNAcn 0.05 (0.711)

Body mass index (BMI), sports activity (number of hours per week), haemoglobin (Hb), neutrophils and lympho-
cytes ratio (NLR), glycated haemoglobin (Hb1Ac), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (gamma GT), high-density lipoprotein cholesterol (HDL), low-density lipopro-
tein cholesterol (LDL), C-reactive protein (CRP), calcium (Ca), magnesium (Mg), magnesium and calcium ratio
(Mg/Ca), Coenzyme Q10 (CoQ10), superoxide dismutase (SOD),mitochondrial DNA copy number (mtDNAcn).
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Table 3. Association between blood parameters and PISA groups (univariate logistic regression or
Mann-Whitney U test where indicated).

PISA <21 PISA > 21
(n =39) n=13) OR (95% CI) p
Me (IQR) Me (IQR)

Sedimentation 9 (6; 14) 11 (5; 16) 1.02 (0.93; 1.11) 0.73
Leukocytes 6.1(4.9;7) 6.7 (5.9;7.8) 1.34 (0.87; 2.07) 0.181
Erythrocytes 4.6 (4.4;5) 4.9 (4.6;5.3) 4.99 (1;24.91) 0.05

Hb 140 (133; 147) 147 (140; 156) 1.06 (1;1.12) 0.054
Platelets 269 (217; 310) 250 (206; 259) 0.99 (0.98; 1) 0.25
Neutrophils 3.4(25;44) 3.8(3;4.7) 1.4 (0.82;2.37) 0.215
Lymphocytes 2 (1.5;2.3) 2(1.7;2.2) 1.44 (0.43; 4.8) 0.551
NLR 1.9 (1.2;2.5) 2.1(1.7,2.4) 1.23 (0.55; 2.75) 0.609
Fibrinogen 3(2.6;3.5) 3.1(25;3.2) 1.32 (0.63; 2.76) 0.456
Glucose 5.7 (5.5; 6) 5.6 (5.3;6) 0.82 (0.2; 3.41) 0.786
Hbalc 5.2 (5.1;5.3) 5.2(5;5.3) 0.94 (0.11; 8.04) 0.956
Bilirubin 13 (9; 20) 11 (7;17) 0.97 (0.89; 1.06) 0.494
AST 0.37 (0.32; 0.43) 0.46 (0.37; 0.52) 5.29 (0.12; 243.28) 0.394
ALT 0.38 (0.28; 0.56) 0.51 (0.4; 0.75) 1.73 (0.36; 8.3) 0.491
Gama GT 0.35(0.23; 0.57) 0.28 (0.24; 0.73) 1.8 (0.47; 6.9) 0.389
Urea 5.1 (4.1;6.5) 5(4.8;5.9) 1.22 (0.74; 2.01) 0.433
Uric acid 288 (221; 379) 322 (302; 382) 1(1;1.01) 0.216
Iron 18.6 (14.7; 21.6) 16.6 (13; 21.1) 0.99 (0.89; 1.1) 0.796
Transferrin 2.7 (2.5;2.8) 2.7 (24;3.1) 1.81 (0.25; 12.8) 0.554
Ferritin 69 (38; 121) 112 (82; 213) 1(1;1.01) 0.22
Triglycerides 1(0.8;1.4) 1.1(0.7;1.5) 1.81 (0.67; 4.88) 0.24
HDL 14 (1.1, 1.7) 1.3(1.2;,1.7) 1.03 (0.18; 5.96) 0.974
Cholesterol 5.2 (4.8;6) 5.5 (5.3; 6.3) 1.73 (0.83; 3.57) 0.141
LDL 3.3(2.9;3.7) 39(3;4.2) 1.73 (0.79; 3.79) 0.171
CRP 1.9 (0.9; 3.5) 3.5(1.5,4.2) 1.19 (0.99; 1.42) 0.06
Ca 241 (2.32;2.47) 2.51 (2.38; 2.54) - 0.0332
Mg 0.88 (0.84; 0.92) 0.86 (0.82; 0.9) 0.03 (0; 498.47) 047
Mg/Ca 0.4 (0.3; 0.4) 0.3 (0.3;0.4) 0(0; 0.51) 0.043
Lactate 1.2(0.9; 1.7) 1(0.8;2) 0.83 (0.31; 2.22) 0.712
Creatin 0.7 (0.5; 0.9) 0.7 (0.6; 0.9) 0.66 (0.03; 13.99) 0.787
Coenzyme Q10 1(0.8;1.2) 1.5(1.4;,1.7) 14.3 (1.98; 103.15) 0.008
SOD 245 (217; 278) 271 (179; 326) 1(1;1.01) 0.352

Haemoglobin (Hb), neutrophils and lymphocytes ratio (NLR), glycated haemoglobin (Hb1Ac), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (gamma GT), high-density
lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), C-reactive protein (CRP), calcium (Ca),
magnesium (Mg), magnesium and calcium ratio (Mg/Ca), Coenzyme Q10 (CoQ10), superoxide dismutase (SOD).

2 Mann-Whitney U test.

An association between mtDNAcn in buccal swabs and participants grouped by PISA

scores (<21 in the second column and >21 in the third column, using univariate logistic

regression) was not observed. To further validate the results from buccal swab testing, we

conducted additional experiments measuring circulating cell-free (ccf) mtDNAcn in blood
plasma. Similarly, no association was detected between ccf mtDNAcn in blood plasma
and PISA groupings (Table 5). Based on our pilot study, the calculated odds ratio between
2 x 2 delta and PISA >21 is 1.001. Detecting such an odds ratio as statistically significant at

a 5% level with 80% power would require a sample size of 95 patients.
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Table 4. Association between reference values of blood parameters and PISA groups (univariate
logistic regression or Likelihood ratio test where indicated).

Remmm(;’lfizfi Range PISA <21 PISA > 21 OR (95% CI) p
Me (IQR) Me (IQR)
Sedimentation 6 (15.4) 4(30.8) 2.44 (0.57; 10.57) 0.232
Leukocytes 2(5.1) 0(0) - 0.278 2
Erythrocytes 17 (43.6) 4(30.8) 0.58 (0.15; 2.19) 0.417
Hb 7 (17.9) 2 (15.4) 0.83 (0.15; 4.62) 0.833
Platelets 1(2.6) 0(0) - 0.446 2
Neutrophils 1(2.6) 0(0) - 0.446 2
Lymphocytes 2(5.1) 0(0) - 0.278 2
Fibrinogen 3(7.7) 3(23.1) 3.6 (0.63; 20.65) 0.151
Glucose 8 (20.5) 3(23.1) 1.16 (0.26; 5.24) 0.845
Hbalc 1(2.6) 0(0) - 0.446 2
Bilirubin 12 (30.8) 2 (15.4) 0.41 (0.08; 2.14) 0.289
AST 5 (12.8) 3(23.1) 2.04 (0.41; 10.06) 0.381
ALT 5 (12.8) 4(30.8) 3.02 (0.67; 13.63) 0.15
Gama GT 4(10.3) 3(23.1) 2.62 (0.5;13.72) 0.253
Urea 1(2.6) 1(7.7) 3.17 (0.18; 54.57) 0.427
Uric acid 11 (28.2) 0(0) - 0.007 2
Tron 4(10.3) 2 (15.4) 1.59 (0.26; 9.89) 0.619
Transferrin 1(2.6) 1(7.7) 3.17 (0.18; 54.57) 0.427
Ferritin 4(10.3) 0(0) - 0.548 2
Triglycerides 6 (15.4) 3(23.1) 1.65 (0.35; 7.82) 0.528
HDL 3(7.7) 1(7.7) 1(0.09; 10.54) 1
Cholesterol 28 (71.8) 11 (84.6) 2.16 (0.41; 11.37) 0.363
LDL 29 (74.4) 9 (69.2) 0.78 (0.2; 3.08) 0.718
CRP 5(12.8) 3(23.1) 2.04 (0.41; 10.06) 0.381
Ca 0(0) 2(15.4) - 0.016 2
Mg 0(0) 0(0) - -
Lactate 5(12.8) 1(7.7) 0.57 (0.06; 5.35) 0.62
Creatin 20 (51.3) 8 (61.5) 1.52 (0.42; 5.48) 0.522
Coenzyme Q10 16 (41) 8 (61.5) 2.3 (0.64; 8.33) 0.205
SOD 23 (59) 9 (69.2) 1.57 (0.41; 5.97) 0.512

Haemoglobin (Hb), neutrophils and lymphocytes ratio (NLR), glycated haemoglobin (Hb1Ac), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (gamma GT), high-density
lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), C-reactive protein (CRP), calcium (Ca),
magnesium (Mg), magnesium and calcium ratio (Mg/Ca), Coenzyme Q10 (CoQ10), superoxide dismutase (SOD).
2 Likelihood ratio test.

Table 5. Association between mtDNAcn from buccal swab or ccf mtDNAcn from blood plasma and

PISA groups.
PISA <21 PISA > 21
Me (IQR) Me (IQR) OR (95% CI) 4
mtDNAcn from buccal swab 618.1 (328; 1191.9) 846.3 (675.9; 1337.7) 1(1;1) 0.174
ccf mtDNAcn from blood plasma  62,604.3 (30,902.1; 126,482.7) 43,9279 (25,161.5; 78,252.1) 1(1;1) 0.674

mtDNAcn—copy number of mitochondrial gene MT-ND1 isolated from buccal swab. ccf mtDNAcn—circulating
cell free (ccf) DNA copy number of mitochondrial gene MT-ND1 from blood plasma.

The patients were also divided according to the number of deep periodontal pockets
with PPD > 5 mm, the group with no deep pockets (n = 18), and the group with deep
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pockets (n = 34) (Table 6). The latter consists of individuals with 31 till 104 deep pockets. The
comparison of the two groups showed that they statistically significantly differ in leukocyte
count (p = 0.004)—the odds of having deep pockets are higher with a higher leucocyte count
(OR [95% CI]: 2.14 [1.27-3.6]), neutrophil count (p = 0.005)—the odds of having deep pockets
are higher with a higher neutrophil count (OR [95% CI]: 2.37 [1.36-5.49]), and uric acid
values (p = 0.046)—the odds of having deep pockets are higher with higher uric acid values
(OR [95% CI]: 1.01 [1-1.01]). A marginal significance was noted for the difference between
groups regarding Hb (p = 0.083), CRP (p = 0.097), and NLR (p = 0.097).

Table 6. Association between patients’ demographic characteristics, blood parameters, and mtDNAcn
divided according to number of deep periodontal pockets (data shown as means [SD] or median
[IQR] if not stated differently).

Pockets > 5 mm

No (n =18) Yes (n = 34)
Mean (SD) or Me Mean (SD) or Me OR (95% CI) P
(IQR) (IQR)

Male; n (%) 6(33.3) 16 (47.1) 1.78 (0.54; 5.84) 0.343
Age 46.2 (7.9) 46.1 (9.4) 1(0.94; 1.07) 0.994
BMI 25.5(23.8-28.7) 26.9 (25.2-30.4) 1.07 (0.92; 1.23) 0.377

Sports activit
p(h/week) y 3(1-4) 2 (1-4) 0.99 (0.77; 1.28) 0.945
Sedimentation 9(7-12) 11 (5-15) 1(0.92; 1.08) 0.934

Leukocytes 5.4 (1.5) 6.7 (1.3) 2.14 (1.27; 3.6) 0.004

Erythrocytes 4.6 (0.5) 4.7 (0.4) 2.15(0.51; 9.09) 0.298
Hb 137.8 (12.6) 144.3 (12.1) 1.05 (0.99; 1.1) 0.083

Platelets 258 (217-316) 257.5 (213-277) 1(0.99; 1.01) 0.941
Neutrophils 2.6 (2.1-3.4) 3.8(3.14.7) 2.73 (1.36; 5.49) 0.005
Lymphocytes 1.8 (0.5) 2 (0.5) 2.27 (0.7, 7.33) 0.17
NLR 1.71 (0.86) 2.09 (0.71) 2.04 (0.88; 4.73) 0.097
Fibrinogen 2.8 (2.3-34) 3.1(2.6-3.5) 1.39 (0.65; 2.94) 0.394
Glucose 5.6 (5.2-5.8) 5.7 (5.5-6.1) 2.97 (0.72; 12.31) 0.134
Hbalc 5.2 (5.1-5.3) 5.2 (5-5.3) 2.03 (0.29; 14.36) 0.479
Bilirubin 12.5 (9-22) 13 (8-17) 0.99 (0.92; 1.06) 0.773
AST 0.4 (0.4-0.4) 0.4 (0.3-0.5) 0.97 (0.02; 39.43) 0.987
ALT 0.4 (0.3-0.5) 0.4 (0.3-0.6) 1.71 (0.32;9.31) 0.532
Gama GT 0.3 (0.2-0.5) 0.4 (0.2-0.6) 2.17 (0.43; 10.91) 0.347
Urea 5.2 (1.3) 5.4 (1.3) 1.12 (0.71; 1.77) 0.613
Uric acid 268.6 (117) 324.2 (71.4) 1.01 (1; 1.01) 0.046
Iron 17.8 (15.9-20.9) 18.75 (14-21.7) 1.04 (0.94; 1.15) 0.463
Transferrin 2.7 (0.3) 2.7 (0.4) 1.17 (0.21; 6.54) 0.861
Ferritin 51 (38-77) 102.5 (48-157) 1.01 (1; 1.01) 0.212
Triglycerides 1.13 (0.71-1.53) 1.01 (0.75-1.38) 1.1(0.42;2.9) 0.844
HDL 1.46 (0.39) 1.41 (0.35) 0.67 (0.13; 3.44) 0.636

Cholesterol 5.25 (1.07) 5.51 (0.82) 1.37 (0.71; 2.65) 0.342
LDL 3.3(0.95) 3.59 (0.78) 1.55 (0.74; 3.23) 0.244
CRP 1.1 (0.5-2.9) 2.8 (1.3-4) 1.3 (0.95; 1.78) 0.097
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Table 6. Cont.

Pockets > 5 mm

No (n=18) Yes (n = 34)
Mean (SD) or Me Mean (SD) or Me OR (95% CI) p
(IQR) (IQR)
Ca 2.43 (2.32-2.47) 2.42 (2.34-2.51) 7.58 (0.06; 957.09) 0.412
Mg 0.88 (0.06) 0.88 (0.07) 0.57 (0; 3194.74) 0.897
Mg/Ca 0.36 (0.35-0.38) 0.36 (0.34-0.38) 0(0;29,518.71) 0.478
Lactate 1.2 (0.9-1.3) 1.3 (0.9-2) 2.01(0.72; 5.58) 0.181
Creatin 0.7 (0.2) 0.69 (0.23) 0.47 (0.03; 7.85) 0.597
Coenzyme Q10 1.13 (0.75-1.33) 1.1 (0.9-1.5) 1.08 (0.27; 4.3) 0.911
SOD 243 (218-272) 260 (202-285) 1(0.99;1.01) 0.678
mtDNAcn 698.6 (482.1-1323.7) 689.9 (446.3-1191.9) 1(1;1) 0.721

Body mass index (BMI), sports activity (number of hours per week), haemoglobin (Hb), neutrophils and lympho-
cytes ratio (NLR), glycated haemoglobin (Hb1Ac), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (gamma GT), high-density lipoprotein cholesterol (HDL), low-density lipopro-
tein cholesterol (LDL), C-reactive protein (CRP), calcium (Ca), magnesium (Mg), magnesium and calcium ratio
(Mg/Ca), Coenzyme Q10 (CoQ10), superoxide dismutase (SOD), mitochondrial DNA copy number (mtDNAcn).

4. Discussion

The aim of this study was to determine the association between periodontal param-
eters, systemic factors, and the number of mtDNA copies extracted from buccal swabs.
Our analysis showed a moderately strong correlation between the PISA score and CRP
and leukocyte count, especially neutrophils, after patients were categorized according to
PISA score. It was also found that patients with deep periodontal pockets had an Increased
number of leukocytes and neutrophils compared to healthy individuals, while the CRP
value did not reach the threshold of statistical significance. The PISA values in the group
of patients with uric acid values above or below the reference values were unexpectedly
lower than the PISA values in subjects with uric acid values within the reference range.
Corresponding to the number of deep pockets, patients with higher blood uric acid levels
were more likely to have a higher number of deep periodontal pockets. Remarkably, the
uric acid variable also showed statistical significance when included in the multivariate
model. Patients with a higher erythrocyte count, a lower Mg/Ca ratio, and a higher blood
CoQ10 level were more likely to belong to the group with the higher PISA score. We did
not find statically significant differences in mtDNAcn between healthy individuals and
patients with periodontal disease, regardless of whether patients were categorized by PISA
score or the number of deep periodontal pockets.

A moderately strong positive correlation was found between the number of leukocytes
and neutrophils in blood samples and the PISA score. When we grouped the subjects
according to deep pockets, the likelihood of having deep pockets was higher with higher
leukocyte and neutrophil counts. Another study confirmed a positive correlation be-
tween PISA and neutrophil count [48]. Similar results were also shown in a review and
meta-analysis from 2021, in which severe chronic periodontitis was associated with a
higher white blood cell count (MD = 0.53, CI: 0.26-0.79) and a higher neutrophil count
(MD = 7.16%, 95% CI: 5.96-8.37). The number of leukocytes and neutrophils decreased
after non-surgical periodontal therapy [49]. Periodontitis was also associated with a higher
white blood cell count in the case-control study by Kumar et al. (2014) [50] and in the
population of Japanese factory workers [42].

A moderately strong positive correlation was also found between CRP in blood
samples and the PISA score. Other studies have shown similar results. Chronic and
aggressive forms of periodontitis were associated with higher CRP levels in serum [9,43]
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and in saliva [51] than in healthy subjects, with the value for aggressive periodontitis being
more than 50% higher than that for chronic periodontitis. A study by Kumari et al. (2024)
showed a positive correlation between PISA and CRP. CRP levels decreased after non-
surgical periodontal therapy (NSPT) [43]. After NSPT, CRP levels in saliva also decreased in
non-smoking patients [10]. An increased white blood cell count, and an elevated CRP level
are expected to be a response to periodontitis, which occurs as part of the inflammatory
cascade [52].

After dividing the subjects into two groups according to PISA value, with 21 cm?
being the cut-off value, they differed in the number of erythrocytes (Er). Patients with a
higher Er count are about 5 times more likely to belong to the top quartile of the PISA
group. Many studies have come to different conclusions. Anand et al. (2014) showed a
lower mean Er number in the group with generalized aggressive periodontitis compared to
healthy subjects (4.45 4- 0.6 x 10° vs. 4.78 4 0.56 x 10°, p = 0.002) [5]. A study from Brazil
showed that the number of circulating Er in the chronic periodontitis group was lower
than in the healthy group (MD = —0.51, 95% CI: —0.78, —0.24, p = 0.0002) [13] and similarly
in the study by Mann et al. (2017) [53]: (healthy [3.69-5.29 x 10°/uL] vs. periodontitis
[3.33-5.97 x 106/uL]). A reduced red blood cell count may be the result of gum bleeding,
reduced longevity, proliferation and differentiation of red blood cells, or impaired iron
metabolism [54]. It is also possible that a reduced number of Er is the cause of periodontitis
because the oxygen supply to the periodontal tissues is impaired [5]. After periodontal
treatment, there was a significant increase in the number of Er [14]. There are two studies
that found a positive correlation between Er count and periodontitis, as in our study: one
with localized periodontitis S II/III in military personnel from Taiwan [15], and the other
with generalized severe periodontitis in young adults from the United States [55]. One
possible reason for this is that all studies categorized patients into chronic and aggressive
periodontitis; only our study and the study by Feng et al. (2022) categorized patients into
groups according to the new periodontitis classification of 2017 [1]. As far as we know, our
study is the only one that links PISA to the Er number.

Differences between the PISA groups were also found in blood calcium levels. In
subjects with higher Mg/Ca levels, the probability of belonging to the top quarter of the
PISA group is almost zero. Other studies confirm our findings. Meisel et al. (2016) [17]
showed a dose-response relationship between Mg/Ca and CAL or tooth loss at 5-year
follow-up. Patients in the lowest category of serum Mg/Ca had a higher prevalence of
periodontitis, and those in the highest category had a lower mean pocket depth, attachment
loss, and more teeth present compared to the group with the lowest Mg/Ca [16]. Yoshihara
at al. (2011) [56] confirmed a dose—response relationship with periodontitis in smokers, but
not in non-smokers.

When we compared subjects with blood parameters within and outside the reference
range, there were significant differences in uric acid levels in the blood of subjects outside
the reference range compared to those within the reference range. The PISA score was
lower regardless of whether the score was below or above the reference range compared to
those whose score was within the range. When subjects were divided into those without
and those with deep pockets, subjects with higher blood uric acid levels were more likely
to have deep pockets. The results of a systematic review and meta-analysis by Ye et al.
(2023) [57] were similar: Significantly higher blood levels (WMD = 1.00 mg/dL, 95% CI0.63
to 1.37, p < 0.001) and lower salivary levels (SMD = —1.57, 95% CI —2.25 to —0.90, p < 0.001)
and GCF values (4.87 £ 0.36 vs. 5.11 & 0.53 [mg/dL], p < 0.001) for uric acid were found
in patients with periodontitis compared to healthy subjects. Differences were also found
between severe and moderate to mild periodontitis. Similar results were found in a study
from Taiwan, in which gout patients showed a higher risk of periodontitis, which decreased
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after treatment of the gout [58]. Higher blood uric acid levels could be due to accelerated
purine degradation in periodontal tissues and systemic organs and/or increased secretion
of uric acid from immune cells stimulated by periodontal pathogens [59,60]. Other studies
have shown an antioxidant role of uric acid and a neuroprotective function [61]. The
antioxidant effect has not yet been clearly demonstrated in periodontal diseases [57].

Significant differences were found in the amount of CoQ10, with the subjects with
higher values belonging to the upper quarter of the PISA group. For each mmol/L in-
crease in CoQ10, subjects were 14 times more likely to be in the top quartile of the PISA
group. Most articles focus on the effect of CoQ10 in the treatment of periodontitis, as it
is assumed that periodontitis leads to an increased formation of ROS and, thus, to an in-
creased consumption of CoQ10, or that the progression of periodontitis is due to a reduced
concentration of CoQ10 in the gingival tissue [23]. After the topical intra- or subgingival
administration of exogenous CoQ10, periodontal parameters improved [25], and there
was also a positive effect on oxidative stress markers, such as total antioxidant capacity,
malondialdehyde, glutathione peroxidase, and catalase [62]. In a systematic review that
included 17 studies since 2012, there was no clear evidence that CoQ10 has any additional
benefit in non-surgical therapy [26]. Many patients have low CoQ10 levels, but it is possible
that elevated CoQ10 levels in advanced periodontal disease are the result of an endogenous
antioxidant trying to fight inflammation.

We found no correlation between the PISA score and the mtDNAcn or between the
number of deep pockets and the mtDNAcn from the buccal swab. To our knowledge, no
previously published studies have found a correlation between the PISA score and the
mtDNAcn, and the buccal swab has not been used as a source of mtDNA and nDNA to
determine the progression of periodontal disease, so it is difficult to compare our study
with others. The rationale for using buccal swabs in the diagnosis of periodontitis lies in
the non-invasive, cost-effective, and patient-oriented detection of biomarkers associated
with the disease. Buccal swabs can be used to collect oral epithelial cells that provide
valuable insights into the host’s immunological responses, which are often altered in
periodontitis. mtDNAcn in blood has been correlated with various chronic diseases [63],
such as cardiovascular disease, where inverse correlation was found [64-66], same as for
liver disease [67,68], insulin resistance [69], Parkinson disease [70], some cancers, such as
pancreatic [71], breast, and bladder cancer, and head and neck squamous cell cancer [72], but
not, for example, in colorectal cancer [73] or lung adenocarcinoma [72]. mtDNAcn was also
elevated in patients with end-stage renal disease [74] and with systemic scleroderma [75].
These differences in cancer patients could be due to a self-protective mechanism to prevent
apoptosis [76] or a compensatory mechanism [77]. There are some studies showing an
abnormal structure of mitochondria in gingival epithelial cells, gingival fibroblasts, and
immune cells caused by Porphyromonas gingivalis [28,78] and mitochondrial mutation and
dysfunction in periodontitis [29,79], but there are not many studies showing a link between
periodontitis and mtDNAcn. For example, Zhou et al. (2024) did not demonstrate any
causal relationship between mtDNAcn and periodontitis [27]. Sun et al. (2017) compared
the mtDNAcn of four groups (controls, with periodontitis, with diabetes, and with both
periodontitis and diabetes) of Wistar rats [80]. The mtDNAcn decreased significantly more
in the diabetic and periodontitis groups (by 66%) and in the periodontitis group (by 40%)
compared to healthy controls, but there was no significant difference between the controls
and the rats with diabetes [80].

Blood is most commonly used to determine mtDNAcn, but any other tissue can be
used [81]. Buccal swabs have been used as an effective alternative to traditional methods
of tissue sampling for mtDNA and nDNA in animals and humans because they are non-
invasive, rapid, and inexpensive [44,45,82-84]. However, buccal swabs can have some
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limitations. We need to be cautious in interpretation, as the buccal swab contains a larger
proportion of epithelial cells and a smaller proportion of leukocytes, and the ratio between
samples can vary greatly [85]. Theda et al. (2018) compared cellular heterogeneity in
buccal swabs and saliva from adults and children and confirmed different proportions
of epithelial cells and leukocytes [84]. Heterogeneity may influence the mtDNA /nDNA
ratio, as epithelial cells have a different mtDNAcn content than leukocytes. For an accurate
determination of the mtDNA /nDNA ratio, it is important to know the ratio of cells in
the buccal swab [86], and in our study, the ratio of cells was not measured. On the other
hand, buccal epithelial cells have a remarkably fast turnover rate, typically between 4 and
6 days [87] and 14-21 days in other literature [88]. This rapid renewal process means that
the genetic material derived from these cells may not accurately reflect chronic conditions
such as periodontitis, particularly if the disease state affects cellular properties over a
prolonged period. Another potential problem is, while we have found a difference between
healthy subjects and patients with stage III periodontitis, we do not know with certainty
the rate of progression of periodontitis. Therefore, there is a possibility that compensatory
mechanisms are also involved at certain rates of progression, leading to an increase in
mtDNAcn to compensate for the deficient energy production. Due to the strict inclusion
criteria and the expensive procedures for determining mtDNAcn and nDNAcn, the number
of subjects in the study is low. On the other hand, the strict inclusion criteria and the
relatively homogeneous group of subjects are strengths of the study. For this reason, it
would be useful to conduct a multicentre study that would include more subjects with the
same strict criteria as in our study, but who are included in the study over a longer period
to also determine the progression rate and to perform more consecutive buccal swabs to
find possible differences in the different progression rates.

The correlation between BMI, LDL, and HDL cholesterol and periodontitis indicates a
complicated interplay between metabolic health and chronic inflammation. Increased BMI
often correlates with increased LDL cholesterol and decreased HDL cholesterol, both of
which are associated with systemic inflammation and oxidative stress. These metabolic
changes can promote the progression of periodontitis, a chronic inflammation that affects
the supporting tissue of the teeth. In addition, periodontitis can exacerbate metabolic
dysfunction by increasing systemic inflammatory markers, potentially exacerbating lipid
abnormalities. The association between obesity, lipid profiles, and periodontitis emphasise
the need to maintain both systemic and oral health to mitigate the risk of associated
problems [89]. However, these associations were not confirmed in our study, as participants
were systematically healthy and randomly assigned BMI and/or cholesterol values outside
the reference ranges.

5. Conclusions

A systemic inflammatory-immune response to periodontitis, as indicated by PISA
and sites with PPD > 5 mm, was characterized by fluctuations in blood CRP, leukocyte,
neutrophil, erythrocyte, uric acid, and CoQ10 levels.

As a buccal swab is non-invasive and easy to handle, it can serve as an effective source
of mtDNA and nDNA. Nevertheless, we found no correlation between the number of
mtDNAcn from the buccal swab and the PISA score or number of deep pockets.
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