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Abstract: Metabolic syndrome (MetS) prevalence continues to climb significantly worldwide in
today’s ad libitum society. MetS has tremendous societal and economic ramifications, making it
imperative to develop effective strategies for preventing and controlling it to alleviate this growing
burden. Periodontal disease and MetS are associated with several risk factors. Studies in the past have
demonstrated that obesity, cardiovascular illness, and type 2 diabetes mellitus have a negative effect
on the severity of the periodontal disease. Patients with metabolic syndrome have elevated serum
levels of proinflammatory mediators such as tumor necrosis factor-alpha interleukin-6 and C-reactive
protein. Similar inflammatory mediators, such as interleukin-6, tumor necrosis factor-alpha, and
C-reactive protein, are increased in patients with severe periodontal disease. Remarkably, intermittent
fasting is underpinned by scientific evidence, claiming to be the most effective non-pharmacological,
potential therapeutic alternative for combating a wide range of metabolic, inflammatory, and lifestyle-
related diseases. Nonetheless, an insufficient investigation has been performed to determine whether
intermittent fasting has therapeutic benefits on periodontal inflammation and diseases. Here, we
show the interrelationship between metabolic syndrome and periodontal disease and contextualize
the beneficial impact of intermittent fasting in modulating the chronic metabolic and periodontal
inflammatory response. We also anticipate that this review paves the way for further exploration of
intermittent fasting as a unique research paradigm representing a cost-effective alternative strategy
to conventional disease management in patients with periodontal diseases and metabolic syndrome
which may serve as the foundation for an integrative vision relevant to primary, diagnostic, and
therapeutic purposes.
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1. Introduction

MetS is characterized as three of the five interconnected risk factors of diabetes and
cardiovascular disease, namely high blood pressure (BP), elevated glucose levels, obesity
(especially central adiposity), and low levels of high-density lipoprotein(HDL), or elevated
triglyceride levels (TGS) [1]. Globally, the toll of all MetS components is skyrocketing
because of increased incidence and prevalence [2]. One of the most important pathophysio-
logical components of MetS is obesity, particularly central obesity, which is the root cause
of all other metabolic abnormalities [3]. According to the Global Nutrition Report released
in 2020, one out of every nine individuals worldwide suffers from hunger or malnutrition,
and one out of every three is overweight or obese [4]. Patients with MetS have elevated
serum levels of proinflammatory mediators such as tumor necrosis factor-alpha (TNF-«),
interleukin-6 (IL-6), and C-reactive protein (CRP) [5]. Similar inflammatory mediators,
such as IL-6, TNF- &, and CRP, are increased in patients with severe periodontal disease
(PD). Glycemic management decreases the risk of PD in patients with type 2 diabetes [6],
and CRP levels can be lowered when PD is successfully treated [7]. Previous studies
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confirm that obesity, CVD, and type 2 diabetes mellitus negatively influence PD severity
and extent. Thus, cross-sectional findings demonstrated that sustaining a healthy body
weight achieved through a well-balanced diet and regular physical activity dramatically
reduces gingival inflammation and PD [8-11]. Several mechanisms have been proposed to
relate MetS, obesity, and PD [8,12,13]. PD shares multiple genetic risk factors with CVS, in
addition to being an independent risk factor [14-16]. MetS-associated inflammation has
been linked to endothelial dysfunction, elevating the risk of cardiovascular disease and
type 2 diabetes, although the underlying mechanisms driving this systemic response are
not yet understood [13,17,18].

Intermittent fasting (IF) is an eating pattern that alternates between periods of fasting
and periods of normal eating on a regular schedule [19-21]. IF incurs a net reduction in
caloric intake, falling below the calories expended. It also leads to a negative energy balance
that causes weight loss [22]. IF triggers neuroendocrine activation, adaptive cellular reac-
tions, enhanced cellular repair mechanisms, increasing glycemic management, activation
of the adenosine monophosphate protein kinase (AMPK) pathway, and sirtuins [20,23,24].
In addition, IF causes a reduction of mitochondrial oxidative stress, free-radical production,
and signaling of insulin and mammalian target of rapamycin (mTOR), thus lowering in-
flammation [25]. Restriction of calories lessens the inflammatory response and decreases
circulating proinflammatory mediators such as TNF-«, IL-6, matrix metalloproteinase-8
(MMP-8), matrix metalloproteinase-9 (MMP-9), and IL-1-beta in gingival crevicular fluid
(GCEF). To date, pre-clinical investigations have consistently shown that IF has a robust
ability to alter chronic illnesses such as cancer, type 2 diabetes, overweight, heart ailments,
and neurodegenerative brain disease [19,26-29].

Chronic metabolic illnesses have significant societal and economic repercussions, mak-
ing it vital to find ways to avoid and regulate them. Since MetS and obesity are frequently
associated with CVD and type 2 diabetes, there is an increasing need for exemplary low-
cost, effective therapeutic solutions to alleviate this growing burden. The disease’s entire
cost, including health treatment and reduced economic growth, surpasses trillions [2,4].
This motivates the need for an alternative novel approach that is practical and useful for
resolving the problem. Modifications to one’s way of life and diet are at the forefront of
the therapy of MetS. Remarkably, IF is underpinned by scientific evidence, claiming to be
the most effective non-pharmacological, potential therapeutic alternative for preventing
and treating chronic inflammation and disorders associated with a sedentary lifestyle [25].
Nonetheless, an insufficient investigation has been performed to determine whether inter-
mittent fasting has therapeutic benefits on periodontal inflammation and disease. It is quite
remarkable that this unique area of research has been largely untapped and neglected in the
literature. A very negligible amount of information is available about the beneficial effects
of fasting on periodontal health and disease at the moment. This clearly warrants the need
for further exploration to know the systemic effects of IF on periodontal inflammation and
components of MetS. We hope the present review provides a call for future research in
developing IF as a unified approach, a new paradigm, a cost-effective adjunctive tool to
conventional disease management in patients with both periodontal diseases and MetS.

Therefore, the present review aims to summarize the concept and understanding of the
interrelationship between metabolic and PD and contextualize the beneficial impact of IF
in modulating the chronic metabolic and periodontal inflammatory response. Additionally,
we tried to emphasize the importance of critical elements such as mTOR, AMPK and
SIRT (sirtuins) in the regulation of cellular and molecular pathways in the management of
metabolic stress and energy intake.

2. Search Strategy and Selection Criteria

Search strategy and selection criteria through PubMed, Google scholar and Saudi
Digital library for articles from inception until August 2021 using the following terms: “In-
termittent fasting”, “Fasting”, “Alternate day fasting” or “ADF”, “Time restricted feeding”
or “TRF”, “Periodic fasting”, “Ramadan fasting” in conjunction with “Periodontal diseases”,
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“Qral diseases”, “Periodontal inflammation”, “Chronic metabolic diseases” “Metabolic
syndrome” or “Metabolic diseases”, “Diabetes” or “Diabetes Mellitus”, “Obesity”, “Obese”,
“Weight” or “Overweight” “Calorie restriction “or “Low calories” to develop this review.
Additional studies were identified by a manual search of bibliographic references in major
papers and reviews and Google Scholar for additional references. Abstracts and non-
English papers were not included.

3. Review Analysis
Most Common Plans of Intermittent Fasting

IF has been a popular health trend in recent years. The most prevalent approaches to
this type of eating pattern are illustrated in Figure 1. The 16:8 strategy comprises fasting
for approximately 16 h per day and eating during an 8 h window. The OMAD (One Meal a
Day) is one of the extreme intermittent fasting methods. OMAD requires fasting for roughly
23 h a day and a short eating window of 1 h. Alternate-day fasting entails abstaining from
food for approximately every other day, either by abstaining entirely or by ingesting only a
few hundred calories. According to the 5:2 diet, one must eat regularly for five days out of
the week while substantially reducing caloric consumption on the other two days of the
week. Time-restricted feeding (TRF) is a dietary plan characterized by calorie consumption
in a short interval limited to six to ten hours during the active period of the day without
sacrificing food quality or quantity. During Ramadan fasting, it is customary to refrain
from drinking or consuming any food between the hours of sunrise and dusk. In contrast,
zero-calorie liquids such as water, tea, and coffee are often tolerated during other forms of
intermittent fasting [21,30].

OMAD, the acronym for
o “one meala day,” is
sometimes also called

People who follow this
cating plan will fast for

16 hours a day and the 23:1regimen because

a person spends up to 23
calories during the hours a day fasting and
remaining 8 hours. only cats during a

brief window.

o SR

eriodic fasts; Twice

consume all of their

Involves alternating

fasting days (no energy- per week Eat five days
containing foods or normally and consume
beverages consumed on 600 calories for men
fasting days),foods and o and 500 calories for
beverages consumed ad women on fasting
libitum next day . days twice per week.

A fast from sunrise to

Time restricted feeding; U tho ol

Allows ad libitum energy month of Ramadan; the
intake within specific most common dictary

timeframes,inducing practice, consume one
regular, extended large meal after sunset
fasting intervals. and one lighter meal

before dawn.

Figure 1. Most common Intermittent fasting regimens. ADF—Alternate-day fasting, TRE—Time
restricted feeding, OMAD—one meal a day.
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4. Cellular and Molecular Level Interactions during IF and Calorie Restriction (CR)

Several hypotheses have been proposed to explain the impact of prolonged fasting,
particularly low-calorie diets, on a variety of molecular and cellular signaling pathways.
These pathways and the ratio of bioenergetic sensors are activated and oscillated by the
amount of energy consumed, the content of meals, and the length of fasting. This impact is
mediated by higher activated protein kinase (AMP) and a decrease in cellular adenosine
triphosphate (ATP), which results in AMPK activation, which inhibits various anabolic
pathways and boosts catabolic processes. Exertion and energy deprivation activate AMPK,
a critical regulator of energy metabolism [31]. Furthermore, nicotinamide adenine dinu-
cleotide (NAD+) deacetylase activity of sirtuins (SIRTs) and AMPK deacetylation of LKB1
and SIRT1 trigger a feedback loop. A large number of downstream proteins that govern
cell function and resistance to stress are activated by these intermediate energy carriers,
such as forkhead box Os (FOXOs), peroxisome proliferator-activated receptor coactivator
1 (PGC-1), and nuclear factor erythroid 2-related factor 2 (NRF2). There are numerous
metabolic health concerns that can be improved by the combination of these pathways. To
better understand this process, a schematic representation of the most important primary
energy sensor components that play a crucial part in molecular pathways signaling is
depicted in Figure 2. Here, we summarize the potential action of key components that play
a critical role during fasting and energy depletion.

1

«— MITOCHONDRIA —

B »
14
GS l l J J‘
Glycogen GLUT4 8 SIRT SIRT
synthesis o ATGL 1.3.6 &
vesicle i 1L3,6 &
N Fatty acid 12,3,5, NAD
IGF-1 catabolism ENAD 1
i .
mTOR Qiyeolyats 1 Dyslipidemia
Cardiac
: ~ fibrosis
PROTEIN HMG CoA ke SIRT
SYNTHESIS =
1 L34
4 Cholesterol o &6
ULK1 synthesis SIRT ©
12,34.6,7 & 1
NAD Obesity
Autophagy \lL ' F \'U]
)2 .
NF-KB Cardiac PGCl-a,
hypertrophy NRF2
tinflammation " -
SIRT
Stress resistance
1,3.46,7 Mitochondrialbiogenesis
— . = Gene expression
ACC SNAD Anti-inflammatory
Fatty acid ik
synthesis Diabetes
mellitus

SIRT 1.3
L

Hypertension

Figure 2. Molecular mechanism of action of fasting. Blue lines—activating action, Red lines—
inhibiting action.
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Depletion of energy impairs mitochondrial function, resulting in a rise in the ratio of
AMP to ATP and the concentrations of NAD+. The activation of AMPK is caused by an in-
crease in the AMP: ATP ratio. LKB1 and SIRT1-mediated deacetylation of AMPK results in
phosphorylation and activation of the enzyme, resulting in the establishment of a feedback
mechanism. Reduced IGF-1 signaling and decreased circulating amino acids limit the activ-
ity of mTOR, resulting in protein synthesis suppression and autophagy promotion. AMPK
activates ULK1, which activates the autophagy pathway. It also inhibits glycogen and
fatty acid synthesis. AMPK HMG-CoA Reductase enzyme involved cholesterol synthesis.
AMPK inhibits HMG-CoA. Activates glucose uptake through GLUT4 transporters, leading
to increased glucose uptake and glycolysis. Increases fatty acid oxidation through ATGL.
Furthermore, LKB1 and SIRT1-mediated acetylation phosphorylate/activates AMPK, re-
sulting in a feedback loop. Cofactors for epigenetic modifiers like SIRTs include acetyl
coenzyme A (CoA) and NAD+. SIRTs deacetylate FOXOs, NRF2, and PGC-1, causing stress
resistance and mitochondrial biogenesis genes to be expressed. SIRT1, 3, 6, and NAD+ are
involved in the regulation of dyslipidemia, while SIRT1, 3, 4, and 6 are involved in the
prevention of obesity. SIRT1, 3, 4, 6, 7, and NAD+ may all have a role in type 2 diabetes
protection. SIRT1 and 3 have been associated with decreased cardiac fibrosis, whilst SIRT2,
3,5,7,and NAD+ have been associated with decreased hypertension. SIRT1, 2, 3, 4, 6, 7,
and NAD+ all contribute to the protection of the heart from hypertrophy.

4.1. AMPK Activation

The biochemical activation of AMPK occurs in the presence of increasing levels of AMP
and decreasing levels of ATP, respectively. When AMPK is activated, cells do not make or
store fat but rather burn fat for energy [32]. In response to energy levels, AMPK regulates
both catabolic and anabolic processes and has a diverse array of targets. It also activates
ATGL (adipose triglycerides lipase); fatty acid catabolism begins with releasing fatty acids
from triglyceride molecules, which is the first enzyme implicated in that process. AMPK
inhibits acetyl-CoA Carboxylases ACC1 and ACC2 through inhibitory phosphorylation,
the enzyme responsible for production of fatty acid. As a consequence of phosphorylating
and inhibiting ACC, AMPK depletes the malonyl-CoA pool; as a result, lipid synthesis
is lowered, and fatty acid transport into the mitochondria for oxidation is enhanced [23].
AMPK inhibits HMG-CoA reductase enzyme (HMGCR) suppresses cholesterol synthesis by
inhibiting enzymes involved in cholesterol synthesis. AMPK stimulates glucose transport
via the GLUT4 transporter which inhibits glycogen storage. This leads to increase glucose
uptake and glycolysis. There is a decrease in IGF-1 and mTOR activity during the fasting
state. When there are sufficient nutrients, inactivation of AMPK and activation of mTOR
occur. However, when nutrients are scarce, increased AMPK activity results in decreased
mTOR activity. Reduced mTOR activation resulted in decreased cell growth and protein
synthesis, implying that AMPK actually inhibits protein synthesis. AMPK stimulates the
expression of the essential protein ULK1, which in turn initiates the autophagy process [33].
Increased glucose consumption, lipid mobilization, and macromolecule turnover through
autophagy are among the mechanisms that have been activated. It induces mitochondrial
biogenesis and stimulates the production of SIRT1, one of the sirtuins and an enzyme
that repairs DNA. In response to decreased energy, SIRT1 is activated, which raises the
cellular concentration of the NAD+ molecule [34]. AMPK inhibits the signaling of nuclear
factor-«B (NF-«B), which is a proinflammatory pathway, so inhibiting this pathway results
in reduced chronic inflammation [23,31].

4.2. Sirtuins

Sirtuins are a class of signaling proteins that function in metabolic regulation. Sirtuins
are enzymes that help cells speed up chemical reactions. SIRT1 is regulated by NAD+
levels and is elevated under energy-deficient settings, resulting in NF-K downregulation
and related transcription factors, which contribute to the reduction of inflammation [35].
At least in the case of the sirtuins SIRT1, SIRT3, SIRT4, and SIRT6, much research has
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been performed on the regulation of insulin and glycaemic control, as well as the onset
and management of diabetes mellitus. SIRT1 depletion causes decreased liver X receptor
expression and low levels of HDL and TG lipids, showing that SIRT1 plays a protective
effect in increasing the amount of healthy HDL cholesterol in the body [24]. Fasting activates
SIRT1 and SIRT3, which affect insulin response, antioxidant defense, and glycolysis. Due
to their ability to change cellular metabolism, sirtuins may have anticancer effects that limit
cell growth and make it resistant to the damaging effects of oxidative stress [36]. SIRT1 can
aid in the prevention of the development of the Mets, obesity, and cardiomyopathy.SIRT3
has been shown to impact dyslipidemia and reperfusion damage positively [24]. Because
sirtuins and NAD+ have a well-established role in cardiovascular and metabolic diseases,
there is compelling experimental and clinical evidence that boosting SIRT1 activity can help
treat type 2 diabetes and dyslipidemia. Strong scientific evidence supports SIRT6 activity
in insulin resistance, SIRT3 activity in protecting against age-related cardiac hypertrophy,
and NAD+ levels in angiogenesis and blood flow. These findings could pave the way
for clinical studies in the future [37]. Sirtuins appear to have a complex but generally
protective effect against obesity; increasing NAD+ levels or SIRT1 and SIRT6 activity may
be a helpful therapeutic strategy for preventing and treating type 2 diabetes, MetS, and
insulin resistance.

4.3. Nrf2, FOXO, PGC-1«

Nrf2 is involved in oxidative stress and toxicity; maintaining a suitable balance of
reactive oxygen species (ROS) levels is critical for mitochondrial and all other pathways
to function correctly [35]. Fasting-induced metabolic alterations in skeletal muscle result
in a moderate increase in oxidative stress. The Nrf2 transcription factor is responsible
for coordinating an adaptive program that helps maintain redox balance and increase
glutathione synthesis [38]. As a result, nutrient restriction/fasting may be an effective
technique for boosting antioxidant defenses and preventing lipid peroxidation.

FOXO1 is a conserved transcription factor regulating the overall body’s metabolic
activity [39]. The importance of FoxO1 in energy balancing becomes even more apparent
when there is a metabolic disorder or insulin resistance. Several of the negative features
linked with obesity and diabetes, such as hyperglycaemia and glucose intolerance, are
promoted by FoxO1-dependent gene expression [40]. Metabolic dysfunction associated
with fatty liver disease and atherosclerosis is just some of the metabolic conditions that can
lead to diabetes, obesity, or both, which are caused by FoxO1 pathway dysfunction [39].

PGC-1« is an important transcriptional coactivator for mitochondrial biogenesis and
function, detoxification of ROS, and oxidative phosphorylation. This transcriptional coacti-
vator, which has been named “the master regulator of mitochondrial biogenesis,” regulates
the production and function of mitochondria. PGC-1 expression, which is prevalent in
tissues with high energy needs, is clearly associated with the pathogenesis of the Mets and
its major consequences, such as CVS, obesity, and type 2 diabetes [41].

5. Impact of IF on PD and Mets
5.1. Periodontal Diseases

PD is a chronic inflammatory condition that causes inflammation of the periodontal
soft tissues and progressive loss of periodontal ligament and alveolar bone, destroying the
tooth-supporting apparatus and potentially resulting in tooth loss [42]. Inflammation is
the underlying cause of periodontal diseases, and it plays a critical role in their progres-
sion. The presence of a considerable number of bacteria might indirectly result in tissue
degeneration by activating host defense cells, which produce and release chemical media-
tors that promote connective tissue breakdown effectors. Microbial plaque components
have the ability to cause an initial infiltrate of inflammatory cells such as lymphocytes,
macrophages, and polymorphonuclear leukocytes (PMNs). Microbial components, particu-
larly lipopolysaccharide (LPS), stimulate macrophages to produce and secrete a wide range
of proinflammatory molecules, including the cytokines, interleukin-1 IL-1, IL-4, IL-10, IFN,
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TGF and TNF-alpha; prostaglandins, particularly prostaglandin E2 (PGE2); and hydrolytic
enzymes. These cytokines have strong proinflammatory and catabolic properties, and
they play an important role in the degradation of periodontal tissue through the action
of collagenolytic enzymes such as MMPs [43]. ROS in the inflammatory environment
activates these latent collagenolytic enzymes [44]. While it is possible that inflammatory
processes originating in one organ induce disorders in another, communication between
distant sections of the body and their inflammatory states are accomplished by cells or
soluble chemical mediators [42]. Significant evidence has been gathered to support co-
morbidity between PD and other chronic illnesses such as diabetes mellitus, CVS, preterm
birth, rheumatoid arthritis, respiratory diseases, chronic kidney diseases, and Alzheimer’s.
Figure 3 demonstrates proposed connections between PD and several systemic diseases
using schematic representation [13,42,45-48].

Bone destruction
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LOW GRADL
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mmune response
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Figure 3. The relationship between periodontal disease and other systemic disorders.

The periodontium responds to the dental plaque by the release of bacterial lipopolysac-
charides (endotoxins), chemotactic peptides, protein toxins. These molecules stimulate the
host to produce a variety of responses with the production of inflammatory mediators IL-6
IL-183, IL-6, IL-8, IL-12, TNF-¢, MMP-8 & 9, PGE2 and fibrinogen. This type of bacteremia
causes the liver to initiate an inflammatory and immunological response, resulting in higher
blood levels of c-reactive protein and the production of serum amyloid A and fibrinogen.
These and other host products response may influence a variety of essential disease path-
ways and are capable of initiation and development of chronic systemic diseases in target
organs. COPD—Chronic obstructive pulmonary disease, NAFLD—Non-alcoholic fatty
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liver disease, MI—Myocardial infarction, PGE2- Prostaglandins, MMP—Matrix metallopro-
teinase, IL—Interleukin, TNF-a—tumor necrosis factor-alpha, CRP—C-reactive protein.

5.2. Activation and Regulation of Periodontal Inflammation by AMPK Pathway and Role
of Sirtuins

Oxidative stress is a critical regulator of the systemic pathophysiological effects of PD.
SIRT1’s anti-oxidative stress effects in PD have been elucidated. The activation of SIRT1
phosphorylates and activates AMPK, thereby reducing periodontal inflammation-induced
oxidative stress. Significantly decreased alveolar tissue damage, enhanced cell viability,
and decreased release of proinflammatory cytokines such as IL-1, IL-6, and TNF were
found. SIRT 2 was also found to be positively related with nicotinamide phosphorribosyl
transferase (NAMPT) activities in human gingival fibroblasts, which were greatly ele-
vated during PD and involved in osteoclast recruitment by promoting the production of
cyclooxygenase-2, matrix metalloproteinase (MMP)-1 and MMP-3 [49]. In a study involving
mice, Chen et al. show that SIRT3 inhibits oxidative stress through controlling PGC-1 and
mitochondrial function [50]. SIRT6 is also implicated in the regulation of periodontium
homeostasis in PD. Huang et al. demonstrated that elevated SIRT6 inhibits cementoblast
development and mineralization via inhibiting glucose transporter 1 (GLUT1), a glucose
transporter required for cementogenesis, and by activating the AMPK pathway. SIRT6
overexpression improves osteogenic differentiation and reduces LPS-induced inflammatory
response through inhibiting the NF-B pathway [51].

We predicted that fasting may halt the course of PD and lessen systemic oxidative
stress through the activation of mitochondrial sirtuins and the AMPK pathway. By reducing
oxidative stress, fasting may help prevent alveolar bone loss and inflammatory reactions in
the periodontium. The exact roles played by IF at the molecular level to inhibit initiation
and progression of PD still require further investigation. However, defining the function
and mechanism of fasting in the context of PD may be very helpful for the development of
novel therapeutic approaches.

5.3. Impact of Intermittent Fasting and Calorie Restriction on Periodontal Inflammation Diseases

Numerous dietary suggestions that improve periodontal health are vitamin C and
vitamin D3 dietary supplements, omega-3 complex supplementation, fiber supplements,
antioxidant supplementation, and carbohydrate restriction [52]. Regardless of whether
persistent plaque is present, anti-inflammatory regimes have been shown to considerably
reduce inflammation of gingival tissue [11]. Recent cross-sectional research reveals that
healthy body weight, nutritious food, and adequate physical exercise reduce the severity
and extent of PD [53]. However, in humans, the effect of IF and calorie restriction on peri-
odontal inflammation and infection is scarce. The long-term, irregular, and unpredictable
nature of the periodontal disease progression makes disease evaluations extremely difficult.
The inflammatory, immunological, kinetic, and disease progression characteristics of active
periodontal destruction were studied in different animal studies [54].

A recent study [55] used an experimental mouse model to assess the positive benefits
of IF regimens for periodontal tissues. The authors discovered that fasting regimens
resulted in a decreased loss of bone than non-fasting regimens at the ligature-induced
PD site and on the contralateral maxillary side. Quantitative computed tomography and
calcein-labeled histomorphometric examinations on peripheral bone revealed that the
fasted sample subjects had a more excellent capability for regenerating bone than the
non-fasted sample group. Additionally, the bone marrow cells of the fasted groups formed
more incredible mineralized modules than those of the non-fasted groups [55].

Nonhuman primates are ideal animal models for periodontics research owing to their
anatomical and biological similarities. The National Institute on Aging on a Rhesus monkey
cohort (Macaca mulatta) conducted a longitudinal to ascertain the influence of calorie
restriction on the clinical microbiological and immunological aspects of PD. Monkeys
were fed twice daily at 6:30 a.m. and 1 p.m. (16 h fasting period and 8 h eating window,
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16:8 ratio). For 13-17 years, monkeys were subjected to a 30% drop in dietary consumption
of calories compared with a control ad libitum diet group [56-58]. The results proved
that long-term exposure to CR and time-restricted eating significantly reduced the degree
of naturally occurring chronic periodontitis. The CR diet reduced the ligature-induced
gingival index (GI), probing pocket depth (PPD), bleeding on probing (BOP), and clinical
attachment level (CAL) by a significant amount [56].

Another study [58] found that the male CR group had significantly decreased depth of
the periodontal pocket, substantially lower levels of IgG antibody response, and consider-
ably decreased IL-8 and -glucuronidase levels in GCF in comparison to a control group that
received ad libitum meals. However, the male CR group showed a non-significant drop in
the IL-1 levels. In the GCEF, the female calorie-restricted group had reduced IgG levels of
antibodies than the ad libitum group, but both groups had equal levels of markers of in-
flammation, suggesting that calorie restriction may be beneficial. However, the periodontal
microbiota of male and female monkeys was unaffected by a calorie restriction diet [58].
In another study conducted to know the antibody responses and also the acute serum
host response in rhesus monkeys, it was demonstrated that gender variations in calorie
restrictions have an impact on systemic effects. Samples of male monkey serum had higher
quantities of haptoglobin and al-acid glycoprotein than the sample of female monkey
serum, according to the findings. Serum IgG antibody responses to Pophyromonas gingi-
valis, Campylobacter rectus, and Actinomycetemcomitans were significantly increased in the
sample of female rhesus monkeys. Antibodies against Fusobacterium nucleatum, however,
demonstrated a substantial impact in females on a calorie-restricted regime [57]. Recent
findings from the first human trial indicated that a specified therapeutically supervised
periodic fasting regimen had beneficial effects on inflammation of periodontal tissues in
female MetS patients.

Bodyweight, waist circumference (WS), body mass index (BMI), BP, fasting plasma
glucose (FPG), total cholesterol, CRP, and HDL were all reduced as a result of clinically
supervised fasting. At the same time, BOP and GCF levels were also reduced as a result
of the fasting [59]. As a result, fasting may be recommended as an additional strategy in
addition to routine periodontal therapy in obese and overweight individuals who have
been diagnosed with periodontitis. Therefore, it will be imperative to conduct many
randomized clinical trials in persons who have MetS and periodontal disease in the future.
Figure 3 presents a schematic representation of the impact of IF on CVS, metabolic, and the
periodontal health

5.4. Evidence of Correlation between MetS and PD

The published literature was combed for case—control, cross-sectional, and cohort
studies involving individuals with MetS and PD measures. We looked for studies published
before December 2020 in PubMed, Web of Science, Science Direct, and Google Scholar
that assessed the relationship between PD and MetS. Numerous studies found linkages
between the severity and incidence of PD and obesity [60,61]. In addition, type 2 diabetes
is a risk factor for PD [62,63]. Prevalence, severity, and risk of PD are all connected to high
blood sugar levels [64]. Glycemic control reduces the PD risks in people with diabetes [6],
revealing that the connection between diabetes and PD is bidirectional [7].

Some studies also linked PD to obesity, dyslipidemia, hypertension, and hyper-
glycemia (all of which are components of MetS) [16,53,65-68]. Another analysis found a
strong correlation between gingival inflammation and low HDL cholesterol in the teens
who meet the MetS criteria [69]. Another study [70] discovered a link between periodontal
disease and HDL cholesterol levels in female adults. As a result, PD is identified as an
important component of MetS, frequently altered in diabetes and other systemic disor-
ders [71]. The overwhelming volume of data suggests that PD Mets are linked. Table 1
summarizes the studies reviewed, highlighting the correlation between PD and MetS.
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Table 1. Correlation between PD and MetS.

Periodontal Disease

Metabolic Disease

Parameters Parameters Study Design Author & Year The Outcome
Longitudinal study
PD, CAL, . PD may be exacerbated
ABL, tooth BP, TG, FPG, HDL, and Study duration: Kaye et al., 2016 [72] or developed as a result
oy WC. 33 years
Mobility . of MetS.
sample size: 760
Longitudinal study PD was linked to MetS
HDL, BP, WC, FPG, Study duration: Tegelberg et al., 2019 in an
PDand ABL and TG, 15 years [73] exposure-dependent
Sample size: 1964 manner.
Longitudinal study PD was linked to
PD (CPI) BMI, BP, TG, HDL, TC, Study duration: 4 years = Morita et al., 2010 [74] greater conversion of
and FPG. .
Sample size: 1964 MetS components.
Positive MetS
N components were more
Longitudinal study . -
CPI BP, FPG, TG, HDL, and Study duration: 2 years  Sakurai et al., 2019 [75] prevalenfc in those Wth
WC. . progressive PD than in
Sample size: 390
those
without/improved PD.
CRP, FPG,
BOP, PD, Plaque, TG, TC, LDI.“’ Longltudl.nal study PD and MetS are
. Pregnancy, weight, Study duration: 3 years ~ Bullon et al., 2009 [76] .
Recession . linked.
BMI, Sample size: 188
BP, HbAlc, and HDL
o The development of the
Longitudinal study :
CPI HDL, B, WC, FPG, Study duration: 1 year  Adachi et al., 2020 [77] MetS did not appear to
and TG. . be connected to
Sample size: 136 - -
periodontitis.
MetS and PD showed a
favourable link when
latent variables were
Longitudinal study used to account for the
CAL BOP.PD TG, WC, FPG, HDL, Study duration: Nascimento many aspects of each
’ ! and BP. 8/16 year etal., 2019 [78] disease. In terms of
Sample size: 539 observable
characteristics, MetS
and PD were not
linked.
Longitudinal study The MetS have been
CPI HDL.’ and FPG Abd Study duration: 3 years. Iwasaki et al., 2015 [79] hnkec.1 to a higher risk
obesity, BP, and TG, . of PD in older Japanese
Sample size:125
adults.
PD was known to be
correlated with MetS
HDL, Abd obesity, Case-control .
D, frfiLI;FOR FPG/or No of patients: 208 Age Li et al., 2009 [80] fi‘c’te;:"xzﬁe‘fr};iegs;
T2DM, TG, and BP of the patients: 37 to 78 . .
patients with the
condition.
Cross-sectional hiligiga;‘zr:/t;lzijei ¢
FPG, dyslipidemia, BP, No pf patients: 1315
CPI and BMI Age of the patients: 30 Borges et al., 2007 [81] MetS, although the

to 92

difference was not
statistically significant.
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Table 1. Cont.

Periodontal Disease

Metabolic Disease

Parameters Parameters Study Design Author & Year The Outcome
Case-control Compared to patients
. ) without MetS, patients
CAL,GLPD,andp1 1P TGTC BEFPG,  Noofpatientsi156 -y qor pal, 2008[82]  with MetS had more
and WC Age of the patients:
=25 or above frequent and severe
- periodontitis.
Case-control
CAL and PD TG, BP, FPG, Abd No of patients: 584 Shimazaki et al., 2007 MetS increases the risk
' obesity, and HDL Age of the patients:40 [70] of PD.
to 79
Cross-sectional Severe PD has been
PD and BOP H]?L. BB TG,. WC, and No of patients: .13,677 D’ Aiuto et al., 2008 [83] connected .to Me.tS in
insulin resistance Age of the patients: adults in their
>17 mid-twenties.
In females, this research
revealed a substantial
TG, HDL, FPG/or Med Cross-sectional correlation between
PD ! Abd (;besit and ! No of patients: 7431 Andriankaja et al., 2007  MetS and periodontitis.
’ B.P./or l\/i’e d Age of the patients:20 [84] It was found that both
o ' to 90 sexes were affected by
abdominal obesity as a
metabolic factor.
Cross-sectional In Japanese employees
Pl TG, WC,BPHDL.TC,  Noofpatients: 2478 oo oo agedazl?;f(’ gg'tg‘:erﬁ was
FPG, BMI, and HbAlc.  Age of the patients: 24 v . .
to 60 periodontal disease and
MetS.
The more MetS
Cross-sectional components, the worse
CPI BP, HDL, FPG, TG, and No of patients: 1070 Kushiyama et al., 2009 the situation. and the
obesity Age of the patients: 40 [85] greater the risk of
to 70 developing severe
periodontitis.
Cross-sectional Diabetes and PD are
BP, HDL, WC, TG, and No of patients: 276 Benguigui et al., 2010 linked, with insulin
CAL, PD, PI, and GI FPG Age of the patients:35 [86] resistance playing a
to 74 significant role.
Numerous components
BP. Insulin resistance Cross-sectional of the MetS were
PD d s,li idemia and Ab é No of patients: 20 & 50 Timonen et al., 2010 shown to be weakly
ysip obesit Age of the patients: 30 [87] linked to periodontal
y to 64 disease and dental
caries in this research.
PD and MetS may be
linked. Age, gender,
Cross-sectional and Sm(f)king alllpla};led
. . ] a significant role. The
PD, BOP, and calculus FPG, B, Abd obesity, No of patlents.. 1046 Han et al., 2010 [88] MetS with elevated
TG, and HDL Age of the patients:
~18 glucose and

hypertension had a
more substantial
impact.
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Table 1. Cont.

Periodontal Disease

Metabolic Disease

Parameters Parameters Study Design Author & Year The Outcome
There appear to be
gender disparities in
Cross-sectional PD and MetS. As a
FNG, HDL, T.G., W.C,, No of patients: 2370 result of MetS, women
BOP, CAL, and PD and B.P. Age of the patients: 40 Furuta etal, 2013 [89] may be more
to 79 susceptible to
developing PD
compared to men
Cross-sectional In haemodialysis
GI, P1, and PDI WG, BB TG, HDL EPG, - 0 of patients: 253 Chen etal,, 2011 [90] patients,
or T2DM and TC. Ave of the patients: >18 moderate-to-severe PD
& P ’ is linked to MetS.
Cross-sectional Individuals with
No of patients: 190 . symptomatic PD had a
ABL TG, FPG, WC, and BP: Age of the patients: Nesbitt et al,, 2010 [91] 2.5 times higher chance
mean: 56.8 + 12 of developing MetS.
Periodontal health is
Cross-sectional linked to MetS,
BP, FPG, TG, and HDL No of patients: 6421 . especially in people
CAL, and PD and obesity Age of the patients: 34 Fulkui etal,, 2012 [92] suspected of having an
to 77 untreated, periodontal
disease.
Cross-sectional
BP, HDL, WC, FPG, No of patients: 7178 PDhad a 1.5 odds
PD . Kwon et al., 2011 [93] ratio of being related to
and TG. Age of the patients:
MetS.
>19
In this group of
TG, FPG or Cross-sectional postmenopausal
Med, HDL, Abd No of patients: 657 LaMonte et al., 2014 women, there was no
PD, CAL, and ABL obesity, Age of the patients: 50 [94] consistent relationship
BP or Med, to 79 in terms of MetS and
periodontitis.
Cross-sectional The researchers
CAL and PD. BP, dyzﬁgls\e]zéma, BP Eoeosfﬁ;telen;fizei?é Mmagaw[g ée]t al., 2015 discovered a link
& > 8(? ’ between PD and MetS.
Cross-sectional 1;?3 df;niiggzsift;};f
CAL, BOP, and PD BP, HDL, WC, FPG, No of patlenFs: 419 Gomes-Filho severe PD is associated
and TG. Age of the patients: 24 etal., 2016 [96] . .
with MetS and vice
to 89
versa.
PD and MetS have a
Case-control positive relationship.
BOP G, PI, PD, and BP Glucose tolerance No of patients: 651 Jaramillo et al., 2017 The adjusted odds ratio
CAL TG, HDL, and BMI O Of patients: [97] is 2.72. Glucose
Age of the patients: o
sensitivity is a strongly
related factor.
. The MetS was shown to
Cross-sectional be more common
TG, HDL, BMI, WC, BP, No of patients: 5078 .
CAL and PD. and FPG Age of the patients: 50 Kim et al., 2018 [98] among Korean people

to 94

whose PD had
worsened.
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Table 1. Cont.

Periodontal Disease

Metabolic Disease

Parameters Parameters Study Design Author & Year The Outcome
Case-control There is a greater
No of patients: prevalence, severity,
CAL, PI, BOP, and PD TGs L(ZL‘;V%) and/ Case: 122 Campos et al.,, 2020 [99]  and development of PD
Controls: 366 among persons with
Age of the patients: MetS.
. The MetS are
Cross-sectional associated with the
BOP, Plaque, PD, and BP, FPG (OGTT), HDL, No of patients: 283 . . .
CAL TG, and Abd obesity Age of the patients: 26 Sora etal,, 2013 [100] severity of PD in this
to 87 Gullah group of people
with type 2 diabetes.
Cross-sectional Severe PD was
CAL, BOP, and PD HDL, BP, FPG, WC, No of patlenjcs: 125 Thanakun et al., 2014 connected to MetS in
and TG, Age of the patients: 35 [101] . . .
this Thai population.
to 76
. MetS was prevalent
Cross-sectional enough to be deemed a
CPI FPG, HDL, Abd obesity, No of patlen.ts: 125 Chen et al., 2010 [88] medical disorder, and it
BP, and TG. Age of the patients: 35 . .
was associated with
to 76
PD.
. PD and MetS have a
Cross sectional weak relationship. The
BOP. PI, GI, PD, TG, BP HDL, No of patients: 363 Musskopf et al., 2017 correlation is sezh in
and CAL FPG and WC Age of the patients: 18 [102]
to 81 people between the
ages of 41 and 60.
PD is linked to MetS
. and low HDL
Cross-sectional cholesterol. PD was
HDL, TG and Med, No of patients: 1856 o )
CPI FPG/and BP and Med Age of the patients: Kikui et al., 2017 [103] found .to be more
mean: 66.4 common in people who
I had two or more MetS
components.
The severity and extent
. of PD raised with the
Cross-sectional number of MetS
BOP, CAL, PI, GI, and FPG, BMI, WC, HDL, No of patients: 412
. Pham et al., 2018 [104] components.
PD and BP. Age of the patients: . :
Periodontal variables
mean: 57.8 = 5.7
were connected to
increased MetS risk.
. Cross-sectional The more components
CPI HDL TG;r(l);)esﬁy, BP No of patients: 1070 Kushiyama of the MetS present, the
Age of the patients: 40 etal., 2019 [85] greater the chance of
FPG .
to 70 developing severe PD.
MetS patients who
Longitudinal study und?rwent root
Duration: 1 year planning, systemic
CAL of > 3mm and >4  HDL, Abd obesity, TG, No of pa tiéntS' 165 Lopez antibiotics, plaque
teeth with > 4mm FPG and BP. p ) etal.,, 2012 [105] removal, and

Age of the patients: 35
to 65

subgingival scaling
after nine months had
lower CRP levels.
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5.5. Inflammation and Immune Mediation between PD and MetS

Inflammation contributes a significant part in the initiation of the MetS [106]. Numer-
ous studies established correlations between inflammation and obesity. Increased levels
of CRP, TNE, IL-6, fibrinogen, and other acute-phase reactants have been documented in
obese people [107-113]. Several diseases, such as hyperlipidemia [114], PD [115,116], and
type 2 diabetes mellitus [117], are correlated with elevated cytokine production. Increased
IL-1 levels in GCF [118] were observed in patients with insulin depended diabetes and
hyperlipidemia, thus, a vicious cycle may develop. Inflammation caused by PD and MetS
may further aggravate and exacerbate PD and metabolic sickness [119-122], resulting in
impaired metabolic regulation and type 2 diabetes-related problems. [119] Furthermore,
TNE a cytokine that causes insulin resistance [123-128], is dose-dependent and linked
with the severity of PD in adult individuals with insulin-dependent diabetes [129]. Thus,
the hyper inflammatory state syndrome can amplify the local and systemic inflammatory
responses to microbes. The response of the host to the microbial assaults caused by cytokine
dysregulation is associated with prolonged TNF expression [130,131].

According to multiple animal and human studies, diabetes may accelerate alveolar
bone disintegration via hyperglycemia-mediated modulation of the receptor activator of
nuclear factor-kappa B ligand to osteoprotegerin ratio in periodontal tissues [132-134]. The
rate of osseous regeneration following bone resorption may be reduced as a result of the
death of bone-lining cells and the increased number of fibroblasts [135-137]. As a result, all
of these factors may have a role in the uncoupling of bone breakdown and healing in peri-
odontal diseases, which are commonly noticed in patients with type 2 diabetes. Increased
blood glucose levels result in the formation of advanced glycation end products, which
bind to the periodontal receptor for advanced glycation end products (RAGE) and initiate
an inflammatory response [138]. Blocking the RAGE receptor in diabetic mice reduced the
inflammatory response and the subsequent loss of alveolar bone [139]. Insulin resistance in
PD patients may be associated with the host’s inflammatory response to lipid alterations,
obesity, and periodontal diseases [140]. Reduced amounts of leptin, an anti-obesity adipocy-
tokine in the gingiva, and GCF can aggravate PD [141-143]. However, serum leptin levels,
on the other hand, tend to rise as periodontal disease progresses [143]. Despite the fact
that an in vitro study revealed that adiponectin might have an anti-osteoclastic effect on
PD [144] evidence for its anti-inflammatory effect between PD and MetS is limited and
conflicting [145-147]. Resistin is an adipocytokine that is associated with proinflammatory
properties [148] and is linked to insulin resistance [149]. Additionally, when individuals
with PD were compared with people who were healthy, there was a link between bleeding
on probing and higher levels of serum resistin [146,147].

5.6. Impact of Intermittent Fasting on MetS

As previously stated, short- and long-term IF greatly reduces inflammatory mediator
CRP and cytokines such as IL-6 [150]. As a result, it is hypothesized that fasting improves
the characteristics of MetS via modulating inflammatory responses. Ramadan fasting can
decrease TNF- and IL-6 expression in healthy volunteers as it leads to weight loss and
decreases body fat percentage [151]. In addition, it is hypothesized that TNF- and IL-6
limit lipoprotein lipase (LPL) action, resulting in TNF- and IL-6 down-regulation in fasting
individuals, increasing LPL activity and decreasing the fat mass of the body [152].

A substantial body of scientific evidence using animal models suggests that IF en-
hances insulin sensitivity. When fasting or exercising for an extended period of time, the
hepatic, cardiac, and skeletal system shift their metabolism to fatty acid oxidation and
catabolism of amino acids. However, an energy-dense condition, on the other hand, favors
glucose absorption and oxidation [153]. IF induces the gene expression that involves lipid
storage (PPAR 2 and Fsp27) and fat oxidation (MCPT1), thereby increasing lipogenesis
during the IF unrestricted phase and boosting metabolic flexibility and fat oxidation during
the fasting period [154].
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Insulin is critical for glucose homeostasis because it promotes glucose storage. Several
explanations have been proposed to elucidate how insulin resistance develops. Prevalent
hypotheses suggest that obesity is associated with chronic inflammation, leading to insulin
resistance in tissues [155]. Growing evidence suggests that obesity is associated with
chronic inflammation, which leads to insulin resistance in tissues [154]. So, through CR and
metabolic reprogramming, IF helps to lower obesity and insulin resistance. Furthermore,
various studies have proven that IF results in decreasing levels of leptin and increasing
adiponectin, thereby improving insulin resistance [156].

Therefore, CR helps individuals to lose weight and improve metabolic health [157].
Numerous studies have revealed that humans face difficulties in maintaining daily CR for
prolonged periods [158]. However, IF has a higher compliance rate and is effective in weight
loss and the reduction of obesity-related risk factors for metabolic disease [21,159,160]. Be-
cause of the positive effects of fasting, the body uses fatty acids and ketones as fuel. As
shown by research, altering one’s metabolic process to one that utilizes fatty acids for
energy rather than glucose preserves muscle mass and function while increasing one’s
ability to perform daily activities [159]. Finally, IF has been shown to reduce adipose tissue
mass, notably visceral and abdominal fat, due to its mild energy deficits [161,162]. This
effect has the additional effect of improving the cardiovascular risk profile by lowering BMI
and blood pressure, decreasing resting heart rate, decreasing ischemic injury, decreasing
lipid peroxidation, and enhancing cardiovascular stress adaptation and resistance to a
cardiac muscle injury in myocardial infarction animal models. CVS risk factors are inti-
mately related to MetS components, and intermittent fasting may play a crucial role in
the prevention and management of CVD and MetS [25,159,162]. Figure 4 represents the
beneficial effects of IF on CVS, metabolic and periodontal health.

I

LIL-6, TNF- o, CRP TG, Insulin,
Glucose, HBIAC ,Body mass.
1 HDL, Fatty acid oxidation.

Tmproved lipid and glucose

profile.

PERIODONTAL
HEALTH

|Bone loss, BOP,GI, PDD,CAL.

IHR, BP, TNF- o, TG

IMyocardial fibrosis
wr HL-8, MMP-8 &9, B Glucoronidase,
LIschemic injury
= g o T 1lgG antibody response
ILDL, lipid peroxidationin heart,.

i T Bone regeneration,
THDL, parasympathctic tonc 2

Figure 4. Schematic representation of the effect of intermittent fasting on CVS, Metabolic
and Periodontal health. CRP—C-reactive protein, HDL—High-density lipoprotein, LDL—low-
density lipoprotein, IL-6 Interleukin-6, HblAc—Hemoglobin Alc, BOP—bleeding on prob-
ing, PPD—probing pocket depth, GI—Gingival index, CAL—clinical attachment loss, IgG—
Immunoglobulin, BW—body weight, BMI—body mass index, WC—waist circumference, FGLU—
fasting glucose, TRG—triglycerides.
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6. Contribution, Significance, and Implications of the Current Review

This review signifies IF as a therapeutic intervention capable of addressing numerous
behavioral risk factors in individuals and the population with favorable outcomes rather
than addressing a single risk factor associated with a specific disease. The findings advance
our understanding of the relationship between metabolic and periodontal conditions, as
well as the therapeutic effects of IF concerning the metabolic and periodontal inflammatory
responses. We hope that this study paves the way for further exploration of IF as a
unique research paradigm representing a cost-effective alternative strategy for shifting the
population’s health profile in a more favorable direction. Herein, we also conceptualize in
a diagrammatic presentation based on studies of laboratory animals and human subjects
the robust disease-modifying efficacy of IF on various organs of the body, including the
brain, gut health, muscle, and blood vessels, adipose tissue, liver, and heart [19,30,106,159].
Figure 5 represents a schematic representation of the impact of IF in preventing chronic
metabolic and inflammatory diseases like PD, obesity, CVS, and type 2 diabetes.

IMPACT OF INTERMITTENT FASTING

Resting heart ratd AMetabalic efficiency,
. blood pressure. A insulin sensitivity
MSiress resistance JInflammation

Jnflammatory and oxidative stress LDL, JIL-6 and CRP, improves insulin resistance.
lipid peroxidation in heart, TNI- o, TG Mat oxidation, Improved lipid and glucose profile

"~ Prevention of Diabetes Mellitus, Obesity, Cardiovascular and Periodontal diseases

Figure 5. Schematic representation of the beneficial role of Intermittent fasting in preventing
chronic diseases. IGF-1—Insulin-like growth factor, AGE’'S—Advanced glycation end product,
ROS—Reactive oxygen species, IL-6 Interleukin-6, CRP—C-reactive protein, LDL—low-density
lipoprotein, TG—triglycerides.

7. Current Research Gaps and Limitations

It should be noted that this is not a systematic study and, as a result, does not have
the potential to summarize all research trials that are statistically significant. Having
stated that, we wanted to draw attention to the fact that despite evidence that IF improves
cardiovascular health and insulin sensitivity by combining weight reduction and “metabolic
reprogramming,” there seems to be little research on the influence of low-calorie diets and
IF on oral health, with the majority of the data coming from animal studies. Finally, it
is critical to examine individuals for whom fasting is not recommended. These include
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pregnant/lactating women, elderly adults, those with immunodeficiencies, people who
have hypoglycemia episodes, and people suffering from eating disorders.

8. Future Directions

IF is a future horizon that must be explored as a primary preventative tool in managing
MetS and lifestyle-related disorders. These regimens may have the greatest impact on
public health when implemented in large populations to counteract the growing deleterious
impacts of obesity, fatty liver disease, MetS, and prediabetes. While underlying science
and some clinical evidence of remarkable success support IF, the studies have been small
and short-lived. More research on IF regimens in people with MetS and prediabetes
PD is anticipated. To achieve long-term success, governments must collaborate with the
commercial sector, health professional organizations, consumer groups, academia, the
research community, and other non-profit organizations.

9. Recommendations for Intermittent Fasting in Practice

We suggest widespread adoption of IF can be vital in the medical, dental, and nu-
trition communities to improve human health, particularly in connection with excessive
eating habits and a sedentary lifestyle. Facilities that support patients in the transition to
sustainable IF programs and routines are crucial, which include food, nutrition, exercises,
and psychological assistance. It is essential to understand the social determinants like
ever flashing commercial advertisements of fast food, dietary globalization, and decreased
general physical activity as current barriers. Changing present trends will necessitate a
diversified approach. Additionally, individuals who begin an intermittent fasting diet may
feel initial discomfort, hunger, and irritability; however, these symptoms often decrease
after a few weeks [25]. As a result, it is preferable to begin gradually. For instance, physi-
cians may counsel patients to restrict their consumption to 12 h each day. Once patients
become accustomed to this eating pattern, the feeding window may be reduced to 8 h as
this provides the patient with daily calorie flexibility, which improves compliance. After
becoming accustomed to eating on a scheduled plan of IF, patients may move to fast on
an alternate day or periodic fasting under the guidance of a professional nutritionist. A
multisectoral approach is needed to halt the escalation of MetS epidemics. An ounce of
prevention is worth a pound of cure. Fasting procedures that are well-structured and
tailored can help lower the risk of metabolic disorders. Figure 6 presents the suggested
integrated approach to adapting IF as a preventive interventional strategy.

W EEK 14
12 hour fast
12 hour feed

WEEK 5-8
16 hour fast
8 hour feed
\—e WEEK 9-12 OPTIONAL ADF OR 5:2
18-20 hour fast (UNDER MEDICALGUIDANCE)

4-6 hour feed

Figure 6. Suggested integrated approach to practice IF as a preventive interventional strategy.
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10. Conclusions

Prevention is key for transforming both the oral and overall healthcare systems.
Obesity, frequent eating (ad libitum), and physical inactivity are substantial risk factors
for MetS. Many studies have identified a connection between the severity of PD and the
MetS. The current global anticipated expenses for MetS associated with frequent eating
and physical inactivity far outweigh all other health costs. For individuals who can fast for
a few hours or days a week, IF programs may be a potentially cost-effective, alternative,
and desirable approach to improve cardio-metabolic health and oral health. Encouraging
fasting to address numerous behavioral risk factors may be more beneficial to individuals
and the general public than addressing a single risk factor associated with a single disease
over a prolonged timeframe.
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Reductase enzyme, GLUT4: glucose uptake through the transporter, mTOR: Mammalian target of
rapamycin, FOXOs: Forkhead box, PGC-1a: Peroxisome proliferator-activated receptor y coactivator
1o, NRF2: Nuclear factor erythroid 2-related factor 2, SIRTs: Sirtuins, IGF-1: Insulin-insulin-like
growth factor 1, ULK1: is an enzyme that in humans is encoded by the ULK1 gene, LKB1: liver kinase
B1, ATP: Adenosine triphosphate, CR: Calorie restriction.

References

1.

10.

11.

12.

13.

Alberti, K.G.M.M,; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, ].I.; Donato, K.A.; Fruchart, J.-C.; James, W.P.T,; Loria, CM,;
Smith, S.C.; et al. Harmonizing the Metabolic Syndrome: A Joint Interim Statement of the International Diabetes Federation Task
Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009, 120,
1640-1645. [CrossRef] [PubMed]

Saklayen, M.G. The Global Epidemic of the Metabolic Syndrome. Curr. Hypertens. Rep. 2018, 20, 12. [CrossRef] [PubMed]
Bovolini, A.; Garcia, ].; Andrade, M.A.; Duarte, ].A. Metabolic Syndrome Pathophysiology and Predisposing Factors. Int. ]. Sports
Med. 2021, 42, 199-214. [CrossRef] [PubMed]

Global Nutrition Report. 2020. Available online: https://globalnutritionreport.org/reports/2020-global-nutrition-report/
(accessed on 17 July 2020).

Bullo, M.; Garcia-Lorda, P.; Megias, I.; Salas-Salvado, J. Systemic Inflammation, Adipose Tissue Tumor Necrosis Factor, and
Leptin Expression. Obes. Res. 2003, 11, 525-531. [CrossRef]

Taylor, G.W. Periodontal Treatment and Its Effects on Glycemic Control: A Review of the Evidence. Oral Surg. Oral Med. Oral
Pathol. Oral Radiol. Endodontol. 1999, 87, 311-316. [CrossRef]

Emrich, L.J.; Shlossman, M.; Genco, R.J. Periodontal Disease in Non-Insulin-Dependent Diabetes Mellitus. J. Periodontol. 1991, 62,
123-131. [CrossRef]

Pischon, N.; Heng, N.; Bernimoulin, J.-P,; Kleber, B.-M.; Willich, S.N.; Pischon, T. Obesity, Inflammation, and Periodontal Disease.
J. Dent. Res. 2007, 86, 400—409. [CrossRef]

Baumgartner, S.; Imfeld, T.; Schicht, O.; Rath, C.; Persson, R.; Persson, G.R. The Impact of the Stone Age Diet on Gingival
Conditions in the Absence of Oral Hygiene. J. Periodontol. 2009, 80, 759-768. [CrossRef]

El Makaky, Y.; Beltagy, T.; El Makakey, A. The Effects of an Anti-Inflammatory Diet on Gingival Health in Children (Randomized
Controlled Trial). Egypt. Dent. . 2019, 65, 1995-2002. [CrossRef]

Woelber, ].P.; Bremer, K.; Vach, K.; Kénig, D.; Hellwig, E.; Ratka-Krtiger, P; Al-Ahmad, A.; Tennert, C. An Oral Health Optimized
Diet Can Reduce Gingival and Periodontal Inflammation in Humans—A Randomized Controlled Pilot Study. BMC Oral Health
2017, 17, 28. [CrossRef]

Iacopino, A.M.; Cutler, C.W. Pathophysiological Relationships between Periodontitis and Systemic Disease: Recent Concepts
Involving Serum Lipids. J. Periodontol. 2000, 71, 1375-1384. [CrossRef] [PubMed]

Kim, J.; Amar, S. Periodontal Disease and Systemic Conditions: A Bidirectional Relationship. Odontology 2006, 94, 10-21.
[CrossRef] [PubMed]


http://doi.org/10.1161/CIRCULATIONAHA.109.192644
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://doi.org/10.1007/s11906-018-0812-z
http://www.ncbi.nlm.nih.gov/pubmed/29480368
http://doi.org/10.1055/a-1263-0898
http://www.ncbi.nlm.nih.gov/pubmed/33075830
https://globalnutritionreport.org/reports/2020-global-nutrition-report/
http://doi.org/10.1038/oby.2003.74
http://doi.org/10.1016/S1079-2104(99)70214-3
http://doi.org/10.1902/jop.1991.62.2.123
http://doi.org/10.1177/154405910708600503
http://doi.org/10.1902/jop.2009.080376
http://doi.org/10.21608/edj.2015.71724
http://doi.org/10.1186/s12903-016-0257-1
http://doi.org/10.1902/jop.2000.71.8.1375
http://www.ncbi.nlm.nih.gov/pubmed/10972656
http://doi.org/10.1007/s10266-006-0060-6
http://www.ncbi.nlm.nih.gov/pubmed/16998613

Int. |. Environ. Res. Public Health 2022, 19, 14536 19 of 24

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

Yu, Y.-H.; Chasman, D.I; Buring, J.E.; Rose, L.; Ridker, PM. Cardiovascular Risks Associated with Incident and Prevalent
Periodontal Disease. J. Clin. Periodontol. 2015, 42, 21-28. [CrossRef]

Makkar, H.; Reynolds, M.A.; Wadhawan, A.; Dagdag, A.; Merchant, A.T.; Postolache, T.T. Periodontal, Metabolic, and Cardiovas-
cular Disease: Exploring the Role of Inflammation and Mental Health. Pteridines 2018, 29, 124-163. [CrossRef] [PubMed]
Desvarieux, M.; Demmer, R.T.; Jacobs, D.R.; Rundek, T.; Boden-Albala, B.; Sacco, R.L.; Papapanou, P.N. Periodontal Bacteria
and Hypertension: The Oral Infections and Vascular Disease Epidemiology Study (INVEST). |. Hypertens. 2010, 28, 1413-1421.
[CrossRef] [PubMed]

Arcaro, G.; Cretti, A.; Balzano, S.; Lechi, A.; Muggeo, M.; Bonora, E.; Bonadonna, R.C. Insulin Causes Endothelial Dysfunction in
Humans: Sites and Mechanisms. Circulation 2002, 105, 576-582. [CrossRef] [PubMed]

Kim, J.; Montagnani, M.; Koh, K.K.; Quon, M.]. Reciprocal Relationships between Insulin Resistance and Endothelial Dysfunction:
Molecular and Pathophysiological Mechanisms. Circulation 2006, 113, 1888-1904. [CrossRef]

Longo, V.D.; Mattson, M.P. Fasting: Molecular Mechanisms and Clinical Applications. Cell Metab. 2014, 19, 181-192. [CrossRef]
Grajower, M.M.; Horne, B.D. Clinical Management of Intermittent Fasting in Patients with Diabetes Mellitus. Nutrients 2019,
11, 873. [CrossRef]

Varady, K.A.; Bhutani, S.; Church, E.C.; Klempel, M.C. Short-Term Modified Alternate-Day Fasting: A Novel Dietary Strategy for
Weight Loss and Cardioprotection in Obese Adults. Am. J. Clin. Nutr. 2009, 90, 1138-1143. [CrossRef]

Templeman, I.; Thompson, D.; Gonzalez, J.; Walhin, J.-P.; Reeves, S.; Rogers, PJ.; Brunstrom, ].M.; Karagounis, L.G.; Tsintzas, K.;
Betts, J.A. Intermittent Fasting, Energy Balance and Associated Health Outcomes in Adults: Study Protocol for a Randomised
Controlled Trial. Trials 2018, 19, 86. [CrossRef] [PubMed]

Herzig, S.; Shaw, R.J. AMPK: Guardian of Metabolism and Mitochondrial Homeostasis. Nat. Rev. Mol. Cell Biol. 2018, 19, 121-135.
[CrossRef] [PubMed]

Kane, A E.; Sinclair, D.A. Sirtuins and NAD+ in the Development and Treatment of Metabolic and Cardiovascular Diseases. Circ.
Res. 2018, 123, 868-885. [CrossRef] [PubMed]

De Cabo, R.; Mattson, M.P. Effects of Intermittent Fasting on Health, Aging, and Disease. N. Engl. ]. Med. 2019, 381, 2541-2551.
[CrossRef]

DOGAN, S.; ROGOZINA, O.P; LOKSHIN, A.E.; GRANDE, J.P,; CLEARY, M.P. Effects of Chronic vs. Intermittent Calorie
Restriction on Mammary Tumor Incidence and Serum Adiponectin and Leptin Levels in MMTV-TGF-o Mice at Different Ages.
Oncol. Lett. 2010, 1, 167-176. [CrossRef]

Di Francesco, A.; Di Germanio, C.; Bernier, M.; de Cabo, R. A Time to Fast. Science 2018, 362, 770-775. [CrossRef]

Mattson, M.P.; Moehl, K.; Ghena, N.; Schmaedick, M.; Cheng, A. Intermittent Metabolic Switching, Neuroplasticity and Brain
Health. Nat. Rev. Neurosci. 2018, 19, 63-80. [CrossRef]

Panda, S. Circadian Physiology of Metabolism. Science 2016, 354, 1008-1015. [CrossRef]

Patterson, R.E.; Sears, D.D. Metabolic Effects of Intermittent Fasting. Annu. Rev. Nutr. 2017, 37, 371-393. [CrossRef]

Salminen, A.; Hyttinen, ]. M.T.; Kaarniranta, K. AMP-Activated Protein Kinase Inhibits NF-KB Signaling and Inflammation:
Impact on Healthspan and Lifespan. J. Mol. Med. 2011, 89, 667—676. [CrossRef]

Long, Y.C,; Zierath, ].R. AMP-Activated Protein Kinase Signaling in Metabolic Regulation. J. Clin. Investig. 2006, 116, 1776-1783.
[CrossRef] [PubMed]

Hardie, D.G. AMPK and Autophagy Get Connected. EMBO J. 2011, 30, 634-635. [CrossRef] [PubMed]

Gillespie, Z.E.; Pickering, ].; Eskiw, C.H. Better Living through Chemistry: Caloric Restriction (CR) and CR Mimetics Alter
Genome Function to Promote Increased Health and Lifespan. Front. Genet. 2016, 7, 142. [CrossRef] [PubMed]

Margina, D.; Ungurianu, A ; Purdel, C.; Tsoukalas, D.; Sarandi, E.; Thanasoula, M.; Tekos, F.; Mesnage, R.; Kouretas, D.; Tsatsakis,
A. Chronic Inflammation in the Context of Everyday Life: Dietary Changes as Mitigating Factors. Int. ]. Environ. Res. Public
Health 2020, 17, 4135. [CrossRef]

Zhu, Y,; Yan, Y,; Gius, D.R.; Vassilopoulos, A. Metabolic Regulation of Sirtuins upon Fasting and the Implication for Cancer. Curr.
Opin. Oncol. 2013, 25, 630-636. [CrossRef]

Zhao, J.; Zhu, X.; Ren, Y.; Li, ]. Analysis of the Correlation between Periodontal Disease and Metabolic Syndrome among Coal
Mine Workers: A Clinical Study. Medicine 2020, 99, €21566. [CrossRef]

Lettieri-Barbato, D.; Minopoli, G.; Caggiano, R.; I1zzo, R.; Santillo, M.; Aquilano, K.; Faraonio, R. Fasting Drives Nrf2-Related
Antioxidant Response in Skeletal Muscle. Int. ]. Mol. Sci. 2020, 21, 7780. [CrossRef]

Peng, S.; Li, W.; Hou, N.; Huang, N. A Review of FoxO1-Regulated Metabolic Diseases and Related Drug Discoveries. Cells 2020,
9, 184. [CrossRef]

Gross, D.N.; van den Heuvel, A.PJ.; Birnbaum, M.]. The Role of FoxO in the Regulation of Metabolism. Oncogene 2008, 27,
2320-2336. [CrossRef]

Rius-Pérez, S.; Torres-Cuevas, I.; Millan, I; Ortega, A.L.; Pérez, S. PGC-1¢, Inflammation, and Oxidative Stress: An Integrative
View in Metabolism. Oxid. Med. Cell. Longev. 2020, 2020, 1452696. [CrossRef]

Hasturk, H.; Kantarci, A. Activation and Resolution of Periodontal Inflammation and Its Systemic Impact. Periodontol. 2000 2015,
69, 255-273. [CrossRef] [PubMed]


http://doi.org/10.1111/jcpe.12335
http://doi.org/10.1515/pteridines-2018-0013
http://www.ncbi.nlm.nih.gov/pubmed/30705520
http://doi.org/10.1097/HJH.0b013e328338cd36
http://www.ncbi.nlm.nih.gov/pubmed/20453665
http://doi.org/10.1161/hc0502.103333
http://www.ncbi.nlm.nih.gov/pubmed/11827922
http://doi.org/10.1161/CIRCULATIONAHA.105.563213
http://doi.org/10.1016/j.cmet.2013.12.008
http://doi.org/10.3390/nu11040873
http://doi.org/10.3945/ajcn.2009.28380
http://doi.org/10.1186/s13063-018-2451-8
http://www.ncbi.nlm.nih.gov/pubmed/29394908
http://doi.org/10.1038/nrm.2017.95
http://www.ncbi.nlm.nih.gov/pubmed/28974774
http://doi.org/10.1161/CIRCRESAHA.118.312498
http://www.ncbi.nlm.nih.gov/pubmed/30355082
http://doi.org/10.1056/NEJMra1905136
http://doi.org/10.3892/ol_00000031
http://doi.org/10.1126/science.aau2095
http://doi.org/10.1038/nrn.2017.156
http://doi.org/10.1126/science.aah4967
http://doi.org/10.1146/annurev-nutr-071816-064634
http://doi.org/10.1007/s00109-011-0748-0
http://doi.org/10.1172/JCI29044
http://www.ncbi.nlm.nih.gov/pubmed/16823475
http://doi.org/10.1038/emboj.2011.12
http://www.ncbi.nlm.nih.gov/pubmed/21326174
http://doi.org/10.3389/fgene.2016.00142
http://www.ncbi.nlm.nih.gov/pubmed/27588026
http://doi.org/10.3390/ijerph17114135
http://doi.org/10.1097/01.cco.0000432527.49984.a3
http://doi.org/10.1097/MD.0000000000021566
http://doi.org/10.3390/ijms21207780
http://doi.org/10.3390/cells9010184
http://doi.org/10.1038/onc.2008.25
http://doi.org/10.1155/2020/1452696
http://doi.org/10.1111/prd.12105
http://www.ncbi.nlm.nih.gov/pubmed/26252412

Int. |. Environ. Res. Public Health 2022, 19, 14536 20 of 24

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Sorsa, T.; Ingman, T.; Suomalainen, K.; Haapasalo, M.; Konttinen, Y.T.; Lindy, O.; Saari, H.; Uitto, V.]. Identification of Proteases
from Periodontopathogenic Bacteria as Activators of Latent Human Neutrophil and Fibroblast-Type Interstitial Collagenases.
Infect. Immun. 1992, 60, 4491-4495. [CrossRef] [PubMed]

Chapple, I.L.C.; Matthews, ].B. The Role of Reactive Oxygen and Antioxidant Species in Periodontal Tissue Destruction.
Periodontol. 2000 2007, 43, 160-232. [CrossRef]

Nagpal, R.; Yamashiro, Y.; Izumi, Y. The Two-Way Association of Periodontal Infection with Systemic Disorders: An Overview.
Mediat. Inflamm. 2015, 2015, 793898. [CrossRef]

Konkel, J.E.; O’'Boyle, C.; Krishnan, S. Distal Consequences of Oral Inflammation. Front. Immunol. 2019, 10, 1403. [CrossRef]
[PubMed]

Kaur, S.; White, S.; Bartold, M. Periodontal Disease as a Risk Factor for Rheumatoid Arthritis: A Systematic Review. JBI Libr. Syst.
Rev. 2012, 10, 1-12. [CrossRef] [PubMed]

Pitiphat, W.; Joshipura, K.J.; Gillman, M.W.; Williams, P.L.; Douglass, C.W.; Rich-Edwards, ].W. Maternal Periodontitis and
Adverse Pregnancy Outcomes. Commun. Dent. Oral Epidemiol. 2008, 36, 3—11. [CrossRef] [PubMed]

Pan, Z.; Dong, H.; Huang, N.; Fang, J. Oxidative Stress and Inflammation Regulation of Sirtuins: New Insights into Common
Oral Diseases. Front. Physiol. 2022, 13, 953078. [CrossRef]

Chen, J.; Zhang, Y.; Gao, J.; Li, T.; Gan, X; Yu, H. Sirtuin 3 Deficiency Exacerbates Age-Related Periodontal Disease. ]. Periodontal
Res. 2021, 56, 1163-1173. [CrossRef]

Huang, L.; Sun, H.; Song, F.; Cao, Z,; Jiang, X.; Zhang, L.; Li, Z.; Huang, C. SIRT6 Overexpression Inhibits Cementogenesis by
Suppressing Glucose Transporter 1. J. Cell. Physiol. 2019, 234, 4005-4014. [CrossRef]

der Velden, U.V.; Kuzmanova, D.; Chapple, LL.C. Micronutritional Approaches to Periodontal Therapy. J. Clin. Periodontol. 2011,
38, 142-158. [CrossRef] [PubMed]

Al-Zahrani, M.S.; Borawski, E.A.; Bissada, N.F. Periodontitis and Three Health-Enhancing Behaviors: Maintaining Normal
Weight, Engaging in Recommended Level of Exercise, and Consuming a High-Quality Diet. J. Periodontol. 2005, 76, 1362-1366.
[CrossRef] [PubMed]

Parveen, S. Impact of Calorie Restriction and Intermittent Fasting on Periodontal Health. Periodontol. 2000 2021, 87, 315-324.
[CrossRef] [PubMed]

Waulansari, L.; Kaboosaya, B.; Khan, M.; Takahashi, M.; Nakata, H.; Kuroda, S.; Aoki, K.; Kasugai, S. Beneficial Effects of Fasting
Regimens on Periodontal Tissues in Experimental Periodontitis Mice Model. J. Int. Dent. Med. Res. 2018, 11, 362-369.
Branch-Mays, G.L.; Dawson, D.R.; Gunsolley, ].C.; Reynolds, M.A.; Ebersole, J.L.; Novak, K.F; Mattison, J.A.; Ingram, D.K,;
Novak, M.J. The Effects of a Calorie-Reduced Diet on Periodontal Inflammation and Disease in a Non-Human Primate Model. J.
Periodontol. 2008, 79, 1184-1191. [CrossRef]

Ebersole, ].L.; Steffen, M.].; Reynolds, M.A.; Branch-Mays, G.L.; Dawson, D.R.; Novak, K.F,; Gunsolley, ].C.; Mattison, J.A.; Ingram,
D.K.; Novak, M.]. Differential Gender Effects of a Reduced Calorie Diet on Systemic Inflammatory and Immune Parameters in
Nonhuman Primates. J. Periodontal Res. 2008, 43, 500-507. [CrossRef]

Reynolds, M.A.; Dawson, D.R.; Novak, K.F.; Ebersole, J.L.; Gunsolley, ].C.; Branch-Mays, G.L.; Holt, S.C.; Mattison, J.A.; Ingram,
D.K.; Novak, M.J. Effects of Caloric Restriction on Inflammatory Periodontal Disease. Nutrition 2009, 25, 88-97. [CrossRef]
Pappe, C.L.; Steckhan, N.; Hoedke, D.; Jepsen, S.; Rauch, G.; Keller, T.; Michalsen, A.; Dommisch, H. Prolonged Multimodal
Fasting Modulates Periodontal Inflammation in Female Patients with Metabolic Syndrome: A Prospective Cohort Study. J. Clin.
Periodontol. 2021, 48, 492-502. [CrossRef]

Saito, T.; Shimazaki, Y.; Sakamoto, M. Obesity and Periodontitis. N. Engl. . Med. 1998, 339, 482-483. [CrossRef]

Saito, T.; Shimazaki, Y.; Koga, T.; Tsuzuki, M.; Ohshima, A. Relationship between Upper Body Obesity and Periodontitis. J. Dent.
Res. 2001, 80, 1631-1636. [CrossRef]

Chavarry, N.G.M.; Vettore, M.V.; Sansone, C.; Sheiham, A. The Relationship between Diabetes Mellitus and Destructive
Periodontal Disease: A Meta-Analysis. Oral Health Prev. Dent. 2009, 7, 107-127. [PubMed]

Khader, Y.S.; Dauod, A.S; El-Qaderi, S.S.; Alkafajei, A.; Batayha, W.Q. Periodontal Status of Diabetics Compared with Nondiabet-
ics: A Meta-Analysis. J. Diabetes Complic. 2006, 20, 59-68. [CrossRef] [PubMed]

Taylor, G.W.; Burt, B.A.; Becker, M.P.; Genco, R.J.; Shlossman, M. Glycemic Control and Alveolar Bone Loss Progression in Type 2
Diabetes. Ann. Periodontol. 1998, 3, 30-39. [CrossRef]

Cutler, C.W,; Shinedling, E.A.; Nunn, M.; Jotwani, R.; Kim, B.O.; Nares, S.; lacopino, A.M. Association between Periodontitis and
Hyperlipidemia: Cause or Effect? J. Periodontol. 1999, 70, 1429-1434. [CrossRef] [PubMed]

Nishimura, F.; Murayama, Y. Periodontal Inflammation and Insulin Resistance-Lessons from Obesity. J. Dent. Res. 2001, 80,
1690-1694. [CrossRef] [PubMed]

Chaffee, B.W.; Weston, S.J. Association Between Chronic Periodontal Disease and Obesity: A Systematic Review and Meta-
Analysis. . Periodontol. 2010, 81, 1708-1724. [CrossRef]

Marchetti, E.; Monaco, A.; Procaccini, L.; Mummolo, S.; Gatto, R.; Tete, S.; Baldini, A.; Tecco, S.; Marzo, G. Periodontal Disease:
The Influence of Metabolic Syndrome. Nutr. Metab. 2012, 9, 88. [CrossRef]

Lee, K.-S,; Lee, S.G.; Kim, E.-K; Jin, H.-].; Im, S.-U.; Lee, H.-K.; Merchant, A.T.; Song, K.-B.; Choi, Y.-H. Metabolic Syndrome
Parameters in Adolescents May Be Determinants for the Future Periodontal Diseases. J. Clin. Periodontol. 2015, 42, 105-112.
[CrossRef]


http://doi.org/10.1128/iai.60.11.4491-4495.1992
http://www.ncbi.nlm.nih.gov/pubmed/1398963
http://doi.org/10.1111/j.1600-0757.2006.00178.x
http://doi.org/10.1155/2015/793898
http://doi.org/10.3389/fimmu.2019.01403
http://www.ncbi.nlm.nih.gov/pubmed/31293577
http://doi.org/10.11124/jbisrir-2012-288
http://www.ncbi.nlm.nih.gov/pubmed/27820156
http://doi.org/10.1111/j.1600-0528.2006.00363.x
http://www.ncbi.nlm.nih.gov/pubmed/18205634
http://doi.org/10.3389/fphys.2022.953078
http://doi.org/10.1111/jre.12930
http://doi.org/10.1002/jcp.27213
http://doi.org/10.1111/j.1600-051X.2010.01663.x
http://www.ncbi.nlm.nih.gov/pubmed/21323711
http://doi.org/10.1902/jop.2005.76.8.1362
http://www.ncbi.nlm.nih.gov/pubmed/16101370
http://doi.org/10.1111/prd.12400
http://www.ncbi.nlm.nih.gov/pubmed/34463980
http://doi.org/10.1902/jop.2008.070629
http://doi.org/10.1111/j.1600-0765.2008.01051.x
http://doi.org/10.1016/j.nut.2008.07.003
http://doi.org/10.1111/jcpe.13419
http://doi.org/10.1056/NEJM199808133390717
http://doi.org/10.1177/00220345010800070701
http://www.ncbi.nlm.nih.gov/pubmed/19583037
http://doi.org/10.1016/j.jdiacomp.2005.05.006
http://www.ncbi.nlm.nih.gov/pubmed/16389170
http://doi.org/10.1902/annals.1998.3.1.30
http://doi.org/10.1902/jop.1999.70.12.1429
http://www.ncbi.nlm.nih.gov/pubmed/10632517
http://doi.org/10.1177/00220345010800080201
http://www.ncbi.nlm.nih.gov/pubmed/11669476
http://doi.org/10.1902/jop.2010.100321
http://doi.org/10.1186/1743-7075-9-88
http://doi.org/10.1111/jcpe.12338

Int. |. Environ. Res. Public Health 2022, 19, 14536 21 of 24

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Shimazaki, Y.; Saito, T.; Yonemoto, K.; Kiyohara, Y.; lida, M.; Yamashita, Y. Relationship of Metabolic Syndrome to Periodontal
Disease in Japanese Women: The Hisayama Study. J. Dent. Res. 2007, 86, 271-275. [CrossRef]

Nishimura, F.; Iwamoto, Y.; Mineshiba, J.; Shimizu, A.; Soga, Y.; Murayama, Y. Periodontal Disease and Diabetes Mellitus: The
Role of Tumor Necrosis Factor-Alpha in a 2-Way Relationship. . Periodontol. 2003, 74, 97-102. [CrossRef]

Kaye, E.K.; Chen, N.; Cabral, H.]J.; Vokonas, P.; Garcia, R.I. Metabolic Syndrome and Periodontal Disease Progression in Men. J.
Dent. Res. 2016, 95, 822-828. [CrossRef] [PubMed]

Tegelberg, P; Tervonen, T.; Knuuttila, M.; Jokelainen, ].; Keindnen-Kiukaanniemi, S.; Auvinen, J.; Yléstalo, P. Long-Term Metabolic
Syndrome Is Associated with Periodontal Pockets and Alveolar Bone Loss. J. Clin. Periodontol. 2019, 46, 799-808. [CrossRef]
[PubMed]

Morita, T.; Yamazaki, Y.; Mita, A.; Takada, K.; Seto, M.; Nishinoue, N.; Sasaki, Y.; Motohashi, M.; Maeno, M. A Cohort Study
on the Association between Periodontal Disease and the Development of Metabolic Syndrome. J. Periodontol. 2010, 81, 512-519.
[CrossRef] [PubMed]

Sakurai, S.-I.; Yamada, S.-I.; Karasawa, I.; Sakurai, A.; Kurita, H. A Longitudinal Study on the Relationship between Dental Health
and Metabolic Syndrome in Japan. J. Periodontol. 2019, 90, 728-746. [CrossRef]

Bullon, P.; Morillo, J.M.; Ramirez-Tortosa, M.C.; Quiles, J.L.; Newman, H.N.; Battino, M. Metabolic Syndrome and Periodontitis:
Is Oxidative Stress a Common Link? J. Dent. Res. 2009, 88, 503-518. [CrossRef]

Adachi, N.; Kobayashi, Y. One-Year Follow-up Study on Associations between Dental Caries, Periodontitis, and Metabolic
Syndrome. J. Oral Sci. 2020, 62, 52-56. [CrossRef] [PubMed]

Nascimento, G.G.; Leite, ER.M.; Peres, K.G.; Demarco, FF.; Corréa, M.B.; Peres, M.A. Metabolic Syndrome and Periodontitis: A
Structural Equation Modeling Approach. J. Periodontol. 2019, 90, 655-662. [CrossRef] [PubMed]

Iwasaki, M.; Sato, M.; Minagawa, K.; Manz, M.C.; Yoshihara, A.; Miyazaki, H. Longitudinal Relationship between Metabolic
Syndrome and Periodontal Disease among Japanese Adults Aged > 70 Years: The Niigata Study. J. Periodontol. 2015, 86, 491-498.
[CrossRef]

Li, P; He, L,; Sha, Y.-Q.; Luan, Q.-X. Relationship of Metabolic Syndrome to Chronic Periodontitis. J. Periodontol. 2009, 80, 541-549.
[CrossRef]

Borges, PK.D.O.; Gimeno, S.G.A.; Tomita, N.E.; Ferreira, S.R. Prevaléncia e caracteristicas associadas a sindrome metabdlica em
nipo-brasileiros com e sem doenga periodontal. Cad. Satide Piiblica 2007, 23, 657—-668. [CrossRef]

Khader, Y.; Khassawneh, B.; Obeidat, B.; Hammad, M.; El-Salem, K.; Bawadi, H.; Al-akour, N. Periodontal Status of Patients with
Metabolic Syndrome Compared to Those without Metabolic Syndrome. |. Periodontol. 2008, 79, 2048-2053. [CrossRef] [PubMed]
D’Aiuto, F; Sabbah, W.; Netuveli, G.; Donos, N.; Hingorani, A.D.; Deanfield, J.; Tsakos, G. Association of the Metabolic Syndrome
with Severe Periodontitis in a Large U.S. Population-Based Survey. |. Clin. Endocrinol. Metab. 2008, 93, 3989-3994. [CrossRef]
[PubMed]

Andriankaja, O.M.; Genco, R.J.; Dorn, J.; Dmochowski, J.; Hovey, K.; Falkner, K.L.; Trevisan, M. Periodontal Disease and Risk of
Myocardial Infarction: The Role of Gender and Smoking. Eur. J. Epidemiol. 2007, 22, 699-705. [CrossRef] [PubMed]

Kushiyama, M.; Shimazaki, Y.; Yamashita, Y. Relationship between Metabolic Syndrome and Periodontal Disease in Japanese
Adults. |. Periodontol. 2009, 80, 1610-1615. [CrossRef]

Benguigui, C.; Bongard, V.; Ruidavets, J.-B.; Chamontin, B.; Sixou, M.; Ferrieres, J.; Amar, J. Metabolic Syndrome, Insulin
Resistance, and Periodontitis: A Cross-Sectional Study in a Middle-Aged French Population. ]. Clin. Periodontol. 2010, 37, 601-608.
[CrossRef]

Timonen, P.; Niskanen, M.; Suominen-Taipale, L.; Jula, A.; Knuuttila, M.; Ylostalo, P. Metabolic Syndrome, Periodontal Infection,
and Dental Caries. J. Dent. Res. 2010, 89, 1068-1073. [CrossRef]

Han, D.-H,; Lim, S.-Y;; Sun, B.-C.; Paek, D.; Kim, H.-D. The Association of Metabolic Syndrome with Periodontal Disease Is
Confounded by Age and Smoking in a Korean Population: The Shiwha-Banwol Environmental Health Study. . Clin. Periodontol.
2010, 37, 609-616. [CrossRef]

Furuta, M.; Shimazaki, Y.; Takeshita, T.; Shibata, Y.; Akifusa, S.; Eshima, N.; Kiyohara, Y.; Ninomiya, T.; Hirakawa, Y.,
Mukai, N.; et al. Gender Differences in the Association between Metabolic Syndrome and Periodontal Disease: The Hisayama
Study. J. Clin. Periodontol. 2013, 40, 743-752. [CrossRef]

Chen, L.-P; Hsu, S.-P; Peng, Y.-S.; Chiang, C.-K.; Hung, K.-Y. Periodontal Disease Is Associated with Metabolic Syndrome in
Hemodialysis Patients. Nephrol. Dial. Transplant. 2011, 26, 4068—4073. [CrossRef]

Nesbitt, M.].; Reynolds, M.A.; Shiau, H.; Choe, K.; Simonsick, E.M.; Ferrucci, L. Association of Periodontitis and Metabolic
Syndrome in the Baltimore Longitudinal Study of Aging. Aging Clin. Exp. Res. 2010, 22, 238-242. [CrossRef]

Fukui, N.; Shimazaki, Y.; Shinagawa, T.; Yamashita, Y. Periodontal Status and Metabolic Syndrome in Middle-Aged Japanese. J.
Periodontol. 2012, 83, 1363-1371. [CrossRef] [PubMed]

Kwon, Y.-E.; Ha, ].-E.; Paik, D.-L; Jin, B.-H.; Bae, K.-H. The Relationship between Periodontitis and Metabolic Syndrome among a
Korean Nationally Representative Sample of Adults. J. Clin. Periodontol. 2011, 38, 781-786. [CrossRef] [PubMed]

LaMonte, M.J.; Williams, A.M.; Genco, R.J.; Andrews, C.A.; Hovey, KM.; Millen, A.E.; Browne, RW.; Trevisan, M.; Wactawski-
Wende, J. Association between Metabolic Syndrome and Periodontal Disease Measures in Postmenopausal Women: The Buffalo
OsteoPerio Study. . Periodontol. 2014, 85, 1489-1501. [CrossRef] [PubMed]


http://doi.org/10.1177/154405910708600314
http://doi.org/10.1902/jop.2003.74.1.97
http://doi.org/10.1177/0022034516641053
http://www.ncbi.nlm.nih.gov/pubmed/27025874
http://doi.org/10.1111/jcpe.13154
http://www.ncbi.nlm.nih.gov/pubmed/31141197
http://doi.org/10.1902/jop.2010.090594
http://www.ncbi.nlm.nih.gov/pubmed/20367094
http://doi.org/10.1002/JPER.18-0523
http://doi.org/10.1177/0022034509337479
http://doi.org/10.2334/josnusd.18-0251
http://www.ncbi.nlm.nih.gov/pubmed/31996523
http://doi.org/10.1002/JPER.18-0483
http://www.ncbi.nlm.nih.gov/pubmed/30447085
http://doi.org/10.1902/jop.2015.140398
http://doi.org/10.1902/jop.2009.080387
http://doi.org/10.1590/S0102-311X2007000300024
http://doi.org/10.1902/jop.2008.080022
http://www.ncbi.nlm.nih.gov/pubmed/18980512
http://doi.org/10.1210/jc.2007-2522
http://www.ncbi.nlm.nih.gov/pubmed/18682518
http://doi.org/10.1007/s10654-007-9166-6
http://www.ncbi.nlm.nih.gov/pubmed/17828467
http://doi.org/10.1902/jop.2009.090218
http://doi.org/10.1111/j.1600-051X.2010.01571.x
http://doi.org/10.1177/0022034510376542
http://doi.org/10.1111/j.1600-051X.2010.01580.x
http://doi.org/10.1111/jcpe.12119
http://doi.org/10.1093/ndt/gfr209
http://doi.org/10.1007/BF03324802
http://doi.org/10.1902/jop.2012.110605
http://www.ncbi.nlm.nih.gov/pubmed/22248226
http://doi.org/10.1111/j.1600-051X.2011.01756.x
http://www.ncbi.nlm.nih.gov/pubmed/21722155
http://doi.org/10.1902/jop.2014.140185
http://www.ncbi.nlm.nih.gov/pubmed/24857320

Int. |. Environ. Res. Public Health 2022, 19, 14536 22 of 24

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.
121.

Minagawa, K.; Iwasaki, M.; Ogawa, H.; Yoshihara, A.; Miyazaki, H. Relationship between Metabolic Syndrome and Periodontitis
in 80-Year-Old Japanese Subjects. . Periodontal Res. 2015, 50, 173-179. [CrossRef]

Gomes-Filho, 1.S.; das Mercés, M.C.; de Santana Passos-Soares, J.; Seixas da Cruz, S.; Teixeira Ladeia, A.M.; Trindade, S.C.; de
Moraes Marcilio Cerqueira, E.; Freitas Coelho, ].M.; Marques Monteiro, EM.; Barreto, M.L.; et al. Severity of Periodontitis and
Metabolic Syndrome: Is There an Association? J. Periodontol. 2016, 87, 357-366. [CrossRef]

Jaramillo, A.; Contreras, A.; Lafaurie, G.I; Duque, A.; Ardila, C.M.; Duarte, S.; Osorio, L. Association of Metabolic Syndrome and
Chronic Periodontitis in Colombians. Clin. Oral Investig. 2017, 21, 1537-1544. [CrossRef]

Kim, O.S.; Shin, M.H.; Kweon, S.S.; Lee, Y.H.; Kim, O.J.; Kim, Y.J.; Chung, H.]. The Severity of Periodontitis and Metabolic
Syndrome in Korean Population: The Dong-Gu Study. J. Periodontal Res. 2018, 53, 362-368. [CrossRef]

Campos, J.R.; Costa, F.O.; Cota, L.O.M. Association between Periodontitis and Metabolic Syndrome: A Case-Control Study. J.
Periodontol. 2020, 91, 784-791. [CrossRef]

Sora, N.D.; Marlow, N.M.; Bandyopadhyay, D.; Leite, R.S.; Slate, E.H.; Fernandes, ] K. Metabolic Syndrome and Periodontitis in
Gullah African Americans with Type 2 Diabetes Mellitus. J. Clin. Periodontol. 2013, 40, 599-606. [CrossRef]

Thanakun, S.; Watanabe, H.; Thaweboon, S.; Izumi, Y. Comparison of Salivary and Plasma Adiponectin and Leptin in Patients
with Metabolic Syndrome. Diabetol. Metab. Syndr. 2014, 6, 19. [CrossRef]

Musskopf, M.L.; Daudt, L.D.; Weidlich, P.; Gerchman, E,; Gross, ].L.; Oppermann, R.V. Metabolic Syndrome as a Risk Indicator for
Periodontal Disease and Tooth Loss. Clin. Oral Investig. 2017, 21, 675-683. [CrossRef] [PubMed]

Kikui, M.; Kokubo, Y.; Ono, T.; Kida, M.; Kosaka, T.; Yamamoto, M.; Watanabe, M.; Maeda, Y.; Miyamoto, Y. Relationship between
Metabolic Syndrome Components and Periodontal Disease in a Japanese General Population: The Suita Study. |. Atheroscler.
Thromb. 2017, 24, 495-507. [CrossRef] [PubMed]

Pham, T. The Association between Periodontal Disease Severity and Metabolic Syndrome in Vietnamese Patients. Int. |. Dent.
Hyg. 2018, 16, 484-491. [CrossRef] [PubMed]

Loépez, N.J.; Quintero, A.; Casanova, P.A.; Ibieta, C.I.; Baelum, V.; Lépez, R. Effects of Periodontal Therapy on Systemic Markers
of Inflammation in Patients with Metabolic Syndrome: A Controlled Clinical Trial. J. Periodontol. 2012, 83, 267-278. [CrossRef]
[PubMed]

Monteiro, R.; Azevedo, I. Chronic Inflammation in Obesity and the Metabolic Syndrome. Mediat. Inflamm. 2010, 2010, 289645.
[CrossRef] [PubMed]

Pradhan, A.D.; Manson, ].E.; Rifai, N.; Buring, ].E.; Ridker, PM. C-Reactive Protein, Interleukin 6, and Risk of Developing Type 2
Diabetes Mellitus. JAMA 2001, 286, 327-334. [CrossRef]

Vozarova, B.; Weyer, C.; Hanson, K.; Tataranni, P.A.; Bogardus, C.; Pratley, R.E. Circulating Interleukin-6 in Relation to Adiposity,
Insulin Action, and Insulin Secretion. Obes. Res. 2001, 9, 414-417. [CrossRef]

Dandona, P.; Weinstock, R.; Thusu, K.; Abdel-Rahman, E.; Aljada, A.; Wadden, T. Tumor Necrosis Factor-Alpha in Sera of Obese
Patients: Fall with Weight Loss. J. Clin. Endocrinol. Metab. 1998, 83, 2907-2910. [CrossRef]

Kern, P.A.; Ranganathan, S.; Li, C.; Wood, L.; Ranganathan, G. Adipose Tissue Tumor Necrosis Factor and Interleukin-6 Expression
in Human Obesity and Insulin Resistance. Am. ]. Physiol. Endocrinol. Metab. 2001, 280, E745-E751. [CrossRef]

Dandona, P.; Aljada, A.; Bandyopadhyay, A. Inflammation: The Link between Insulin Resistance, Obesity and Diabetes. Trends
Immunol. 2004, 25, 4-7. [CrossRef]

Grace, C.S.; Goldrick, R.B. Fibrinolysis and Body Bulid. Interrelationships between Blood Fibrinolysis, Body Composition and
Parameters of Lipid and Carbohydrate Metabolism. . Atheroscler. Res. 1968, 8, 705-719. [CrossRef]

Blood Fibrinolytic Activity in Diabetes Mellitus and Its Bearing on Ischaemic Heart Disease and Obesity. Available online:
https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC2122789/ (accessed on 26 July 2021).

Eggesbg, ].B.; Hjermann, I.; Hestmark, A.T.; Kierulf, P. LPS Induced Release of IL-1 Beta, IL-6, IL-8 and TNF-Alpha in EDTA or
Heparin Anticoagulated Whole Blood from Persons with High or Low Levels of Serum HDL. Cytokine 1996, 8, 152-160. [CrossRef]
[PubMed]

Salvi, G.E.; Yalda, B.; Collins, ].G.; Jones, B.H.; Smith, EW.; Arnold, R.R.; Offenbacher, S. Inflammatory Mediator Response as a
Potential Risk Marker for Periodontal Diseases in Insulin-Dependent Diabetes Mellitus Patients. . Periodontol. 1997, 68, 127-135.
[CrossRef] [PubMed]

Stashenko, P.; Fujiyoshi, P.; Obernesser, M.S.; Prostak, L.; Haffajee, A.D.; Socransky, S.S. Levels of Interleukin 1 Beta in Tissue from
Sites of Active Periodontal Disease. J. Clin. Periodontol. 1991, 18, 548-554. [CrossRef] [PubMed]

Ciampolillo, A.; Guastamacchia, E.; Caragiulo, L.; Lollino, G.; De Robertis, O.; Lattanzi, V.; Giorgino, R. In Vitro Secretion of
Interleukin-1 Beta and Interferon-Gamma by Peripheral Blood Lymphomononuclear Cells in Diabetic Patients. Diabetes Res. Clin.
Pract. 1993, 21, 87-93. [CrossRef]

Lalla, E.; Papapanou, P.N. Diabetes Mellitus and Periodontitis: A Tale of Two Common Interrelated Diseases. Nat. Rev. Endocrinol.
2011, 7, 738-748. [CrossRef]

Kebschull, M.; Demmer, R.T.; Papapanou, PN. “Gum Bug, Leave My Heart Alone!”—Epidemiologic and Mechanistic Evidence
Linking Periodontal Infections and Atherosclerosis. J. Dent. Res. 2010, 89, 879-902. [CrossRef]

Loos, B.G. Systemic Markers of Inflammation in Periodontitis. J. Periodontol. 2005, 76, 2106-2115. [CrossRef]

Paraskevas, S.; Huizinga, J.D.; Loos, B.G. A Systematic Review and Meta-Analyses on C-Reactive Protein in Relation to
Periodontitis. J. Clin. Periodontol. 2008, 35, 277-290. [CrossRef]

17


http://doi.org/10.1111/jre.12190
http://doi.org/10.1902/jop.2015.150367
http://doi.org/10.1007/s00784-016-1942-9
http://doi.org/10.1111/jre.12521
http://doi.org/10.1002/JPER.19-0298
http://doi.org/10.1111/jcpe.12104
http://doi.org/10.1186/1758-5996-6-19
http://doi.org/10.1007/s00784-016-1935-8
http://www.ncbi.nlm.nih.gov/pubmed/27604232
http://doi.org/10.5551/jat.33761
http://www.ncbi.nlm.nih.gov/pubmed/27725400
http://doi.org/10.1111/idh.12350
http://www.ncbi.nlm.nih.gov/pubmed/29900658
http://doi.org/10.1902/jop.2011.110227
http://www.ncbi.nlm.nih.gov/pubmed/21749167
http://doi.org/10.1155/2010/289645
http://www.ncbi.nlm.nih.gov/pubmed/20706689
http://doi.org/10.1001/jama.286.3.327
http://doi.org/10.1038/oby.2001.54
http://doi.org/10.1210/jcem.83.8.5026
http://doi.org/10.1152/ajpendo.2001.280.5.E745
http://doi.org/10.1016/j.it.2003.10.013
http://doi.org/10.1016/S0368-1319(68)80028-6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2122789/
http://doi.org/10.1006/cyto.1996.0022
http://www.ncbi.nlm.nih.gov/pubmed/8777274
http://doi.org/10.1902/jop.1997.68.2.127
http://www.ncbi.nlm.nih.gov/pubmed/9058329
http://doi.org/10.1111/j.1600-051X.1991.tb00088.x
http://www.ncbi.nlm.nih.gov/pubmed/1894750
http://doi.org/10.1016/0168-8227(93)90054-9
http://doi.org/10.1038/nrendo.2011.106
http://doi.org/10.1177/0022034510375281
http://doi.org/10.1902/jop.2005.76.11-S.2106
http://doi.org/10.1111/j.1600-051X.2007.01173.x

Int. |. Environ. Res. Public Health 2022, 19, 14536 23 of 24

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.
142.

143.

144.

145.

146.

Hotamisligil, G.S.; Budavari, A.; Murray, D.; Spiegelman, B.M. Reduced Tyrosine Kinase Activity of the Insulin Receptor in
Obesity-Diabetes. Central Role of Tumor Necrosis Factor-Alpha. J. Clin. Investig. 1994, 94, 1543-1549. [CrossRef]

Hotamisligil, G.S.; Shargill, N.S.; Spiegelman, B.M. Adipose Expression of Tumor Necrosis Factor-Alpha: Direct Role in Obesity-
Linked Insulin Resistance. Science 1993, 259, 87-91. [CrossRef] [PubMed]

Pickup, J.C. Inflammation and Activated Innate Immunity in the Pathogenesis of Type 2 Diabetes. Diabetes Care 2004, 27, 813-823.
[CrossRef] [PubMed]

Shoelson, S.E.; Lee, J.; Goldfine, A.B. Inflammation and Insulin Resistance. J. Clin. Investig. 2006, 116, 1793-1801. [CrossRef]
[PubMed]

King, G.L. The Role of Inflammatory Cytokines in Diabetes and Its Complications. J. Periodontol. 2008, 79, 1527-1534. [CrossRef]
Abbatecola, A.M.; Ferrucci, L.; Grella, R.; Bandinelli, S.; Bonafe, M.; Barbieri, M.; Corsi, A.M.; Lauretani, F.; Franceschi, C.;
Paolisso, G. Diverse Effect of Inflammatory Markers on Insulin Resistance and Insulin-Resistance Syndrome in the Elderly. J. Am.
Geriatr. Soc. 2004, 52, 399-404. [CrossRef]

Serum Levels of Soluble Tumor Necrosis Factor-Alpha Receptor 2 Are Linked to Insulin Resistance and Glucose Intolerance in
Children—PubMed. Available online: https://pubmed.ncbi.nlm.nih.gov/15679072/ (accessed on 26 July 2021).

Engebretson, S.; Chertog, R.; Nichols, A.; Hey-Hadavi, J.; Celenti, R.; Grbic, ]. Plasma Levels of Tumour Necrosis Factor-Alpha in
Patients with Chronic Periodontitis and Type 2 Diabetes. J. Clin. Periodontol. 2007, 34, 18-24. [CrossRef]

Naguib, G.; Al-Mashat, H.; Desta, T.; Graves, D.T. Diabetes Prolongs the Inflammatory Response to a Bacterial Stimulus through
Cytokine Dysregulation. |. Investig. Dermatol. 2004, 123, 87-92. [CrossRef]

Takano, M.; Nishihara, R.; Sugano, N.; Matsumoto, K.; Yamada, Y.; Takane, M.; Fujisaki, Y.; Ito, K. The Effect of Systemic
Anti-Tumor Necrosis Factor-Alpha Treatment on Porphyromonas Gingivalis Infection in Type 2 Diabetic Mice. Arch. Oral Biol.
2010, 55, 379-384. [CrossRef]

Santos, V.R.; Lima, J.A.; Gongalves, T.E.D.; Bastos, M.E; Figueiredo, L.C.; Shibli, J.A.; Duarte, PM. Receptor Activator of Nuclear
Factor-Kappa B Ligand /Osteoprotegerin Ratio in Sites of Chronic Periodontitis of Subjects with Poorly and Well-Controlled Type
2 Diabetes. |. Periodontol. 2010, 81, 1455-1465. [CrossRef]

Duarte, PM.; Neto, ].B.C.; Casati, M.Z.; Sallum, E.A.; Nociti, FH. Diabetes Modulates Gene Expression in the Gingival Tissues of
Patients with Chronic Periodontitis. Oral Dis. 2007, 13, 594-599. [CrossRef]

Mahamed, D.A.; Marleau, A.; Alnaeeli, M.; Singh, B.; Zhang, X.; Penninger, ].M.; Teng, Y.-T.A. G(—) Anaerobes—Reactive CD4+
T-Cells Trigger RANKL-Mediated Enhanced Alveolar Bone Loss in Diabetic NOD Mice. Diabetes 2005, 54, 1477-1486. [CrossRef]
[PubMed]

He, H,; Liu, R; Desta, T.; Leone, C.; Gerstenfeld, L.C.; Graves, D.T. Diabetes Causes Decreased Osteoclastogenesis, Reduced Bone
Formation, and Enhanced Apoptosis of Osteoblastic Cells in Bacteria Stimulated Bone Loss. Endocrinology 2004, 145, 447-452.
[CrossRef] [PubMed]

Liu, R.; Bal, H.S.; Desta, T.; Krothapalli, N.; Alyassi, M.; Luan, Q.; Graves, D.T. Diabetes Enhances Periodontal Bone Loss through
Enhanced Resorption and Diminished Bone Formation. J. Dent. Res. 2006, 85, 510-514. [CrossRef]

Liu, R.; Desta, T.; He, H.; Graves, D.T. Diabetes Alters the Response to Bacteria by Enhancing Fibroblast Apoptosis. Endocrinology
2004, 145, 2997-3003. [CrossRef] [PubMed]

Lalla, E.; Lamster, I.B.; Schmidt, A.M. Enhanced Interaction of Advanced Glycation End Products with Their Cellular Receptor
RAGE: Implications for the Pathogenesis of Accelerated Periodontal Disease in Diabetes. Ann. Periodontol. 1998, 3, 13-19.
[CrossRef] [PubMed]

Lalla, E.; Lamster, I.B.; Feit, M.; Huang, L.; Spessot, A.; Qu, W,; Kislinger, T.; Lu, Y.; Stern, D.M.; Schmidt, A.M. Blockade of RAGE
Suppresses Periodontitis-Associated Bone Loss in Diabetic Mice. J. Clin. Investig. 2000, 105, 1117-1124. [CrossRef]

Genco, R].; Grossi, 5.G.; Ho, A.; Nishimura, F; Murayama, Y. A Proposed Model Linking Inflammation to Obesity, Diabetes, and
Periodontal Infections. |. Periodontol. 2005, 76, 2075-2084. [CrossRef]

Johnson, R.B.; Serio, F.G. Leptin within Healthy and Diseased Human Gingiva. |. Periodontol. 2001, 72, 1254-1257. [CrossRef]
Karthikeyan, B.V.; Pradeep, A.R. Leptin Levels in Gingival Crevicular Fluid in Periodontal Health and Disease. . Periodontal Res.
2007, 42, 300-304. [CrossRef]

Karthikeyan, B.V.; Pradeep, A.R. Gingival Crevicular Fluid and Serum Leptin: Their Relationship to Periodontal Health and
Disease. J. Clin. Periodontol. 2007, 34, 467-472. [CrossRef]

Yamaguchi, N.; Kukita, T.; Li, Y.-J.; Martinez Argueta, ].G.; Saito, T.; Hanazawa, S.; Yamashita, Y. Adiponectin Inhibits Osteoclast
Formation Stimulated by Lipopolysaccharide from Actinobacillus Actinomycetemcomitans. FEMS Immunol. Med. Microbiol. 2007,
49, 28-34. [CrossRef] [PubMed]

Iwamoto, Y; Nishimura, F; Soga, Y.; Takeuchi, K.; Kurihara, M.; Takashiba, S.; Murayama, Y. Antimicrobial Periodontal Treatment
Decreases Serum C-Reactive Protein, Tumor Necrosis Factor-Alpha, but Not Adiponectin Levels in Patients with Chronic
Periodontitis. J. Periodontol. 2003, 74, 1231-1236. [CrossRef] [PubMed]

Furugen, R.; Hayashida, H.; Yamaguchi, N.; Yoshihara, A.; Ogawa, H.; Miyazaki, H.; Saito, T. The Relationship between
Periodontal Condition and Serum Levels of Resistin and Adiponectin in Elderly Japanese. ]. Periodontal Res. 2008, 43, 556-562.
[CrossRef]


http://doi.org/10.1172/JCI117495
http://doi.org/10.1126/science.7678183
http://www.ncbi.nlm.nih.gov/pubmed/7678183
http://doi.org/10.2337/diacare.27.3.813
http://www.ncbi.nlm.nih.gov/pubmed/14988310
http://doi.org/10.1172/JCI29069
http://www.ncbi.nlm.nih.gov/pubmed/16823477
http://doi.org/10.1902/jop.2008.080246
http://doi.org/10.1111/j.1532-5415.2004.52112.x
https://pubmed.ncbi.nlm.nih.gov/15679072/
http://doi.org/10.1111/j.1600-051X.2006.01017.x
http://doi.org/10.1111/j.0022-202X.2004.22711.x
http://doi.org/10.1016/j.archoralbio.2010.03.004
http://doi.org/10.1902/jop.2010.100125
http://doi.org/10.1111/j.1601-0825.2006.01348.x
http://doi.org/10.2337/diabetes.54.5.1477
http://www.ncbi.nlm.nih.gov/pubmed/15855336
http://doi.org/10.1210/en.2003-1239
http://www.ncbi.nlm.nih.gov/pubmed/14525917
http://doi.org/10.1177/154405910608500606
http://doi.org/10.1210/en.2003-1601
http://www.ncbi.nlm.nih.gov/pubmed/15033911
http://doi.org/10.1902/annals.1998.3.1.13
http://www.ncbi.nlm.nih.gov/pubmed/9722686
http://doi.org/10.1172/JCI8942
http://doi.org/10.1902/jop.2005.76.11-S.2075
http://doi.org/10.1902/jop.2000.72.9.1254
http://doi.org/10.1111/j.1600-0765.2006.00948.x
http://doi.org/10.1111/j.1600-051X.2007.01078.x
http://doi.org/10.1111/j.1574-695X.2006.00164.x
http://www.ncbi.nlm.nih.gov/pubmed/17094790
http://doi.org/10.1902/jop.2003.74.8.1231
http://www.ncbi.nlm.nih.gov/pubmed/14514239
http://doi.org/10.1111/j.1600-0765.2008.01085.x

Int. |. Environ. Res. Public Health 2022, 19, 14536 24 of 24

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Saito, T.; Yamaguchi, N.; Shimazaki, Y.; Hayashida, H.; Yonemoto, K; Doi, Y.; Kiyohara, Y.; Iida, M.; Yamashita, Y. Serum Levels
of Resistin and Adiponectin in Women with Periodontitis: The Hisayama Study. J. Dent. Res. 2008, 87, 319-322. [CrossRef]
[PubMed]

Bokarewa, M.; Nagaev, I.; Dahlberg, L.; Smith, U.; Tarkowski, A. Resistin, an Adipokine with Potent Proinflammatory Properties.
J. Immunol. 2005, 174, 5789-5795. [CrossRef] [PubMed]

Steppan, C.M.; Bailey, S.T; Bhat, S.; Brown, E.J.; Banerjee, R.R.; Wright, C.M.; Patel, H.R.; Ahima, R.S.; Lazar, M.A. The Hormone
Resistin Links Obesity to Diabetes. Nature 2001, 409, 307-312. [CrossRef]

Aksungar, F.B.; Topkaya, A.E.; Akyildiz, M. Interleukin-6, C-Reactive Protein and Biochemical Parameters during Prolonged
Intermittent Fasting. Ann. Nutr. Metab. 2007, 51, 88-95. [CrossRef]

Faris, M.A.-L.E.; Kacimi, S.; Al-Kurd, R.A.; Fararjeh, M. A ; Bustanji, Y.K.; Mohammad, M.K,; Salem, M.L. Intermittent Fasting
during Ramadan Attenuates Proinflammatory Cytokines and Immune Cells in Healthy Subjects. Nutr. Res. 2012, 32, 947-955.
[CrossRef]

Coppack, S.W. Pro-Inflammatory Cytokines and Adipose Tissue. Proc. Nutr. Soc. 2001, 60, 349-356. [CrossRef]

Abd El-Kader, S.M.; Saiem Al-Dahr, M.H. Impact of Weight Loss on Oxidative Stress and Inflammatory Cytokines in Obese Type
2 Diabetic Patients. Afr. Health Sci. 2016, 16, 725-733. [CrossRef]

Montagner, A.; Polizzi, A.; Fouché, E.; Ducheix, S.; Lippi, Y.; Lasserre, F.; Barquissau, V.; Régnier, M.; Lukowicz, C,;
Benhamed, F;; et al. Liver PPARw Is Crucial for Whole-Body Fatty Acid Homeostasis and Is Protective against NAFLD. Gut 2016,
65,1202-1214. [CrossRef] [PubMed]

Petersen, M.C.; Shulman, G.I. Mechanisms of Insulin Action and Insulin Resistance. Physiol. Rev. 2018, 98, 2133-2223. [CrossRef]
[PubMed]

Cho, Y,; Hong, N.; Kim, K.-W,; Cho, S.J.; Lee, M,; Lee, Y.-H.; Lee, Y.-H.; Kang, E.S.; Cha, B.-S; Lee, B.-W. The Effectiveness of
Intermittent Fasting to Reduce Body Mass Index and Glucose Metabolism: A Systematic Review and Meta-Analysis. J. Clin. Med.
2019, 8, 1645. [CrossRef]

Most, J.; Tosti, V.; Redman, L.M.; Fontana, L. Calorie Restriction in Humans: An Update. Aging Res. Rev. 2017, 39, 36-45.
[CrossRef]

Zubrzycki, A.; Cierpka-Kmiec, K.; Kmiec, Z.; Wronska, A. The Role of Low-Calorie Diets and Intermittent Fasting in the Treatment
of Obesity and Type-2 Diabetes. |. Physiol. Pharmacol. 2018, 69, 663-683. [CrossRef]

Anton, S.D.; Moehl, K.; Donahoo, W.T.; Marosi, K.; Lee, S.; Mainous, A.G.; Leeuwenburgh, C.; Mattson, M.P. Flipping the
Metabolic Switch: Understanding and Applying Health Benefits of Fasting. Obesity 2018, 26, 254-268. [CrossRef]

Harvie, M.; Wright, C.; Pegington, M.; McMullan, D.; Mitchell, E.; Martin, B.; Cutler, R.G.; Evans, G.; Whiteside, S.;
Maudsley, S.; et al. The Effect of Intermittent Energy and Carbohydrate Restriction v. Daily Energy Restriction on Weight Loss
and Metabolic Disease Risk Markers in Overweight Women. Br. J. Nutr. 2013, 110, 1534-1547. [CrossRef]

Catenacci, V.A,; Pan, Z.; Ostendorf, D.; Brannon, S.; Gozansky, W.S.; Mattson, M.P.; Martin, B.; MacLean, P.S.; Melanson, E.L.; Troy
Donahoo, W. A Randomized Pilot Study Comparing Zero-Calorie Alternate-Day Fasting to Daily Caloric Restriction in Adults
with Obesity. Obesity 2016, 24, 1874-1883. [CrossRef]

Hoddy, KK.; Kroeger, C.M.; Trepanowski, ].F.; Barnosky, A.; Bhutani, S.; Varady, K.A. Meal Timing during Alternate Day Fasting:
Impact on Body Weight and Cardiovascular Disease Risk in Obese Adults. Obesity 2014, 22, 2524-2531. [CrossRef]


http://doi.org/10.1177/154405910808700416
http://www.ncbi.nlm.nih.gov/pubmed/18362311
http://doi.org/10.4049/jimmunol.174.9.5789
http://www.ncbi.nlm.nih.gov/pubmed/15843582
http://doi.org/10.1038/35053000
http://doi.org/10.1159/000100954
http://doi.org/10.1016/j.nutres.2012.06.021
http://doi.org/10.1079/PNS2001110
http://doi.org/10.4314/ahs.v16i3.12
http://doi.org/10.1136/gutjnl-2015-310798
http://www.ncbi.nlm.nih.gov/pubmed/26838599
http://doi.org/10.1152/physrev.00063.2017
http://www.ncbi.nlm.nih.gov/pubmed/30067154
http://doi.org/10.3390/jcm8101645
http://doi.org/10.1016/j.arr.2016.08.005
http://doi.org/10.26402/jpp.2018.5.02
http://doi.org/10.1002/oby.22065
http://doi.org/10.1017/S0007114513000792
http://doi.org/10.1002/oby.21581
http://doi.org/10.1002/oby.20909

	Introduction 
	Search Strategy and Selection Criteria 
	Review Analysis 
	Cellular and Molecular Level Interactions during IF and Calorie Restriction (CR) 
	AMPK Activation 
	Sirtuins 
	Nrf2, FOXO, PGC-1 

	Impact of IF on PD and Mets 
	Periodontal Diseases 
	Activation and Regulation of Periodontal Inflammation by AMPK Pathway and Role of Sirtuins 
	Impact of Intermittent Fasting and Calorie Restriction on Periodontal Inflammation Diseases 
	Evidence of Correlation between MetS and PD 
	Inflammation and Immune Mediation between PD and MetS 
	Impact of Intermittent Fasting on MetS 

	Contribution, Significance, and Implications of the Current Review 
	Current Research Gaps and Limitations 
	Future Directions 
	Recommendations for Intermittent Fasting in Practice 
	Conclusions 
	References

