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ABSTRACT
Objectives: We tested the hypothesis that Parkinson’s disease (PA) alters the periodontitis- 
associated oral microbiome.
Method: Patients with periodontitis with Parkinson’s disease (PA+P) and without PA (P) and 
systemically and periodontally healthy individuals (HC) were enrolled. Clinical, periodontal 
and neurological parameters were recorded. The severity of PA motor functions was mea-
sured. Unstimulated saliva samples and stool samples were collected. Next-generation 
sequencing of 16S ribosomal RNA (V1-V3 regions) was performed.
Results: PA patients had mild-to-moderate motor dysfunction and comparable plaque scores 
as those without, indicating that oral hygiene was efficient in the PA+P group. In saliva, there 
were statistically significant differences in beta diversity between HC and PA+P (p = 0.001), HC 
and P (p = 0.001), and P and PA+P (p = 0.028). The microbial profiles of saliva and fecal 
samples were distinct. Mycoplasma faucium, Tannerella forsythia, Parvimonas micra, and 
Saccharibacteria (TM7) were increased in P; Prevotella pallens, Prevotella melaninogenica, 
Neisseria multispecies were more abundant in PA+P group, Ruthenibacterium lactatiformans, 
Dialister succinatiphilus, Butyrivibrio crossotus and Alloprevotella tannerae were detected in 
fecal samples in P groups compared to healthy controls.
Conclusions: No significant differences were detected between Parkinson’s and non- 
Parkinson’s gut microbiomes, suggesting that Parkinson’s disease modifies the oral micro-
biome in periodontitis subjects independent of the gut microbiome.
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Introduction

Parkinson’s disease (PA) is a progressive neurodegen-
erative disorder primarily seen with motor and non-
motor features [1]. The pathological hallmark of 
Parkinson’s disease is the accumulation of alpha- 
synuclein (α-synuclein) protein in the brain [2]. The 
disease is characterized by the loss of dopaminergic 
neurons and consequent diminished motor function 
of the basal ganglia, both leading to clinical features 
[3]. With the progression of the disease, symptoms 
such as tremors, muscle rigidity, bradykinesia, and 
postural instability occur [4]. Parkinson’s disease is 
a multifactorial disease with risk factors such as age, 
genetic features, and gender. Consumption of dairy 
products, exposure to pesticides, history of traumatic 
brain injury, methamphetamine, and melanoma 
increase the risk of Parkinson’s disease [5].

While Parkinson’s disease is primarily considered 
a neurodegenerative disorder, recent studies have 
suggested that the microbiome plays a role in influ-
encing the disease onset. The gut-brain axis has been 

the focus of the microbiology of Parkinson’s disease. 
The dysbiosis in the gut microbiome results in 
increased mucosal permeability, oxidative stress, 
inflammatory reactions, and aggregation of α- 
synuclein in the enteric nervous system (ENS) [6]. 
Through the vagal nerve, α-synuclein pathology is 
suggested to spread from the ENS to the central 
nervous system [7]. The dysbiotic gut microbiome 
could also induce a chronic inflammation that trig-
gers an immune response, which is attributed to the 
severity of Parkinson’s disease [8].

Periodontitis (P) is a multifactorial chronic inflam-
matory disease with various contributing factors, 
including the oral microbiome [9]. In individuals 
with periodontitis, there is a shift in the composition 
of the oral microbiome towards a dysbiotic state, 
marked by an overabundance of pathogenic bacterial 
species such as Porphyromonas gingivalis, Treponema 
denticola, and Tannerella forsythia [10]. The oral 
microbiome harbors the most comprehensive and 
highest bacterial diversity in the human body after 
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the gut microbiome. Besides the other surfaces in the 
oral cavity, saliva contains its microbiome, consisting 
of a diverse array of bacteria, viruses, fungi, archaea, 
and protozoa [11].

Inflammation and oral pathogens associated 
with periodontitis contribute to the development 
or exacerbation of several systemic conditions, 
such as cardiovascular disease, diabetes, respira-
tory diseases, rheumatoid arthritis, and 
Alzheimer’s disease [12]. Another neurodegenera-
tive disorder, Alzheimer’s disease, is linked to 
periodontitis via inflammatory pathways as well 
as bacterial pathogens. P. gingivalis and the viru-
lence factors of oral pathogens potentially migrate 
to the brain through systemic circulation or the 
vagal nerve and contribute to neuroinflammation 
or amyloid plaque formation, hallmarks of 
Alzheimer’s disease [13]. Although poor oral 
health, worsening of periodontal health, or tooth 
loss were linked with Parkinson’s disease [14,15], 
there is limited research on the mechanisms of the 
association between Parkinson’s disease and 
periodontitis.

In a recent study, we reported an inflammatory 
relationship between Parkinson’s disease and per-
iodontitis, showing increased levels of Parkinson’s 
disease-related inflammatory markers [16]. Some 
studies have explored the potential links between 
gut microbiome alterations and Parkinson’s dis-
ease development or progression [17]. We recently 
analyzed the levels of 40 bacterial species of sub-
gingival plaque samples from Parkinson’s disease 
patients with periodontitis and demonstrated 
a significant alteration in the Parkinson’s patients’ 
oral microbiome [18]. In a recent study where oral 
and intestinal microbiota were evaluated in 
Parkinson’s patients (Jo S, Kang W, Hwang YS, 
et al. Oral and gut dysbiosis leads to functional 
alterations in Parkinson’s disease. NPJ Parkinsons 
Dis. 7 July 2022;8(1):87.), the impact of period-
ontitis was not evaluated. Our study was focused 
on elucidating the impact of Parkinson’s disease 
on the oral and gut microbiome in patients with 
periodontitis. Since Parkinson’s disease is 
a neurodegenerative disorder that alters the gut 
microbiome due to the local inflammatory 
response, we tested the hypothesis that 
Parkinson’s disease alters the periodontitis- 
associated oral microbiome compared to the gut 
microbiome.

Materials and methods

Study population

The study was approved by the human subject ethics 
board (date: 27 November 2019; Number: 1012) for 

use and access of human subjects in research follow-
ing the Helsinki Declaration of 1975, as revised in 
2013. Healthy individuals (n = 17) and patients diag-
nosed with Stage III, Grade B periodontitis [9] (n =  
18) were enrolled. All individuals gave oral informed 
consent. The United Kingdom Parkinson’s Disease 
Society Brain Bank criteria were utilized for diagnos-
ing Parkinson’s disease [19]. For the Parkinson’s 
disease group, participants referred from the 
University Parkinson’s Disease and Movement 
Disorders Center and who had Stage III, Grade 
B periodontitis (n = 16) were included in the study. 
All patients with Parkinson’s disease underwent an 
assessment conducted by a neurologist experienced 
in movement disorders. Information regarding the 
duration and pharmacological treatment of 
Parkinson’s disease was documented. Patients with 
Parkinson’s disease included in this study did not 
have a diagnosis of Parkinson’s Plus Syndrome and 
had undergone deep brain stimulation therapy at 
least 4 months ago. The evaluation of motor function 
severity in Parkinson’s disease patients was per-
formed using the Unified Parkinson’s Disease 
Rating Scale (UPDRS) – part III [20]. The disease 
stage was assessed using the Hoehn and Yahr scale 
(H&Y) [21]. UPDRS and H&Y assessments were 
conducted by an experienced neurologist.

The general exclusion criteria were as follows: 
being over 75 years of age and younger than 
18 years of age, use of antibiotics and/or anti- 
inflammatory, nonsteroidal anti-inflammatory drugs, 
steroids, smoking, excessive alcohol use, immunosup-
pressants, beta-blockers, calcium channel blockers, 
anticoagulants, and hormonal contraceptives within 
3 months preceding the study; nonsurgical periodon-
tal treatment during the previous 6 months, surgical 
periodontal treatment during the previous 12 months, 
having less than 20 natural teeth (excluding third 
molars), and having a systemic disease additional to 
Parkinson’s disease.

Clinical periodontal parameters

The periodontal disease status was diagnosed based 
on the most recent classification of periodontal and 
peri-implant diseases and conditions [9]. Probing 
pocket depth (PPD), bleeding on probing (BOP), 
gingival recession (GR), clinical attachment loss 
(CAL), and plaque index (PI) were recorded. Two 
periodontists calibrated the measurements on 10 
non-study volunteers before the study [22]. The 
probing depth values demonstrated good reproduci-
bility, assessed by inter-examiner analysis (κ = 0.892) 
before the study. The reproducibility assessment 
showed that the mean of repeated probing measure-
ments was within 1 mm for 90% of the sites.
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Saliva and stool sample collection

To minimize the impact of circadian rhythm, saliva 
samples were collected in the morning between 
8–11 am, following an overnight fast. Initially, the 
patients were instructed to rinse their mouths with dis-
tilled water thoroughly. They were told to sit comfortably 
and spit into the plastic tubes five times for a minute for 
ten minutes. Following a 10-minute centrifugation at 
2800×g, the samples were placed in Eppendorf tubes 
and kept at −80◦C until the analysis [23].

The stool samples were collected using the 
CanvaxBiotech Stool Sample Collection & 
Stabilization Kit (Cordoba, Spain). Initially, samples 
were kept at room temperature, then transferred into 
Eppendorf tubes and kept at −80◦C.

Next-generation sequencing

To characterize the entire subgingival microbiome in 
both patient and healthy control groups, DNA extrac-
tion was performed following the manufacturer’s 
instructions (MasterPureTM DNA Purification Kit, 
Epicentre, Madison, WI, USA). In summary, 1 μL of 
Ready-Lyse Lysozyme solution was added to each 
sample and incubated overnight. Subsequently, when 
mixed with 1 μL Proteinase K, the samples underwent 
a 30-minute incubation period to complete the lysis 
process. After purification, any remaining DNA was 
resuspended in 25 μL of TE Buffer. The purity and 
concentration of the DNA were assessed using 
a NanoDrop spectrophotometer (Thermo Scientific, 
Waltham, MA, USA). The nucleic acids were stored 
at −80°C until further utilization. Metagenomic analy-
sis focused on the 16S ribosomal RNA gene (16S 
rRNA). DNA extracted from subgingival plaque sam-
ples was sequenced using Next-generation sequencing 
of the V1V3 region of the 16S rRNA gene 
(ZymoBIOMICS® targeted metagenomic sequencing- 
Zymo Research, Irvine, CA). After evaluating the qual-
ity of the samples, samples were prepared for sequen-
cing. Next-generation sequencing was performed, 
followed by a quality assessment of the obtained 

sequences. Absolute abundances were recorded. 
Bioinformatic analyses were performed by comparing 
saliva and fecal samples among the HC, P, and PA+P 
groups and between saliva samples from healthy, per-
iodontitis, and PA+P groups and their related fecal 
samples. Additionally, whole saliva and fecal sample 
comparisons were made.

Statistical analysis

All statistical analyses were conducted using 
GraphPad Prism 9.4.0 software (GraphPad Software, 
Inc., San Diego, CA, USA). The data distribution was 
assessed using the Kolmogorov-Smirnov test. For 
normally distributed data, one-way ANOVA was 
used, while the Kruskal-Wallis test was utilized for 
not-normally distributed data. Bioinformatic analyses 
were performed for the NGS results. Differences were 
assessed at the operational taxonomic units (OTUs), 
genus, and family levels. Alpha and beta diversity 
analyses were performed to illustrate group variations 
and similarities. Differential abundance among the 
three groups was assessed using ANCOM-BC 
(Analysis of Compositions of Microbiomes with 
Bias Correction) and LefSe (Linear Discriminant 
Analysis Effect Size) analysis. The criterion for statis-
tical significance was p < 0.05.

Results

Demographic and clinical parameters – 
Parkinson’s severity results

The PA+P group consisted of 3 females and 13 males; 
the P group included 8 females and 10 males, and the 
healthy group had 7 females and 10 males (Table 1). 
Clinical periodontal parameters (PPD, BOP, GR, 
CAL, and PI) are presented in Table 1. Probing 
pocket depth and clinical attachment levels were 
higher in the P and PA+PD groups than in the HC 
group (p < 0.0001). BOP showed a statistically signif-
icant increase in the PA+P and P groups compared to 
HC. The oral hygiene habits among the participants 

Table 1. Demographic and clinic periodontal parameters of the study groups. Data are shown as mean ±  
standard deviation. Kolmogorov-Smirnov test was performed for normality check. Differences between groups 
were determined using the one-way ANOVA and Kruskal-Wallis tests. A value of p < 0.05 was considered 
significant.

Demographic and Clinical Parameters
HC 

n = 17
P 

n = 18
PA+P 
n = 16 p-value

Age#,† 31.47 ± 7.1 39.11 ± 9.7 55.56 ± 10.1 <0.0001
Gender (M/F)#,† 10/7 10/8 13/3 0.0215
PPD (mm)*,# 1.60 ± 0.22 2.82 ± 0.65 2.68 ± 0.43 <0.0001
BOP (%)*,# 7.27 ± 4.75 48.44 ± 18.84 62.68 ± 26 <0.0001
GR (mm)*,# 0.1 ± 0.36 0.28 ± 0.21 0.53 ± 0.6 <0.0001
CAL (mm)*,# 1.7 ± 0.42 3.1 ± 0.7 3.2 ± 0.85 <0.0001
PI*,# 0.61 ± 0.37 1.5 ± 0.36 1.8 ± 0.47 <0.0001

*Statistically significant difference between HC and P (p < 0.05), # Statistically significant difference between HC and PA+P 
(p < 0.05), †Statistically significant difference between P and PA+P (p < 0.05), PPD: probing pocket depth, BOP: bleeding on 
probing, CAL: clinical attachment level, PI: plaque index, GR: gingival recession. 
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were as follows: In the control group, all individuals 
brushed their teeth at least twice a day. In the PA+P 
group, 50% of individuals brushed their teeth at least 
twice daily, while this rate decreased to 16% in the 
P group. In the control group, the rate of not per-
forming interdental cleaning was 11%, whereas in the 
P group, it increased to 88%, and in the PA+P group, 
it reached 93%. According to the Hoehn and Yahr 
scale, 5 patients (31.25%) were diagnosed with Stage 
1, whereas 11 patients (68.75%) were with Stage 2 
Parkinson’s disease. The mean UPDRS Part III score 
was 18.8 ± 6.1. This outcome and the better oral care 
in PA+P patients compared to P patients indicated 
that individuals with Parkinson’s disease exhibited 
mild to moderate motor impairment, suggesting 
that manual dexterity was not a confounding factor 
for oral hygiene. Anti-parkinsonian drugs used by 
Parkinson’s patients were as follows: levodopa 
(n: 16), rasagiline (n: 9), pramipexole (n: 5), amanta-
dine (n: 4), pribedil (n: 2), and apomorphine (n: 1).

NGS of oral and gut microbiome

A total of 699 species were detected with next- 
generation sequencing in all samples 
(Supplementary File 1). There were significant differ-
ences in the beta-diversity analysis of saliva between 
HC and P (p = 0.01), HC and PA+P (p = 0.001), and 
PA+P and P (p = 0.017) groups (Figure 1(a)). There 
were also significant differences in comparing healthy 
controls with periodontitis subjects with (p = 0.008) 
or without (p = 0.008) Parkinson’s. However, no sig-
nificant differences were detected between 
Parkinson’s and non-Parkinson’s gut flora in the 
Bray-Curtis dissimilarity metric (p = 0.974) 
(Figure 1(b)). Table 2 represents beta-diversity corre-
lation coefficient matrix results of salivary micro-
biomes.In saliva, there was a significant difference 
between HC and PA+P (p = 0.0142) groups regarding 
alpha diversity Figure 2(a). Figures 2(b,d) present 
group significance plots of the beta-diversity correla-
tion coefficient matrix in saliva and gut, respectively. 
The gut microbiome significantly differed when PA 
+P and HC groups were compared with alpha diver-
sity measurements (p = 0.0355) (Figure 2(c)).

As expected, the saliva and gut communities were 
distinct. Figure 3 presents major differences between 
fecal and saliva samples. A heatmap including both 
environments presents family-level comparisons of rela-
tive abundances (Figure 3(c)). Streptococcus spp., 

Saccharibacteria_(TM7)_[G-1] bacterium HMT352 and 
Saccharibacteria_(TM7)_[G-3] bacterium HMT351 were 
predominantly abundant in oral microbiome. Regarding 
relative abundances, Faecalibacterium prausnitzii, and 
Subdoligranulum variabile were the most dominant spe-
cies in the gut microbiome of all groups (Supplementary 
File 3).

According to the LefSe, there was a significant differ-
ence in relative abundance in species level in saliva sam-
ples (Supplementary File 2). The species-based analysis 
can be found at the link to our NGS results. In summary, 
class Bacilli, order Lactobacillales, family 
Streptococcaceae, and Streptococcus multispecies 
spp11_20 were increasing in salivary microbiome while 
Erysipelotrichaceae Breznakia, phylum Elusimicrobia, 
family Elusimicrobiaceae, and Elusimicrobium minutum 
were decreasing in gut microbiome. In saliva, we detected 
increasing abundances of Rothia dentocariosa and 
Gamella sanguinis in HC group; Mycoplasma faucium 
(M. faucium), Tannerella forsythia (T. forsythia), 
Parvimonas micra (P. micra) and Saccharibacteria 
(TM7) subspecies were increased in P group; Prevotella 
pallens (P. pallens), Prevotella melaninogenica 
(P. melaninogenica) and Neisseria multispecies were 
more abundant in PA+P group, all compared to other 
groups (Figure 4). Figure 5 shows the scatter plots of 
highlighted salivary bacteria. No statistically significant 
features were found when PA+P and P groups were 
compared. Relative abundances of Saccharibacteria bac-
terium TM7 (HMT 346), (HMT349), (HMT356), 
(HMT355) in saliva samples are shown in Figure 6(a) 
and scatter plots of those bacterial taxa in Figure 6(b).

According to the ANCOM analysis, the differential 
abundance of Parabacteroides distasonis in HC and 
Ruthenibacterium lactatiformans in P groups were 
detected in fecal samples compared to each other. 
Dialister succinatiphilus was detected in fecal samples 
in P groups compared to healthy controls. 
Additionally, a higher abundance of Butyrivibrio 
crossotus and Alloprevotella tannerae were found in 
the PA+P and P groups compared to the control 
group (Figure 7(a)). Figure 7(b) represents scatter 
plots of those selected bacteria. There were no sig-
nificant differences in differential abundance in the 
gut microbiome profiles of the study groups.

Discussion

We have recently shown that Parkinson’s disease 
alters the subgingival microbiome and increases the 

Table 2. Beta-diversity correlation coefficient matrix results of saliva samples.
Group 1 Group 2 Sample size Permutations pseudo-F p-value q-value

Healthy Control Parkinson + Periodontitis 33 999 6.474797 0.003 0.006
Periodontitis 35 999 1.397011 0.204 0.204

Parkinson + Periodontitis Periodontitis 34 999 4.642107 0.004 0.006
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Figure 2. Species richness and distance plots. (a). alpha-diversity results of saliva samples. (b). group significance plots of beta- 
diversity correlation coefficient matrix in saliva samples. (c). alpha-diversity results of fecal samples. (d). group significance plots 
of beta-diversity correlation coefficient matrix in gut microbiome.

Figure 1. NMDS plots with bray-curtis dissimilarity metric. In our beta diversity analysis, the bray-curtis dissimilarity matrix was 
first calculated and then plotted separately by the PCoA and NMDS. These are beta diversity results for (a). saliva samples of 
three groups and (b). gut samples of the study groups.
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periodontal inflammatory burden [16,18]. However, 
the systemic relationship between the oral and 
intestinal microbiota has not been examined. Thus, 
we analyzed the saliva and stool samples of 

periodontitis patients with and without Parkinson’s 
disease to test the hypothesis that Parkinson’s dis-
ease alters the microbiome of these environments. 
We used next-generation sequencing to collect 

Figure 4. Abundance levels of nine salivary species in healthy control, Parkinson’s and non-Parkinson’s groups. LefSe differential 
abundance analysis was performed.

Figure 3. The species-level comparisons of fecal and saliva samples. (a). bar plots showing the difference in all of the samples. 
(b). LefSe cladogram representing the microbial differences in species level. (c). heatmap illustrates the family-level difference 
between two distinct communities.
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information about microbial diversity, the interac-
tion of species in family, genera, and species level, 
and co-occurrence or co-exclusion between micro-
bial species among different samples. The data 
demonstrated that the oral microbiome in period-
ontitis was significantly changed with the impact of 
Parkinson’s disease, differently from the gut 

microbiome. We also detected significantly diverse 
microbial profiles of saliva and stool samples, indi-
cating that the microbiomes of the two environ-
ments originate disparately.

Our results showed a significant difference in gen-
der in the PA+P group compared to the P and HC 
groups. Considering that Parkinson’s disease affects 

Figure 5. Scatter plots of the nine selected species in saliva.
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male individuals more than females [4], this result 
was expected [16]. Similarly, our results revealed 
a statistically higher average age in the PA+P group, 
consistent with previous studies that have reported an 
age-related increase in the prevalence of PA [4,16,24]. 
The UPDRS and H&Y scales used to evaluate the 
severity of Parkinson’s disease showed that our 
study group was in the early stages and the motor 
dysfunction was not advanced. BOP, which indicates 
gingival inflammation, was higher in the PA+P group 
than in the P group, which may be linked to the fact 
that our PA group was not in an advanced stage and 
their oral hygiene practices were intact [16].

Many related symptoms of Parkinson’s disease, 
including gastrointestinal problems, gender imbal-
ance, and the wide range of drugs, may have an 
impact on the gut microbiome. In a study where 
the effects of anti-parkinsonian drugs on gut micro-
biome were studied, it was found that these drugs 
caused alterations in the gut microbiome of 
Parkinson’s disease patients. The authors reported 
elevated levels of Akkermansia, Lactobacillus, and 
Bifidobacterium and reduced levels of 
Lachnospiraceae in the gut microbiome in patients 

with Parkinson’s disease and suggested that such 
modifications were associated with the use of anti- 
parkinsonian drugs. However, they were unable to 
differentiate between different drugs since 90% of 
the study group were taking carbidopa/levodopa 
[25]. According to the available literature, the gut 
microbiome of Parkinson’s disease patients may 
change and become more pathogenic due to the 
use of catechol-O-methyltransferase inhibitors and 
anticholinergic medications; however, similar effects 
were not observed with levodopa, dopamine ago-
nists, monoamine oxidase inhibitors, or amantadine 
[26]. No such correlations were reported about the 
oral microbiome. Our study found a higher abun-
dance of Butyrivibrio crossotus and Alloprevotella 
tannerae in the PA+P group compared to the control 
group, a highly novel observation suggesting the 
impact of periodontal disease. These results also 
may suggest an impact of anti-parkinsonian drugs 
on the gut microbiota in Parkinson’s disease, where 
various medications are used.

We worked with saliva samples to provide microbial 
information about the oral cavity. The analysis of the 
salivary microbiome has gained attention as a non- 

Figure 6. Abundance levels of four salivary species in all study groups. (a). relative abundances of Saccharibacteria bacterium 
TM7 (HMT 346), (HMT349), (HMT356), (HMT355) in saliva samples and (b). their scatter plot diagrams.
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invasive method for assessing oral and systemic health 
[27]. Changes in the salivary microbiome have been 
linked to periodontal disease, dental caries, and systemic 
diseases like diabetes and cardiovascular disease [28]. 
Thus, salivary changes can shed light on the early detec-
tion of specific microbial changes in the oral cavity, 
which helps diagnose systemic diseases such as 
Parkinson’s disease. Parkinson’s disease caused modifi-
cations in the oral microbiome of periodontitis patients 
in line with previous studies that demonstrated microbial 
changes in the salivary oral microbiome of Parkinson’s 
patients [29,30]. Since the Parkinson’s disease patients in 
our study had motor functions that enabled them to 
apply daily oral hygiene, the current data supported 
that the oral microbiome changes were not related to 
the periodontal status but rather a consequence of 
Parkinson’s disease-related pathogenesis.

The bacterial taxa found in higher abundance in 
healthy subjects in this study were health-related spe-
cies. Rothia dentocariosa, a Gram-positive coccal-to- 
rod shape bacterial species that is a part of the 

common member of the oral microbiome [31], and 
Gemella sanguinis, which is a Gram-positive faculta-
tive anaerobic bacterium [32], was found in higher 
abundances in HC. We also demonstrated consistent 
results with the periodontitis group with M. faucium, 
P.micra, T. forsythia11, and Saccharibacteria species 
(HMT 346, HMT 349, HMT 356, and HMT 355) 
being higher in PA+P and P groups and at the mini-
mum levels in HC [33]. P. melaninogenica was found 
higher in the PA+P group compared to P, which 
aligns with the findings in the subgingival plaque of 
PA patients [18]. Current results also revealed higher 
Prevotella pallens and Neisseria in the saliva of the PA 
group. P. pallens, commonly found in the oral cavity, 
is a Gram-negative bacterium [34]. Other Prevotella 
species are associated with conditions ranging from 
periodontal disease to cariotic lesions and endodontic 
infections [35]. Detecting higher levels of the family 
Prevotellaceae in our previous and current studies 
might suggest a role in Parkinson’s disease- 
associated periodontitis.

Figure 7. Abundance levels of five different gut microbiome species in healthy control, Parkinson’s and non-Parkinson’s groups. 
(a). Relative abundances of parabacteriodes distasonis, Ruthenibacterium lactatiformans, butyrivibrio crossotus, alloprevotella 
tannerae, and dialister succinatiphilus that were detected in stool samples. LefSe differential abundance analysis was performed. 
(b). scatter plots of five species from the gut microbiome.
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Recently, there has been strong evidence that dys-
biotic changes in the gut may impact various diseases, 
such as rheumatological diseases [36], stroke [37], 
and Alzheimer’s disease [38], through the brain-gut 
axis. Dysbiotic gut microbiota leads to local inflam-
mation, stimulating peripheral inflammation through 
the enteric nervous and circulatory systems, which 
disrupts the blood-brain barrier, resulting in neuroin-
flammation. Considering that alpha-synuclein aggre-
gates, a key hallmark of the disease, are detected in 
the ENS earlier than in the Substantia nigra, and non- 
motor symptoms precede motor symptoms in the 
course of the disease, a detailed examination of gut 
microbiota may be significant for the early diagnosis 
of the disease [39]. In our fecal samples, higher 
abundances of Butyrivibrio crossotus were found in 
the PA+P and P groups compared to the control. 
Butyrivibrio belongs to the Lachnospiraceae family, 
producing short-chain fatty acids (SCFA), which are 
crucial in maintaining intestinal homeostasis [40]. An 
increase in Butyrivibrio was observed in the stool 
samples of Parkinson’s disease patients compared to 
healthy individuals [41]. At the same time, decreased 
levels were reported in Parkinson’s patients [42]. Our 
results revealed a higher presence of Butyrivibrio 
crossotus in the gut microbiota of individuals with 
periodontal disease than in healthy individuals. The 
higher presence of these bacteria in the gut compared 
to healthy individuals in disease conditions suggests 
an effort to regulate intestinal balance by producing 
SCFAs.

In an animal study, the oral administration of 
P. gingivalis, a keystone pathogen for periodontal 
disease, resulted in alterations in the gut microbiota 
with an increase in the amount of endotoxin in the 
serum and a decrease in the amount of tjp-1 and 
occlusion, which may all play a role in intestinal 
permeability [43]. Thus, periodontitis may cause 
dysbiosis in the intestinal microbiota [44]. The dif-
ference in gut microbiome between our healthy and 
the study groups can be easily explained by the 
impact of periodontitis on the gut microbiome 
independent of Parkinson’s disease (Figure 1(b)). 
The Gram-negative anaerobic bacterium Dialister 
succinatiphilus has been reported to be isolated 
from human feces; however, its clinical significance 
is not fully understood [45]. In the fecal samples of 
individuals with autism spectrum disorder and obe-
sity, increased species of Dialister succinatiphilus 
were reported [46]. In our results, the high preva-
lence of Dialister succinatiphilus was detected in the 
fecal samples of individuals with periodontitis. 
Meanwhile, Ruthenibacterium lactatiformans 
(R. lactatiformans), a Gram-negative and lactate- 
producing bacterium [47], was higher in individuals 
with periodontal disease compared to other groups. 
This species is thought to contribute to the 

progression of the disease in multiple sclerosis 
patients by triggering mitochondrial dysfunction 
[48], where elevated abundances were reported in 
the gut microbiota of individuals with major 
depressive disorder [49]. Considering the impact 
of mitochondrial dysfunction on the pathogenesis 
of Parkinson’s disease, our results may suggest 
a role for R. lactatiformans in the bidirectional 
mechanism between the two diseases. 
Parabacteroides distasonis (P. distasonis) is a Gram- 
negative, anaerobic member of the healthy gut 
microbiota. It has been reported that the abundance 
of P. distasonis decreases in various diseases such as 
obesity, inflammatory bone disease, and multiple 
sclerosis [50]. In an animal study, components of 
the commensal bacterium P. distasonis were used to 
treat mice with colitis, decreasing intestinal inflam-
mation [51]. We found higher levels of P. distasonis 
in the fecal samples of healthy participants, which is 
consistent with the literature.

Our study is the first to comprehensively assess the 
microbiological basis of the brain-gut-mouth axis in 
Parkinson’s disease patients with periodontal disease. 
Our results did not reveal a connection between these 
microbiotas; however, given that the microbiota may 
change daily and the potential effects of various medica-
tions, a more dynamic relationship may be possible. Our 
study was cross-sectional; therefore, we cannot show the 
progression of the disease process and make any causal 
inferences. Another limitation was a restricted sample 
size due to the rigorous inclusion and matching stan-
dards between study groups. However, full microbiome 
sequencing is costly and generates extensive data for 
bioinformatic analyses. Our data enabled clear compar-
isons between groups, which need to be validated in 
larger and independent cohorts.

Conclusion

Our findings demonstrate that Parkinson’s disease 
impacts the oral microbiome in periodontitis inde-
pendent of the gut microbiome. Specific and distinct 
oral and gut microbial species were associated with 
Parkinson’s disease.
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