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INTRODUCTION
Type 2 diabetes (T2DM) is a metabolic disease primarily 

characterized by two related problems: insulin resistance in 
muscle, fat, and liver cells, and inadequate insulin production 
by the pancreas, leading to poor blood sugar control,1-3 On 
the other hand, chronic periodontitis is a persistent 
inflammatory condition resulting from Gram-negative 
bacterial infection, commonly affecting the periodontal 
supporting tissues.4-6

Relevant studies have demonstrated that T2DM and 
chronic periodontitis (CP) can interact and exacerbate each 
other, possibly through shared inflammatory mechanisms. 
Diabetes is considered a risk factor for chronic periodontitis, as 
it not only contributes to tooth loss in diabetic patients but also 
disrupts blood sugar regulation, hastening disease progression.7-10 
The primary cause of chronic periodontitis is the dynamic 

interaction between plaque microbes and the host’s immune 
and inflammatory responses.11 Identifying the pathogenic 
bacteria present in patients with chronic periodontitis holds 
dual benefits; it aids in the treatment of the periodontal 
condition and has the potential to help regulate patients’ blood 
glucose levels, thereby enhancing their overall well-being.12

The objective of this study was to explore the oral subgingival 
microbial community in patients with chronic periodontitis and 
type 2 diabetes mellitus (CP-T2DM) before and after combined 
periodontal-endodontic treatment. Additionally, the study 
aimed to assess its clinical significance, providing a robust 
foundation for the clinical management of CP-T2DM.

METHODS
Study Design

A total of 88 patients with CP-T2DM (CP-T2DM 
group) who received treatment at our hospital from May 
2021 to June 2022 were retrospectively selected. During the 
same period, 90 patients with CP but without T2DM, treated 
in our hospital, were chosen as the control group (CP group).

Inclusion and Exclusion Criteria
Inclusion criteria were as follows: (1) Patients diagnosed 

with CP based on the classification of the American Academy 
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Results • The CP-T2DM group showed lower relative 
abundances of Cilia and Streptococcus while higher relative 
abundances of Tannerella and Citrobacter (P < .05) 
compared to the CP group. Furthermore, the relative 
abundance of Cilia was found to be negatively correlated 
with fasting blood glucose (FBG) and HbA1c, whereas the 
relative abundance of Citrobacter was positively correlated 
with FBG and HbA1c (P < .05).
Conclusions • Significant differences were observed in the 
oral subgingival microbial communities distribution 
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associated with the blood glucose level of patients. (Altern 
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of Periodontology13; (3) Patients diagnosed with T2DM 
according to the 1999 WHO diagnostic criteria for diabetes14; 
(4) Age of participants was 18 years or older; (5) No history 
of antibiotic use within the last 3 months; (6) Obtained 
informed consent from patients and their families.

Exclusion criteria were as follows: (1) Patients with 
invasive periodontitis, periodontal abscess, active caries, or 
other oral diseases; (2) Patients with complications such as 
malignant tumors, liver and kidney dysfunction, endocrine 
diseases, or other serious medical conditions; and  
(3) Pregnant or lactating women.

Clinical Procedures
Plaque Collection. Samples were collected from six sites 

around the patient’s implant on the lips and cheeks, near the 
lingual side, and at the distal axis angle. Patients gargled, and 
the sampling sites were kept moist. A sterile scraper was used 
to scrape gingival plaque, and the teeth were dried using an 
air gun. The tip of a sterile paper was gently inserted into the 
bottom of the gingival sulcus and left in place for 10 seconds. 
The sterile paper was carefully extracted and transferred into 
a 200 μL buffer solution. Subsequently, the samples were 
stored at -20°C for further analysis.

PCR Detection. The PCR primers were designed 
explicitly with 16S rRNA as the template. The primer 
sequences were 341F (5’-CCTACGGGNGGCWGCAG-3’) 
and 805R (5’-GACTACHVGGGTATCTAATCC-3’).

Bacterial DNA Extraction. Samples were retrieved 
from the refrigerator, thawed for 30 minutes, shaken, and 
thoroughly mixed. Subsequently, plaque DNA was extracted 
using the phenol-chloroform method.

PCR Amplification Product Detection. For gel 
electrophoresis, 3μl of amplification products were mixed with 2 
g/dL agarose (0.5 mgEB/L). The voltage was set to 100V, and the 
standard controls used were pUC19 DNA/MspI and DNA 
Marker DL 2000. The amplification bands were observed under 
an ultraviolet detector to determine the relative abundance of 
Ciliates, Streptococcus, Tannerella, and Citrobacter.

Blood Glucose Measurement. Fasting blood glucose 
levels were measured in both patient groups.

Determination of Glycated Hemoglobin. Venous blood 
was collected from the patient’s upper arm on an empty 
stomach. The collected blood was centrifuged at a speed of 
4000 r/min for 10 minutes. After centrifugation, the 
supernatant was separated and measured using a glycated 

hemoglobin meter.
Classification of Periodontitis Disease. Periodontitis is 

classified into three categories: mild, moderate, and severe. (1) 
Mild periodontitis is characterized by an attachment loss of 
1-2 mm, periodontal pocket depth less than 4 mm, and 
alveolar bone resorption not exceeding 1/3 of the root length. 
(2) Moderate periodontitis is marked by an attachment loss of 
3-4 mm, periodontal pocket depth less than 6 mm, and 
alveolar bone resorption more than 1/3 of the root length but 
not exceeding 1/2 of the root length. (3) Severe periodontitis 
exhibits an attachment loss greater than 5 mm, periodontal 
pocket depth greater than 6 mm, alveolar bone resorption 
exceeding 1/2 of the root length, and, in some cases, extending 
up to 2/3 of the apex, resulting in noticeable tooth loosening.

Treatment Method
Initially, both patient groups thoroughly cleaned the 

gums to ensure the absence of visible plaque, dental calculus, 
and pigmentation, which could interfere with subsequent 
experiments. After a one-week interval, subgingival scaling 
and root planning treatment were initiated. This procedure 
began with the administration of local anesthesia to the 
gingiva, followed by subgingival scaling using an ultrasonic 
handle and subsequent smoothing of the gingival root 
surface with a scraper. The periodontal pocket was then 
rinsed with 3% hydrogen peroxide and disinfected using 1% 
iodine glycerin until achieving a smooth and flat root surface 
with no residual dental calculus beneath the gum line.

Statistical Analysis
Data analysis was conducted using SPSS 22.0 software (IBM, 

Armonk, NY, USA). The measurement data, such as age and body 
mass index, were expressed as mean ± standard deviation (x̄ ± s). 
The t test or F test was utilized to analyze differences between the 
groups. For count data, including gender and periodontitis index, 
the data were presented as n (%). Differences between groups 
were analyzed using the χ2 test, and Pearson correlation analysis 
was employed to explore correlations between variables.

RESULTS
Clinical Characteristics

The clinical general data of the CP-T2DM group and CP 
group is presented in Table 1, and both groups were found to 
be comparable.

Table 1. Comparison of clinical general data between two groups

Groups
No of 
cases

Gender
Age (years old)

Body Mass 
Index (kg/m2)

Periodontitis graduation
Male Female Slight grade Moderate grade Heavy grade

CP-T2DM group 88 40 (45.45) 48 (54.55) 54.49 ± 9.87 22.14 ± 2.01 21 (23.86) 38 (43.18) 29 (32.95)
CP Group 90 39 (43.33) 51 (56.67) 52.78 ± 9.10 22.18 ± 1.94 23 (25.56) 40 (44.44) 27 (30.00)
t/χ2 0.081 1.202 -0.135 0.191
P value .776 .231 .893 .909

Note: CP-T2DM group: Group of patients with chronic periodontitis and type 2 diabetes mellitus. CP Group: Group of patients 
with chronic periodontitis. Body Mass Index (BMI) (kg/m2): Mean BMI of participants in kilograms per square meter.
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the relative abundance of Prevotella and Fusobacterium 
before and after treatment in the CP-T2DM group (Table 4, 
P > .05).

DISCUSSION
The human oral cavity harbors a diverse array of over 

500 bacterial species, maintaining a dynamic balance under 
normal conditions. Disruption of this balance can occur due 
to factors like reduced immunity or the introduction of 
foreign substances into the oral cavity, leading to the 
development of diseases.15-17 Subgingival microbes have been 
identified as the primary culprits behind periodontitis. 
Currently, the standard treatment for most periodontitis 
cases involves physical plaque removal from the teeth.18-20 
However, chronic periodontitis in individuals with T2DM 
tends to be more severe and prone to recurrence. Therefore, 
it becomes crucial to identify the specific pathogenic bacteria 
responsible for chronic periodontitis in patients with T2DM.

Related studies have indicated that the primary 
pathogenic bacteria found in subgingival plaque include 
Porphyromonas gingivalis, Treponema denticola, Prevotella 
intermedia, Tannerella forsythii, Fusobacterium nucleatum, 
and others.21 These bacteria initially invade periodontal 
tissue, followed by alveolar bone and cementum, releasing 
significant quantities of bacterial toxins and their byproducts 
into the tissue.22 The infected periodontal tissue can elicit a 
systemic immune response, leading to potential infections in 
other organs.23-24 It has been reported that the detection rate 
of Actinobacillus, Porphyromonas gingivalis, and Tannerella 
forsythii in CP-T2DM patients was significantly higher than 
that in CP patients, suggesting that both CP-T2DM and CP 
patients share certain pathogenic microorganisms.25

In the current study, the relative abundance of Cilia and 
Streptococcus in the CP-T2DM group was found to be 
significantly lower than that in the CP group. In contrast, the 
relative abundance of Tannerella and Citrobacter was 

Comparison of Relative Abundance of Main Subgingival 
Microbial Genera 

The relative abundance of ciliated bacteria and 
Streptococcus in the CP-T2DM group was significantly lower 
than in the CP group (P < .05). Conversely, the relative 
abundance of Tannerella Forsythia and Citrobacter in the 
CP-T2DM group was considerably higher than in the CP 
group (P < .05). However, the relative abundance of Prevotella 
and Fusobacterium between the CP-T2DM and CP groups 
showed no statistically significant difference (P > .05). Refer 
to Table 2 for details.

Comparison of Subgingival Microbial Genera in CP-T2DM 
Patients with Different Characteristics

The relative abundance of main subgingival microbial 
genera in CP-T2DM patients with different sex, ages, body 
mass index, and periodontitis was compared, and no 
statistically significant differences were found (P > .05). 
However, in CP-T2DM patients with fasting blood glucose 
levels ≥7.0 mmol/L, the relative abundance of Citrobacter was 
significantly lower compared to patients with fasting blood 
glucose levels <7.0 mmol/L (P < .05). Conversely, the relative 
abundance of Citrobacter was significantly higher in 
CP-T2DM patients with fasting blood glucose levels ≥7.0 
mmol/L when compared to those with fasting blood glucose 
levels <7.0 mmol/L (P < .05).

Similarly, in CP-T2DM patients with HbA1c levels ≥6.5%, 
the relative abundance of Citrobacter was significantly lower 
than that in patients with HbA1c levels <6.5% (P <  .05). 
Conversely, the relative abundance of Citrobacter was 
significantly higher in CP-T2DM patients with HbA1c levels 
≥6.5% in comparison to those with HbA1c levels <6.5%  
(P < .05). Refer to Table 3 for detailed results.

Analysis of Relationships
The relative abundance of subgingival microorganisms 

in the CP-T2DM group was found to be correlated with 
fasting blood glucose and HbA1c levels. Specifically, the 
results demonstrated that the relative abundance of ciliates 
exhibited a negative correlation with fasting blood glucose 
and HbA1c (r = -0.445 and -0.412, P < .05). Conversely, the 
relative abundance of Citrobacter showed a positive 
correlation with fasting blood glucose and HbA1c (r = 0.481 
and 0.432, P < .05).

Comparison of Relative Abundance of Main Subgingival 
Microbial Genera Before and After Treatment in CP-T2DM 
Group

In the CP-T2DM group, the relative abundances of Cilia 
and Streptococcus after treatment were (3.45 ± 0.71)% and 
(2.96 ± 0.80)%, respectively, which were significantly higher 
than those before treatment (P < .05). Conversely, the relative 
abundances of Tannerella and Citrobacter after treatment 
were (1.81 ± 0.71)% and (2.00 ± 0.77)%, respectively, which 
were significantly lower than those before treatment (P < .05). 
However, there was no statistically significant difference in 

Table 2. Comparison of relative abundance of main 
subgingival microbial genera between CP-T2DM group and 
CP group (%)

Category
CP-T2DM group 

(n = 88)
CP group 
(n = 90) t P value

Prevotella 18.82 ± 3.32 18.01 ± 3.50 1.583 .115
Fusobacterium 14.11 ± 2.81 13.92 ± 3.00 0.436 .663
Porphyromonas 12.28 ± 3.01 12.05 ± 2.83 0.525 .600
Treponema 7.82 ± 1.18 7.74 ± 1.20 0.448 .654
Selenomonas 2.93 ± 0.88 2.90 ± 0.81 0.237 .813
Actinobacillus 4.01 ± 1.00 3.84 ± 0.81 1.248 .214
Leptotrichia 1.20 ± 0.55 2.89 ± 0.65 -18.706 .000
Tannerella forsythia 2.80 ± 0.88 2.01 ± 0.93 5.819 .000
Streptococcus 1.43 ± 0.72 2.83 ± 0.82 -12.094 .000
Citrobacter 2.81 ± 0.81 2.14 ± 0.79 5.587 .000

Note: Values are expressed as mean ± standard deviation (%); 
“n” denotes the number of participants in each group; “t” 
represents the t statistic; and “P” indicates the corresponding  
P value for the statistical comparison between the two groups.
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significantly higher in the CP-T2DM group compared to the 
CP group. However, there was no significant difference in 
the relative abundance of Prevotella and Fusobacterium 
between the CP-T2DM and CP groups. These findings 
suggest a significant difference in the distribution of oral 
subgingival microbial communities, including Cilia, 
Streptococcus, Tannerella, and Citrobacter, between CP-T2DM 
and CP patients.

HbA1c, also known as glycosylated hemoglobin, is an 
essential indicator used for monitoring blood glucose in 
diabetic patients.26-28 It provides an objective reflection of the 
recent average blood glucose level, irrespective of the impact 
of diet, surgery, trauma, or other factors.29-32 The results of 
this study indicated that there was no significant difference 
in the relative abundance of the main subgingival microbial 
genera in CP-T2DM patients concerning gender, age, body 
mass index, and periodontitis.

Furthermore, in the CP-T2DM group, the relative 
abundance of ciliates in patients with fasting blood glucose 
≥7.0 mmol/L was significantly lower than in patients with 
fasting blood glucose <7.0 mmol/L. Conversely, the relative 
abundance of Citrobacter was significantly higher in patients 
with fasting blood glucose ≥7.0 mmol/L compared to those 
with fasting blood glucose <7.0 mmol/L. The relative 

Table 3. Comparison of relative abundance of main subgingival microbial genera in different patients of CP-T2DM group (%)

Clinical Data n Prevotella Fusobacterium Porphyromonas Treponema Selenomonas Actinobacillus Leptotrichia Tannerella Streptococcus Citrobacter
Gender

Male 40 18.65 ± 3.12 13.96 ± 2.94 12.34 ± 2.84 7.90 ± 1.21 2.91 ± 0.95 3.96 ± 0.96 1.18 ± 0.48 2.82 ± 0.94 1.41 ± 0.65 2.77 ± 0.86
Female 48 18.96 ± 3.24 14.24 ± 3.01 12.23 ± 2.96 7.75 ± 1.31 2.95 ± 0.97 4.05 ± 0.99 1.22 ± 0.46 2.78 ± 0.91 1.45 ± 0.62 2.84 ± 0.91

t -0.454 -0.439 0.177 0.554 -0.194 -0.431 -0.398 0.202 -0.295 -0.368
P value .651 .662 .860 .581 .846 .668 .691 .840 .769 .714

Age
<50 years old 42 18.79 ± 3.03 14.17 ± 2.90 12.31 ± 2.85 7.79 ± 1.14 2.90 ± 0.94 3.97 ± 0.86 1.22 ± 0.51 2.77 ± 0.91 1.40 ± 0.54 2.82 ± 0.85
≥50 years old 46 18.85 ± 2.96 14.06 ±2 .98 12.25 ± 2.96 7.85 ± 1.21 2.96 ± 0.97 4.05 ± 0.90 1.18 ± 0.33 2.83 ± 0.90 1.46 ± 0.50 2.80 ± 0.82
t -0.094 0.175 0.097 -0.239 -0.294 -0.425 0.441 -0.311 -0.541 0.112
P value .925 .861 .923 .812 .769 .672 .661 .757 .590 .911

Body Mass Index BMI
>22 kg/m2 50 18.71 ± 3.60 14.03 ± 2.68 12.31 ± 2.99 7.78 ± 1.22 2.90 ± 0.91 3.95 ± 0.88 1.17 ± 0.36 2.77 ± 0.94 1.44 ± 0.49 2.84 ± 0.78
≤22 kg/m2 38 18.96 ± 3.52 14.22 ± 2.75 12.24 ± 3.01 7.87 ± 1.31 2.97 ± 0.94 4.09 ± 0.93 1.24 ± 0.42 2.84 ± 0.99 1.42 ± 0.50 2.77 ± 0.80
t -0.326 -0.326 0.108 -0.332 -0.352 -0.721 -0.841 -0.338 0.188 0.412
P value .745 .745 .914 .741 .725 .473 .403 0.736 .851 .681

Periodontitis Graduation
Slight Grade 21 18.44 ± 3.11 14.20 ± 2.93 12.18 ± 2.80 7.80 ± 1.21 2.91 ± 0.83 3.98 ± 0.93 1.17 ± 0.31 2.79 ± 0.82 1.45 ± 0.41 2.81 ± 0.71
Moderate Grade 38 18.91 ± 3.05 14.05 ± 2.60 12.32 ± 2.95 7.84 ± 1.28 3.04 ± 0.88 4.05 ± 0.99 1.22 ± 0.37 2.82 ± 0.85 1.40 ± 0.38 2.90 ± 0.74
Heavy Grade 29 18.98 ± 3.08 14.12 ± 2.81 12.30 ± 2.80 7.81 ± 1.30 2.80 ± 0.91 3.98 ± 0.92 1.20 ± 0.29 2.78 ± 0.88 1.49 ± 0.40 2.78 ± 0.80
F 1.022 1.312 1.144 0.892 0.771 0.615 0.904 0.532 0.411 0.382
P value .682 .601 .674 .712 .722 .741 .701 .754 .781 .801

Fasting Blood Glucose
<7.0 mmol/L 39 18.95 ± 2.29 14.22 ± 2.98 12.54 ± 2.91 7.69 ± 1.13 2.83 ± 0.91 4.05 ± 1.02 1.43 ± 0.31 2.79 ± 0.97 1.46 ± 0.32 2.42 ± 0.95
≥7.0 mmol/L 49 18.72 ± 2.34 14.02 ± 3.01 12.07 ± 3.12 7.92 ± 1.21 3.01 ± 0.96 3.98 ± 1.05 1.02 ± 0.29 2.81 ± 0.99 1.41 ± 0.35 3.12 ± 0.90
t 0.462 0.311 0.723 -0.912 -0.894 0.315 6.390 -0.095 0.691 -3.536
P value .645 .757 .472 .364 .374 .754 .000 .925 .491 .001

HbA1c

>6.5 % 37 18.95 ± 4.41 14.21 ± 2.95 12.13 ± 2.65 7.80 ±1.15 2.96 ± 0.81 4.11 ± 0.99 1.46 ± 0.42 2.81 ± 0.90 1.38 ± 0.41 2.44 ± 0.71
≥6.5 % 51 18.73 ± 4.12 14.04 ± 3.00 12.39 ± 2.81 7.83± 1.21 2.91 ± 0.86 3.94 ± 0.90 1.01 ± 0.36 2.74 ± 0.88 1.47 ± 0.44 3.08 ± 0.78
t 0.240 0.264 -0.439 -0.117 0.276 0.839 5.395 0.365 -0.974 -3.944
P value .811 .792 .662 .907 .783 .404 .000 .716 .333 .000

Note: The data is presented as mean ± standard deviation (%); The “t” values represent the t statistic, and “P” values indicate 
the corresponding P values for the statistical comparisons between the different categories.

Table 4. Comparison of relative abundance of main 
subgingival microbial genera before and after treatment in 
CP-T2DM group (%)

Category

Before 
treatment 
(n = 88)

After 
treatment 
(n = 88) t P value

Prevotella 18.82 ± 3.32 18.21 ± 3.40 1.204 .230
Fusobacterium 14.11 ± 2.81 14.03 ± 2.97 0.184 .855
Porphyromonas 12.28 ± 3.01 12.14 ± 3.00 0.309 .758
Treponema 7.82 ± 1.18 7.84 ± 1.17 -0.113 .910
Selenomonas 2.93 ± 0.88 2.96 ± 0.85 -0.230 .818
Actinobacillus 4.01 ± 1.00 3.91 ± 0.78 0.740 .460
Leptotrichia 1.20 ± 0.55 3.45 ± 0.71 -23.501 .000
Tannerella 2.80 ± 0.88 1.81 ± 0.71 8.213 .000
Streptococcus 1.43 ± 0.72 2.96 ± 0.80 -13.335 .000
Citrobacter 2.81 ± 0.81 2.00 ± 0.77 6.799 .000

Note: The data is presented as mean ± standard deviation 
(%).The “t” values represent the t statistic, and “P” values 
indicate the corresponding P values for the statistical 
comparisons between the relative abundances before and 
after treatment. A P value of less than .05 indicates a 
statistically significant difference between the two groups.
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CONCLUSION
In conclusion, this study highlights significant differences 

in oral subgingival microbial communities distribution 
between CP-T2DM and CP patients. Moreover, the relative 
abundance of ciliated bacteria and citrate bacteria was found 
to be associated with the blood glucose levels of patients. 
Following treatment, an increase in the levels of ciliated 
bacteria and Streptococcus, along with a decrease in the levels 
of Tannerella and Citrobacter, was observed in CP-T2DM 
patients. These findings provide valuable insights into the 
diagnosis and treatment of chronic periodontitis, laying a 
favorable foundation for future clinical management.
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abundance of ciliates in CP-T2DM patients with HbA1c 
≥6.5% was found to be significantly lower than that in 
patients with HbA1c <6.5%. On the other hand, the relative 
abundance of Citrobacter was significantly higher in patients 
with HbA1c ≥6.5% compared to those with HbA1c <6.5%. 
These results suggest a correlation between the relative 
abundance of ciliates and Citrobacter with the fasting blood 
glucose level of the patients.

In this study, the relative abundance of the main genera 
of subgingival microorganisms in the CP-T2DM group was 
further correlated with fasting blood glucose and HbA1c 
levels. The results revealed a negative correlation between 
the relative abundance of ciliates and fasting blood glucose 
and HbA1c levels. Conversely, there was a positive correlation 
between the relative abundance of Citrobacter and fasting 
blood glucose and HbA1c levels. These findings indicate that 
as the fasting blood glucose level increases, the relative 
abundance of ciliates decreases while the relative abundance 
of Citrobacter increases.

When periodontal tissue is in a diseased state, its 
bacterial colony diversity may be significantly lower than 
that in a normal state.33-34 Prevotella is a prominent bacterium 
found in the gingival plaque of patients with chronic 
periodontal disease. Its population increases and reproduces 
in the subgingival plaque of patients with severe periodontitis, 
and its abundance is closely associated with alveolar bone 
resorption and periodontal pocket depth.35 

The results of this study revealed that the relative 
abundance of ciliates and Streptococcus in the CP-T2DM 
group after treatment was significantly higher than before 
treatment. Conversely, the relative abundance of Tannerella 
and Citrobacter after treatment was significantly lower than 
before treatment. However, there was no significant 
difference in the relative abundance of Prevotella and 
Fusobacterium before and after treatment in the CP-T2DM 
group. These findings provide valuable insights for clinical 
practice.

Study Limitations
The present study has a few limitations that should be 

acknowledged. Firstly, the sample size was relatively small, 
which may have affected the generalizability of the results. 
Secondly, the study design was retrospective, and the data 
were collected from a single hospital, which may introduce 
bias and limit the ability to establish causal relationships. 
Additionally, the study focused on specific subgingival 
microbial genera, and other potentially relevant 
microorganisms were not considered. Future research should 
include a broader range of microbial species to gain a 
comprehensive understanding. Moreover, while efforts were 
made to control for confounding variables, the influence of 
other factors, such as diet, lifestyle, and medication use, 
could not be eliminated. Lastly, the study did not explore the 
long-term effects of the combined periodontal-endodontic 
treatment, warranting further investigation to assess 
treatment efficacy over time. 
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