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cohort study
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University, Shijiazhuang, China, Department of Endocrinology, Third Hospital of Hebei Medical
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Shijiazhuang, China

Objective: To evaluate the effects of non-surgical periodontal therapy on
systemic and local levels of tumor necrosis factor-alpha (TNF-o) and their
relationship with glycolipid metabolism in patients with type 2 diabetes mellitus
(T2DM) and periodontitis.

Methods: In this prospective cohort study, 234 patients with T2DM and
periodontitis underwent standardized non-surgical periodontal therapy,
including scaling and root planing, supplemented with systemic antibiotics.
Clinical parameters (gingival bleeding index, periodontitis staging and grading),
serum levels of TNF-a, HbAlc, leptin, adiponectin, resistin, free fatty acids (FFA),
and levels of TNF-o, leptin, adiponectin, and resistin in gingival crevicular fluid
(GCF) were assessed at baseline, 4 weeks, and 8 weeks post-treatment.
Correlations were analyzed using Spearman’s rank correlation with false
discovery rate correction.

Results: Periodontal therapy resulted in significant improvements in all clinical
periodontal parameters (P<0.01). Systemic and local GCF levels of TNF-q, leptin,
resistin, and FFA demonstrated significant and progressive reductions, while
adiponectin levels increased significantly at 4 and 8 weeks (P<0.01). HbAlc and
FBG levels were also significantly improved by week 8 (P<0.01). TNF-o dynamics
were strongly correlated with adipokine levels and clinical indices, with the most
robust correlations observed within the GCF microenvironment.

Conclusion: Systematic periodontal therapy effectively reduces local and
systemic inflammation, improves glycemic control, and ameliorates glycolipid

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1668695/full
https://www.frontiersin.org/articles/10.3389/fendo.2025.1668695/full
https://www.frontiersin.org/articles/10.3389/fendo.2025.1668695/full
https://www.frontiersin.org/articles/10.3389/fendo.2025.1668695/full
https://www.frontiersin.org/articles/10.3389/fendo.2025.1668695/full
https://www.frontiersin.org/articles/10.3389/fendo.2025.1668695/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2025.1668695&domain=pdf&date_stamp=2025-10-30
mailto:dentistzhang112@163.com
mailto:16601259@hebmu.edu.cn
https://doi.org/10.3389/fendo.2025.1668695
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2025.1668695
https://www.frontiersin.org/journals/endocrinology

Guo et al.

10.3389/fendo.2025.1668695

metabolic disorders in patients with T2DM and periodontitis. The strong
interrelationships observed, particularly within the GCF, underscore the
potential role of TNF-o as a key mediator in the mouth-systemic

metabolic interplay.

diabetes mellitus, periodontitis, tumor necrosis factor o, glycosylated

hemoglobin, resistin

Introduction

Diabetes mellitus and periodontitis are both highly prevalent
chronic diseases with a strong bidirectional relationship (1). The
long-term hyperglycemic state in diabetic patients reduces their
resistance to infection and ability to heal, making them prone to
various complications—with periodontitis being one of the most
common oral manifestations (2). Research indicates that
periodontitis occurs more frequently in diabetic patients than in
non-diabetic populations, with its severity directly correlating to
glycemic control levels (3). As a chronic infectious condition,
periodontitis damages periodontal tissues (gingiva, periodontal
ligament, dentin and alveolar bone). Its pathogenic bacteria and
inflammatory mediators can spread throughout the body via the
bloodstream, elevating the risk of diabetes mellitus and
cardiovascular disease (4-6). Furthermore, periodontitis impacts
glycemic control in diabetic patients and may increase their risk of
other complications (7). Understanding the mechanisms of
interaction between diabetes and periodontitis is therefore crucial
for early intervention and comprehensive patient management.

In recent years, periodontitis has been considered a localized
inflammatory disease of the oral periodontal tissues (8). However,
growing research shows that diabetes and periodontitis share a
common pathogenic mechanism—both involve pro-inflammatory
mediators in the inflammatory response (9, 10). Periodontitis has
strong associations with several systemic diseases, including
cardiovascular disease, blood disorders, chronic liver disease,
osteoporosis, and autoimmune diseases (11). It has also emerged
as the sixth most common complication of diabetes mellitus (12).
The oral microbiome plays a crucial role in how both periodontitis
and diabetes mellitus develop and progress by modulating the
innate and adaptive immune systems (13, 14). Additionally, the
buildup of cytokines, chemokines, prostaglandins, and late
glycosylation end products is central to the disease’s pathogenesis
and progression (15, 16). Treatment of periodontitis has shown
notable benefits—it significantly improves glycated hemoglobin
(HbA1lc) levels in diabetes patients with poor glycemic control
(17). These findings indicate that the interaction between
periodontitis and diabetes mellitus extends beyond oral health,
significantly affecting systemic metabolic status. This highlights
the critical role of oral health in managing chronic diseases.

Frontiers in Endocrinology

Tumor necrosis factor oo (TNF-o), a major inflammatory factor,
plays a dual role in both the inflammatory response of periodontitis
and glycolipid metabolism (18). Studies have shown that TNF-o
induces insulin resistance and disrupts lipid metabolism, leading to
glucose and lipid abnormalities (19). However, TNF-os
mechanism of action in patients with diabetes mellitus and
periodontitis remains unclear, particularly regarding its
relationship with glycolipid metabolism indices before and after
periodontal treatment. Prolonged TNF-o expression may represent
a pathway through which bacteria cause significant inflammatory
damage, a process sometimes enhanced by immunodeficiency from
lymphocyte subset mobilization (20). Hyperglycemia can worsen
periodontal disease in diabetic patients by affecting TNF-o levels
(21). The systemic nature of this inflammatory response is
evidenced by elevated serum TNF-o levels in patients with acute
apical abscesses (22). Additionally, adipokines—including lipocalin
and resistin—secreted by adipocytes have emerged as prognostic
markers of oral disease (23). In this study, we hypothesized
that periodontal treatment could significantly reduce TNEF-o
levels and thereby improve glycolipid metabolism. By analyzing
the correlation between TNF-o and glycolipid metabolism
indicators, this study aims to provide a scientific basis for clinical
treatment and further clarify the interaction between diabetes
and periodontitis.

Information and methods
Case selection

This cross-sectional cohort study aimed to examine the
correlation between TNF-o and glycolipid metabolic indices in
patients aged 18-75 years with diabetes mellitus complicated by
periodontitis. Data of 234 patients with diabetes mellitus and
periodontitis were collected from March 2022 to April 2024 in
our hospital. Patients underwent basic therapies, including scaling,
root planing, and conventional medication. The study followed the
Declaration of Helsinki guidelines and was approved by our
hospital’s medical ethics committee.

Inclusion criteria: (1) Diagnosed with type II diabetes mellitus
(T2DM) according to the American Diabetes Association (ADA)
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2022 criteria (24). Patients were required to have a documented
disease duration of >1 year and stable glycemic control, defined as
no change in hypoglycemic medication regimen for at least 3
months prior to enrollment. Based on baseline HbAlc levels,
diabetic control was categorized as: inadequate control (HbAlc
7.5%-9.0%) and moderate control (HbAlc <7.5%) (25). The
majority of the cohort fell into the inadequate control category to
investigate the metabolic effects of periodontal therapy in this
challenging population. (2) =15 natural teeth present (excluding
third molars and retained roots). (3) & (4) A diagnosis of
periodontitis was established according to the 2018 World
Workshop on the Classification of Periodontal and Peri-Implant
Diseases and Conditions (26). Periodontitis Staging: All enrolled
patients were classified as either Stage III (severe periodontitis with
potential for tooth loss due to periodontitis) or Stage IV (advanced
periodontitis with extensive tooth loss and complex rehabilitation
needs), based on interdental CAL (=5 mm at the maximum site),
radiographic bone loss extending to the mid-third of the root or
beyond, and probing depth (PD) >6 mm at the maximum site.
Periodontitis Grading: The grade of periodontitis was determined
primarily based on the evidence of progression, calculated as the
percentage of bone loss divided by the patient’s age (BL/A) (26).
Since all subjects were diagnosed with diabetes mellitus—a well-
established risk factor for periodontitis progression—the grade was
directly modified to Grade B (moderate progression rate) or Grade
C (rapid progression rate), as per the classification guidelines. (5)
Age 18-75 years; (6) complete clinical data.

Exclusion criteria were rigorously applied to minimize
confounding variables and ensure the internal validity of the
study. These criteria were as follows: (1) Receipt of any
periodontal therapy, including scaling and root planing, surgical
procedures, or antibiotic treatment specifically for periodontal
conditions, within the 6 months preceding the study baseline
(27); (2) Chronic use (defined as >3 months) of medications
known to affect periodontal tissues, such as phenytoin, calcium
channel blockers, or cyclosporine, which can induce gingival
enlargement (28); (3) Use of immunosuppressants or systemic
corticosteroids within the 3 months prior to enrollment; (4)
Presence of severe diabetic complications, including advanced
retinopathy (confirmed by fundoscopy or OCT), nephropathy
(defined as an eGFR <60 mL/min/1.73 m? or albuminuria >30
mg/g creatinine), or established neuropathy (Toronto Clinical
Scoring System score >5), as these conditions can independently
modulate systemic inflammation (29); (5) Concurrent active
infections (e.g., pneumonia, urinary tract infection) or any
malignancy; (6) Diagnosis of other systemic inflammatory or
autoimmune diseases, such as rheumatoid arthritis or Crohn’s
disease; (7) Poorly controlled hypertension (resting blood
pressure >160/100 mmHg) or hyperlipidemia (LDL cholesterol
>190 mg/dL) (29); (8) Significant smoking history, defined as >10
pack-years or current smoking status confirmed by a positive
cotinine test, as smoking is a primary risk factor for periodontal
disease progression (26); (9) Unstable glycemic control that
necessitated frequent adjustments to medication.
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The sample size was calculated using the standard formula for
cross-sectional studies (30). As in Equation 1:

Zi g % P -p)]

e

Where n is the sample size, take =0.05, check the Z-value table

to get Z1-0/2 = 1.96, § is the allowable error, control the allowable
error at 6%, p denotes the prevalence of diabetes mellitus with

(1)

periodontitis, according to the reference, the prevalence of diabetes
mellitus with periodontitis is 73.14%, so the minimum total sample
content is 218, and the sample size of the present study is 234 in
accordance with the requirements.

Intervening method

The periodontal treatment cycle lasted 4 weeks and included
full-mouth cleaning, subgingival scaling, root planing, occlusal
adjustment, and extraction of non-retainable affected teeth.
During treatment, patients received oral tetracycline (1 g/d) for 2
weeks. The systematic basic periodontal treatment was delivered in
4 sessions at 1-week intervals, comprising supragingival scaling,
subgingival scaling, and root planing. Patients received instruction
in oral hygiene practices, including proper brushing techniques,
flossing, and interproximal brushing. Throughout the study,
patients maintained their usual diabetes medications. Along with
dietary control and exercise, patients continued their prescribed
medications: metformin (25 mg after meals, thrice daily or 50 mg,
twice daily), glibenclamide (2.5 mg before meals, thrice daily), or
thirst-quenching pills (10 capsules before meals, thrice daily), based
on their individual conditions.

Data collection

Tests for serological indices

Blood samples were collected at baseline (before treatment) and
at 4 and 8 weeks post-treatment to assess systemic changes. All
procedures were standardized to minimize pre-analytical
variability, which is critical for the reliability of biomarker
measurements (31). (1) Serum Sampling and Processing: A 2 mL
sample of peripheral venous blood was drawn into an Eppendorf
tube. The sample was allowed to clot at room temperature for 30
minutes before being centrifuged at 1,500 x g for 15 minutes at 4°C.
The resulting serum was aliquoted and stored at -20°C until
analysis. (2) Serum Metabolic and Adipokine Assays: A separate
10 mL sample of fasting venous blood was collected for metabolic
panels. Fasting blood glucose (FBG) was measured using the
glucose oxidase method, and glycated hemoglobin (HbAlc) was
measured via immunosuppressive turbidimetry (Roche
Diagnostics). Serum concentrations of leptin were determined by
an immunoscattering turbidimetric assay (Shanghai Debo
Biotechnology Co.). Adiponectin and resistin levels were
quantified using commercially available enzyme-linked
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immunosorbent assay (ELISA) kits (Shenzhen Jingmei Biological
Co., Ltd. and Shenzhen Xinbosheng Biotechnology Co.,
respectively). All assays were performed according to the
manufacturers’ detailed instructions. (3) Serum Free Fatty Acids
(FFA): FFA levels were measured using a photometric colorimetric
method on a fully automated spectrophotometer (TAS-990, Beijing
Purkinje General Instrument Co., Ltd.).

Gingival crevicular fluid sampling and analysis

To assess the local periodontal inflammatory and metabolic
milieu, gingival crevicular fluid (GCF) was collected at baseline, 4
weeks, and 8 weeks post-treatment, coinciding with the serum
sampling time points. The sampling protocol was adapted from
established methods (32). Briefly, GCF was obtained from the four
sites with the deepest probing depths (one site per quadrant) using
standardized periopaper strips (OraFlow Inc., USA). Sites were
isolated with cotton rolls, supragingival plaque was carefully
removed, and the area was gently air-dried. Paper strips were
inserted into the gingival sulcus until mild resistance was felt and
left in place for 30 seconds. Strips contaminated with blood or saliva
were discarded. The GCF volume was immediately measured using
a pre-calibrated electronic periotrometer (Periotron 8000, OraFlow
Inc., USA). Each strip was then eluted into 200 UL of phosphate-
buffered saline and stored at -80 °C until batch analysis. Levels of
TNF-q, leptin, adiponectin, and resistin in the GCF eluent were
determined using commercially available, high-sensitivity ELISA
kits (R&D Systems, USA), following the manufacturers’
instructions. The total amount of each analyte (pg) was
normalized to the GCF volume (UL) and expressed as
concentration (pg/UL) for statistical analysis.

Gingival bleeding index

The gingival bleeding index was assessed to quantify gingival
inflammation (33). All clinical examiners underwent standardized
training and calibration exercises before the study commenced to
ensure high inter-rater reliability. Agreement was assessed using the
Cohen’s kappa statistic, with a target value of k¥ > 0.8 indicating
almost perfect agreement (34).

(1) Examination Procedure: A blunt-ended periodontal probe
with a tip diameter of 0.5 mm was gently guided into the gingival
sulcus, parallel to the long axis of the tooth. The probe was then
swept from the distal to the mesial aspect along the sulcus base on
both the buccal/labial and lingual/palatal surfaces of each tooth.
After probing each tooth, the examiner waited for 10-15 seconds to
observe any bleeding.

(2) Scoring Criteria: The following 0-5 scale was used to score
bleeding for each tooth surface: 0 points: Healthy gingival margin
and papilla; no bleeding after probing. 1 point: Apparently healthy
gingiva, but bleeding appears from the sulcus upon probing. 2
points: Bleeding on probing with an accompanying change in
gingival color. No swelling is observed. 3 points: Bleeding on
probing, color change, and mild gingival edema. 4 points:
Bleeding on probing, obvious color change, and significant
edema. 5 points: Spontaneous bleeding or severe bleeding upon
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probing, accompanied by significant edema and color change,
potentially with ulceration.

Periodontitis staging and grading

As detailed in the inclusion criteria, all patients were diagnosed,
staged, and graded according to the 2018 International
Classification of Periodontal Diseases (26). Staging (I-IV) defined
the severity and complexity of the disease, while grading (A-C)
estimated the rate of progression. The presence of diabetes mellitus
was used as a modifier to upgrade the grade, reflecting the patient’s
heightened risk for disease progression. All staging and grading
assessments were conducted by calibrated periodontists based on
full-mouth clinical and radiographic examinations.

Examiners were similarly trained and calibrated for
periodontitis grading based on the 2018 International
Classification of Periodontal Diseases. Inter-rater reliability was
assessed with kappa statistics, showing good agreement
(kappa > 0.8).

Statistical methods

Statistical analyses were performed using IBM SPSS Statistics
25.0. The normality of continuous variables was assessed via the
Shapiro-Wilk test (alpha=0.05), and homogeneity of variances was
evaluated using Levene’s test. For longitudinal comparisons of
normally distributed data that met the sphericity assumption
(Mauchly’s test, p > 0.05), repeated-measures analysis of variance
(ANOVA) was applied, followed by Bonferroni-adjusted pairwise
comparisons for post hoc testing. When the sphericity assumption
was violated (p < 0.05), the Greenhouse-Geisser correction was
used. For non-normally distributed longitudinal data, the Friedman
test was employed, with Dunn-Bonferroni tests for subsequent
pairwise comparisons when overall significance was detected.
Normally distributed data are presented as the mean + standard
deviation (SD), and non-normally distributed data as the median
(interquartile range, IQR). Categorical variables were analyzed
using the chi-square test or Fisher’s exact test, as appropriate.
Bivariate correlations were examined using Spearman’s rank
correlation coefficient (p), with the Benjamini-Hochberg
procedure applied to control the false discovery rate (FDR).

Results
Basic data of the patients

The baseline characteristics of the 234 enrolled patients are
summarized in Table 1. The cohort comprised 130 males (55.6%)
and 104 females (44.4%), with a mean age of 68.4 + 6.1 years.
According to the predefined glycemic control categories, the
majority of patients (n=178, 76.1%) were classified as having
inadequate diabetic control (HbAlc 7.5%-9.0%), while 56
patients (23.9%) were in the moderate control group
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TABLE 1 Baseline characteristics of the study cohort (N = 234).

Characteristic Value

Demographics

Age, years (mean + SD) 684 + 6.1
Sex, n (%)

Male 130 (55.6)

Female 104 (44.4)

Diabetes-related parameters

Diabetes Duration, years (mean + SD) 85+23

HbAlc, % (mean + SD) 8.41 £ 0.52
Glycemic control category, n (%) [2]
Moderate Control (HbAlc <7.5%) 56 (23.9)

Inadequate Control (HbAlc 7.5%-9.0%) 178 (76.1)

Periodontal clinical parameters (Mean + SD)

Probing Depth (PD), mm 6.2+0.8
Clinical Attachment Loss (CAL), mm 51+13
Bleeding on Probing (BOP), % of sites 58.7 £ 124

Periodontitis classification, n (%) [3]

Stage
Stage IIT 151 (64.5)
Stage IV 83 (35.5)
Grade
Grade B 72 (30.8)
Grade C 162 (69.2)

(HbAlc <7.5%). Regarding periodontal status, all patients were
diagnosed with severe or advanced periodontitis as per the 2018
classification, with 151 patients (64.5%) classified as Stage III and 83
patients (35.5%) as Stage IV. In terms of disease progression rate
(Grading), 162 patients (69.2%) were graded as Grade C (rapid
progression) and 72 (30.8%) as Grade B (moderate progression).
The detailed clinical periodontal parameters at baseline, including
mean CAL and PD, are provided in the Table 1.

Gingival bleeding index and periodontitis
grading before and after treatment

In this study, we evaluated the effect of the treatment program
on the improvement of periodontal health by comparing the
changes in gingival bleeding index (GBI) and periodontitis
grading before and after treatment. As can be seen in Figure 1,
Prior to treatment, the subjects exhibited high GBI and
periodontitis grading, indicative of poor periodontal health. After
4 weeks of treatment, both GBI and periodontitis grading
significantly decreased, demonstrating a notable improvement in
periodontal health. Further improvement was observed by 8 weeks
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post-treatment, with continued reductions in both GBI and
periodontitis grading. These results highlight the efficacy of the
treatment in improving gingival bleeding and reducing
periodontitis grading over time.

FBG and HbAlc levels before and after
treatment

This study evaluated the effect of the treatment regimen on FBG
and HbA1lc levels in diabetic patients. As shown in Figure 2, These
findings underscore the time-dependent efficacy of the treatment in
enhancing glycemic control. The initial lack of significant change in
FBG, despite a notable reduction in HbAlc at 4 weeks, suggests that
the treatment’s impact on fasting blood glucose may require a
longer duration to manifest fully. By 8 weeks, the significant
decrease in both FBG and HbAlc indicates that the treatment not
only sustained the initial improvement in HbA1lc but also extended
its beneficial effects to FBG, leading to a more comprehensive
improvement in glycemic control. This progressive enhancement
over time highlights the importance of continued treatment for
optimal outcomes in managing glycemic parameters.

Serum leptin, adiponectin and resistin
levels before and after treatment

This study further investigated the effects of the treatment
regimen on leptin, adiponectin, and resistin levels in diabetic
patients. As shown in Figure 3, The sustained and progressive
changes in leptin, adiponectin, and resistin levels over the 8-week
treatment period highlight the long-term efficacy of the treatment in
modulating inflammatory and metabolic profiles. The initial
significant reductions in leptin and resistin, coupled with the
increase in adiponectin after 4 weeks, suggest a rapid onset of the
treatment’s anti-inflammatory and metabolic regulatory effects. The
further improvements observed at 8 weeks indicate that these effects
are not only maintained but also enhanced with continued
treatment. These results imply that the treatment has a
cumulative impact on reducing inflammation and improving
metabolic health, which is crucial for addressing underlying
inflammatory and metabolic disorders.

TNF-o and free fatty acid levels before and
after treatment

This study investigated the effect of treatment regimen on TNF-
o and FFA levels in diabetic patients. These indicators, which are
closely related to inflammatory response and metabolic state, may
impact periodontal health. As shown in Figure 4, At baseline,
patients exhibited elevated levels of TNF-o. and FFA, indicative
of significant inflammatory responses and metabolic disorders.
After 4 weeks of treatment, both TNF-o and FFA levels
significantly decreased, demonstrating the treatment’s efficacy in
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modulating these markers in the short term. By 8 weeks, further
reductions were observed, highlighting sustained and progressive
improvements in inflammatory and metabolic status throughout
the treatment period.

Changes in inflammatory and metabolic
indices within gingival crevicular fluid

Analysis of GCF provided insights into the local periodontal
changes paralleling systemic effects. As detailed in Table 2, GCF
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FIGURE 2

levels of TNF-o,, leptin, and resistin exhibited a significant and
progressive decrease from baseline to 4 and 8 weeks post-treatment
(all P < 0.01). Conversely, adiponectin levels in GCF showed a
significant and sustained increase following therapy (P < 0.01).
These local changes mirrored the systemic trends observed in
serum, indicating that periodontal therapy effectively modulated
the inflammatory and metabolic profile directly at the disease site.
Furthermore, the reduction in GCF TNF-c at 8 weeks was strongly
correlated with the concomitant reduction in serum TNF-o. (p =
0.512, P < 0.01), reinforcing the link between local periodontal
inflammation and systemic inflammatory burden.
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FBG and HbAlc levels before and after treatment(n = 234, 'x + s). BT is Before Treatment, 4WAT is 4 Weeks After Treatment, 8WAT is 8 Weeks After
Treatment. *P<0.05, **P<0.01. (A) FBG levels at different time points. Black dots represent BT, pink dots represent 4WAT, and blue dots represent
8WAT. (B) HbAlc levels at different time points. Black dots represent BT, pink dots represent 4WAT, and blue dots represent 8WAT.
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Changes in serum leptin, lipocalin and resistin before and after treatment. BT is Before Treatment, 4WAT is 4 Weeks After Treatment, 8WAT is 8
Weeks After Treatment. *P<0.05, **P<0.01. (A) Leptin levels at different time points. Black dots represent BT, pink dots represent 4WAT, and blue
dots represent 8WAT. (B) Adiponectin levels at different time points. Black dots represent BT, pink dots represent 4WAT, and blue dots represent

8WAT. (C) Resistin levels at different time points. Black dots represent BT,

Results of correlation analysis of indicators

The temporal dynamics of TNF-o correlations with glycolipid
metabolic and periodontal indices are summarized in Table 3. At
baseline, TNF-o exhibited moderate positive associations with
resistin (p = 0.327, P < 0.01) and HbAlc (p = 0.213, P < 0.01),
while showing an inverse relationship with adiponectin (p = -0.229,
P < 0.01). Following 4 weeks of therapy, TNF-o correlations
intensified markedly with leptin (p = 0.671, P < 0.01), resistin
(p = 0.619, P < 0.01), and periodontal indices (gingival bleeding
index: p = 0.245; periodontitis grading: p = 0.331; P < 0.01). By 8
weeks, while associations with leptin (p = 0.165, P < 0.05) and
adiponectin (p =-0.179, P < 0.01) attenuated, correlations with free
fatty acids (FFA: p = 0.472) and periodontal severity (p = 0.446)
became predominant (P < 0.01). Notably, resistin maintained the
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pink dots represent 4WAT, and blue dots represent 8WAT.

strongest persistent linkage to TNF-a. across all phases (p > 0.323, P
< 0.01), suggesting its potential role as a coregulated inflammatory
mediator, as detailed in Figure 5.

The correlation analysis was extended to the local periodontal
microenvironment by examining the relationships between TNF-o
and adipokines within the GCF (Table 3). Strong and persistent
correlations were observed throughout the study period. At
baseline, GCF TNF-a was already positively correlated with GCF
leptin (p = 0.463) and GCF resistin (p = 0.535), and negatively
correlated with GCF adiponectin (p = -0.401) (all P < 0.01). These
associations intensified at the 4-week follow-up and remained the
strongest of all measured correlations at the 8-week time point
(GCEF leptin: p = 0.581; GCF resistin: p = 0.702; GCF adiponectin:
p = -0.498; all P < 0.01). The stability and magnitude of these
relationships within the GCF highlight a tightly coupled network of
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TABLE 2 Dynamics of inflammatory and metabolic mediators in gingival
crevicular fluid (GCF) following periodontal therapy.

4 2eeks 8 weeks
Before
Analyte (pg/ulL) after after
treatment
treatment treatment
TNF-0 (Mean + SD) 185 + 4.2 12.1 + 3.0% 9.8 + 2.6
Leptin (Mean + SD) 63+ 15 4.8 + 1.3 3.9 + LI%
Adiponectin (Mean + SD) = 1.05 + 0.31 1.52 + 0.40* 1.82 + 0.45**
Resistin (Mean + SD) 12.7 +3.1 9.2 +2.4* 74+ 2.0

*P < 0.05 vs. Baseline; **P < 0.01 vs. Baseline.

inflammation and metabolism operating directly within the
periodontal pocket.

Discussion

An epidemiological survey indicates that from 2011 to 2020, the
prevalence of dentate periodontitis among adults was
approximately 62%, with severe periodontitis affecting 23.6% (35).
In this study, through cross-sectional cohort research, we observed
changes in periodontal health and metabolic indicators of patients
with diabetes-associated periodontitis after systematic periodontal

TABLE 3 Spearman’s correlation coefficients (p) between TNF-o and
glycolipid metabolic/periodontal/GCF indices across treatment phases.

TNF-a (p)

TNF-a (p) 4
weeks after
treatment

TNF-a (p) 8
weeks after
treatment

before
treatment

Variable

Serum & metabolic indices

Resistin 0.327* 0.619* 0.323*
HbAlc 0.213** 0.038 0.166*
FFA 0.085 0.333* 0.472*
Leptin 0.077 0.671** 0.165*
Adiponectin | -0.229** -0.252* -0.179**
Clinical periodontal indices
Gingival
Bleeding 0.057 0.245** 0.452**
Index (GBI)
FBG 0.002 0.151* -0.103*
Periodontitis
. -0.080 0.331* 0.446**

Grading
GCF indices (TNF-o. vs. GCF Analyte)
GCF Leptin | 0.463** 0.552** 0.581**
GCF

. . -0.401** -0.455** -0.498**
Adiponectin
GCF Resistin | 0.535** 0.648** 0.702**

*P < 0.05, **P < 0.01 (two-tailed, Benjamini-Hochberg corrected). GCF, Gingival Crevicular
Fluid.
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treatment. After 4-week and 8-week basic periodontal treatment,
patients showed significant decreases in GBI and periodontitis
grading. This demonstrates the treatment plan’s remarkable
effectiveness in improving periodontal health. Our finding aligns
with Menezes’s previous research (36), which suggests that
systematic periodontitis treatment can effectively control
periodontal inflammation and improve periodontal tissue health.
Moreover, the treatment led to significant changes in metabolic
indicators: decreased serum leptin levels, increased serum
adiponectin levels, and decreased resistin levels (P < 0.05). These
improvements persisted through the 8-week post-treatment period.
This indicates that periodontal treatment enhances periodontal
health and positively affects patients’ metabolic state. The
research results suggest that periodontitis patients experience
endoplasmic reticulum stress in their visceral fat cells, leading to
hypoadiponectinemia (37). Adiponectin is an adipocytokine with
anti-inflammatory and insulin-sensitizing effects. Higher
adiponectin levels may improve insulin resistance and disorders
of glucose and lipid metabolism (38). In patients with type 2
diabetes, the local inflammation of periodontitis leads to
enhanced systemic inflammation, decreased adiponectin levels,
and lipid metabolism disorders, creating an imbalance between
pro-inflammatory and anti-inflammatory effects (39). This decrease
in adiponectin levels in patients with diabetes and periodontitis
strengthens the connection between these two conditions (40).
Leptin, a peptide hormone, regulates energy balance, immune-
inflammatory responses, and bone metabolism. Periodontitis
progressively weakens tooth-supporting structures, ultimately
causing tooth loss (41). Research with ob/ob mice has shown that
leptin-deficient obesity increases the risk of periodontitis (42).
Elevated levels of leptin and resistin may decrease inflammatory
response and metabolic disorders, indicating how periodontal
treatment helps regulate systemic metabolism. Consequently,
periodontal therapy has been shown to enhance periodontal
metabolism and reduce systemic inflammation and metabolic
disorders in diabetic patients with periodontal disease.
Periodontal diseases arise from immune responses that trigger
gingivitis, periodontitis, and their systemic effects (43). TNF-a, a
key inflammatory cytokine, is strongly linked to insulin resistance,
glucose metabolism disorders, and abnormal lipid metabolism. In
our study, TNF-o. levels decreased significantly after periodontal
treatment (P < 0.05), suggesting that the treatment was associated
with a reduction in inflammation. Both adipocytokines and
oxidative stress play roles in periodontitis development (44, 45).
The observation that demographic factors exclusively predict
baseline TNF-o levels is noteworthy and can be contextualized
within the framework of social determinants of health. These
demographic variables often serve as proxies for cumulative life-
course exposures, which shape an individual’s foundational
inflammatory state. For instance, factors such as race, ethnicity,
and socioeconomic environment are linked to disparities in baseline
inflammatory profiles (46, 47). Research indicates that community-
level disadvantages can drive increases in systemic inflammation
over time (47). Furthermore, the influence of socioeconomic status
on periodontal health may be mediated more by income and health

frontiersin.org


https://doi.org/10.3389/fendo.2025.1668695
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Guo et al.

0.750

10.3389/fendo.2025.1668695

0.750 0.750

Leptin
L ]
GBI . y
FBG f

(,200]

-0.350]

Targets BT

FIGURE 5

SWAT

Trends of correlation coefficients between TNF-o and glycolipid metabolism and clinical indicators at different time points. BT is Before Treatment,

AWAT is 4 Weeks After Treatment, 8WAT is 8 Weeks After Treatment.

behaviors than directly through inflammatory pathways (48).
Therefore, it is plausible that chronic exposure to varying social
and environmental stressors sets a distinct immunological tone,
reflected in our baseline TNF-o. measurements, before the acute
effects of the intervention homogenize the inflammatory response.

The analysis of gingival crevicular fluid offers a unique window
into the local periodontal biochemical milieu. Our findings
demonstrate that non-surgical periodontal therapy induces a
profound and progressive shift in the GCF profile, characterized
by a significant reduction in pro-inflammatory (TNF-o) and
metabolism-disrupting mediators (leptin, resistin), alongside an
increase in the insulin-sensitizing adipokine adiponectin. These
local changes, which temporally paralleled the systemic
improvements in serum biomarkers, strongly suggest that the
periodontal pocket is an active site of metabolic crosstalk. The
significant correlation between the reduction of TNF-ot in GCF and
serum further solidifies the pathophysiological link between local
periodontal inflammation and the systemic inflammatory state (49).
This local modulation likely constitutes a pivotal initial step in the
mechanistic pathway through which periodontal therapy confers its
salutary systemic effects on glycolipid metabolism in
diabetic patients.

Correlation analysis revealed that the relationships between
TNF-o and indicators of glucose and lipid metabolism and
related clinical indicators changed significantly during the
treatment process. Four weeks after treatment, the correlations
between TNF-o and leptin, adiponectin, resistin, FFA, the
gingival bleeding index, and periodontitis grade were significantly
greater (P < 0.05). These findings are consistent with TNF-o. being
involved in fat metabolism in the early treatment stages, likely

Frontiers in Endocrinology

because of its dual role in inflammation and metabolic regulation.
Specifically, TNF-o is known to participate in inflammatory
responses and influence metabolism by controlling adipocytokine
expression. By eight weeks post-treatment, while some TNF-o
correlations had weakened, their relationships with free fatty
acids, the gingival bleeding index, and periodontitis grading
strengthened. Correlation analysis revealed that the strengths of
the associations between TNF-o. and indicators of glucose/lipid
metabolism and periodontal health changed during the treatment
process. These observed shifts in correlation coefficients over time
describe a pattern of changing associations, which may reflect the
complex interplay between systemic inflammation and metabolism
following periodontal intervention. However, as these are
population-level correlations, they cannot be used to infer
individual causal pathways. Notably, a significant correlation
between TNF-o. and resistin was observed, which persisted
throughout the study period. This finding aligns with previous
research by Zhang et al. (50). Resistin, an adipocyte-secreted
hormone, is implicated in insulin resistance and inflammatory
processes (51). The consistent association observed in our study
invites the hypothesis that resistin and TNF-ou may be interact
within the shared inflammatory pathway of periodontitis and
diabetes. This potential interaction warrants further investigation
in future mechanistic studies designed to test causal relationships.
Furthermore, the correlation analysis within GCF revealed a tightly
interconnected network at the local disease site. The strong positive
correlations of GCF TNF-a with GCF leptin and resistin, and its
negative correlation with adiponectin, which were more
pronounced than the systemic correlations, suggest a potent,
localized interplay between inflammation and metabolism in the
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periodontium of diabetic patients. This reinforces the concept of the
periodontal pocket as a significant site of pathophysiological
crosstalk (52).

The results of this study indicate that periodontal treatment can
significantly improve the periodontal health of diabetic patients and
positively impact glucose and lipid metabolism by reducing TNF-o
levels. This finding is closely related to the body’s inflammatory
response, the regulatory role of adipocytokines, and the systemic
metabolic state. For example, carriers of the TNF-a -308 G > A
allele are more susceptible to apical periodontitis (53), leading to
persistent periodontitis and maintaining the body in a state of
chronic inflammation. The overexpression of inflammatory
cytokines such as TNF-o can trigger a systemic inflammatory
response, further exacerbating insulin resistance and metabolic
disorders (54). Periodontal treatment may contribute to the
reduction of this systemic inflammatory response and to
improvements in glucose and lipid metabolism by removing
periodontal inflammatory foci and decreasing TNF-o levels.
Periodontal treatment also affects the serum levels of leptin,
adiponectin, and resistin. These adipocytokines play crucial roles
in insulin sensitivity and lipid metabolism. The increased
adiponectin and decreased leptin and resistin levels may benefit
glucose and lipid metabolism by enhancing insulin signaling and
lipid metabolism pathways. Moreover, periodontal health is closely
linked to the systemic metabolic state. Periodontitis influences
metabolic processes through the inflammatory response and
immune regulation. When periodontal treatment improves oral
health, it may disrupt this harmful interaction, potentially
promoting better metabolic function.

The selection of 4-week and 8-week post-treatment timepoints
in our study was guided by a strategic consideration of
inflammatory marker kinetics and established precedents in
periodontal research involving patients with type 2 diabetes. We
acknowledge that these intervals may not capture the most
immediate transient peaks or very long-term effects; however,
they are strategically positioned to assess the establishment of a
new systemic inflammatory steady state. Following interventions
such as non-surgical periodontal therapy, the initial response
involves rapid fluctuations in upstream cytokines like TNF-a,
which have a very short half-life (55). In contrast, more sustained
systemic repercussions, reflected by downstream markers such as
C-reactive protein (CRP), require several weeks to stabilize at a new,
lower baseline, which genuinely signifies a shift in the patient’s
inflammatory status (56). This intermediate observation window is
consistent with high-quality evidence in the field. For instance, a
randomized controlled trial by Yarahmadi et al. (2024) successfully
demonstrated significant reductions in TNF-o and IL-6 at 8 weeks
in diabetic patients with periodontal disease (57). Similarly, studies
on other chronic inflammatory conditions, such as rheumatoid
arthritis, commonly employ intervals of 4 to 12 weeks to assess the
efficacy of anti-inflammatory interventions (58). Furthermore,
while significant improvements in long-term glycemic control as
measured by HbAlc may take several months to manifest (58), the
early modulation of inflammation observed at 4 and 8 weeks serves
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as a crucial prognostic indicator for these ultimate metabolic
benefits. Therefore, our chosen timepoints provide a scientifically
grounded framework for evaluating the substantive impact of
periodontal therapy on systemic inflammation.

This study has several limitations that should be considered
when interpreting the results. The most significant limitation is the
absence of a non-treatment or placebo control group. This design
precludes us from definitively ruling out the possibility that the
observed improvements reflect regression to the mean, natural
fluctuation of the disease, or the effects of unmeasured
confounders. However, several aspects of our data suggest that
the changes are likely attributable to the treatment effect. First, the
improvements were progressive and sustained over the 8-week
observation period across a wide array of distinct biomarkers
(from systemic cytokines to local GCF mediators) and clinical
indices, a pattern less consistent with random fluctuation. Second,
the observed temporal dynamics, particularly the intensification
and subsequent evolution of correlations between TNF-o and
metabolic markers, align with a biologically plausible sequence of
events following the reduction of a key inflammatory driver (18-
20). Finally, the magnitude and consistency of the metabolic
improvements are in line with previous systematic reviews and
meta-analyses of RCTs that have demonstrated the beneficial effect
of periodontal therapy on glycemic control in diabetic patients (59,
60). Nonetheless, future randomized controlled trials with longer
follow-up are warranted to conclusively confirm our findings. The
8-week follow-up period is relatively short, and the long-term
sustainability of the observed metabolic and inflammatory
improvements remains to be determined. Furthermore, potential
confounders such as diet and physical activity were not
systematically controlled or documented, and the influence of
adjunctive tetracycline treatment cannot be excluded.
Additionally, our study focused specifically on TNF-o as a
primary mediator based on its well-established central role in the
pathogenesis of both periodontitis and insulin resistance (61-66);
however, we did not assess other pro-inflammatory cytokines (e.g.,
IL-1B, IL-6), which also participate in these processes. This focus,
while providing depth to our understanding of TNF-o, means that
the contributions of other inflammatory pathways remain
unexplored in this cohort. Although the sample size was
adequate, patient heterogeneity may exist. Finally, the specific
mechanisms of action of TNF-o were not explored. Future
studies with longer follow-up, randomized controlled designs,
detailed monitoring of lifestyle factors, broader cytokine profiling,
and integrated mechanistic investigations are warranted to validate
and extend our findings.

Conclusion

This study demonstrated that systematic periodontal treatment
in diabetic patients significantly improves their periodontal health,
blood glucose control, and glucose and lipid metabolism by
reducing TNF-a. levels. These findings provide an important
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foundation for treating patients with diabetes-complicated
periodontitis. Future research should explore TNF-o's mechanism
in these patients to optimize treatment strategies and improve
patient outcomes.
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