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Abstract While the beneﬁcial impact of physical activity has been ascertained in a variety of
pathological scenarios, including diabetes and low-grade systemic inﬂammation, its potential remains still putative for periodontal health. Periodontal disease has been associated with inﬂammatory systemic alterations, which share a common denominator with type 2 diabetes mellitus
and cardiovascular disease. Physical exercise, along with nutritional counseling, is a cornerstone
in the treatment and prevention of type 2 diabetes, also able to reduce the prevalence of periodontal disease and cardiovascular risk. In addition, considering the higher incidence of periodontitis in patients with type 2 diabetes compared to healthy controls, the fascinating
research question would be whether physical activity could relieve the inﬂammatory pressure
exerted by the combination of these two diseases. This multi-disciplinary viewpoint discusses
available literature in order to argument the hypothesis of a “threeeway relationship” linking
diabetes, periodontitis, and physical activity.
ª 2021 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian
Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
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Introduction
Since 1990s, periodontitis (PD) has been described as the
sixth complication of diabetes [1]. Meaningfully, type 2
diabetes mellitus (T2D) has been recognized as the chronic
systemic disease with the most frequently observed correlations with PD [1]. The risk of developing PD is
increased by 2e3 times in T2D subjects with respect to
healthy individuals [2]. In addition, an unhealthy nutritional behavior favors both PD and T2D, which is often
associated with obesity.
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T2D is well known for inducing multiple damages to
several organs and tissues through chronic hyperglycemia,
thus representing the primum movens leading to the
development of long-term complications. All T2D patients
have a moderate to high cardiovascular (CV) risk.
Emerging evidence suggests that T2D and PD may have a
reciprocal detrimental impact on the other, constituting a
signiﬁcant public health challenge [3,4]. Especially in the
presence of impaired metabolic control, T2D yields a
biochemical and microbiological milieu predisposing to PD
development. A large number of studies have highlighted
the occurrence of a shared pathogenic process linking T2D
and PD [1]. T2D is characterized by an overproduction of
pro-inﬂammatory molecules such as advanced glycation
end-products (AGEs) interleukin-1b (IL-1b), tumor necrosis factor-a (TNFa), and interleukin-6 (IL-6), which
constitute the background inﬂammatory setting, potentially linking the two conditions [1e3].
PD encompasses one or more damages in periodontal
supporting tissues: gingiva, periodontal ligament, and
alveolar bone. It is characterized by a periodontal tissue
breakdown mainly determined by the immuneinﬂammatory host response (subgingival microbiota) to
the attack of the pathogens contained in the subgingival
bioﬁlm [5]. In poorly controlled T2D, when glucose accumulates in the gingival crevicular ﬂuid, an imbalance in
oral bacteria and cito/chemokines is documented [6].
Subjects with scarcely controlled T2D and chronic PD
showed higher concentrations of cyto/chemokines such as
macrophage inﬂammatory protein-1a (MIP), IL-1b, IL-6, IL12, TNFa, with respect to non-diabetic controls with PD, at
both diseased and healthy periodontal sites [7,8].
The risk of developing PD was shown to be higher for
increased levels of glycosylated hemoglobin (HbA1c) and
fasting glucose, in individuals with or without T2D. In nondiabetic subjects, severe PD is associated with a greater
risk of developing T2D with respect to periodontally
healthy controls [9]. In subjects with T2D, PD is associated
with severity of diabetic complications [10]. Generally,
when treatment is provided to either of the two diseases,
the beneﬁts are reciprocally gained. A number of
controlled trials demonstrated that periodontal therapy
(even simple hygienic measures like a mouthwash) can
reduce HbA1c in patients with T2D, therefore improving
metabolic control [11e13].
The improvement of nutritional habits of T2D patients
(e.g. hypocaloric and low-fat diet or dietary regimens rich in
anti-oxidant foods or nutraceuticals with anti-oxidant/antiinﬂammatory properties) determines a clinical improvement of periodontitis [14]. Interestingly, the inﬂammatory
picture common to T2D and PD can be outweighed also by
physical exercise. Physical activity (PA) is claimed as
cornerstone strategy in the prevention and treatment of
T2D, as well as other clinical conditions linked to the
metabolic syndrome like hypertension and dyslipidemia.
The anti-inﬂammatory effects of exercise can be effective
even in PD, for which a protective health behavior ensured
by regular PA might reﬂect better general health as well as a
better periodontal health [15]. Although a clear relationship
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between physical activity and PD has not been clearly
ascertained, several lines of evidence suggest a potential
protective role, mainly anti-inﬂammatory, exerted by
physical exercise. In fact, PA might positively interact with
systemic inﬂammatory diseases by modulating immune
markers. These immunomodulatory mechanisms of exercise have been extensively described [16]. Amongst others,
practicing regular PA has been associated with favorable
changes in inﬂammatory markers; for instance, the reduction of Protein C reactive levels [17,18]. The increased
expression of this protein has been documented in a variety
of diseases, including PD [19].
Oral hygiene, periodontal- and nutritional/metabolic
treatments ameliorate T2D and PD, and exercise could be
an important additional driver capable to positively act on
both conditions. The present viewpoint challenges a
“three-way hypothesis” in which exercise promotes an
anti-inﬂammatory activity able to potentially ameliorate
clinical outcomes of PD and T2D, in co-existence.
Periodontal disease: deﬁnition and epidemiology
Periodontal health is characterized by the absence of
inﬂammatory changes of the periodontal tissues [20].
Absence of inﬂammation characterizes the periodontal
tissues before the disease commences or once the
periodontal disease has been treated and the inﬂammation is under control. In periodontal health conditions, the gingival tissues adhere to the tooth at the
level of the enamelecementum junction with an
epithelial and a connective attachment, and the root of
the tooth is completely surrounded by the alveolar bone
(Fig. 1).
The term periodontal disease includes a group of inﬂammatory, chronic conditions affecting the tissues surrounding the teeth and is caused by gram-negative bacteria
and the effects of hosteparasite interaction products [21].
PD is characterized by inﬂammation, loss of the alveolar
bone and migration of the attachment of the soft tissues in
the apical direction leading to the formation of the so-called
“Periodontal Pocket”. The disease is chronic, affecting
45e50% of adults in its mildest form and approximately 10%
of the global population in its severe form [10,22]. If left
untreated, it leads to tooth loss (Fig. 2). PD is considered a
major health problem worldwide, being the sixth most
common, non-communicable disease [23]. A recent study,
conducted in the USA on a sample of 10,683 adults aged
between 30 and 79, indicates that periodontal disease affects 42.2% of the population and 34% of cases are severe
[24]. Severe PD, therefore, represents a signiﬁcant healthcare, social, and economic problem.
T2D and PD are mutually reinforcing conditions
A growing body of evidence suggests the existence of a
two-way relationship: chronic PD appears to negatively
affect glycemic control, while T2D increases the risk for
development and progression of PD [25].
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Figure 1 A. Healthy status of periodontal tissues. No signs of soft tissues and periodontal pocket are present. The root of the tooth is connected to
the alveolar bone by the periodontal ligament. B. Pathological status of periodontal tissues. This picture shows edema of the gingival tissues, minimal
gingival recessions and abundant deposits of calculus. Only a periodontal probe can give us an indication of how much periodontal support tissue has
been lost in this patient, as evidenced by the radiographic images.

PD affects glycemic control
Periodontal inﬂammation may adversely impact on
glucose homeostasis, thus fueling the onset/progression of
T2D-affected subjects [2,26]. PD was shown to increase the
mortality rate in T2D subjects [27]. Incidence of PD has
been associated with poorer glycemic control in people
with T2D and increased risk of complications [27]; yet, PD
rises in parallel to HbA1c levels [28]. The presence of earlyglomerular dysfunction and end-stage renal failure is
doubled in T2D individuals carrying severe PD [20].
Reduction in periodontal inﬂammation has been associated with decreased inﬂammation and improved vascular
function and metabolic markers [11e13]. A number of
studies [11,12,29] have investigated the effect elicited by
PD treatment on glycemic control in T2D-subjects and
HbA1c decreased by 0.3e0.4 percentage points. D’Aiuto
et al. showed that, following a 12-month periodontal
treatment, metabolic control improved in T2D patients
compared to controls [11]. Reductions in HbA1c and fasting plasma glucose concentrations were accompanied by
improved vascular and kidney function and reduced systemic inﬂammation. Similarly, Sun and colleagues [12], in
a RCT on 157 patients affected by T2D and PD, reported a
small yet signiﬁcant reduction in the HbA1c concentration
(0.4%), fasting plasma glucose (9.83 vs 8.66 mmol/L) and
HOMA-IR (5.06 vs 3.92), after 3 months of PD treatment. A
systematic review of Simpson et al. showed that patients
treated for PD gained an overall reduction in HbA1c of
w0.4% [9]. Consistently, other meta-analyses [30,31]
exhibited the positive effects of periodontal treatment on

glycemic control in T2D patients with at least 3-months
follow-up.
T2D enhances PD onset and severity
The prevalence of PD in T2D subjects is estimated to be
even triple than in normal population, and the risk for PD
increases as glycemic control worsens [2,25]. Increasing
evidence suggests that systemic metabolic alteration due
to T2D may foster gingival inﬂammatory response in case
of ongoing PD, which would partly account for the greater
susceptibility of T2D subjects to PD breakdown [2,26]. In
this respect, increased concentration of IL-1b (i.e. a boneresorptive cytokine, which mediates soft-tissue destruction) was detected in gingival ﬂuid [8]. Moreover, both IL1b and IL-6 resulted higher in gingival biopsies of subjects
affected by both PD and T2D with respect to subjects with
PD only [32]. Poor glycemic control in T2D subjects has
been associated with higher concentration in periodontal
area of oral pathogens: this condition is likely susceptible
to the onset or worsening of chronic PD [22]. On the other
hand, the tighter glucose control in T2D patients with PD
was able to improve gingival status by mitigating chronic
inﬂammation at the gingival sites [33].
Inﬂammation links T2D and PD
Although the underlying mechanisms linking T2D and PD
are undetermined, they are prone to implicate an expected
immune response, microbiota deregulation and cytokine
signaling [25]. Indeed, similarly to PD, T2D is currently
regarded as a chronic dysmetabolic disease highly inﬂuenced by the low-grade systemic inﬂammatory status [34],
hence inﬂammation pertains both conditions as a common, key pathogenetic element (Fig. 3).
T2D-related pro-inﬂammatory status boosts PD

Figure 2 Periodontal disease has a chronic and progressive course. It
is possible to pass from a state of health to a state of mild, moderate and
ﬁnally severe periodontitis.

A signiﬁcant increase in circulating and local proinﬂammatory mediators (i.e., IL-6, TNFa and IL-12) [35]
is often seen in T2D subjects, compared to healthy controls. Experiments in animal models and clinical studies
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Figure 3 Model showing the pathogenetic mechanisms linking T2D with PD. AGEs Z advanced glycation end-products; FFAs Z free fatty acids;
IL Z interleukin; PD Z periodontitis; T2D Z type 2 diabetes; TNF Z tumor necrosis factor.

suggest that IL-1b, TNFa, IL-6, are implicated in PD
development/progression in T2D-subjects [11,25]. Lowgrade inﬂammation, which is frequently observed in
T2D-overweight patients, is thought to be instrumental
for the development of insulin resistance and glycemic
impairment [36,37]. Obesity itself has been associated
with the development and worsening of local inﬂammatory response in PD [25], suggesting that the lowgrade inﬂammation and the systemic metabolic adaptations imposed by obesity possibly act as independent
variables enhancing PD inﬂammation. Zimmermann et al.
[38] showed that chronic PD lowers adiponectin (an
adipocyte-derived insulin sensitizer, anti-inﬂammatory
adipokine) levels, and that obese subjects presented
higher levels of TNFa at periodontal sites, irrespectively
of the local inﬂammatory condition. Moreover, circulating IL-6 was found to be elevated in obese individuals
with PD compared to non-obese controls [38]. Circulating
pro-inﬂammatory mediators, secreted by dysfunctional
adipose tissue, impair insulin signaling by inﬂaming tissues critical for glucose regulation [39]. Lifestyle interventions and/or drug therapy (i.e., IL-1 antagonists)
blunt inﬂammation, improve insulin secretion and

insulin sensitivity and decrease glycemia in T2D subjects
[40,41]. Individuals with T2D with coexisting chronic PD
showed higher systemic inﬂammation at periodontal
sites compared to non-diabetic controls [6]. TNFa plays a
critical role in the genesis of systemic insulin resistance
[42] and the severity of PD was shown to correlate with
systemic levels of TNFa in patients with T2D [43]. In the
study of D’Aiuto et al. [11], a similar correlational pattern
regarded reductions in: i) markers of systemic inﬂammation (namely, CRP and TNFa); ii) periodontal inﬂammatory parameters (probing pocket depths, number of
deeper periodontal pockets, and gingival bleeding); iii)
systemic cardio-metabolic responses; iv) kidney function.
Altogether, these data would pinpoint at inﬂammation as
a key mediator of the binomial T2D-PD relationship.
Free fatty acids (FFAs) are typically higher in obesity as
well as in T2D due to altered response of adipose tissue to
insulin stimulation [39]. The continuous spillage of FFAs
is currently seen as a possible factor inﬂuencing periodontal inﬂammation [44]. Further, the interaction of
AGEs with their receptor (RAGEs) is another factor likely
involved in the common pathophysiological framework
of PD in T2D [2]. Persistent hyperglycemia is responsible
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for an increased rate of AGEs formation. AGEs fuel the
ignition of cellular oxidative stress and pro-inﬂammatory
pathways, through the bond of RAGEs on different cell
types like endothelial-, immune- and bone-forming cells.
The AGE-RAGEs axis sets the stage for the alveolar bone
reabsorption and on-site chronic inﬂammation [45].
Interestingly, AGE proteins were found in saliva of T2Dpatients and follow dental plaque levels [46]. Also,
serum AGEs levels demonstrated to be proportional to
the severity of PD in individuals with T2D [47].
Low grade-inﬂammation is likely to deregulate the
ecosystem of microbial gingival bioﬁlm, possibly promoting pathogen adhesion [48]. Th17-released IL-17
plays a pivotal role in sustaining low-grade inﬂammation and insulin resistance [49]. In T2D-rodents, treatment with IL-17 antibody decreased the pathogenicity of
the oral microbiota. Speciﬁcally, the oral microbiota
transplant from IL-17-treated donors to germ-free animals, reduced IL-6 in gingival tissue, RANKL (key-factor
for osteoclast activation) and bone resorption in the
recipients [50]. Finally, the higher lipopolysaccharide
(LPS) translocation from the intestinal lumen into circulation, as observed in case of obesity and metabolic
syndrome [51], can be further implicated in the rise of
periodontal inﬂammation, as demonstrated in animal
models [52].

PD enhances sub-inﬂammation and hyperglycemia
In patients with PD, increased levels of CRP and IL-6 are
associated with T2D and other cardiovascular conditions
[19]. Circulating CRP, TNFa, IL-6 were shown to signiﬁcantly decrease after 3 months of periodontal treatment
[12]. Recent ﬁndings suggest that oral microbiome may
help maintain systemic health and blood glucose levels,
while certain bacterial taxa are associated with a higher
risk of developing T2D [53]. PD is characterized by the
alteration of the polymicrobial bioﬁlm [48] and periodontal infection with gram-negative microorganisms
probably affects systemic glycemic balance [2,26]. In patients with both PD and T2D, glycemic control is potentially inﬂuenced by the adherence to oral mucosa of
Porphyromonas gingivalis [54], which has been demonstrated to be a potent inducer of cytokine production
(namely IL-1b, IL-8, IL-12 and TNFa) [55]. LPS of oral
pathogens can represent a trigger for initiating mouth
inﬂammation in subjects with PD. LPS leakage, facilitated
by high permeability of oral mucosa during PD, may be
modulating the inﬂammatory status via TLR4/Nf-kB
pathway [56]. As such, also proinﬂammatory cytokines
(IL-6, TNFa, IL-12) originated from the interaction of oral
mucosa with PD-pathogens (P. gingivalis, Bacteroides forsythus, Streptococcus mutans) can translocate into the
bloodstream along with endotoxins and oxidized lipids. In
fact, this cytokine cascade is possibly implicated in the
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systemic low-grade inﬂammation and peripheral insulinresistance [57].
PD and cardiovascular disease
The systemic subclinical inﬂammation triggered and/or
perpetuated by PD is regarded as common soil for the
increased CV risk proﬁle shown by these individuals, irrespective of the presence of other comorbidities like T2D or
hypertension [58,59]. The presence of PD and tooth loss has
been strongly associated with peripheral artery disease,
stroke and myocardial infarction, with a predictive value on
such severe conditions [60,61], and oral pathogens have
been repeatedly identiﬁed in target tissues and organs,
including atherosclerotic plaques [62]. Intriguingly, after
years of elusive evidence of a beneﬁcial effect of PD treatment on CV disease risk or progression, recent strong results,
also coming from randomized clinical trials, support such
concept: for example, treatment of PD is able to lower blood
pressure values [63], and a better oral hygiene has reduced
occurrence of stroke [64]. Such evidence reinforces the
indication for an accurate screening and an early treatment
of PD aimed at reducing CV morbidity and mortality.
The impact of exercise on the common inﬂammatory
milieu
Exercise is an effective countermeasure against agingassociated muscle wasting. It can relieve systemic
markers of oxidative stress and immune-mediated
inﬂammation [65e67]. Daily PA was shown to decrease
molecules critical for controlling inﬂammatory pathways
in peripheral tissues, such as nuclear factor-kB. Moderateintensity exercise also diminishes systemic oxidative
stress, as testiﬁed by: a) the decrease in plasma malondialdeide of Advanced Oxidation Protein [68,69]; b) the
activation of leukocyte-induced oxidative burst owing to
reduced NADPH-oxidase activity and p47phox expression
(NADPH functional site) in animals [68], and healthy and
diabetic humans [70].
Exercise modulates metabolic status and inﬂammation
The beneﬁcial effect of PA has been established in a variety
of pathological scenarios, including T2D [35]. Exercise
improves adipose tissue function [35], glycemic control
and insulin sensitivity via boosting mitochondrial efﬁciency, glucose uptake, intramyocellular fatty acid oxidation [35] and by exerting an overall anti-inﬂammatory
activity [71] (Fig. 4). A single bout of exercise was sufﬁcient
to increase skeletal muscle glucose uptake for several
hours, and regular training improved whole-body glucose
metabolism and insulin levels in diabetics [72]. In
T2D subjects, metabolic improvements can occur independently of changes in body composition, suggesting that
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Figure 4 Synoptical model showing the possible role of physical exercise in the modulation of PD and T2D. AGEs Z advanced glycation end-products;
CVD Z cardiovascular disease.

adaptation of myocytes to exercise accounts for the
greatest part of the metabolic gain obtained [73]. PA was
associated with signiﬁcant reduction in low-grade systemic inﬂammation [74], circulating leukocytes [61], and it
is currently seen as a viable strategy to improve metabolic
status in chronic inﬂammatory diseases and cardiovascular inﬂammation [75,76]. Muscles of untrained T2D
individuals show lower insulin sensitivity, lipotoxicityrelated features and release an array of diabetogenic mediators (TNFa, IL-1), therefore feeding insulin resistance
[35]. Conversely, well-conditioned muscles are responsible
for the majority of insulin-stimulated glucose disposal and
secrete an array of mediators and myokines (IL-10) with
anti-diabetic and anti-inﬂammatory function [77]. Exercise training was found to effectively reduce IL-6, CRP, and
IL-18 in a group of T2D subjects [78]. Physical exercise
activates anti-inﬂammatory molecules like IL-1receptor
antagonist, IL-10, and soluble TNF-Receptor [35,76,77].
An acute bout of exercise produces a strong antiinﬂammatory effect, suppressing TNFa and stimulating
the upregulating IL-1 receptor antagonist and IL-10 [79].
IL-10 exerts an anti-inﬂammatory activity by inhibiting the
secretion of pro-inﬂammatory cytokines and the expression of MHC-II in immune cells [79]. Muscle-derived IL-15
and brain-derived neurotrophic factor (BDNF) are involved
in the regulation of lipid metabolism, visceral fat deposition and fatty acid oxidation [35,79]. Further, exercise
indirectly ameliorates immuno-metabolic setting by
reducing adipose tissue mass and the adipose-tissuerelated pro-inﬂammatory secretome [28,72]. The
increased uptake and oxidation of circulating FFAs during

exercise also contribute to reduce muscle and liver inﬂammation, and insulin resistance [35]. Lastly, regular exercise
was shown to efﬁciently decrease AGEs in obese-diabetic
animal models [68,79] and in humans [80]. AGEs production is mainly triggered by hyperglycemia and oxidative
stress, and contributes to increase organ-speciﬁc and systemic inﬂammation [81]. Exercise-induced higher energy
demands may lessen reactive intermediates of glycolytic
(i.e. glucose-6-phosphate; fructose-6-phosphate) and polyol
(eg, fructose-3-phosphate, 3- deoxyglucosone) pathways,
which constitute powerful glycating species [69,80]. The
decrease in inﬂammation and a greater oxidation rate of
these intermediates during physical activity can account for
the exercise-associated reduction in plasma and tissue AGEs.
Exercise improves PD outcomes
Available ﬁndings indicate that PA is associated with
reduced prevalence of PD [82]. Subjects with higher
maximal oxygen consumption (VO2max) were found to
have less chance of developing PD [83]. In a prospective
study, the number of teeth with a probing pocket depth
4 mm and teeth with bleeding on probing (BOP),
signiﬁcantly decreased following exercise (respectively
from 14.4% to 5.6%, and from 39.8% to 14.4%). Merchant
et al. [84] reported that individuals with higher levels of
routine PA have a lower relative risk of developing PD.
Similar results were obtained in other studies [15,84,85]
reporting consistent reductions in PD prevalence. Individuals engaging in weekly sessions of PA (3e5 times/
week) presented lower prevalence of PD in comparison to
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Table 1 Systemic and local effects induced by the practice of regular exercise relevant for T2D and PD.
PDa

T2Da

Effects of exercise

[ Periodontal inﬂammation
[ Oral mucosa dysbiosis

[ Oral inﬂammatory response
[ Oral pathogen colonization

Y Glycemic control
[ Release of pro-inﬂammatory mediators

[ Glycemia
[ Systemic pro-inﬂammatory
mediators
[ AGEs and FFAs

Z Gingival IL-1b and CRP
\ Oral microbiota composition
Oral pathogens
\ Glucose uptake and re-balance of glycemia
\ Anti-inﬂammatory activity through the release
of anti-inﬂammatory mediators
Z AGEs formation and FFAs clearance

[ Adipose tissue expansion and
inﬂammation

\ Weight loss and adipose tissue
proper functionality

Oral pro-inﬂammatory
activity of AGEs and FFAs
Oral pro-inﬂammatory effect of
adipose tissue-released mediators
a

Columns list the pathological conditions associated or secondary to either PD or T2D.

controls [15,84]. In the study of Sander et al. [86], PA was
capable to signiﬁcantly reduce IL-1b and CPR concentrations in gingival ﬂuid in a large cohort of PD-affected individuals. The reduction of AGEs [69] and the mitigation of
local and systemic inﬂammatory status achieved through
the practice of regular moderate-intensity exercise is likely
to account, to a large extent, for the exercise-associated
improvements observed in PD subjects [18,86]. Part of
the mechanisms by which exercise would provide beneﬁts
to PD can be possibly ascribed to the favorable modulation
of oral bacteria through promoting changes in the acid/
base balance of the oral milieu [87]. The copy counts of
Tannerella forsythia and Treponema denticola (pathogens
implicated in PD onset) decreased signiﬁcantly after exercise intervention in a group of obese individuals [88].
Exercise may also reduce the risk of infections by
increasing salivary cystatins levels, which seem to inhibit
bacterial growth and bacterial adhesion to oral mucosa
[89]. Alternatively, via increasing circulating lactate, exercise is likely to stimulate changes in the composition and
activity of the oral microbiome, as demonstrated in the gut
[90].

A possibility for a threeeway relationship linking T2D,
PD and physical activity
PD can be either seen as a T2D complication as well as a
concurring factor to T2D progression, since PD can fuel
systemic inﬂammation (Fig. 4). An epidemiological analysis on 60 adults showed that individuals with the higher
PA level and lower adiposity presented a better oral health
status [83]. The cross-sectional study of Merchants et al.
showed that, for higher degrees of PA (estimated in METs),
the prevalence of PD and T2D lowers as well as BMI does,
suggesting that the improvement of PD, following PA,
comes along with the improvement of systemic dysmetabolic setting [84]. According to our literature analysis,
evidence concerning exercise trials on the positive modulation of the PD progression in T2D subjects, remains
limited. In a 3-month trial on T2D-subjects, recommendations on healthy lifestyle, oral hygiene and PA performed
3 times/week improved markers of oral health (pocket

depth, clinical attachment level, and percentage of site
with BOP) and metabolic control (HbA1c, fasting glycemia)
as compared to controls [91]. Similarly, in obese subjects
with borderline fasting glycemia, regular exercise led to an
improvement in oral markers of PD (probing pocket depth
and BOP), coupled with a slight decrease in fasting glucose
and serum insulin level [88]. When subjected to exercise
training (60 min/day for 8 weeks), HFD-fed rats with
streptozotocin-induced diabetes and surgically-induced
PD, showed decreased alveolar bone loss, lower plasma
glucose, HbA1c with respect to non-trained controls [92].
In that study, PA was shown to lower both TNFa and IL-6,
while increasing IL-10 concentration [92]. This study
conﬁrms the efﬁcacious anti-inﬂammatory activity elicited
by exercise on the binomial PD-T2D relationship.
Therefore, although evidence is still embryonic, literature guarantees a number of clues that are suggestive for a
potential therapeutic PA role to blunt PD in subjects with
T2D, through modulating the common sub-inﬂammatory
background (Table 1).
As a concluding remark, intensity, volume and frequency of exercise are important determinants to maximize the beneﬁcial effects of PA [16]. Merchants et al.
observed an inverse association with PD in the highest
quintiles of PA, suggesting that the greater beneﬁt of PA
may correlate with exercise intensity [84]. In T2D subjects,
both endurance and resistance exercise are equally effective in controlling metabolic status. Similarly, engaging in
high-intensity interval training (short) or low-intensity
continuous (long-duration) training [79] may lead to
favorable metabolic outcomes. Since in special subclasses
of individuals with T2D (e.g. obese, subjects with complications) high intensity exercise is not always advisable,
engaging into a moderate-intensity, regular exercise (at
least 3 times/week) [82] could be a reasonable strategy for
mitigating inﬂammatory status and improving PD outcomes in T2D subjects.

Conclusions
We attempted to draw a plausible framework in order to
legitimate physical exercise as adjunctive therapeutical

2206

mean to ameliorate periodontal inﬂammation in T2D. According to available data, T2D and PD are likely mutually
reinforcing diseases, sharing common pathogenetic
mechanisms. A complex interplay of pro-inﬂammatory
intermediates exacerbates both diseases, affecting their
clinical outcomes. Exercise has been shown to lower glycemia and the incidence of T2D complication, as well as to
control systemic inﬂammation, efﬁcaciously. On the other
side, exercise was shown to potentially curb local inﬂammation in PD, and embryonic interventional evidence
pinpointed at alleviating effects on both pathological
conditions. Although the paucity of evidence makes this
topic still an open question, to the best of our knowledge,
sufﬁcient elements emphasize the potential protective and
the adjuvant therapeutic role of PA in the management of
PD in T2D individuals. Ad hoc clinical trials are warranted
to investigate the “three-way” relationship in order to
directly test the model proposed. Attention should be
drawn to further evaluate the modulation of oral microbiota, biochemical markers, circulating and periodontal
pro-inﬂammatory mediators (IL-1b, IL-6, TNFa, FFAs), in
individuals with co-existing morbidities. Future investigations are encouraged to address the optimal
amount of PA bearing tailored beneﬁts with clear-cut
clinical relevance in T2D patients with moderate-to-high
CV risk. In theory, any kind of PA routine eliciting an
anti-inﬂammatory pattern is capable to reduce the prevalence of PD. Thus, regularity of PA may be necessary to
improve periodontal condition and to reduce signs and
symptoms brought by pro-inﬂammatory cytokines [82].
We therefore encourage to fulﬁll the WHO guidelines for
recommended doses of physical activity in the general
population in order to beneﬁt from exercise-induced
protective health behaviors, even on a periodontal health
standpoint. One-hundred and 50 min of moderatevigorous intensity (aerobic or mixed) PA should be
weekly pursued. Individuals maintaining body weight,
consuming high-quality diet, and practicing regular PA,
might have better general health as well as a better periodontal health.

R. Codella et al.

setting can be congenial to a preliminary diagnosis of
prediabetes or diabetes, not only in subjects with PD [94],
but more generally in subjects with risk factors for this
condition [95,96]. Dental chair-side screening of HbA1c
level in patients unaware of their glycaemic status is a
cost-effectiveness means of identifying unrecognized
dysglycemic individuals [97]. Dentists should be aware
that they can contribute to the general well-being of their
patients by chair-side targeted screening for medical
conditions such as hypertension, dysglycemia or obesity.
The training of the dentists should, therefore, prepare
them to be patient-centred or healthy-centred rather than
disease-centred.
Oral health is much more than healthy teeth and gums,
and oral tissues are fundamental for several key physiological and psychosocial functions. A greater doctors’
attention to their patients’ oral health and a greater
collaboration with the dentist can prove extremely useful
in the control of diseases of the mouth. Consequently, this
tight teamwork may reduce all local and systemic problems related to periodontal diseases and to edentulism.
Contribution statement
All authors were responsible for drafting the manuscript
and revising it critically for valuable intellectual content.
All authors approved the version to be published.
Financial support
This research did not receive any speciﬁc grant from
funding agencies in the public, commercial, or not-forproﬁt sectors. Ricerca Corrente of IRCCS MultiMedica
partially funded the present article.
Declaration of competing interest
The authors declare no conﬂict of interest.
References

Take home message: more interactions between
medicine and dentistry are needed!
The study of the relationship between periodontitis and
extra-oral diseases has brought increasing attention to the
need for greater integration between the ﬁeld of medicine
in a broad sense and that of dentistry. The Report of the
Surgeon General in 2000 stated that “Oral Health and
general health should not be interpreted as separate entities
.. .... oral health is a critical component of health and must
be included in the provision of health care and the design of
community program " [93]. It is particularly appropriate to
integrate oral health within the wider area of public health
and to promote greater collaboration between doctors,
dentists, dental hygienists, nurses and other health professionals. Concerning T2D, this disease can be an example
of the usefulness of greater collaboration between doctor
and dentist. Numerous studies have shown how the dental

[1] Lalla E, Papapanou PN. Diabetes mellitus and periodontitis: a tale of
two common interrelated diseases. Nat Rev Endocrinol 2011 Jun 28;
7(12):738e48. https://doi.org/10.1038/nrendo.2011.106.
[2] Mealey BL, Rose LF. Diabetes mellitus and inﬂammatory periodontal diseases. Curr Opin Endocrinol Diabetes Obes 2008 Apr;
15(2):135e41. https://doi.org/10.1097/MED.0b013e3282f824b7.
[3] Taylor JJ, Preshaw PM, Lalla E. A review of the evidence for pathogenic mechanisms that may link periodontitis and diabetes. J Clin
Periodontol 2013 Apr;40(Suppl 14):S113e34. https://doi.org/
10.1111/jcpe.12059.
[4] Adda G, Aimetti M, Citterio F, Consoli A, Di Bartolo P, Landi L, et al.
Consensus report of the joint workshop of the Italian society of
diabetology, Italian society of periodontology and implantology,
Italian association of clinical diabetologists (SID-SIdP-AMD). Nutr
Metabol
Cardiovasc
Dis
2021.
https://doi.org/10.1016/
j.numecd.2021.03.015.
[5] Persson GR. What has ageing to do with periodontal health and
disease? Int Dent J 2006 Aug;56(4 Suppl 1):240e9. https:
//doi.org/10.1111/j.1875-595x.2006.tb00108.x.
[6] Miranda TS, Feres M, Retamal-Valdés B, Perez-Chaparro PJ,
Maciel SS, Duarte PM. Inﬂuence of glycemic control on the levels of
subgingival periodontal pathogens in patients with generalized

Diabetes, periodontitis and physical activity
chronic periodontitis and type 2 diabetes. J Appl Oral Sci 2017. JanFeb;25(1):82e9. https://doi.org/10.1590/1678-77572016-0302.
[7] Duarte PM, Bezerra JP, Miranda TS, Feres M, Chambrone L,
Shaddox LM. Local levels of inﬂammatory mediators in uncontrolled type 2 diabetic subjects with chronic periodontitis. J Clin
Periodontol 2014;41:11e8. https://doi.org/10.1111/jcpe.12179.
[8] Bulut U, Develioglu H, Taner IL, Berker E. Interleukin-1 beta levels
in gingival crevicular ﬂuid in type 2 diabetes mellitus and
adult periodontitis. J Oral Sci 2001 Sep;43(3):171e7. https:
//doi.org/10.2334/josnusd.43.171.
[9] Simpson TC, Needleman I, Wild SH, Moles DR, Mills EJ. Treatment of
periodontal disease for glycaemic control in people with diabetes.
Cochrane Database Syst Rev 2010 May 12;(5):CD004714. https:
//doi.org/10.1002/14651858.CD004714.
[10] Frenchen JE, Sharma P, Stenhouse L, et al. Global epidemiology of
dental caries and severe periodontitis-a comprehensive review. J
Clin Periodontol 2017;44(Suppl.18):S94e105.
[11] D’Aiuto F, Gkranias N, Bhowruth D, Khan T, Orlandi M, Suvan J,
et al., TASTE Group. Systemic effects of periodontitis treatment in
patients with type 2 diabetes: a 12 month, single-centre, investigator-masked, randomised trial. Lancet Diabetes Endocrinol 2018
Dec;6(12):954e65. https://doi.org/10.1016/S2213-8587(18)30038X.
[12] Sun WL, Chen LL, Zhang SZ, Wu YM, Ren YZ, Qin GM. Inﬂammatory cytokines, adiponectin, insulin resistance and metabolic
control after periodontal intervention in patients with type 2
diabetes and chronic periodontitis. Intern Med 2011;50(15):
1569e74. https://doi.org/10.2169/internalmedicine.50.5166.
[13] Artese HP, Foz AM, Rabelo Mde S, Gomes GH, Orlandi M, Suvan J,
et al. Periodontal therapy and systemic inﬂammation in type 2
diabetes mellitus: a meta-analysis. PloS One 2015 May 26;10(5):
e0128344. https://doi.org/10.1371/journal.pone.0128344.

 ska I, Szyperska-Slaska
[14] Rowin
A, Zariczny P, Pasławski R,
Kramkowski K, Kowalczyk P. Impact of the diet on the formation of
oxidative stress and inﬂammation induced by bacterial bioﬁlm in
the oral cavity. Materials 2021 Mar 12;14(6):1372. https:
//doi.org/10.3390/ma14061372.
[15] Al-Zahrani MS, Borawski EA, Bissada NF. Periodontitis and three
health-enhancing behaviors: maintaining normal weight,
engaging in recommended level of exercise, and consuming a
high-quality diet. J Periodontol 2005 Aug;76(8):1362e6. https:
//doi.org/10.1902/jop.2005.76.8.1362.
[16] Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS,
Nimmo MA. The anti-inﬂammatory effects of exercise: mechanisms and implications for the prevention and treatment of
disease. Nat Rev Immunol 2011 Aug 5;11(9):607e15. https:
//doi.org/10.1038/nri3041.
[17] Malali E, Basar I, Emekli-Alturfan E, Elemek E, Oktay S, Ayan F, et al.
Levels of C-reactive protein and protein C in periodontitis patients
with and without cardiovascular disease. Pathophysiol Haemostasis Thrombosis 2010;37:49e54. https://doi.org/10.1159/
000318189.
[18] Fernandes RA, Ritti-Dias RM, Balagopal PB, Conceição RDO,
Santos RD, Cucato GG, et al. Self-initiated physical activity is
associated with high sensitivity C-reactive protein: a longitudinal
study in 5,030 adults. Atherosclerosis 2018 Jun;273:131e5. https:
//doi.org/10.1016/j.atherosclerosis.2018.02.011.
[19] Beck JD, Moss KL, Morelli T, Offenbacher S. Periodontal proﬁle
class is associated with prevalent diabetes, coronary heart disease,
stroke, and systemic markers of C-reactive protein and interleukin-6. J Periodontol 2018 Feb;89(2):157e65. https://doi.org/
10.1002/JPER.17-0426.
[20] Lang PN, Bartold PM. Periodontal health. J Clin Periodontol 2018;
45(Suppl 20):S9e16.
[21] Caton JG, Armitage G, Berglundh, et al. A new classiﬁcation
scheme for periodontal and peri-implant diseases and conditionsIntroduction and key changes from the 1999 classiﬁcation. J
Periodontol 2018;89(Suppl 1):s1e8.
[22] Global Burden of Disease Study 2013 Collaborators. Global
regional, and national incidence, prevalence, and years lived with
disability for 301 acute and chronic diseases and injuries in 188
countries, 1990-2013: a systematic analysis for the Global Burden
of Disease Study 2013. Lancet 2015;386(9995):743e800.
[23] Chapple I, Wilson N. Chronic non-communicable diseases. Br Dent
J 2014 May;216(9):487. https://doi.org/10.1038/sj.bdj.2014.357.

2207
[24] Eke PL, Borgnakke WS, Genco JR. Recent epidemiological trends in
periodontitis in the USA. Periodontology 2000;82:257e67. 2020.
[25] Preshaw PM, Alba AL, Herrera D, Jepsen S, Konstantinidis A,
Makrilakis K, et al. Periodontitis and diabetes: a two-way relationship. Diabetologia 2012 Jan;55(1):21e31. https://doi.org/
10.1007/s00125-011-2342-y.
[26] Taylor GW, Borgnakke WS. Periodontal disease: associations
with diabetes, glycemic control and complications. Oral Dis 2008
Apr;14(3):191e203.
https://doi.org/10.1111/j.1601-0825.2008.
01442.x.
[27] Saremi A, Nelson RG, Tulloch-Reid M, Hanson RL, Sievers ML,
Taylor GW, et al. Periodontal disease and mortality in type 2
diabetes. Diabetes Care 2005 Jan;28(1):27e32. https://doi.org/
10.2337/diacare.28.1.27.
[28] Demmer RT, Desvarieux M, Holtfreter B, Jacobs Jr DR,
Wallaschofski H, Nauck M, et al. Periodontal status and A1C
change: longitudinal results from the study of health in Pomerania
(SHIP). Diabetes Care 2010 May;33(5):1037e43. https://doi.org/
10.2337/dc09-1778.
[29] Sundar C, Ramalingam S, Mohan V, Pradeepa R, Ramakrishnan MJ.
Periodontal therapy as an adjunctive modality for HbA1c reduction in type-2 diabetic patients. J Educ Health Promot 2018 Dec
28;7:152. https://doi.org/10.4103/jehp.jehp_66_18.
[30] Teeuw WJ, Gerdes VE, Loos BG. Effect of periodontal treatment on
glycemic control of diabetic patients: a systematic review and
meta-analysis. Diabetes Care 2010 Feb;33(2):421e7. https:
//doi.org/10.2337/dc09-1378.
[31] Teshome A, Yitayeh A. The effect of periodontal therapy on
glycemic control and fasting plasma glucose level in type 2
diabetic patients: systematic review and meta-analysis. BMC
Oral Health 2016 Jul 30;17(1):31. https://doi.org/10.1186/s12903016-0249-1.
[32] Duarte PM, de Oliveira MC, Tambeli CH, Parada CA, Casati MZ,
Nociti Jr FH. Overexpression of interleukin-1beta and interleukin6 may play an important role in periodontal breakdown in type 2
diabetic patients. J Periodontal Res 2007 Aug;42(4):377e81. https:
//doi.org/10.1111/j.1600-0765.2006.00961.x.
[33] Katagiri S, Nitta H, Nagasawa T, Izumi Y, Kanazawa M, Matsuo A,
et al. Effect of glycemic control on periodontitis in type 2 diabetic
patients with periodontal disease. J Diabetes Investig 2013 May;
4(3):320e5. https://doi.org/10.1111/jdi.12026.
[34] Donath MY, Shoelson SE. Type 2 diabetes as an inﬂammatory
disease. Nat Rev Immunol 2011 Feb;11(2):98e107. https:
//doi.org/10.1038/nri2925.
[35] Thompson D, Karpe F, Lafontan M, Frayn K. Physical activity and
exercise in the regulation of human adipose tissue physiology.
Physiol Rev 2012 Jan;92(1):157e91. https://doi.org/10.1152/
physrev.00012.2011.
[36] Lund MAV, Thostrup AH, Frithioff-Bøjsøe C, Lausten-Thomsen U,
Hedley PL, Pedersen O, et al. Low-grade inﬂammation independently associates with cardiometabolic risk in children with
overweight/obesity. Nutr Metabol Cardiovasc Dis 2020 Aug 28;
30(9):1544e53.
https://doi.org/10.1016/j.numecd.2020.04.024.
Epub 2020 May 5. PMID: 32571613.
[37] Maurizi G, Della Guardia L, Maurizi A, Poloni A. Adipocytes
properties and crosstalk with immune system in obesity-related
inﬂammation. J Cell Physiol 2018 Jan;233(1):88e97. https:
//doi.org/10.1002/jcp.25855.
[38] Zimmermann GS, Bastos MF, Dias Gonçalves TE, Chambrone L,
Duarte PM. Local and circulating levels of adipocytokines in obese
and normal weight individuals with chronic periodontitis.
J
Periodontol
2013
May;84(5):624e33.
https://doi.org/
10.1902/jop.2012.120254.
[39] Lee BC, Lee J. Cellular and molecular players in adipose tissue
inﬂammation in the development of obesity-induced insulin
resistance. Biochim Biophys Acta 2014 Mar;1842(3):446e62.
https://doi.org/10.1016/j.bbadis.2013.05.017.
[40] Tripathy D, Daniele G, Fiorentino TV, Perez-Cadena Z, ChavezVelasquez A, Kamath S, et al. Pioglitazone improves glucose
metabolism and modulates skeletal muscle TIMP-3-TACE dyad in
type 2 diabetes mellitus: a randomised, double-blind, placebocontrolled, mechanistic study. Diabetologia 2013 Oct;56(10):
2153e63. https://doi.org/10.1007/s00125-013-2976-z.
[41] Pollack RM, Donath MY, LeRoith D, Leibowitz G. Anti-inﬂammatory agents in the treatment of diabetes and its vascular

2208

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

R. Codella et al.
complications. Diabetes Care 2016 Aug;39(Suppl 2):S244e52.
https://doi.org/10.2337/dcS15-3015.
Monroy A, Kamath S, Chavez AO, Centonze VE, Veerasamy M,
Barrentine A, et al. Impaired regulation of the TNF-alpha converting enzyme/tissue inhibitor of metalloproteinase 3 proteolytic
system in skeletal muscle of obese type 2 diabetic patients: a new
mechanism of insulin resistance in humans. Diabetologia 2009
Oct;52(10):2169e81. https://doi.org/10.1007/s00125-009-1451-3.
Engebretson S, Chertog R, Nichols A, Hey-Hadavi J, Celenti R,
Grbic J. Plasma levels of tumour necrosis factor-alpha in patients
with chronic periodontitis and type 2 diabetes. J Clin Periodontol
2007
Jan;34(1):18e24.
https://doi.org/10.1111/j.1600-051X.
2006.01017.x.
Shikama Y, Kudo Y, Ishimaru N, Funaki M. Potential role of free
fatty acids in the pathogenesis of periodontitis and primary
sjögren’s syndrome. Int J Mol Sci 2017 Apr 14;18(4):836. https:
//doi.org/10.3390/ijms18040836.
Vlassara H, Uribarri J. Advanced glycation end products (AGE) and
diabetes: cause, effect, or both? Curr Diabetes Rep 2014 Jan;14(1):
453. https://doi.org/10.1007/s11892-013-0453-1.
Yoon MS, Jankowski V, Montag S, Zidek W, Henning L, Schlüter H,
et al. Characterisation of advanced glycation endproducts in saliva
from patients with diabetes mellitus. Biochem Biophys Res Commun 2004 Oct 15;323(2):377e81. https://doi.org/10.1016/
j.bbrc.2004.08.118.
Takeda M, Ojima M, Yoshioka H, Inaba H, Kogo M, Shizukuishi S,
et al. Relationship of serum advanced glycation end products with
deterioration of periodontitis in type 2 diabetes patients. J Periodontol
2006
Jan;77(1):15e20.
https://doi.org/10.1902/jop.
2006.77.1.15.
Van Dyke TE, Bartold PM, Reynolds EC. The nexus between periodontal inﬂammation and dysbiosis. Front Immunol 2020 Mar 31;
11:511. https://doi.org/10.3389/ﬁmmu.2020.00511.
Abdel-Moneim A, Bakery HH, Allam G. The potential pathogenic
role of IL-17/Th17 cells in both type 1 and type 2 diabetes mellitus.
Biomed Pharmacother 2018 May;101:287e92. https://doi.org/
10.1016/j.biopha.2018.02.103.
Xiao E, Mattos M, Vieira GHA, Chen S, Corrêa JD, Wu Y, et al.
Diabetes enhances IL-17 expression and alters the oral microbiome to increase its pathogenicity. Cell Host Microbe 2017 Jul 12;
22(1):120e8. https://doi.org/10.1016/j.chom.2017.06.014. e4.
Velloso LA, Folli F, Saad MJ. TLR4 at the crossroads of nutrients, gut
microbiota, and metabolic inﬂammation. Endocr Rev 2015 Jun;
36(3):245e71. https://doi.org/10.1210/er.2014-1100.
Li Y, Lu Z, Zhang X, Yu H, Kirkwood KL, Lopes-Virella MF, et al.
Metabolic syndrome exacerbates inﬂammation and bone loss in
periodontitis. J Dent Res 2015 Feb;94(2):362e70. https:
//doi.org/10.1177/0022034514561658.
Long J, Cai Q, Steinwandel M, Hargreaves MK, Bordenstein SR,
Blot WJ, et al. Association of oral microbiome with type 2
diabetes risk. J Periodontal Res 2017 Jun;52(3):636e43. https:
//doi.org/10.1111/jre.12432.
Makiura N, Ojima M, Kou Y, Furuta N, Okahashi N, Shizukuishi S,
et al. Relationship of Porphyromonas gingivalis with glycemic
level in patients with type 2 diabetes following periodontal
treatment. Oral Microbiol Immunol 2008 Aug;23(4):348e51.
https://doi.org/10.1111/j.1399-302X.2007.00426.x.
Sugano N, Ikeda K, Oshikawa M, Sawamoto Y, Tanaka H, Ito K.
Differential cytokine induction by two types of Porphyromonas
gingivalis. Oral Microbiol Immunol 2004 Apr;19(2):121e3. https:
//doi.org/10.1046/j.0902-0055.2003.00119.x.
Hersoug LG, Møller P, Loft S. Role of microbiota-derived lipopolysaccharide in adipose tissue inﬂammation, adipocyte size and
pyroptosis during obesity. Nutr Res Rev 2018 Dec;31(2):153e63.
https://doi.org/10.1017/S0954422417000269.
Kalash D, Vovk A, Huang H, Aukhil I, Wallet SM, Shaddox LM.
Inﬂuence of periodontal therapy on systemic lipopolysaccharides
in children with localized aggressive periodontitis. Pediatr Dent
2015 Sep-Oct;37(5):35e40.
Beukers NG, van der Heijden GJ, van Wijk AJ, Loos BG. Periodontitis is an independent risk indicator for atherosclerotic cardiovascular diseases among 60 174 participants in a large dental
school in The Netherlands. J Epidemiol Community Health 2017
Jan;71(1):37e42. https://doi.org/10.1136/jech-2015-206745.

[59] Larvin H, Kang J, Aggarwal VR, Pavitt S, Wu J. Risk of incident
cardiovascular disease in people with periodontal disease: a systematic review and meta-analysis. Clin Exp Dent Res 2021 Feb;
7(1):109e22. https://doi.org/10.1002/cre2.336.
[60] Wang J, Geng X, Sun J, Zhang S, Yu W, Zhang X, et al. The risk of
periodontitis for peripheral vascular disease: a systematic review.
Rev Cardiovasc Med 2019 Jun 30;20(2):81e9.
[61] Lee HJ, Choi EK, Park JB, Han KD, Oh S. Tooth loss predicts
myocardial infarction, heart failure, stroke, and death. J Dent Res
2019 Feb;98(2):164e70.
[62] Joshi C, Bapat R, Anderson W, Dawson D, Hijazi K, Cherukara G.
Detection of periodontal microorganisms in coronary atheromatous plaque specimens of myocardial infarction patients: a systematic review and meta-analysis. Trends Cardiovasc Med 2019
Dec 26;(19):30175e6. S1050-1738.
[63] Czesnikiewicz-Guzik M, Osmenda G, Siedlinski M, Nosalski R,
Pelka P, Nowakowski D, et al. Causal association between periodontitis and hypertension: evidence from Mendelian randomization and a randomized controlled trial of non-surgical
periodontal therapy. Eur Heart J 2019;40:3459e70. https:
//doi.org/10.1093/eurheartj/ehz646.
[64] Chang Y, Woo HG, Lee JS, Song TJ. Better oral hygiene is associated
with lower risk of stroke. J Periodontol 2021 Jan;92(1):87e94.
https://doi.org/10.1002/JPER.20-0053.
[65] Codella R, Ialacqua M, Terruzzi I, Luzi L. May the force be with you:
why resistance training is essential for subjects with type 2 diabetes mellitus without complications. Endocrine 2018 Oct;62(1):
14e25. https://doi.org/10.1007/s12020-018-1603-7.
[66] Codella R, Luzi L, Inverardi L, Ricordi C. The anti-inﬂammatory
effects of exercise in the syndromic thread of diabetes and
autoimmunity. Eur Rev Med Pharmacol Sci 2015 Oct;19(19):
3709e22.
[67] Codella R, Chirico A, Lucidi F, Ferrulli A, La Torre A, Luzi L. The
immune-modulatory effects of exercise should be favorably harnessed against COVID-19. J Endocrinol Invest 2020 Sep 3:1e4.
https://doi.org/10.1007/s40618-020-01403-5.
[68] Ito D, Cao P, Kakihana T, Sato E, Suda C, Muroya Y, et al. Chronic
running exercise alleviates early progression of nephropathy with
upregulation of nitric oxide synthases and suppression of glycation in zucker diabetic rats. PloS One 2015 Sep 17;10(9):e0138037.
https://doi.org/10.1371/journal.pone.0138037.
[69] Boor P, Celec P, Behuliak M, Grancic P, Kebis A, Kukan M, et al.
Regular moderate exercise reduces advanced glycation and ameliorates early diabetic nephropathy in obese Zucker rats. Metabolism 2009 Nov;58(11):1669e77. https://doi.org/10.1016/
j.metabol.2009.05.025.
[70] Walker AE, Kaplon RE, Pierce GL, Nowlan MJ, Seals DR. Prevention
of age-related endothelial dysfunction by habitual aerobic exercise
in healthy humans: possible role of nuclear factor kB. Clin Sci 2014
Dec;127(11):645e54. https://doi.org/10.1042/CS20140030.
[71] Gordon BA, Benson AC, Bird SR, Fraser SF. Resistance training
improves metabolic health in type 2 diabetes: a systematic review.
Diabetes Res Clin Pract 2009 Feb;83(2):157e75. https:
//doi.org/10.1016/j.diabres.2008.11.024.
[72] Langleite TM, Jensen J, Norheim F, Gulseth HL, Tangen DS,
Kolnes KJ, et al. Insulin sensitivity, body composition and adipose
depots following 12 w combined endurance and strength training
in dysglycemic and normoglycemic sedentary men. Arch Physiol
Biochem 2016 Oct;122(4):167e79. https://doi.org/10.1080/
13813455.2016.1202985.
[73] Ishii T, Yamakita T, Sato T, Tanaka S, Fujii S. Resistance training
improves insulin sensitivity in NIDDM subjects without altering
maximal oxygen uptake. Diabetes Care 1998 Aug;21(8):1353e5.
https://doi.org/10.2337/diacare.21.8.1353.
[74] Yu Z, Ye X, Wang J, Qi Q, Franco OH, Rennie KL, et al. Associations
of physical activity with inﬂammatory factors, adipocytokines, and
metabolic syndrome in middle-aged and older Chinese people.
Circulation 2009 Jun 16;119(23):2969e77. https://doi.org/
10.1161/CIRCULATIONAHA.108.833574.
[75] Frodermann V, Rohde D, Courties G, Severe N, Schloss MJ,
Amatullah H, et al. Exercise reduces inﬂammatory cell production
and cardiovascular inﬂammation via instruction of hematopoietic
progenitor cells. Nat Med 2019 Nov;25(11):1761e71. https:
//doi.org/10.1038/s41591-019-0633-x.

Diabetes, periodontitis and physical activity
[76] Benatti FB, Pedersen BK. Exercise as an anti-inﬂammatory therapy
for rheumatic diseases-myokine regulation. Nat Rev Rheumatol
2015 Feb;11(2):86e97. https://doi.org/10.1038/nrrheum.2014.193.
[77] Wu H, Ballantyne CM. Skeletal muscle inﬂammation and insulin
resistance in obesity. J Clin Invest 2017 Jan 3;127(1):43e54. https:
//doi.org/10.1172/JCI88880.
[78] Kadoglou NP, Perrea D, Iliadis F, Angelopoulou N, Liapis C,
Alevizos M. Exercise reduces resistin and inﬂammatory cytokines
in patients with type 2 diabetes. Diabetes Care 2007 Mar;30(3):
719e21. https://doi.org/10.2337/dc06-1149.
[79] Karstoft K, Pedersen BK. Exercise and type 2 diabetes: focus on
metabolism and inﬂammation. Immunol Cell Biol 2016 Feb;94(2):
146e50. https://doi.org/10.1038/icb.2015.101.
[80] Malin SK, Navaneethan SD, Fealy CE, Scelsi A, Huang H, Rocco M,
et al. Exercise plus caloric restriction lowers soluble RAGE in
adults with chronic kidney disease. Obes Sci Pract 2020 Feb 11;
6(3):307e12. https://doi.org/10.1002/osp4.408.
[81] Byun K, Yoo Y, Son M, Lee J, Jeong GB, Park YM, et al. Advanced
glycation end-products produced systemically and by macrophages: a common contributor to inﬂammation and degenerative
diseases. Pharmacol Ther 2017 Sep;177:44e55. https://doi.org/
10.1016/j.pharmthera.2017.02.030.
[82] Ferreira RO, Corrêa MG, Magno MB, Almeida APCPSC,
Fagundes NCF, Rosing CK, et al. Physical activity reduces the
prevalence of periodontal disease: systematic review and metaanalysis. Front Physiol 2019 Mar 21;10:234. https://doi.org/
10.3389/fphys.2019.00234.
[83] Shimazaki Y, Egami Y, Matsubara T, Koike G, Akifusa S, Jingu S,
et al. Relationship between obesity and physical ﬁtness and
periodontitis. J Periodontol 2010 Aug;81(8):1124e31. https:
//doi.org/10.1902/jop.2010.100017.
[84] Merchant AT, Pitiphat W, Rimm EB, Joshipura K. Increased physical
activity decreases periodontitis risk in men. Eur J Epidemiol 2003;
18(9):891e8. https://doi.org/10.1023/a:1025622815579.
[85] Bawadi HA, Khader YS, Haroun TF, Al-Omari M, Tayyem RF.
The association between periodontal disease, physical activity and
healthy diet among adults in Jordan. J Periodontal Res 2011 Feb;
46(1):74e81. https://doi.org/10.1111/j.1600-0765.2010.01314.x.
[86] Sanders AE, Slade GD, Fitzsimmons TR, Bartold PM. Physical activity, inﬂammatory biomarkers in gingival crevicular ﬂuid and
periodontitis. J Clin Periodontol 2009 May;36(5):388e95. https:
//doi.org/10.1111/j.1600-051X.2009.01394.x.
[87] Hajishengallis G. Immunomicrobial pathogenesis of periodontitis: keystones, pathobionts, and host response. Trends

2209

[88]

[89]

[90]

[91]

[92]

[93]

[94]
[95]

[96]

[97]

Immunol 2014 Jan;35(1):3e11. https://doi.org/10.1016/j.it.
2013.09.001.
Omori S, Uchida F, Oh S, So R, Tsujimoto T, Yanagawa T, et al. Exercise habituation is effective for improvement of periodontal
disease status: a prospective intervention study. Therapeut Clin
Risk Manag 2018 Mar 20;14:565e74. https://doi.org/
10.2147/TCRM.S153397.
Sant’Anna ML, Oliveira LT, Gomes DV, Marques STF,
Provance Jr DW, Sorenson MM, et al. Physical exercise stimulates
salivary secretion of cystatins. PloS One 2019 Oct 24;14(10):
e0224147. https://doi.org/10.1371/journal.pone.0224147.
Codella R, Luzi L, Terruzzi I. Exercise has the guts: how physical
activity may positively modulate gut microbiota in chronic and
immune-based diseases. Dig Liver Dis 2018 Apr;50(4):331e41.
https://doi.org/10.1016/j.dld.2017.11.016.
Saengtipbovorn S, Taneepanichskul S. Effectiveness of lifestyle
change plus dental care program in improving glycemic and
periodontal status in aging patients with diabetes: a cluster, randomized, controlled trial. J Periodontol 2015 Apr;86(4):507e15.
https://doi.org/10.1902/jop.2015.140563. Epub 2015 Jan 19. PMID:
25597411.
Andrade E, Silva V, Moura N, Foureaux R, Orlando D, Moura R, et al.
Physical exercise improves glycemic and inﬂammatory proﬁle and
attenuates progression of periodontitis in diabetic rats (HFD/STZ).
Nutrients 2018;10:1702. https://doi.org/10.3390/nu10111702.
US Department of Health and Human Services. Oral health in
America: a report of the Surgeon general-executive. Rickville,MD:
US Department of Health and Human Services, National Institute
of Dental and Craniofacial Research, National Institutes of Health;
2000.
Glickman I. The periodontal structures in experimental diabetes. N
Y J Dent 1946;16:226e51.
Mataftsi M, Koukos Gs, Sakellari D. Prevalence of undiagnosed
diabetes and pre-diabetes in chronic periodontitis patients
assessed by an HbA1c chairside screening protocol. Clin Oral
Invest 2019;23:4365e70. https://doi.org/10.1007/s00784-01902888-y.
Genco RJ, Schifferle RR, Dunford RG, et al. Screening for diabetes
mellitus in dental practices: a ﬁeld trial. J Am Dent Assoc 2014 Jan;
145(1):57e64. https://doi.org/10.14219/jada.2013.7.
Estrich CG, Araujo MWB, Lipman RD. Prediabetes and diabetes
screening in dental care setting: NHANES 2013 to 2016. JDR
Clin Trans Res 2019 Jan;4(1):76e85. https://doi.org/10.1177/
2380084418798818.

