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Objective: To evaluate the cross-sectional correlation between severity of periodontitis and
diabetes in a representative sample of the Chinese population.

Methods: Data of dentate subjects (35- to 44-year-old group [n = 4,409], 55- to 64-year-old
group [n = 4,568] and 65- to 74-year-old group [n = 4,218]) were analysed. Self-reported diag-
nosis of diabetes was based on a face-to-face interview. Periodontal status was defined according
to the 2018 classification scheme. Periodontal parameters included bleeding on probing (BOP),
probing depth (PD) and attachment loss (AL). Distribution of periodontal status and param-
eters in diabetic and non-diabetic subjects were calculated. Smoothing plots were illustrated to
show the correlation between periodontal parameters/status and diabetes.

Results: The frequency of severe periodontitis (Stage 111 and Stage 1V) in diabetic subjects was
significantly higher than that in non-diabetic subjects (41.88% vs 30.22%, P < 0.001). The
percentages of periodontal parameters of diabetic subjects were significantly higher than those
of non-diabetic subjects (57.71% vs 53.12% for BOP, 22.11% vs 16.29% for PD > 4 mm and
2.07% vs 1.22% for PD > 6 mm, respectively). Increased risk of diabetes was observed in subjects
with severe periodontitis. Positive associations were found between the percentage of affected
teeth with PD > 4/6 mm and diabetes.

Conclusion: Severe periodontitis is associated with diabetes in the Chinese population, and
highlighted in younger patients.
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The Fourth National Oral Health Survey of China
(2015-2016)
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Fig1 Flowchart of inclusion of subjects and study proced-
ures.

Periodontitis is a chronic infectious-inflammatory dis-
ease.! The Global Burden of Disease Study conducted
in 2021 reported that it was the sixth most prevalent
disease globally, with over 1 billion people affected
by severe periodontitis and a global age-standardised
prevalence of 12.50%.2 Compared to 1990, there has
been an increase in the global total number of prevalent
(+99.96%) and incident (+93.56%) severe periodontitis
cases.? By 2050, it is projected that over 1.56 billion peo-
ple will be living with severe periodontitis, an increase
of 500 million people from 2021 (+44.32%), representing
an annual growth rate of 3.06%.2 The data from the 4th
National Oral Health Survey in the Mainland of China
showed that almost 90% of Chinese adults suffered from
periodontal disease of various severities; > 30% had se-
vere periodontitis.® Severe periodontitis is expected to
affect 333.44 million people in China by 2050,2 and has
been linked with heightened risk of contracting several
systemic diseases and even mortality.*6

Diabetes is a common metabolic disease resulting
from a defect in insulin secretion or action, or a com-
bination of both.” The number of people with diabetes
has risen rapidly in the last several decades from 108
million in 1980 to 422 million in 2014, and is likely to
more than double in the next 20 years. Furthermore,
the World Health Organization projected that diabetes
will be the seventh leading cause of death in 2030.8

Periodontal disease and diabetes mellitus are among
the most prevalent chronic diseases worldwide. Their
relationship is recognised as bidirectional: diabetes
increases the risk and severity of periodontitis, while
periodontitis adversely affects glycaemic control and
exacerbates diabetic complications.? Although numer-
ous studies have investigated this relationship,10-13
it remains uncertain whether their findings can be
directly generalised to other populations.
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Thus, the purpose of the present study was to evaluate
the cross-sectional correlation between severe periodon-
titis and diabetes mellitus in a representative sample
of the Chinese population based on the data of the 4th
National Oral Health Survey in the Mainland of China.

Materials and methods

Ethical approval

The study protocol was approved by the Ethics Commit-
tee of the Chinese Stomatological Association (approval
no. 2014-003) and the Biomedical Ethics Committee of
Peking University School and Hospital of Stomatology
(PKUSSIRB-2024102140). Written informed consent was
obtained from participants at enrolment.

Study design and sample

Data for the present cross-sectional study were obtained
from the 4th National Oral Health Survey in the Main-
land of China (2015-2016).14 Data from adult subjects
were included for analysis (Fig 1). Edentulous subjects
and subjects without valid information were excluded
(Fig 1). The final sample size was 13,195 (4,409, 4,568
and 4,218 for each group, respectively).

Data extraction

Data were extracted from oral examinations and ques-
tionnaires.

Periodontal examination data

Periodontal examinations were performed using a com-
munity periodontal index probe. A full-mouth examin-
ation was carried out. The probe was walked along the
gingival crevices with a force of < 20 g to assess bleed-
ing on probing (BOP), presence of calculus, probing
depth (PD) and attachment loss (AL). For each param-
eter, each tooth was scored according to the condition of
the most severe site. Calibration training programmes
were launched before the survey and the reliability of
the results was assessed (kappa values for periodontal
pocket depths were higher than 0.6 for involved examin-
ers). In the survey, 5% of the random participants were
also selected to test the inter-examiner reproducibility.
The kappa values for the three age groups ranged from
0.76 to 0.80.

Periodontal disease was diagnosed according to the
new 2018 classification. Thus, periodontally healthy
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status corresponded to < 10% BOP-positive sites and
PD < 3 mm, whereas gingivitis was characterised by
> 10% BOP-positive sites and PD < 3 mm. Periodontitis
was staged using the algorithm developed by Graetz et
al.15 For each tooth, 1 to 2 mm AL was defined as stage
I, 3 to 4 mm as stage Il and > 5 mm as stage III. Next,
the number of teeth lost was considered (stages I and
I1, no tooth loss; stage III, four or fewer teeth lost; and
stage IV, five or more teeth lost. It should be noted that
reasons for tooth loss were not considered here). The
complexity of management was also evaluated. Stage II
patients were reclassified as stage III if the maximum
PD was > 6 mm. Stage III patients were reclassified as
stage IV if there were fewer than 10 opposing pairs of
teeth).

Interview data from the questionnaire

Data on diabetes were collected using a questionnaire
during face-to-face interviews. Information regarding
whether subjects had diabetes or not was collected from
their self-reported records in the questionnaires.

Data on demographics, socioeconomic status, per-
sonal habits, dental history and attitudes towards
health were collected using a questionnaire during
face-to-face interviews. The following information was
extracted for analysis:

+ age (years);

+ annual family income (with 10,000 yuan as the unit);

+ sex (male versus female);

* highest level of education (no schooling, primary
school, junior high school, high school, technical
specialised school, junior college, undergraduate,
master’s or higher);

¢ self-reported diabetes (yes or no);

+ smoking status (current smoker, former smoker or
non-smoker);

+ region (urban versus rural).

Statistical analysis

Data were evaluated using the IBM SPSS Statistics 19
software package (SPSS; Armonk, NY, USA). The pri-
mary outcome was periodontal status (health, gingivitis
and periodontitis including Stage I, I, IIl and IV accord-
ing to the 2018 classification). Stage I and II periodon-
titis was considered mild-moderate and Stage III and
IV periodontitis was considered severe. The secondary
outcomes were percentage/numbers of affected teeth
with varied periodontal parameters (PD > 4/6 mm, AL
>4/6 mm and missing teeth). Descriptive statistics were
computed for all variables. Continuous data were report-
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ed as means and standard deviations (SDs), whereas
categorical data were summarised as numbers (n) and
percentages. For bivariate analyses, comparisons were
made between diabetic and non-diabetic subjects, with
categorical outcomes compared using a Chi-square test
and continuous outcomes (e.g., percentages of teeth
with PD > 4 mm) compared using a Mann-Whitney U
test. Subgroup analyses were performed by stratifying
the population by age group and smoking status, with
the same statistical tests (Chi-square or Mann-Whitney
U) applied within each stratum to explore potential ef-
fect modification. To isolate the independent associ-
ation between diabetes and periodontal status/param-
eters, logistic regression models were employed. These
models adjusted for potential confounders, including
sex, smoking status, region, highest level of education
and annual family income. The results were presented
as odds ratios (ORs) with their corresponding 95% confi-
dence intervals (CIs). For all statistical tests, a two-sided
P value of < 0.05 was considered statistically significant.

Results

Population characteristics

Data from 13,195 dentate subjects (6,575 men and 6,620
women) were analysed. The mean age of the subjects
was 56.43 + 12.40 years. There were 3,472 non-smokers
(26.30%), 8,405 current smokers (63.71%) and 1,318 for-
mer smokers (9.99%). A total of 1,077 subjects (89 in
the 35- to 44-year-old group, 473 in the 55- to 64-year-
old group and 515 in the 65- to 74-year-old group) were
diabetic.

Higher prevalence of severe periodontitis in diabetic
subjects

Distributions of the frequencies of periodontal status
by age group and smoking status of diabetic and non-
diabetic subjects are shown in Tables 1 and 2.
Generally, the difference in the prevalence of peri-
odontal disease was insignificant between diabetic and
non-diabetic subjects (88.39% vs 87.08%, P = 0.215).
Subgroup analysis showed that the differences in the
prevalence of periodontal disease were all insignificant
between diabetic and non-diabetic patients in the 35-
to 44-year-old group (88.76% vs 84.07%, P = 0.230), the
55- to 64-year-old group (89.64% vs 89.89%, P = 0.865)
and the 65- to 74-year-old group (87.18% vs 87.47%, P =
0.855). Similarly, no significant differences were found
between diabetics and non-diabetics in non-smokers
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Table 1 Distribution of periodontal status by age groups in diabetic and non-diabetic subjects.
35—44 years 55—64 years 65—74 years
Non- X . Non- . X Non- X X Non- ) X
X X Diabetic . X Diabetic X . Diabetic X X Diabetic
diabetic i diabetic . diabetic . diabetic .
. subjects P value ] subjects | P value k subjects P value . subjects | P value
subjects subjects subjects subjects
(n=3,154) (n=89) (n=1,296) (n=1,582)

(n=10,041) (n =4,320) (n=3272) (n=2,636)
Periodontal dis-
ease (gingivitis

) 87.08% 88.39% 0.215 | 84.07% 88.76% |0.230 |89.89% 89.64% 0.865 |87.47% 87.18% 0.855

and periodon-
titis)
Severe peri-
odontitis (Stage |30.22% 41.88% <0.001 | 10.25% 26.96% |<0.001 |37.27% 41.65% 0.063 |45.75% 44.66% 0.643
Illand 1V)

Table 2 Distribution of periodontal status by smoking status in diabetic and non-diabetic subjects.

Non-smokers Smokers Former smokers
Non-diabetic Diabetic sub- Non-diabetic | Diabetic sub- Non-diabetic | Diabetic sub-
subjects jects P value subjects (n = | jects P value subjects (n= | jects P value
(n=7,716) (n = 689) 3,272) (n=1,296) 2,636) (n=1,582)
Periodontal dis-
ease (gingivitis
X 86.40% 88.24% 0.940 87.88% 87.71% 0.176 89.28% 90.13% 0.748
and periodon-
titis)
Severe peri-
odontitis (Stag- | 25.97% 36.57% <0.001 36.74% 51.70% <0.001 40.39% 50.66% 0.016
es Il and 1V)

(88.24% vs 86.40%, P = 0.940), current smokers (87.71%
vs 87.88%, P = 0.176) and former smokers (90.13% vs.
89.28%, P = 0.748).

However, the prevalence of severe periodontitis
(Stages III and IV according to the 2018 classifica-
tion) was significantly higher in diabetics (41.88% vs
30.22%, P < 0.001). The differences were more distinct
in younger subjects. Subgroup analysis showed that
the differences in the prevalence of periodontitis were
significant between diabetics and non-diabetics only
in the 35- to 44-year-old group (26.96% vs 10.25%,
P <0.001) but not in the 55- to 64-year-old group (41.65%
vs 37.27%, P = 0.063) or 65- to 74-year-old group (44.66%
vs 45.75%, P = 0.643). The differences in prevalence be-
tween diabetics and non-diabetics were all significant
in non-smokers (36.57% vs 25.97%, P < 0.001), current
smokers (51.70% vs 36.74%, P < 0.001) and former
smokers (50.66% vs 40.39%, P = 0.016).

Worse periodontal status in diabetic subjects

Figure 2 presents a comparison of the percentage of
affected teeth between diabetic and non-diabetic sub-
jects, using different periodontal parameter cut-offs.
Generally, diabetic subjects had significantly higher
percentages of teeth meeting each periodontal criter-
ion than non-diabetic subjects (22.88% vs 15.56% for
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PD > 4 mm, 5.61% vs 1.20% for PD > 6 mm, 25.28% vs
18.30% for AL > 4 mm and 12.91% vs 4.83% for AL > 6
mm, respectively). The pattern of these differences var-
ied across the age subgroups. In the 35- to 44-year-old
group, the percentages of teeth with PD >4 mm, PD > 6
mm, AL >4 mm and AL > 6 mm were significantly higher
in diabetic subjects. In the 55- to 64-year-old group, the
percentage of teeth with PD > 4/6 mm was significantly
higher in diabetic subjects. In the 65- to 74-year-old
group, the percentage of teeth with AL > 4/6 mm was
significantly higher in diabetic subjects. Variation was
also observed in the subgroup analysis by smoking sta-
tus (Fig 3). Among current smokers, the percentages of
teeth with PD >4 mm, PD > 6 mm, AL >4 mm and AL >
6 mm were significantly elevated in diabetic subjects.
However, for non-smokers, only the percentage of teeth
with PD/AL > 4 mm differed significantly. Similarly,
among former smokers, the percentage of teeth with
AL >4 mm was higher in diabetic subjects.
Comparisons of the number of affected teeth be-
tween diabetic and non-diabetic subjects, based on
different periodontal parameter cut-offs, are presented
in Fig 4. Overall, diabetic subjects had a significantly
greater number of affected teeth than non-diabetic sub-
jects at specific periodontal thresholds (4.43 vs 3.64 for
PD > 4 mm, 0.35 vs 0.25 for PD > 6 mm, 5.19 vs 3.97 for
AL > 4 mm and 1.21 vs 0.87 for AL > 6 mm, respective-
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Fig3 Comparison of percentage of teeth affected by smoking status between diabetic and non-diabetic subjects. *Significant dif-

ference according to Student t test.

ly). Interestingly, the pattern of these differences varied
across age subgroups. In the 35- to 44-year-old group, all
parameters differed significantly between diabetic and
non-diabetic subjects. In the 55- to 64-year-old group,
only the number of teeth with PD > 4 mm showed a sig-
nificant difference. No parameters were significantly
different in the 65- to 74-year-old group. The patterns
also varied based on smoking status (Fig5). Among
current smokers, all parameters except for PD > 4 mm
differed significantly. Among non-smokers, all param-
eters except for BOP+, PD > 6 mm differed significantly.
Among former smokers, only the number of teeth with
AL >4 mm and AL > 6 mm differed significantly. A sig-
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nificantly larger number of missing teeth was found
in diabetic subjects (Fig 6). Similar trends for missing
teeth were observed in the 35- to 44-year-old group, cur-
rent smokers and non-smokers.

Increased risk of diabetes in subjects with severe peri-
odontitis

The risk of diabetes of patients with different periodon-
tal status is shown in Fig 7. Overall, compared to peri-
odontally healthy subjects, a significantly higher risk
of diabetes was observed in those with Stage III peri-
odontitis (OR 1.363), and a significantly higher risk of
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diabetes was observed in those with severe periodon-
titis (OR 1.512). In the 35- to 44-year-old group, a signifi-
cantly higher risk of diabetes was observed in those with
Stage III (OR 2.277) and IV periodontitis (OR 8.900), and
a significantly higher risk of diabetes was observed in
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Fig6 Number of missing teeth by age groups and smoking
status between diabetic and non-diabetic subjects. *Significant
difference according to Student t test

those with severe periodontitis (OR 3.104). However, no
significant correlations were found between other peri-
odontal statuses (e.g., periodontally healthy, Stage I or I
periodontitis) and diabetes risk.
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Fig7 Forest plots of ORs
of diabetes of subjects with
different periodontal status
by age group, according to
the 2018 classification.

Fig8 Forest plots of ORs
of diabetes of percentages
of teeth affected with differ-
ent cut-offs.
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Positive associations between diabetes and peri-

odontal parameters

Figures 8 and 9 illustrate the correlation between dia-
betes and the percentages/numbers of teeth affected
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by various periodontal cut-offs. A significantly positive
correlation was demonstrated between diabetes and the
percentages of teeth with PD > 4 mm, PD > 6 mm, AL
>4 mm and AL > 6 mm in all subjects (Fig 8) and in the
35- to 44-year-old group. However, this correlation was
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not observed in the 55- to 64-year-old or 65- to 74-year-
old groups. Similar trends were found for the relation-
ships between diabetes and the number of teeth with PD
>6 mm, AL >4 mm and AL > 6 mm in all subjects and in
the 35- to 44-year-old group (Fig 9).

Discussion

This nationwide cohort study, utilising a representative
sample of the Chinese population, established a signifi-
cant link between severe periodontitis and diabetes,
particularly among younger subjects.

The study, based on a nationwide oral health sur-
vey conducted in in China, confirms a significant
cross-sectional link between severe periodontitis and
diabetes, evidenced by an increased OR. This finding
aligns with the global body of evidence. A report from
the Workshop of the International Diabetes Federation
(IDF) and the European Federation of Periodontology
(EFP) summarised that periodontitis is correlated with
a higher risk of incident diabetes, with a hazard ratio
ranging from 1.2 to 1.3.18 Supporting this, the Spanish
nationwide cohort study (di@bet.es study) also dem-
onstrated a cross-sectional link, where participants
with severe periodontitis had a markedly elevated
unadjusted risk of developing diabetes (range 3.0 to
6.1) and prediabetes (range 2.2 to 2.8) over an 8-year
period.” This link persisted for extensive attachment
loss even in fully adjusted models.!” The present results
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in the Chinese population reinforce these conclusions.
The authors not only found severe periodontitis to be
significantly linked with diabetes but also identified a
positive link between the presence of teeth with deep
PD (> 4/6 mm) and AL (> 4/6 mm) and diabetes, specific-
ally within the younger 35- to 44-year-old group.
Corroborating previous findings, the present study
demonstrates a significantly elevated burden of dia-
betes in periodontitis subjects. A cross-sectional study
(2009 to 2012) conducted in the US of over 10,000 indi-
viduals, representing 143 million dentate adults, estab-
lished that adults aged > 30 years with diabetes suffer
from more moderate or severe periodontitis compared
to those with normal glucose levels.!® The present
study confirms this pattern, revealing a significantly
higher prevalence of severe periodontitis in diabetic
subjects. Specifically, the percentage and number of
teeth with PD > 4 mm, PD > 6 mm, AL >4 mm and AL
> 6 mm were significantly greater in diabetic than non-
diabetic subjects. PD is a good indicator of the present
inflammatory condition of the periodontium and a
widely used method in research and clinical work to
assess periodontal health. The adjusted rate ratios for
incident diabetes among subjects with PD 4 to 5 mm
and among subjects with PD > 6 mm were 1.32 and
1.56, respectively, compared to dentate subjects without
deepened periodontal pockets (PD >4 mm).> The pres-
ent results were consistent with several cohort studies.
For patients with severe periodontitis, the incidence of
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diabetes was significantly higher compared to those
with mild periodontitis.!®20

Poor glycaemic control in diabetes is associated with
poorer periodontal status and outcomes. Periodontitis
is connected with dysglycaemia and increased insulin
resistance in people with diabetes, as well as increased
risk of incident diabetes and diabetic complications.
Periodontitis is understood to negatively impact dia-
betes through several mechanisms, including bacter-
aemia, vascular inflammation and systemic oxidative
stress, which impair beta cell function.?! The effect
of periodontitis on diabetes control may originate
from seepage of periodontal inflammation mediators
into the serum and cause a systemic inflammatory
state. Potential key factors that are considered medi-
ators between periodontal inflammation and glucose
homeostasis include IL-6, TNF-a and CRP as well as
oxygen radicals. All these mediators are implicated
with impaired insulin signalling and resistance.??2 Some
studies also suggest that increased systemic oxidative
stress due to periodontal infection may activate sys-
temic pro-inflammatory pathways that could influence
diabetes.?2:23 There is an urgent need to raise awareness
among healthcare professionals, patients and health
authorities about the importance of periodontal health
in diabetes management. Reflecting this, NHS England
published a commissioning standard for dental care
in people with diabetes in 2019.2 Furthermore, the
National Institute of Health and Care Excellence incor-
porated periodontal treatment as a key intervention
within its diabetes care guidelines.?>28

A significantly positive link was observed between
diabetes and the percentages of teeth with PD and AL
> 4/6 mm in the 35- to 44-year-old group but not in the
older cohorts (55- to 64-year-old and 65- to 74 year-
old groups). This indicates that severe periodontitis
is linked with diabetes particularly in young adults.
Consequently, there is a need to enhance education and
awareness of dental treatment and preventive manage-
ment for individuals at risk of diabetes, with a focus on
younger populations. The chronic nature of both peri-
odontitis and diabetes implies that it takes time for the
risk factors to contribute to the development of these
two chronic diseases. Since younger individuals have
had less cumulative exposure to these risk factors, the
impact of severe periodontitis as a contributing factor
may be more discernible. Therefore, severe periodon-
titis may play a more significant role in the develop-
ment of diabetes in younger subjects, potentially due
to its pronounced inflammatory burden.

One limitation of this study is the reliance on self-
reported diabetes diagnoses. Although the use of self-
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reported data introduces the potential for recall and
reporting bias, the present authors sought to mitigate
this through face-to-face interviews and by confirm-
ing that the diagnosis was provided by a hospital.
Nevertheless, this method may be less accurate than
objective clinical measurements, such as fasting plas-
ma glucose or HbAlc, which are considered the gold
standard. However, for large-scale epidemiological
studies this one (n = 13,195), self-reported diagnosis
remains a practical and cost-effective approach, as
evidenced by its use in prior research on this topic. A
further limitation is the cross-sectional nature of the
present data, which precludes the determination of
temporal sequence. Therefore, although the present
authors demonstrate a significant link between se-
vere periodontitis and diabetes, they cannot confirm
whether periodontitis developed before or after the
onset of diabetes. Consequently, the findings indicate a
relationship but do not imply causality.

Conclusion

In summary, this large-scale study identifies severe
periodontitis as a significant indicator correlated with
an elevated risk of diabetes, a correlation that was par-
ticularly pronounced in younger adults. This estab-
lished link between two highly prevalent diseases war-
rants heightened awareness among clinicians about the
importance of periodontal health and periodontal treat-
ment in diabetes management.

Conflicts of interest

The authors declare no conflicts of interest related to
this study.

Author contribution

Dr Jian JIAO participated in the data analysis and col-
lation; Dr Ya Lin ZHAN contributed to the manuscript
writing and data analysis and collation; Dr Wu Di JING
participated in writing the manuscript; Drs Xi Ping
FENG, Bao Jun TAI, De Yu HU, Huan Cai LIN, Bo WANG,
Chun Xiao WANG, Shu Guo ZHENG, Xue Nan LIU, Wen
Sheng RONG, Wei Jian WANG, Xing WANG and Yan SI
conceived the study design and drafted the protocol; Dr
Huan Xin MENG conceived the study design, drafted the
protocol and revised the manuscript. The manuscript
has been read and approved by all the authors.

(Received Jun 18, 2025; accepted Nov 13, 2025)

59



Jiao et al

References

1.

10.

11.

12.

13.

60

Papapanou PN, Sanz M, Buduneli N, et al. Periodontitis: Con-
sensus report of workgroup 2 of the 2017 World Workshop on
the Classification of Periodontal and Peri-Implant Diseases
and Conditions. J Clin Periodontol 2018;45(suppl 20):S162-
S170.

Nascimento GG, Alves-Costa S, Romandini M. Burden of se-
vere periodontitis and edentulism in 2021, with projections up
to 2050: The Global Burden of Disease 2021 study. J Periodon-
tal Res 2024;59:823-867.

Jiao J, Jing W, SiY, et al. The prevalence and severity of peri-
odontal disease in Mainland China: Data from the Fourth
National Oral Health Survey (2015-2016). J Clin Periodontol
2021;48:168-179.

Romandini M, Baima G, Antonoglou G, Bueno ], Figuero E,
Sanz M. Periodontitis, edentulism, and risk of mortality: A
systematic review with meta-analyses. ] Dent Res 2021;100:37-
49.

Botelho J, Mascarenhas P, Viana ], et al. An umbrella review
of the evidence linking oral health and systemic noncommu-
nicable diseases. Nat Commun 2022;13:7614.

Antonoglou GN, Romandini M, Meurman JH, Surakka M, Jan-
ket SJ, Sanz M. Periodontitis and edentulism as risk indicators
for mortality: Results from a prospective cohort study with
20years of follow-up. J Periodontal Res 2023;58:12-21.
Bascones-Martinez A, Mufioz-Corcuera M, Bascones-Ilundain
J. Diabetes and periodontitis: A bidirectional relationship [in
Spanish]. Med Clin (Barc) 2015;145:31-35.

Mathers CD, Loncar D. Projections of global mortality and
burden of disease from 2002 to 2030. PLoS Med 2006;3:e442.
Grossi SG, Genco RJ. Periodontal disease and diabetes mel-
litus: A two-way relationship. Ann Periodontol 1998;3:51-61.
Demmer RT, Jacobs DR Jr, Desvarieux M. Periodontal disease
and incident type 2 diabetes: Results from the First National
Health and Nutrition Examination Survey and its epidemio-
logic follow-up study. Diabetes Care 2008;31:1373-1379.
Morita I, Inagaki K, Nakamura F, et al. Relationship between
periodontal status and levels of glycated hemoglobin. J Dent
Res 2012;91:161-166.

Lin SY, Lin CL, Liu JH, et al. Association between periodon-
titis needing surgical treatment and subsequent diabetes risk:
A population-based cohort study. J Periodontol 2014;85:779-
786.

Chiu SY, Lai H, Yen AM, Fann JC, Chen LS, Chen HH. Tem-
poral sequence of the bidirectional relationship between
hyperglycemia and periodontal disease: a community-based
study of 5,885 Taiwanese aged 35-44 years (KCIS No. 32). Acta
Diabetol 2015;52:123-131.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Lu HX, Tao DY, Lo ECM, et al. The 4th National Oral Health
Survey in the Mainland of China: Background and Method-
ology. Chin J Dent Res 2018;21:161-165.

Graetz C, Mann L, Krois J, et al. Comparison of periodontitis
patients’ classification in the 2018 versus 1999 classification.
J Clin Periodontol 2019;46:908-917.

Graziani F, Gennai S, Solini A, Petrini M. A systematic review
and meta-analysis of epidemiologic observational evidence
on the effect of periodontitis on diabetes An update of the
EFP-AAP review. ] Clin Periodontol 2018;45:167-187.
Rojo-Martinez G, Valdés S, Soriguer F, et al. Incidence of dia-
betes mellitus in Spain as results of the nation-wide cohort
di@bet.es study. Sci Rep 2020;10:2765.

Borgnakke WS, Genco R], Eke PI, Taylor GW. Oral health and
diabetes. In: Cowie CC, Stark Casagrande S, Menka E, et al
(ed). Diabetes in America, ed 3. Bethesda: National Institutes
of Health/National Institute of Diabetes and Digestive and
Kidney Diseases (NIH/NIDDK). 2018:Page:Chapter29:1-26.
Myllymaki V, Saxlin T, Knuuttila M, et al. Association between
periodontal condition and the development of type 2 diabetes
mellitus-Results from a 15-year follow-up study. J Clin Peri-
odontol 2018;45:1276-1286.

Wu CZ, Yuan YH, Liu HH, et al. Epidemiologic relationship
between periodontitis and type 2 diabetes mellitus. BMC Oral
Health 2020;20:204.

Herrera D, Sanz M, Shapira L, et al. Periodontal diseases and
cardiovascular diseases, diabetes, and respiratory diseases:
Summary of the consensus report by the European Federa-
tion of Periodontology and WONCA Europe. Eur J Gen Pract
2024;30:2320120.

Allen EM, Matthews JB, O’ Halloran DJ, Griffiths HR, Chapple
IL. Oxidative and inflammatory status in Type 2 diabetes pa-
tients with periodontitis. J Clin Periodontol 2011;38:894-901.
Bastos AS, Graves DT, Loureiro AP, et al. Lipid peroxidation is
associated with the severity of periodontal disease and local
inflammatory markers in patients with type 2 diabetes. J Clin
Endocrinol Metab 2012;97:E1353-E1362.

National Health Service. Commissioning standard: dental
care for people with diabetes. https://www.england.nhs.uk/
wp-content/uploads/2019/08/commissioning-standar d-den-
tal-care-for-people.pdf. Accessed 13 February 2024.

National Institute for Health and Care Excellence. Type 1 dia-
betes in adults: Diagnosis and management - NICE guideline.
https://www.nice.org.uk/ guidance/ng28. Accessed 13 Febru-
ary 2024.

National Institute for Health and Care Excellence. Type 2 dia-
betes in adults: Management - NICE guideline. https:/www.
nice.org.uk/guidance/ng28. Accessed 13 February 2024.

Volume 29, Number 1, 2026



