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Abstract

Introduction: Type 2 diabetes mellitus (T2DM) and
periodontitis are two prevalent chronic conditions that
have been implicated in each other in a bidirectional
manner, whereby hyperglycemia can predispose to
periodontal disease, and periodontal inflammation can
lead to hyperglycemia. Both conditions are linked via
nutrition, which affects systemic inflammation,
oxidative stress, and the host response in the
periodontal tissues. Objective: The aim was to review
the existing literature on the association between
glycemic control, food intake and periodontal status in
T2DM adults and to provide insight into the importance
of integrated nutritional and periodontal care.
Methods: PubMed/MEDLINE, Scopus, and Web of
Science were queried for observational studies,
interventional trials, systematic reviews, and
mechanistic studies related to T2DM and glycated
hemoglobin (HbAlc) levels, diet and micronutrient
exposures, and periodontal parameters. Results:
There is a consistent relationship between poor
glycemic control (HbAlc = 7%) and increased
periodontal  inflammation, pocket depth and
attachment loss; severe periodontitis is associated with
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poorer glycemic control; non-surgical periodontal
therapy is associated with a short-term decrease of
0.3-0.4% in HbAlc. Mechanistic factors that are
common to both include advanced glycation end
product-receptor (AGE-RAGE) axis, oxidative stress,
and pro-inflammatory cytokine signaling. Western type
diets high in refined carbohydrates are associated with
increased periodontal inflammation and poor metabolic
profiles while low-glycemic diets with a higher omega-3
fatty acid, fiber and antioxidant vitamin (C, D, E)
content are associated with decreased periodontal
inflammation and better metabolic profiles., whereas
Western-type diets high in refined carbohydrates have
the opposite effect. Conclusion: There is a bi-
directional relationship between glycemic control,
nutrition and periodontal health in T2DM. Nutritional
assessment and counselling together with diabetes and
periodontal management is a plausible and low risk
intervention to reduce morbidity, and there is limited
high quality evidence.

Keywords: Type 2 Diabetes Mellitus. Periodontitis.
Glycated Hemoglobin. Nutrition Therapy. Oxidative
Stress. Fatty Acids. Omega-3.
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Graphical Abstract

Figure 1. Bidirectional association and modifiable effect of
nutrition on periodontal outcomes in type 2 diabetes mellitus
(T2DM). Poor glycemic control (HbAlc = 7%) and
periodontal breakdown are mutually influential and each of
them may contribute to the other through similar
mechanisms, such as the activation of advanced glycation
end product by its receptor (AGE-RAGE), the production of
reactive oxygen species (ROS) and pro-inflammatory
cytokines (interleukin-6 [IL-6], tumor necrosis factor-a [TNF-
a] and C-reactive protein [CRP]). An anti-inflammatory
(Mediterranean or DASH Pattern, dietary fibre, vitamins C, D,
E, and omega-3 fatty acids) are associated with lower
inflammatory markers and better glycemic and periodontal
parameters, while western dietary pattern is directly
associated with higher inflammatory markers and worse
glycemic and periodontal parameters. The use of non-
surgical periodontal therapy is correlated to around 0.3% to
0.4% decrease in HbAlc, and combined nutrological and
periodontal therapy focuses on both diseases. Source: Own
authorship.

Introduction

The prevalence of type 2 diabetes mellitus (T2DM)
is increasing, particularly with increasing global obesity
and population ageing, and is also one of the most
common metabolic diseases globally [1]. Periodontal
disease (PD), a chronic inflammatory disease of the
supporting tissues of the teeth, is now known to be
part of the diabetes associated complications, which
include a variety of micro and macrovascular diseases
caused by chronic hyperglycemia [2,3]. Periodontitis
develops when there is a dysbiotic subgingival biofilm
and it is maintained by a dysregulated host immune—
inflammatory response that causes progressive
destruction of the periodontal ligament and alveolar
bone, and finally, tooth loss (if not treated) [3].

Now, it is known that there is a bidirectional
relationship between diabetes and periodontitis. Poor
glycemic control seems to be associated with higher
prevalence, severity and duration of periodontitis, and,
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poor glycemic control is associated with incident
diabetes and diabetic complications [4,5]. This
bidirectional connection has been proven in many
observational studies and is supported by randomized
controlled trials of periodontal interventions in which
there was moderate improvement in metabolic
parameters [5,6].

Both of these diseases are at the center of
nutrition and in some cases, underemphasized. Food
diets influence postprandial glycemia, systemic
inflammation and oxidative stress and micronutrient
availability for tissue repair and immune regulation
which in turn affect metabolic control and periodontal
tissue integrity [7,8]. Thus, the field of nutrology,
which addresses the prevention and treatment of
disease through nutrition, is well suited to provide
input to integrated care models for the treatment of
T2DM and periodontal disease [9].

The purpose of this narrative review is to
summarize the current evidence of the association
between glycemic control, nutrition and periodontal
outcomes in adults with T2DM. It underscores the
epidemiological connections, examines common
biological pathways, assesses the role of dietary
patterns and individual nutrients, and considers the
clinical implications of an interdisciplinary approach of
nutrition and periodontal health.

Materials and Methods

The authors designed this work as a narrative
review. The following keywords were used in
PubMed/MEDLINE, Scopus and Web of Science search:
Type 2 Diabetes, Glycemic Control, Glycated
Hemoglobin, HbA1c, Periodontitis, Periodontal Disease,
Nutrition, Diet, Micronutrients, Omega-3 Fatty Acids,
Vitamin C, Vitamin D, Antioxidants and Advanced
Glycation End Products. The reference lists of retrieved
articles were hand searched for further relevant
articles.

Eligible studies were those that were observational
(cross-sectional, case-control, or cohort design) and/or
interventional trials, systematic reviews, and/or,
mechanistic reports that examined at least two of the
three domains of interest (glycemic control, nutrition,
periodontal outcomes in the context of T2DM). More
recent and methodologically adequate studies were
selected, and seminal older studies, which were useful
in the mechanistic story were kept. No protocol
registration or a priori sample-size or statistical power
calculation was possible as the review does not pool
primary data; this is a methodological limitation, as is
the absence of a formal risk-of-bias assessment and no
protocol registration.
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Results and Discussion
The bidirectional relationship between glycemic
control and periodontal outcomes

A large body of evidence indicates that the degree
of glycemic control is a key determinant of periodontal
risk in people with T2DM. Individuals with diabetes
have an estimated 2-3 times higher risk of developing
periodontitis than those without diabetes, and this risk
depends strongly on glycemic status [10]. HbAlc
levels and the extent of diabetes complications are
higher in people with T2DM who have periodontitis
than in those who do not; likewise, among people
without diabetes, HbAlc, fasting glucose, and diabetes
risk are higher in those with periodontitis than in those
without [11].

This association has been quantified using cross-
sectional data. In a study of adults with T2DM, poor
glycemic control (HbAlc = 7%), a family history of
diabetes, and C-reactive protein (CRP) were predictors
of severe periodontitis, with each 1% increase in
HbAlc corresponding to a significant increase in the
periodontal inflamed surface area — an indicator of the
total periodontal inflammatory burden [12].
Conversely, poor glycemic control was predicted by
severe periodontitis, waist circumference, dietary
imbalance, and a sedentary lifestyle, with the
inflammatory burden of periodontitis being the
strongest predictor. Beyond marginal periodontal
tissues, glycemic control has also been related to apical
(endodontic) periodontitis [13].

A therapeutic corollary of this relationship is that
treating periodontitis may benefit metabolic control. In
individuals with T2DM, non-surgical periodontal
therapy (periodontal biofilm removal) has been shown
to reduce HbAlc by approximately 0.3-0.4% (3-4
mmol/mol) at three to four months after treatment
[14]. This effect size is small and not universal but is
clinically meaningful and, in some analyses,
comparable to adding a second glucose-lowering
agent. Because of heterogeneity in baseline glycemic
control, treatment intensity, and maintenance
adherence, not all retrospective studies report a
significant change in HbA1lc. HbAlc therefore serves as
a key biomarker linking the two diseases and a
common endpoint in integrated care [15].

Shared biological mechanisms

Overlapping inflammatory and metabolic pathways
drive the bidirectional relationship. The non-enzymatic
glycation and oxidation products of proteins and lipids
that are secreted into the plasma and tissues of
hyperglycemic patients are advanced glycation end
products (AGEs) and are proposed to be a critical

mechanism. The receptor for advanced glycation end
products (RAGE) is the main cellular receptor of AGEs
in the periodontium and it is expressed in gingival
epithelium, endothelial cells, monocytes and
macrophages [16].

The activation of AGE-RAGE axis triggers
additional intracellular signaling pathways, including
mitogen-activated protein kinase pathway and nuclear
factor-kB (NF-kB) pathway leading to further increase
in the generation of reactive oxygen species (ROS) and
pro-inflammatory cytokines such as tumor necrosis
factor-a (TNF-a), interleukin-1 (IL-1) and interleukin-6
(IL-6) [17]. This exaggerated and dysregulated
inflammatory process leads to the loss of connective
tissue and alveolar bone, slows down the healing
process after periodontal surgery and contributes to a
more chronic periodontal inflammatory state [18]. In
early experimental studies, the gingival tissue
destruction was directly attributed to oxidant stress
and this effect was blocked by antioxidant
pretreatment, which was suggested to explain the
increased periodontal tissue loss in diabetes [19].

The reverse direction of the relationship can be
attributed to oxidative stress and the same AGE-RAGE
mechanism that plays a role in systemic insulin
resistance and B-cell dysfunction and causes metabolic
dyshomeostasis in T2DM [20]. Low level systemic
inflammatory mediators from periodontal infection may
result in chronic systemic inflammation, and this is
linked with increased insulin resistance and glycemic
control [21]. Therefore, the excess ROS can be
considered as an upstream node, and the antioxidant
capacity, which is greatly modifiable by diet, as a
common one [22].

Nutrition as a modifiable factor in periodontal
and metabolic health

The role of nutrition in the diseases is exerted by
several converging pathways: modulation  of
postprandial glycemia and insulin demand, control of
systemic and local inflammation, antioxidant defense
and tissue repair and immune function [23].
Considering the fact that dietary pattern is a potential
target for glycemic control and periodontal outcomes
improvement, it is logical to suggest that dietary
pattern could be changed to obtain those benefits.

At the level of dietary patterns, a clear contrast
emerges between two opposing profiles. Western-type
diets raise circulating inflammatory markers (such as
IL-6, TNF-a, and CRP) [24] and, after a meal, can
drive greater postprandial hyperglycemia and AGE
formation, which are associated with increased
periodontal inflammation [25]. In contrast, anti-
inflammatory diets such as the Mediterranean and
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Dietary Approaches to Stop Hypertension (DASH) diets
— low in sugar, high in fiber, rich in vegetables, and
with a favorable omega-6:omega-3 ratio — are linked
to lower periodontal inflammation and oxidative stress
and to reduced cardiovascular and diabetes risk [26].
One frequently cited intervention achieved a significant
reduction in gingival and periodontal inflammation by
switching patients from a Western diet to one low in
processed carbohydrates and high in omega-3 fatty
acids, vitamin C, vitamin D, and fiber, suggesting host
modulation rather than an effect on the biofilm [27].
In T2DM, low-glycemic, high-fiber diets can
improve glycemic control while reducing the availability
of substrates for AGE formation, addressing both
metabolic and periodontal objectives at once [28].

Specific nutrients and micronutrients

Omega-3 polyunsaturated fatty acids (PUFA):
Omega-3 fatty acid-based specialized pro-resolving
lipid mediators are active anti-inflammatory
compounds. Omega-3 supplementation with non-
surgical periodontal therapy can be seen to have a
beneficial effect on probing depth and clinical
attachment level, but the data from the different
clinical trials are inconsistent and the results are
difficult to draw clear conclusions from because of
inconsistency between different trials. The beneficial
effects of omega-3 fatty acids on inflammatory milieu
and lipid profile in diabetes are also beneficial [29].
Vitamin C (ascorbic acid): Vitamin C is needed for
the synthesis of collagen and is a prominent
antioxidant in the water-soluble part of the body.
Deficiency leads to lessening of the integrity of
connective tissue and less periodontal wound healing,
and observational studies indicate a relationship
between vitamin C consumption and periodontal
disease. Diabetics are predisposed to oxidative stress
and ascorbate status could be of special importance in
this population [30].

Calcium and vitamin D: Vitamin D is an
immunomodulator and in combination with calcium is
vital to alveolar bone metabolism. Positive correlation
has been established between better vitamin D status
(25 hydroxy vitamin D in serum) and less periodontal
disease and recovery after non-surgical periodontal
therapy. Vitamin D also plays a role in insulin sensitivity
and glucose homeostasis, which is another reason why
it is similar to metabolic control [31].

Other antioxidant micronutrients: Antioxidants
(vitamins A and E, minerals like zinc, magnesium,
selenium) help maintain antioxidant protection,
regulate immune function, and repair tissues; low
intakes have been linked to increased periodontal
disease, while foods high in antioxidants, minerals, and

dietary polyphenols have been associated with better
periodontal and overall health. There are also
emerging indications that probiotics and prebiotics
have a beneficial effect on modulation of oral and gut
microbiota to improve its state [32].

Of particular interest is the effect of micronutrient
fortification or supplementation with individual
micronutrients, which has yielded mixed results, and
the effect of overall dietary quality, which has yielded
the most consistent results [33]. Thus, the best
nutrition tips are to follow an anti-inflammatory whole-
food diet.

Clinical implications for integrated care

The relationship between glycemic control,
nutrition, and periodontal disease lends support to an
interprofessional, patient-centered approach to the
care of a person with T2DM. Oral health professionals
and periodontists have a strong advantage in providing
diabetes care and screening for and treating
periodontitis and in reinforcing dietary advice, as well
as diabetes care and education, and physicians,
nutrologists and dietitians who manage diabetes, have
a strong advantage in providing diabetes care and
education, screening and nutritional counseling for oral
health, and diabetes care and education for metabolic
and periodontal endpoints [34].

Based on current evidence, the following practical
recommendations are proposed: low-glycemic and high
fibre anti-inflammatory diet (Mediterranean or DASH
diets); enough antioxidant vitamins (vegetables and
fruits); limit refined carbohydrates and ultra-processed
foods; and supply and maintain periodontal treatments
as a component of diabetes treatment [35]. Oral
examination can be used as an easy portal to the
metabolic health and diet [36] as any deterioration in
periodontal condition may be an early indicator of poor
diet and metabolic risk.

Nutritional counseling should be tailored, culturally
sensitive and multidisciplinary, as cultural context and
socioeconomic circumstances have a significant impact
on adherence to diets [37]. Table 1 summarizes
representative studies underpinning the relationships
discussed below, including their design and principal
findings.

Table 1. Summary of representative studies on the
relationships among glycemic control, nutrition, and
periodontal outcomes in T2DM.

Study (first ) - .
ST, 77 Design / type m Key findings as discussed ‘

Diabetes is associated with an
increased risk of incident
periodontitis, supporting a
directional link from hyperglycemia
to periodontal disease.

Systematic

. review & meta-
Nascimento et -
regression

al., 2018 [28] (prospective
cohorts)

Diabetes as
a risk factor
for

periodontitis
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Bidirectional association:

. Metabolic higher HbA1c relates to greater
Cross-sectional control and . R
Romano et al., . periodontal inflamed surface area,
study (T2DM periodontal . )
2021 [10] . and periodontal inflammatory
cohort) inflammatory X
burden strongly predicts poor
burden .
glycemic control.
Apical Glycemic control in T2DM is
Pérez-Losada Cross-sectional (endodontic)  associated with apical
et al. 2020 stud periodontitis periodontitis, extending the link
[11] Y and glycemic  beyond marginal periodontal
control tissues.
Periodontal Non-surgical periodontal therapy is
Simpson et Systematic review  therapy for associated with a short-term HbAlc
al., 2022 [6] (Cochrane) glycemic reduction of ~0.3-0.4% in people
control with diabetes.

HbA1c change Periodontal therapy is followed by

Kim et al., Clinical study after measurable HbAlc change, the

2021 [12] periodontal magnitude varying with baseline
therapy control and adherence.

Sanz et al., Perio—diabetes = Consolidates evidence for the

2018 Consensus report evidence and  bidirectional link and recommends

(EFP/IDF) clinical integrated periodontal-diabetes

[27] guidance management.

AGEs induce gingival oxidant stress;
AGE-induced  antioxidant pretreatment is protective

Schmidt et al., Experimental X - .
deetal, Exp a oxidant stress — an early mechanistic basis for

1996 [17] study

in gingiva accelerated periodontal breakdown in
diabetes.
RAGE RAGE is expressed in gingival tissues
Katz et al., Clinical / tissue exoression in of T2DM patients with chronic
2005 [15] study i: va periodontitis, supporting local AGE—
ging RAGE signaling.
Chapple & ROIS énd 'Reac‘tlve oxyge.r\ species and
- . antioxidants impaired antioxidant defense
Matthews, Mechanistic review . ) ) .
2007 [19] in periodontal  contribute to periodontal tissue
destruction destruction.
Oral health— An anti-inflammatory, low-
Randomized optimized processed-carbohydrate diet reduced
Woelber et al., . . . .
2017 [20] controlled pilot (anti- gingival and periodontal
trial inflammatory)  inflammation, indicating host
diet modulation.
Anti- . . .
Bartha et al., Randomized inflammatory D;toa ernT:IC::gf:r:?a;;d:C:: ortin
2022 [21] controlled trial diet and P e » supporting
. - diet as a modifiable factor.
periodontitis
. Omega-3 Omega-3 supplementation as an
Stado- . . . -
. . adjunct to non- adjunct may improve clinical
Retecka et al., Systematic review . 3
surgical periodontal parameters, though
2023 [22]
therapy results are heterogeneous.
Machado et Systematic review = Vitamin D and  Better vitamin D status is associated

al., 2020 [24] & meta-analysis periodontitis with improved periodontal outcomes.

*HbA1c, glycated hemoglobin; AGE, advanced glycation end
product; RAGE, receptor for advanced glycation end products;
ROS, reactive oxygen species; EFP/IDF, European Federation
of Periodontology/International Diabetes Federation.

Limitations and future directions

The current evidence-based is flawed in several
respects. The  majority of nutriton and
periodontal/glycemic data is derived from cross
sectional and observational studies, which are unable
to demonstrate causality and are confounded by other
factors, including smoking, obesity and socioeconomic
status [38]. There is limited research on dietary
patterns or specific nutrients in patients with T2DM and
periodontitis, and most studies are small and have a
variety of designs, which makes synthesis difficult via
meta-analysis. Likewise, the reported modest and
variable reduction in HbAlc with periodontal treatment
is similar to the variability seen from one person to the
next and one clinic to the next [39].
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Randomized controlled trials using well-designed
diet and nutrient profile interventions as adjuncts to
periodontal treatment in individuals with T2DM, with
clearly defined periodontal and glycemic outcomes are
suggested to be performed in the future. The
metabolomic, microbiome and inflammatory markers in
the mechanistic studies will help to understand the
specific nutrients influence on AGE-RAGE and
oxidative-stress pathway in periodontal and metabolic
tissue. This type of research would contribute to the
evidence supporting the integrated approach to
nutrological and periodontal care which is proposed in
this synthesis.

Conclusion

Glycemic control, nutrition, and periodontal health
are bidirectionally connected in type 2 diabetes. Poor
glycemic control aggravates periodontal inflammation
and tissue destruction, severe  periodontitis
compromises metabolic control, and nutrition is a
common, modifiable determinant acting through
inflammation, oxidative stress, and the AGE-RAGE
axis. Anti-inflammatory dietary patterns emphasizing
fiber, omega-3 fatty acids, and antioxidant
micronutrients are associated with more favorable
periodontal and metabolic profiles, whereas Western-
type diets have the opposite effect. Integrating
nutritional assessment and dietary counseling into
diabetes and periodontal care is a biologically plausible,
low-risk strategy that may improve outcomes. Robust
interventional evidence is still needed to define optimal
nutritional interventions and to quantify their effects on
hard clinical endpoints.
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