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Introduction

Periodontal disease is a prevalent 
chronic inflammatory condition that 
affects the supporting structures of the 
teeth. It is characterized by the destructi-
on of periodontal ligaments and alveolar 
bone, which, if left untreated, ultimately 
leads to tooth loss (1, 2). This disease has 
far-reaching implications for both oral 
and systemic health. Various risk factors, 
including gender, age, systemic diseases 
(e.g., rheumatoid arthritis (RA), cardi-

ovascular diseases (CVDs), diabetes), 
sleep disordered breathing (e.g., snoring, 
obstructive sleep apnea), and specific pe-
riodontopathogenic bacteria, have been 
identified as significant contributors to 
the onset and progression of periodonti-
tis (3-5).

Researchers have identified age as 
a significant risk factor for periodonti-
tis. Epidemiological studies consistently 
show an increase in the prevalence and 
severity of periodontal disease with ad-
vancing age (6). Furthermore, the inci-
dence and severity of periodontal disease 
show a gender predilection, with males 
appearing to have a higher incidence and 
severity than females (7).

The oral cavity is rich in bacteria, 
and the oral microbiome is composed of a 
core microbiome that is present in all in-
dividuals and a variable microbiome that 

is specific to each individual. Maintai-
ning the balance of the oral microbiome 
impacts both oral and general health, and 
the presence of periodontopathogenic 
Gram-negative bacteria impacts this ho-
meostasis (8). Notably, species that have 
been implicated in periodontitis include 
Aggregatibacter actinomycetemcomi-
tans (A. actinomycetemcomitans), Por-
phyromonas gingivalis (P. gingivalis), 
Prevotella intermedia (P. intermedia), 
Tannerella forsythia (T. forsitia), and 
Treponema denticola (T. denticola) (9).

Due to changes in the oral micro-
biota and the prevalence of anaerobic 
bacteria in periodontitis, they have been 
previously categorized, with the primary 
category in periodontitis being the red 
complex, which includes P. gingivalis, 
T. forsitia, and T. denticola (9, 10). These 
opportunistic pathogens share the same 
characteristics, which include extracel-
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lular proteolytic activity, complex anae-
robic fermentation of amino acids, pro-
duction of toxic metabolites, and posse-
ssion of outer membrane vesicles. Thro-
ugh these features, the bacteria invade 
the periodontal tissue by adhering to the 
oral epithelium, degrading both soft and 
hard tissues, and circulating through the 
bloodstream to organs distant from the 
mouth (9). Microorganisms entering the 
circulation cause transient bacteraemia, 
which could induce or exacerbate syste-
mic inflammatory responses and endo-
thelial injury. The inflammatory media-
tors produced in response to periodontal 
pathogens, such as C-reactive protein 
(CRP), interleukins (IL-1β, IL-6), and 
tumour necrosis factor-alpha (TNF-α), 
are also elevated in patients with cardi-
ovascular diseases (9, 11, 12).

Olsen et al. identified oral bacteria 
in cardiovascular tissues, such as aneu-
rysms, heart valves, and atherosclerotic 
plaques (13). The ability to destroy tissue 
explains the observations of bacteria in 
the cardiac muscle tissue and arterial 
walls, suggesting a potential pathogenic 
causal connection among periodontal 
pathogens and CVD. Periodontal tre-
atment may also reduce systemic in-
flammatory markers and improve endo-
thelial function (14). According to recent 
research, periodontitis may contribute to 
systemic inflammation and endothelial 
dysfunction, key mechanisms in which 
lead to atherosclerosis and other CVDs 
(15, 16).

Additionally, the European Fede-
ration of Periodontology and WONCA 
Europe's consensus report summary 
indicates that periodontitis increases 
the risk of the first cardiovascular event 
and the risk of developing diabetes. Red 
complex bacteria may induce chronic in-
flammation, oxidative stress, and insulin 
resistance, all associated with diabetes 
pathogenesis (17).

Recent research showed that peri-
odontal disease is associated with an 
increased risk of RA in individuals. This 
disease's pathophysiology is complex, 
with genetic and environmental varia-
bles contributing to its development. The 
microbiome has been identified as an 
environmental component contributing 

to the development of RA. Furthermore, 
it has been demonstrated that the severity 
of periodontal disease correlates with the 
activity of the disease process in RA pa-
tients and that treating periodontal disea-
se symptoms reduces RA symptoms (5).

Other relevant oral bacteria that do 
not belong to the red complex but are 
present in chronic and aggressive perio-
dontitis are A. actinomycetemcomitans 
and P. intermedia.

A. actinomycetemcomitans is a 
Gram-negative, facultative anaerobic 
coccobacillus present in subgingival 
plaque in patients with aggressive peri-
odontitis. It has 10 subtypes and diffe-
rent characteristics. Its pathogenicity is 
primarily attributed to several virulence 
factors that increase and facilitate colo-
nization, evade the host immune system, 
and cause tissue damage. A. actinomyce-
temcomitans can evade immune respon-
ses and establish infection by producing 
leukotoxin, which targets leukocytes and 
monocytes. It also forms immunoglobu-
lin proteases and collagenase. These pro-
perties can contribute to the survival of 
bacteria within the oral cavity, influence 
their pathogenic potential, and impact 
clinical outcomes in infected individuals 
(9, 18).

P. intermedia is a Gram-negative, 
strictly anaerobic, short rod-shaped bac-
terium that produces lipase when invol-
ved in bacterial invasion of the periodon-
tium. Given the high diversity of the Pre-
votella genus, some of the 30 subspecies 
are members of the orange complex (10). 
P. intermedia produces lipopolysacchari-
de, which invades human oral epithelial 
cells, inhibits the phagocytic and che-
motactic activities in human dental stem 
cells, and promotes alveolar bone resor-
ption. It also induces the expression of 
IL-8 in human gingival fibroblasts (19).

According to recent studies, there 
may be an association between perio-
dontitis and sleep disordered breathing, 
with inflammation as a common un-
derlying mechanism. Snoring, a primary 
symptom of obstructive sleep apnea 
(OSA), results from the vibration of 
respiratory structures due to turbulent 
airflow and is often considered an early 

indicator of potential airway obstruction. 
The intermittent hypoxia associated with 
these conditions can lead to systemic in-
flammation, which may adversely affect 
periodontal health (12, 20).

The aim of this study was to asse-
ss the presence of five periodontopat-
hogenic bacteria in patients from the 
Split-Dalmatia County and to analyze 
the association between the frequency of 
bacteria and investigated variables (age, 
gender, systemic diseases, and snoring) 
among patients with periodontitis.

Materials and Methods

Study Design and Participants

The research was designed as a cro-
ss-sectional study and was carried out on 
a sample of adults with stage II/III gra-
de B periodontitis, between the ages of 
20 and 80 (21). Dental examination and 
microbiological sampling were perfor-
med by a dentist in a private dental office 
in Split, Croatia, who also assessed the 
degree of inflammation in the oral cavity 
during the examination. Sample collecti-
on and analysis, and data collection from 
individuals were obtained between Sep-
tember 2022 and October 2024. Patients 
were not receiving antibiotic therapy be-
fore sampling. Pooling method was used 
for harvesting bacteria from the pocket 
using 6 paper points of moderate stren-
gth (average size, # 30-50) and "pooling" 
several probes from various pockets equ-
ally distributed in both jaws, following 
which the paper point (samples) would 
be placed in a cold transport container, 
delivered to the laboratory and kept at a 
temperature of +4 °C until the start of the 
analysis. For this study, dental examina-
tion was performed on 492 Caucasian 
patients, of which 240 did not have perio-
dontitis and were excluded. From 252 pa-
tients with periodontitis, 53 of them who 
were younger than 20 or older than 80 
were also excluded. Of 199 patients with 
periodontitis, 50 patients tested negative 
for all tested bacteria and were excluded 
from the study. The study included 149 
patients with periodontitis who were po-
sitive for at least one bacterium and met 
our study requirements. The flow chart 
in Figure 1 shows all phases of the study.
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The study was approved by the Et-
hics Committee of the University of 
Split, University Department of Health 
Study on April 23, 2025. (Class: 029-
03/25-08/01; Reg. No.: 2181-228-103/1-
33). All procedures conformed to the 
Declaration of Helsinki.

All participants signed a consent 
form agreeing to provide personal infor-
mation relevant to the study at the time 
of sample collection. Data regarding 
systemic disorders (CVD, diabetes, and 
RA) and snoring were obtained from 
the questionnaire that patients comple-
ted while providing informed consent 
to participate in the study. The patients 
were questioned about their medication, 
dietary habits, and lifestyle to avoid con-

founding factors. Out of the total num-
ber of patients included in the study, 55 
had a systemic disease (42 patients pre-
sented with cardiovascular difficulties, 
8 patients with RA, and 5 patients with 
diabetes).

Sample Collection and Storage

Cotton rolls were used to isolate the 
sampling area. The tooth surface was 
cleaned with 70% ethanol and dried 
with sterile cotton swabs. Samples were 
obtained from the deepest pockets of the 
diseased areas with five sterile paper 
points inserted into the gingival crevice 
for 15 seconds and then transferred to a 
sterile 1.5 ml vial for molecular analysis. 

The samples were sent to a molecular la-
boratory and remained stable dor 7-days 
at temperatures ranging from 2 to 8 °C.

DNA Extraction

To extract the DNA from the perio-
dontal sample, 500 µl of saline was added 
to the tube and mixed vigorously for 10 
seconds to remove bacterial cells from the 
paper points. The DNA was then extrac-
ted using the NucleoSpin®-Microbial 
kit (Macherey-Nagel, Duren, Germany) 
according to the manufacturer's instruc-
tions. The quantity of extracted DNA 
was quantified spectrophotometrically 
at 260 nm with a NanoDrop ND-1000 
Spectrophotometer (Thermo Fisher Sci-
entific Inc., Wilmington, DE, USA), and 
its purity was calculated as the ratio of 
absorbance observed at 260 and 280 nm.

Real-time PCR

Real-time PCR was carried out 
using a real-time analyser, the ABI Pri-
sm 7500 Real-Time PCR System (Appli-
ed Biosystems, USA). Primers for Ag-
gregatibacter actinomycetemcomitans, 
Porphyromonas gingivalis, Prevotella 
intermedia, Treponema denticola, and 
Tannerella forsythia were used as pre-
viously described (22).

The RT-PCR was performed in a 
total reaction volume of 50 µL, which 
included 5.0 µL of isolated DNA as the 
template, 25 µL of Power SYBR Gre-
en PCR Master Mix (Thermo Fisher, 
USA), 18 µL of sterile water, and 2 µL 
(20µM) of a bacteria-specific primer 
pair. Primerconcentrations were identi-
cal for all assays. Negative and positive 
controls were included in each batch of 
specimens. Negative controls contained 
ultrapure water instead of sample DNA. 
The positive control consisted of the ge-
nomic DNA of the five positive targeted 
bacteria. The 5.0 µL of negative and 5.0 
µL of positive control were included in 
each analysis run. All amplifications and 
detections were carried out in a Micro-
Amp optical 96-well reaction plate. The 
cycling conditions were initial denatu-
ration at 95°C for 10 minutes, followed 
by 40 cycles of denaturation at 95°C for 
5 seconds, and annealing at 60°C for 34 

Figure 1. 
Flow diagram for each stage of the study

seconds each. The accumulation of PCR 
products was observed at each cycle by 
monitoring the increase in fluorescence 
of the reporter dye from dsDNA binding 
SYBR Green. After the PCR, the speci-
ficity of the amplification was assayed 
with the use of melting curves which 
were constructed in the range of 60°C to 
95°C (23).

Statistical Analysis

Categorical variables are expressed 
as frequencies and percentages. Diffe-
rences in categorical variables were 
analyzed using the Pearson chi-square 
test or Fisher's exact test. Furthermo-
re, we performed logistic regression 
analyses to assess the association of po-
sitive findings of analyzed bacteria with 
the odds ratios of predictors that had 
p-value <0.1 in univariate models. The 
statistical significance was considered 
for two-sided p-values less than 0.05. 
Statistical analysis was conducted using 
JASP (Version 0.18.3). 

 Sample size was calculated using an 
on-line sample size calculator for esti-
mating a single proportion: https://www.
statulator.com/SampleSize/ss1P.html. 
Data on the total number of respondents 
and the proportions of negative/ positive 
respondents (0.18/ 0.82) were taken from 
the previous study and established as 
the expected proportions in the research 
(23). Level of confidence was set to 0.95 
and precision or margin of error is set to 
0.1. The calculation determined that the 
study required a number of 57 subjects, 
and 149 subjects were included in this 
study.

Results

A total of 149 individuals met the 
inclusion criteria. Table 1 shows the so-
ciodemographic and clinical characteri-
stics of the patients. There were more fe-
males (58%) than males (42%). Most pa-
tients were aged between 41 and 60 years 
(44%), and over 60 years (34%). The 63% 
of participants did not have any systemic 
diseases, compared to 37% of them who 
did. 62% of the participants reported no 
snoring .

The detection of five periodontopat-
hogens: Aggregatibacter actinomyce-
temcomitans, Porphyromonas gingiva-
lis, Prevotella intermedia, Tannerella 
forsythia, and Treponema denticola in 
subgingival plaque samples of periodon-
tal disease patients were tested by real-
time PCR. The results are summarized 
in Table 2.

The data in Figure 2 represent the 
distribution of subjects by gender and 
the analyzed microorganisms. No stati-
stically significant difference between 
genders was observed for any tested bac-
teria. Using the chi-square test, the p-va-
lues were between 0.131 and 0.942.

The results obtained for the bacte-
ria P. gingivalis and T. forsythia showed 
a statistically significant association 
between negative and positive results 
and age categories (p = 0.021, p = 0.034, 
respectively). Participants aged 41-60 ye-
ars had the highest percentage of positive 
findings for both bacteria (48.5% for P. 
gingivalis and 42.1% for T. forsythia).

The association between positive 
findings for bacterium A. actinomyce-
temcomitans and snoring (p = 0.095) 
was borderline significant. More patients 
who did not snore had positive results. 
According to the Chi-square test, about 

Table 2. 
The results of the real-time PCR analysis of five periodontopathogenic bacteria in plaque samples from 149 patients.

Detection by Real-Time PCR (copies/plaque sample) 

Score

Bacterial Species 0 <104 104–106 >106

Aggregatibacter actinomycetemcomitans (A.a.) 108 (72.5%) 36 (24.1%) 4 (2.7%) 1 (0.7%)

Porphyromonas gingivalis (P.g.) 86 (57.7%) 28 (18.8%) 31 (20.8%) 4 (2.7%)

Prevotella intermedia (P.i.) 27 (18.1%) 52 (34.9%) 67 (45%) 3 (2%)

Tannerella forsythia (T.f.) 27 (18.1%) 26 (17.5%) 54 (36.2%) 42 (28.2%)

Treponema denticola (T.d.) 54 (36.2%) 29 (19.5%) 55 (36.9%) 11 (7.4%)

Table 1. 
Sociodemographic and clinical characteristics of the patients.

Number Percentage (%)

Gender
Male 62 42%

Female 87 58%

Age

20-40 33 22%

41-60 66 44%

61-80 50 34%

Systemic diseases
Yes 55 37%

No 94 63%

Snoring
Yes 56 38%

No 93 62%
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systemic diseases, no statistically signi-
ficant association was observed with any 
of the analyzed bacteria. The results are 
shown in Table 3.

Furthermore, we performed a logi-
stic regression analysis for positive fin-
dings of P. gingivalis with age categories 
as a predictor (p <0.016, Nagelkerke R2 = 
0.072). Results showed that age categori-
es 41-60 years (OR = 3.43, 95% CI (0.23, 
2.23), p = 0.011) and 61-80 years (OR = 
3.43, 95% CI (0.23, 2.23), p = 0.016) had 
higher odds for positive results compa-

red to age category 20-40 years. A lo-
gistic regression analysis model for T. 
forsythia was also statistically signifi-
cant (p = 0.031, Nagelkerke R2 = 0.074) 
and revealed that participants aged 41-60 
years had higher odds for a positive re-
sult (OR = 3.2 (95% CI (1.006, 10.175), p 
= 0.049) compared to participants aged 
20-40 years. No statistically significant 
result was observed for the age category 
61-80 years (OR = 0.911, 95% CI (0.330, 
2.517), p = 0.857). We also performed a 
logistic regression analysis for A. acti-

nomycetemcomitans with snoring as an 
independent variable (p = 0.09, Nagel-
kerke R2 = 0.028). Snoring showed bor-
derline significance (OR = 1.948, 95% CI 
(-0.123, 1.457), p = 0.098).

The distribution of subjects by gen-
der, age, systemic diseases, snoring, and 
the intensity of identified microorgani-
sms is shown in Table 4. It was obser-
ved for bacterium T. forsythia that the 
distribution of patients regarding age 
(p = 0.080) and snoring (p = 0.089) was 
borderline significant. For bacterium T. 
denticola, the results showed statistically 
significant differences between exami-
ned groups in the distribution of patients 
regarding age (p = 0.029).

Discussion

The results of our study showed that 
the prevalence and intensity of bacte-
ria increase with age. Huang and Dong 
evaluated the prevalence of periodon-
tal disease in middle-aged and elderly 
patients. They concluded that age is an 
influencing factor on the incidence of 
periodontitis (24). In the cross-sectional 
study, Motoc et al. analyzed the associa-
tion between age, gender, diet, and 11 

Figure 2. 
A graphical representation of the results of periodontopathogenic bacteria according to gender 
(A.a. = A. actinomycetemcomitans, P.g. = P. gingivalis, P.i. = P. intermedia, T.f. = T. forsythia, T.d. 
= T. denticola.). The percentage of the number of positive patients is shown on the y-axis.

Table 3. 
Results of analyzes of periodontopathogenic bacteria (A.a. = A. actinomycetemcomitans, P.g. = P. gingivalis, P.i. = P. intermedia, T.f. = T. forsythia, 
T.d. = T. denticola.) and their relationship with regard to negative and positive results classified by age, systemic diseases, and snoring. The statistical 
significance was considered for two-sided p-values less than 0.05 obtained using the Pearson chi-square test or Fisher’s exact test.

A.a. P.g. P.i. T.f. T.d.

neg poz p* neg poz p* neg poz p* neg poz p* neg poz p*

Age

20-40 23 
(69.7%)

10 
(30.3%)

0.340

26 
(78.8%)

7 
(21.2%)

0.021

4 
(12.1%)

29 
(87.9%)

0.597

4 
(23.5%)

18 
(23.7%)

0.038

17 
(51.5%)

16 
(48.5%)

0.10841-60 45 
(68.2%)

21 
(31.8%)

34 
(51.5%)

32 
(48.5%)

13 
(19.7%)

53 
(80.3%)

2 
(11.8%)

32 
(42.1%)

20 
(30.3%)

46 
(69.7%)

61-80 40 
(80%)

10 
(20%)

26 
(52%)

24 
(48%)

10 
(20%)

40 
(80%)

11 
(64.7%)

26 
(34.2%)

17 
(34%)

33 
(66%)

Systemic diseases

Yes 43 
(78.2%)

12 
(21.8%)

0.233

27 
(49.1%)

28 
(50.9%)

0.103

11 
(20%)

44 
(80%)

0.649

10 
(18.2%)

45 
(81.8%)

0.988

17 
(30.9%)

38 
(69.1%)

0.300

No 65 
(69.1%)

29 
(30,9%)

59 
(62.8%)

35 
(37.2%)

16 
(17%)

78 
(83%)

17 
(18.1%)

49 
(77.9%)

37 
(39.4%)

57 
(60.6%)

Snoring

Yes 45 
(80.4%)

11 
(19.6%)

0.095

30 
(53.6%)

26 
(46.4%)

0.427

9 
(16.1%)

47 
(83.9%)

0.614

12 
(21.4%)

44 
(78.6%)

0.416

16 
(28.6%)

40 
(71.4%)

0.131

No 63 
(67.7%)

30 
(32.3%)

56 
(60.2%)

37 
(39.8%)

18 
(19.4%)

75 
(80.6%)

15 
(16.1%)

78 
(83.9%)

38 
(40.9%)

55 
(59.1%)

periodontopathogenic bacteria in chil-
dren and adolescents. The study inclu-
ded 60 participants and showed that age 
had a statistically significant influence 
on four bacteria (8). In our study, there 
were statistically significant differen-
ces between the groups for P. gingivalis 
and T. forsythia, where the presence or 

absence of bacteria varied with regard to 
age. The participants over 60 years old 
(48%) and the group between 41 and 60 
years old (48.5%) had the highest preva-
lence of P. gingivalis. The group between 
41 and 60 years old had a higher preva-
lence (42.1%) of T. forsythia compared to 
the group between 20 and 40 years old 

(Table 3). For the same bacterium a bor-
derline significance was observed for the 
intensity and age groups. For T. dentico-
la, the results demonstrated statistically 
significant differences between exami-
ned groups in the distribution of patients 
regarding age and the intensity of the 
bacterium (Table 4).

Table 4. 
Results of analysis of periodontopathogenic bacteria (A.a. = A. actinomycetemcomitans, P.g. = P. gingivalis, P.i. = P. intermedia, T.f. = T. forsythia, T.d. 
= T. denticola.) classified according to their concentration (0 = negative, 1 = <104, 2 = 104 – 106, 3 = >106) and according to gender, age, systemic 
diseases, and snoring of patients (N = 149). The statistical significance was considered for two-sided p-values less than 0.05 obtained using the Pearson 
chi-square test or Fisher’s exact test.

Bacteria Score
Gender Age Systemic disease Snoring

Male Female p* 20-40 41-60 61-80 p* Yes No p* Yes No p*

A.a.

0 49 
(45.4%)

59 
(54.6%)

0.352

23 
(21.3%)

45 
(41.7%)

40 
(37%)

0.538

43 
(39.8%)

65 
(60.2%)

0.605

45 
(41.7%)

63 
(58.3%)

0.374
1 11 

(30.6%)
25 
(69.4%)

8 
(22.2%)

19 
(52.8%) 9 (25%) 11 

(30.6%)
25 
(69.4%)

10 
(27.8%)

26 
(72.2%)

2 2 (50%) 2 (50%) 2 (50%) 1 (25%) 1 (25%) 1 (25%) 3 (75%) 1 (25%) 3 (75%)

3 0 (0%) 1 
(100%) 0 (0%) 1 

(100%) 0 (0%) 0 (0%) 1 
(100%) 0 (0%) 1 

(100%)

P.g.

0 36 
(41.9%)

50 
(58.1%)

0.924

26 
(30.2%)

34 
(39.5%)

26 
(30.3%)

0.116

27 
(31.4%)

59 
(68.6%)

0.268

30 
(34.9%)

56 
(65.1%)

0.251
1 12 

(42.9%)
16 
(57.1%) 2 (7.1%) 16 

(57.1%)
10 
(35.8%) 14 (50%) 14 

(50%)
8 
(28.6%)

20 
(71.4%)

2 13 
(41.9%)

18 
(58.1%)

5 
(16.2%)

13 
(41.9%)

13 
(41.9%)

13 
(41.9%)

18 
(58.1%)

16 
(51.6%)

15 
(48.4%)

3 1 (25%) 3 (75%) 0 (0%) 3 (75%) 1 (25%) 1 (25%) 3 (75%) 2 (50%) 2 (50%)

P.i.

0 13 
(48.1%)

14 
(51.9%)

0.682

4 
(14.8%)

13 
(48.2%)

10 
(37%)

0.415

11 
(40.7%)

16 
(59.3%)

0.126

9 
(33.3%)

18 
(66.7%)

0.727

1 21 
(40.4%)

31 
(59.6%)

15 
(28.8%)

17 
(32.7%)

20 
(38.5%)

17 
(32.7%)

35 
(67.3%)

20 
(38.5%)

32 
(61.5%)

2 26 
(38.8%)

41 
(61.2%)

14 
(20.9%)

34 
(50.7%)

19 
(28.4%)

24 
(35.8%)

43 
(64.2%)

25 
(37.3%)

42 
(62.7%)

3 2 
(66.7%)

1 
(33.3%) 0 (0%) 2 

(66.7%)
1 
(33.3%) 3 (100%) 0 (0%) 2 

(66.7%)
1 
(33.3%)

T.f.

0 11 
(40.7%)

16 
(59.3%)

0.591

8 
(29.6%)

6 
(22.2%)

13 
(48.2%)

0.080

10 (37%) 17 
(63%)

0.324

12 
(44.4%)

15 
(55.6%)

0.089

1 9 
(34.6%)

17 
(65.4%)

9 
(34.6%)

10 
(38.5%)

7 
(26.9%) 7 (26.9%) 19 

(73.1%)
9 
(34.6%)

17 
(65.4%)

2 21 
(38.9%)

33 
(61.1%)

10 
(18.5%)

26 
(48.2%)

18 
(33.3%)

18 
(33.3%)

36 
(66.7%)

14 
(25.9%)

40 
(74.1%)

3 21 
(50%)

21 
(50%)

6 
(14.3%)

24 
(57.1%)

12 
(28.6%)

20 
(47.6%)

22 
(52.4%) 21 (50%) 21 

(50%)

T.d.

0 22 
(40.7%)

32 
(59.3%)

0.994

17 
(31.5%)

20 
(37%)

17 
(31.5%)

0.029

17 
(31.5%)

37 
(68.5%)

0.470

16 
(29.6%)

38 
(70.4%)

0.326

1 12 
(41.4%)

17 
(58.6%)

8 
(27.6%) 9 (31%) 12 

(41.4%) 9 (31%) 20 
(69%)

13 
(44.8%)

16 
(55.2%)

2 23 
(41.8%)

32 
(58.2%)

7 
(12.8%)

28 
(51%)

20 
(36.2%)

24 
(43.6%)

31 
(56.4%)

24 
(43.6%)

31 
(56.4%)

3 5 
(45.5%)

6 
(54.5%) 1 (9.1%) 9 

(81.8%) 1 (9.1%) 5 (45.5%) 6 
(54.5%)

3 
(27.3%)

8 
(72.7%)
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However, Li et al. reported contra-
dictory findings in their cross-sectio-
nal study involving 9803 participants 
aged 20 and older. They analyzed the 
association between biological aging 
and periodontitis. The study showed no 
association between biological age and 
the development of periodontitis (25). 
Additionally, Victor et al. in their cro-
ss-sectional study evaluated the perio-
dontal status and the presence of three 
periodontopathogenic bacteria in 132 
non-smoking adult subjects. The presen-
ce of P. gingivalis, A. actinomycetemco-
mitans, and F. nucleatum was not signi-
ficantly associated with gender or age 
(26). In our study of five tested bacteria, 
age was not associated with two bacteria, 
A. actinomycetemcomitans and P. inter-
media. It remains unclear if the higher 
prevalence and severity in older people 
are the result of the lifetime accumulati-
on of local risk factors that include tooth 
plaque and microbial deposits or an inhe-
rent greater predisposition to periodontal 
disease (27-29).

Several studies showed that the 
prevalence and severity of periodontal 
disease exhibit a gender predilection. 
The results of our study, contrary to our 
expectations based on previous studies, 
showed that out of the total number of 
positive patients, female patients predo-
minated. In the study conducted by Zhao 
et al., which evaluated gender variations 
in the subgingival bacteria microbiome 
of elderly patients and identified diffe-
rences in the composition of the oral 
microbiome between males and females 
(7). The study showed that males had a 
greater variety and number of bacteria 
than females. A small number of par-
ticipants (32) were included in their re-
search (7). In 2012, Eke et al. observed 
that gender had a significant association 
with prevalence, with an 18% differen-
ce between males and females (56.4% as 
opposed to 38.4%). Additionally, in 2019, 
they reported that males had a two-fold 
higher probability of having periodonti-
tis compared to females, with severe pe-
riodontitis having the highest prevalence 
(adjusted prevalence ratio aPR = 2.68; 
2.22; 3.23) (30, 31). However, their studi-
es included more subjects than ours.

The results of the study conducted 
by Motoc et al. showed that gender did 
not have a statistically significant influ-
ence on the estimated periodontopatho-
genic bacteria, however, the participants 
in their study were children and adoles-
cents, while in our study, the patients 
were adults (8). In our study, despite the 
higher prevalence of bacteria, which was 
observed in women, the difference was 
not statistically significant. One possible 
reason could be that more females (58%) 
than males (42%) were included in our 
study. Also, other studies included more 
subjects in their research, which may be 
another possible explanation for the fin-
dings in our study.

Recent studies led to an increased 
interest in the oral microbiome and its 
association with the development of pe-
riodontitis and systemic diseases; hence, 
Larvin et al. included 30 longitudinal co-
hort studies in their meta analysis. They 
found that CVD risk was significantly 
higher in patients with periodontitis com-
pared to those without periodontitis (RR 
1.20; 95% CI 1.14-1.26) (32). Haraszthy 
et al. found that 44% of carotid endar-
terectomy specimens obtained from pa-
tients with atherosclerosis were positive 
for at least one of the target periodontal 
pathogens (A. actinomycetemcomitans, 
T. forsythia, P. gingivalis, and P. inter-
media) (33). Hernández-Ruiz et al. in 
their systematic review reported that red 
complex bacteria present in patients with 
periodontitis can translocate into the cir-
culation and cause a local and systemic 
immune response, which supports the 
hypothesis that periodontopathogenic 
bacteria may have an impact on lipid me-
tabolism and the atherosclerotic plaque 
formation (34).

Although much is known about the 
individual pathogens associated with pe-
riodontitis and the prevalence of CVD in 
periodontitis patients, the mechanisms 
underlying the association between peri-
odontitis and CVDs remain unclear (35).

Studies have shown that periodon-
tal disease is associated with a higher 
risk of developing RA. According to 
Nik-Azis et al. and De Smit et al., there 
was a higher incidence of RA in patients 
with periodontal disease (36, 37). De 

Aquino et al. reported that P. gingivalis 
may have an important role in the deve-
lopment of inflammation in RA patients 
(38). However, Konig et al. were not able 
to identify a mechanism relating RA to 
patients with detected P. gingivalis (39). 
Furthermore, Schmickler et al. in their 
study evaluated periodontopathogenic 
bacteria and their influence on patients 
with RA. Of the 11 bacteria tested, only 
the presence of T. denticola was related 
to periodontal condition in RA patients 
(40). In our study, there was no associa-
tion between periodontopathogenics and 
systemic diseases. Although there was 
no statistical significance for the bacteri-
um P. intermedia, the intensity of bacte-
ria varied with concerning the presence 
or absence of systemic disease, as shown 
in Table 4.

The influence of sleep disorders, 
such as snoring, has been studied in the 
last decade (41, 42). According to the 
studies, periodontitis is a dental conditi-
on that may be related to sleep disorders 
like obstructive sleep apnea and snoring 
(43, 44). To our knowledge, the associa-
tion between snoring and the presence of 
periodontopathogenic bacteria has not 
been researched; however, given that the 
presence of bacteria is the most common 
cause of periodontitis, we compared our 
results to studies that observed the rela-
tionship between snoring and periodon-
titis.

Acar et al. included in their study 
291 patients (41 patients presented with 
snoring and 250 with obstructive sleep 
apnea). There was no association betwe-
en obstructive sleep apnea and perio-
dontitis, while snoring complaints were 
positively associated with periodontal 
disease (45). Our study showed that the 
association between snoring and the in-
tensity of T. forsythia was borderline 
significant. Conversely, the bacterium 
was more prevalent in subjects who do 
not snore, as shown in Table 4. Also, the 
results regarding the presence or absen-
ce of A. actinomycetemcomitans and 
snoring were borderline significant, and 
the bacterium was more prevalent in su-
bjects who do not snore (Table 3). The 
obtained result is possible due to the con-
stant presence of air, which dries out and 
changes the conditions in the oral cavity. 

The environment with the presence of 
oxygen may not be suitable for anaerobic 
bacteria.

Therefore, our ongoing research will 
incorporate a greater number of subjects 
and variables, enabling us to yield more 
results that will elucidate the previously 
discussed issues.

Conclusions

According to the results of our re-
search, the presence and intensity of 
periodontopathogenic bacteria are more 
common in the elderly. Our study point 
to the conclusion that more women were 
positive for the presence of all tested 
bacteria.
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Sažetak

PARADONTOPATOGENE BAKTERIJE U PACIJENATA SPLITSKO-DALMATINSKE ŽUPANIJE: POVEZANOST IZMEĐU SPOLA, 
DOBI, SISTEMSKIH BOLESTI I HRKANJA

Eva Vukelić, Nina Kalajžić, Ferdinand Josip Bušelić, Sendi Kuret

Cilj: Parodontna bolest kronično je upalno stanje koje značajno utječe na oralno, ali i sistemsko zdravlje. Rizični čimbenici 
za razvoj parodontitisa uključuju dob, spol, sistemske bolesti, poremećaje disanja tijekom spavanja te prisutnost specifičnih paro-
dontopatogenih bakterija. Cilj ovog istraživanja bio je ispitati prisutnost pet parodontopatogenih bakterija (Aggregatibacter ac-
tinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia, Tannerella forsythia i Treponema denticola) u uzorcima 
bolesnika te analizirati njihovu povezanost s dobi, spolom, sistemskim bolestima i hrkanjem.

Materijali i metode: U ovom presječnom istraživanju sudjelovalo je ukupno 149 odraslih ispitanika (62 muškarca i 87 žena) 
s kliničkim znakovima lokaliziranog kroničnog parodontitisa. Ispitanici su ispunili upitnik kojim su prikupljeni podaci o njihovim 
sociodemografskim i kliničkim obilježjima, a prisutnost pet parodontopatogenih bakterija u subgingivnom plaku analizirana je 
metodom real-time PCR-a.

Rezultati: Dobiveni su statistički značajni rezultati koji upućuju na povezanost dobi i prisutnosti parodontopatogenih bakterija. 
Statistički značajni rezultati za bakterije Porphyromonas gingivalis i Tannerella forsythia najčešće su zabilježeni kod ispitanika u 
dobi između 41 i 60 godina te onih starijih od 60 godina. Za bakteriju Aggregatibacter actinomycetemcomitans dobiveni su granič-
no značajni rezultati u odnosu na hrkanje, pri čemu je više pozitivnih nalaza zabilježeno kod osoba koje ne hrču.

Zaključak: Dob se pokazala najznačajnijim čimbenikom, a većina pacijenata s pozitivnim nalazima testiranih bakterija bile su 
žene.

Ključne riječi: PARODONTITS, PARODONTOPATOGENE BAKTERIJE, SISTEMSKE BOLESTI, HRKANJE, SPLITSKO-DALMATINSKA ŽUPANIJA
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