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Abstract

Background and Purpose: With the unexpectedly rapid increase in the pre-
valence of types of diabetes worldwide, this chronic disease is no longer being
viewed as a systemic health issue, but also treated as the start of the deadly
disease. As the sixth complication of diabetes, periodontitis is a chronic in-
flammatory condition that leads directly and indirectly to a severer condition
of diabetes via its underlying mechanisms. Interestingly, both diseases are not
been fully identified in their bidirectional relationships by researchers. Thus,
healthcare agencies must pay appropriate attention. This literature review
paper aims to investigate and discuss dentists’ role in modulating environmen-
tal and epigenetic determinants in the oral health of diabetic patients based
on the bidirectional relationship between these diseases, their prevalence and
how treatment of one disease affects the other. Methods: The authors con-
ducted electronic searches in PubMed, Google Scholar, One Search UofT,
ScienceDirect, and the National Library of Medicine. The paper also included
gray literature from government resources related to the topic. The paper will
review the epidemiology, pathogenesis, and epigenetics of both diabetes and
periodontal disease and their functions with each other. Results: The litera-
ture has consistently shown that diabetes and periodontal disease have re-
sponded to the formation and severity of each other. Patients with pre- and
diabetes have potentially higher risks of causing periodontal disease and other
complications if adequate diagnosis and treatment are not involved timely.
The combination of risk factors, including individual, social, environmental,
and genetic, play a crucial role in the development of diabetes and the severity
of periodontitis. Conclusions: Based on the results, the collaboration between
dentists and other healthcare practitioners is inevitable in the overall devel-
opment of treatment for both diseases. With the proper and updated know-
ledge, dentists can benefit patients’ overall physical conditions through stra-
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tegic intervention in diabetes patients.
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1. Introduction

There are two types of diabetes mellitus: type 1 (an absolute type caused by ge-
netic condition) and type 2 (lifestyle-related) diabetes. The treatment was de-
veloped and first described decades ago by Banting and Best. Approximately 537
million people worldwide are suffering from diabetes, according to the World
Health Organization, which is 6% of the world’s population [1]. The majority of
the 422 million people with diabetes worldwide live in low- and middle-income
countries, and diabetes directly causes 1.5 million fatalities each year. Both the
incidence and prevalence of diabetes have steadily increased over the last few
decades [1]. With the prediction, researchers doubt that 97% of the population
will be diagnosed with type 2 diabetes [2].

Over the decades, periodontitis has been one of the most prominent topics in
research due to its irreversible and incurable characteristics. An investigation of
associations between periodontal diseases and systemic diseases (including di-
abetes) in human populations had been announced and launched by Offenbach-
er in 1996 [3]. With the development of technology and the continuous passion
for discovering periodontal disease, it has been well-understood that it can sig-
nificantly increase the risk of osteoporosis, diabetes mellitus, severe infections at
anatomic sites, and other complications [3]. The association between diabetes
mellitus and periodontitis has been studied for decades. However, the underly-
ing mechanisms between both conditions are not well-understood currently.

This literature review paper aims to investigate and discuss dentists’ role in
modulating environmental and epigenetic determinants in the oral health of di-
abetic patients based on the bidirectional relationship between these diseases,

their prevalence, and how treatment of one disease affects the other.

2. Methods

The author investigated the pathogenesis, epigenetics, and epidemiology of pe-
riodontal disease and diabetes by electronic searches on PubMed, Google Scho-
lar, One search UofT, ScienceDirect, and National Library of Medicine, and all
papers are in the English language. Additionally, the authors manually searched
gray literature, including the data from Diabetes Canada, Reports from the Gov-
ernment of Canada, Data from the City of Toronto, Reports from Public Health
Ontario, and Public Health Toronto from 2003 to February 2022. Studies with

» o« » <«

the following keywords: “periodontal disease”, “periodontitis”, “type 2 diabetes

» o« » o« » o«

mellitus”, “diabetes”, “complications of diabetes”, “epigenetic”, “pathogenesis”,
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and “epidemiology” were selected.

3. Results

Prevalence and incidence of diabetes in Canada, Ontario, and the Great
Toronto Area

As the massive population of diabetic patients worldwide, diabetes has be-
come one of the most concerning diseases affecting Canadians. An estimated 1
in 16 people in Canada has been diagnosed with diabetes [4]. Corresponding to
the data from the Public Health Agency of Canada, about 3.0 million Canadians
were living with diagnosed diabetes between 2013 and 2014, representing 1 in 20
children and young adults aged between 1 to 19 years and 1 in 10 adults (20
years and older) [5]. As Figure 1 portrays, there is a higher increase in the pre-
valence of diagnosed diabetes over time among males (8.7%) than the increase
(7.6%) among females [5]. Within each age group, males also have a significant
increase in diabetes with age than females (Figure 1) [5]. Nearly 200,000 Cana-
dians were newly diagnosed with diabetes from 2013 to 2014, meaning that 5.9
Canadians recently have diabetes per 1000 population, including 0.4 new cases
among children and youth and.7.6 new cases per 1000 population among adults
[5]. A relative increase of 37.3% is in the age-standardized prevalence of diag-
nosed diabetes between 2003-2004 and 2013-2014 in Canada [5]. Following the
estimated trend created by the government of Canada, A steady and continued
increase in Canada, with 11.7 million Canadians living with diabetes or predia-
betes in 2022. There will be 26% more people with diabetes in 2032 [6]. Based on
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Figure 1. Prevalence in the percentage of diagnosed diabetes by age group and sex in Canada from 2013 to 2014. Created by the
Public Health Agency of Canada [5].
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Percentage (%)

the Canadian Diabetes Cost Model created in 2016, an estimated 4 million Ca-
nadian live with diagnosed diabetes which is 10% of the Canadian population [7]
[8]. Until February 2022, the prevalence of diabetes, including type 1 and type 2
diabetes, is 2.35 million, which is 15% among Ontarians [9]. Moreover, people
with prediabetes are stealthy within the community. The total number would be
climbed up to 30% of the Ontario population, 4.71 million when prediabetic pa-
tients are included [7] [8] [9]. The prevalence of diabetes in Toronto, where the
University of Toronto locates, increased from 6.7% in 2003 to 10.2% in 2004
(Figure 2) [10]. Both the prevalence (10.2%) and incidence (6.5%) in Toronto
were significantly lower than in the Greater Toronto Area (10.7% in prevalence
and 6.8% in incidence excluding Toronto) but were significantly higher com-
pared to the rest of Ontario in 2014 (9.6% in prevalence and 5.8% in incidence)
[10]. The local government in Toronto had numbered the prevalence ranged
from 4.6% to 16.8% among 140 major neighborhoods in the Great Toronto Area
in 2014 [10]. The center areas of Toronto city, including clusters of neighbor-
hoods around Bayview Ave, Yonge St, Bloor St W, and Southern Danforth Ave
which are heightened in white had significantly lower prevalence (4.6 to 6.9%)
than whole Toronto (Figure 3) [10]. It is easy to notice that there is a growing
trend in the prevalence of diabetes (%) from the center of the city to the western
and northeastern part of Toronto, highlighted from light blue to dark blue,
where clusters of neighborhoods with significantly higher prevalence (more than
13.4%) than those in the center [10]. After adjustment from age-standardized
Diabetes prevalence (%) to age-standardized diabetes incidence (per 1000 people),
the major layout remained almost similar to Figure 3. However, diabetic patients’

density increased in the northeastern part of Toronto [10].
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Figure 2. The change of age-standardized Prevalence of Diabetes in Toronto during 11 years
from 2003 to 2014. Created by Public Health Toronto [10].

DOI: 10.4236/jbm.2023.112011

155 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.112011

Z.Z.Guo

Steeles Ave W Steeles Ave E

S Eglinton’AveW |

\

D ,
® o

N

FDAE
&

@ 'awrenceVAve £} &
6}0

S

" Danforth’/Ave

Victoria|Rark’Ave]

Dundas, St E s

\ @ Bathurst St

8 16 Kilometres
J

1 1 L | 1 1

v
-

Age-Standardized Prevalence (%) Copyright © 2017 City of Toronto. All Rights Reserved.
4.6-6.9 —— Highway Data Sources: see Data Notes.
>6.9-8.9 — Main Streets Toronto GCC 2017. ColorBrewer.org 2013
- Classification: Natural Breaks
9>8.9-11.0 Published: 06/2017
B >11.0-13.40
B>134 416.338.7600 toronto.ca/health | o ToRONTO Public Health

Figure 3. The layout diagram of age-standardized diabetes prevalence (%) among 140 Toronto neighbourhoods. Created by Pub-

lic Health Canada (2014) [10].

Overall Harm of Diabetes and Diabetic-related Complications
Not only the high prevalence of diabetes in either Canada or worldwide is a
burden to the health care system, but diabetes’ tolls and its complications, which
are associated with premature death and chronic diseases, are also a significant
difficulty for the current society. The Public Health Agency of Canada pointed
out that diabetic patients may experience a reduced 5 to 15 years lifespan com-
pared to non-diabetic people in Canada [11]. When compared to the general
population (without diabetes condition), diabetic patients are likely to be hospi-
talized due to different complications, including cardiovascular disease (over
three times more), end-stage renal disease (12 times more), and nontraumatic
lower limb amputation (nearly 20 times more) [11] [12]. The numbers are un-
expected and miserable. A review paper written by Deshpande et al provided
general insight into the percentage of diabetes contributes to different complica-
tions, which shows that chronic kidney disease (27.8%), food problems (22.9%),
and eye damage (18.9%) are the three highest appearance-conditions among pa-
tients (Figure 4) [13]. Diabetes Canada included more exaggerated data that di-
abetes contributes to 30% of strokes, 40% of heart attacks, 50% of kidney failure,
and 70% of leg and foot amputations in Ontario compared to the data from
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Figure 4. Prevalence of diabetes-related complications among diabetic patients. Recorded by

National Health and Nutritional Examination Survey from 1999 to 2004 [13].

Deshpande et al. where 6.6% in stroke, 9.8% heart attack, 27.8% kidney disease,
and 22.9% foot problems separately [14]. Interestingly, the prevalence of clini-
cally relevant depressive symptoms among 30% of diabetic people and individuals
suffering from depression are 40% - 60% more likely to acquire type 2 diabetes
[15]. Almost one-fourth of people with diabetes are affected by foot ulceration,
and one-third of amputations are operated on individuals with diabetic foot
wounds [16]. Nevertheless, periodontitis is now recognized as the sixth compli-
cation of diabetes and determined as a significant issue in current society along
with retinopathy, nephropathy, neuropathy, macrovascular disease, and poor
wound healing based on epidemiological studies on both type 1 and 2 diabetes
under poor systemic conditions [17].

Diabetes, Risk Factors, and Epigenetics

Diabetes mellitus is one of the well-known diseases that have been diagnosed
and to be researched for decades. It is a metabolic condition characterized by an
uncontrolled increase in blood glucose, which needs timely appropriate moni-
toring and control [18]. Pancreatic beta cells, known as S-cells, enable the gener-
ation of insulin, which plays a vital role in this chronic condition. Diabetes is
caused by a lack of insulin synthesis or sensitivity and is divided into type 1 and
type 2 diabetes.

Type 1 diabetes mellitus

Type 1 diabetes mellitus (TIDM) is known as insulin-dependent diabetes due
to insulin deficiency meaning that no insulin or a deficient volume of insulin is
secreted from the human pancreas. It is not common in adults, mainly in child-
ren and young adults, and is around 5% - 10% of diabetes prevalence in Canada
[9]. Insulin is an essential hormone for the intracellular transport of glucose into
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insulin-dependent and -sensitive organs and tissues, especially skeletal muscles
and adipose tissue, regulating energy supply and macronutrient balance [19]. Un-
der insulin deficiency, blood sugar cannot reach cells and accumulates inside the
bloodstream, leading to damage and triggering many symptoms. The primary
cause of this type of diabetes is the destruction of pancreatic S-cells through an
autoimmune response, leading to a significant absence of insulin secretion [18]
[19]. The exact pathogenesis of diabetes mellitus is still not well understood. In
most cases, there is an interaction between genetic and environmental factors
and evidence of destruction of f-islet calls by the autoimmune system [9] [18]
[20] [21].

Type 2 diabetes mellitus

Compared to type 1 diabetes mellitus, type 2 diabetes mellitus (Type 2 Diabetes
Mellitus) is mainly associated with abnormally increased insulin resistance. The
body cannot synthesize enough insulin to overcome the elevated resistance,
which poor dietary and daily behaviors may cause [18]. As a result, it is difficult
for an individual to maintain homeostasis of blood sugar level under this condi-
tion, which means that insulin sensitivity will significantly fluctuate after high
carbohydrate meals, intense physical activity, and stress events. Insulin gene ex-
pression will be inhibited or significantly reduced under a combination of high
fatty acid and hyperglycemic environments [18]. As a result, individuals with
type 2 diabetes mellitus frequently occur resistance to the action of insulin, espe-
cially in obese individuals with more adipose tissues that are crucial in produc-
ing several hormones and inflammatory mediators such as TNF-q, IL-6, and
IL-1p contributing to systemic inflammation [18]. Increased inflammatory cyto-
kines and immune cell production may result in islet inflammation in the pan-
creas of type 2 diabetes mellitus [18].

Risk Factors

Family history and an individual’s inherent genetic factors significantly trigger
in both type 1 and 2 diabetes mellitus. Environmental factors might trigger type
1 diabetes mellitus, such as viral infections leading to gene mutation, low levels
of vitamin D leading to immune modulation and autoimmune system, and low-
er exposure to ultraviolet rays [22]. However, the exact mechanisms of type 1
diabetes mellitus are complex and still under investigation. Previous studies fur-
ther illustrated that type 2 diabetes mellitus is caused by a combination of risk
factors such as individual, social, environmental, and genetic factors [9] [20]. A
systematic review written by Ismail et a/ identifies the majority of potential risk
factors for both incidence and prevalence of type 2 diabetes mellitus and serum
uric acid, sleep quantity/quality, smoking, aging, ethnicity, and physical inactiv-
ity are highlighted [23].

Serum uric acid

Individuals with elevated serum uric acid levels will experience impaired glu-
cose uptake in the skeletal muscles and an increase in inflammation, leading to
blood glucose accumulating in the bloodstream and dysfunctional and dead

p-cells [23]. From the overall results of several studies, the association between
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high-level serum uric acid and type 2 diabetes mellitus is contradictory. Scien-
tists are determining whether Serum uric acid is an independent factor for type 2
diabetes mellitus or functions between other independent risk factors and type 2
diabetes mellitus. Some studies support a positive relationship between high se-
rum uric acid and the incidence of type 2 diabetes mellitus [24] [25] [26]. In
contrast, others believe no significant association [23] [27]. Undoubtedly, the
serum uric acid level should be an inseparable potential risk of type 2 diabetes
mellitus regardless of the former concerns.

Sleep

Moreover, abnormal, disturbed, and reduced quality and quantity of sleep are
associated with glucose intolerance, which is affected by social, psychological,
environmental, and behavioral factors [23] [28]. Individuals with a sleep disord-
er may experience a deficiency in oxygen reaching the tissues while sleeping and
inflammation, triggering an increase in sympathetic activity that leads to insulin
resistance resulting in type 2 diabetes mellitus [23] [29]. Ismail et a/ mentioned
that individuals who have sleep duration of around 7 to 8 hours might have a
lower risk of developing type 2 diabetes mellitus than those who have either less
than 6 hours sleep or more than 8 hours sleep [23]. Furthermore, individuals
who are difficulty initiating sleep (DIS) are associated with the incidence of type
2 diabetes mellitus, which means that the more frequent lousy sleep those pa-
tients have, the higher risk of developing type 2 diabetes mellitus [30]. Interes-
tingly, there is a stronger association between women sleeping for more duration
and increased risk of incident diabetes, whereas men who sleep for short sleep-
ing duration also have a relatively higher risk than women [31].

Smoking

Smoking is a universal risk factor for diverse chronic diseases, pain, and lethal
cancers, leading to over 8 million deaths annually [32]. Increased level of nico-
tine in both passive and active smokers leads to reduced glucose intake in hu-
man muscles, further developing insulin resistance, and eventually type 2 di-
abetes mellitus appears [33]. Studies included in Ismail et al’s review paper
showed that the risk of incidence type 2 diabetes mellitus is strongly associated
with both active and passive smokers especially in men smokers [34] [35] [36].
However, the exact association between ex-smokers and the incidence of type 2
diabetes mellitus is due to serval contradictions [37] [38] [39].

Aging

With aging, the body’s various functions, including metabolic functions, will
gradually become slow and even exhausted. Without a doubt, aging increases
chronic inflammation in the elderly which is potentially occurring in type 2 di-
abetes mellitus [23]. Moreover, accumulation of body fat leads to elevated free
fatty acids (FFAs) concentration caused by lipid metabolism disorder in elderly
individuals, which has high risk of development in type 2 diabetes mellitus [40].
Although some studies supported the association between aging and increased
incidence of type 2 diabetes mellitus, insufficient research and evidence might be

a limitation to support the hypothesis that aging is an independent risk factor for
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type 2 diabetes mellitus.

Ethnicity

Ethnicity is strongly related to various factors, including genetics, income,
living environment, intake, and lifestyle, making it an independent risk factor
for Type 2 Diabetes Mellitus. From the latest report by Diabetes Canada, specific
ethnic groups, including African, Arab, Asian, Hispanic, Indigenous, or South
Asian descent, have been listed and mentioned in many pieces of literature to
have a significantly higher risk of having diabetes in Canada. Among all Cana-
dians, South Asian descent has the highest prevalence rate for diabetes among
the former listed risk-ethnic groups which is 14.5% among this race and Arab/
West Asian descent is the lowest which is 7.5% [9]. The prevalence of diabetes is
8.1 times higher in South Asian and 6.6 times higher in Black adults than in
White adults [9]. Zimmet ef al determined that rural Indians have 10 time times
higher risk of developing type 2 diabetes than rural Melanesians, and urban Me-
lanesians have 2 times lower risk than those urban Indians [40]. Physical activity
in rural areas is relatively increased compared to the urban areas in Indians and
Melanesians could be one of the practical reason to support the former results
[41]. Based on the data from Diabetes Canada, another reason can be highlighted
which is the income differences between rural and urban individuals. The pre-
valence of diabetes among adults with the lowest income is almost 5 times higher
than among adults with the relatively highest income in Canada [42]. The edu-
cation level is also playing a significant role, which is supported by the data that
adults without a high school degree have 5.2 times more likely tend to develop
type 2 diabetes than those with a university education [42].

From the perspective of the whole world, the Pima Indians as an ethnic group
have a congenital disability with relatively the highest risk of developing type 2
diabetes mellitus (especially among Arizona Pimas aged older than 35 years old)
should be highlighted [47]. They must be performed more attention based on
their history, living environment, behaviors, and results from previous studies.
The Pima are normally known as both Mexican and Arizona types, but they
mostly have the same nutrient intakes. Hunting mule deer, jackrabbits and birds,
fishing from the Gila River, and gathering food from the desert were the major
food resources [43]. Because of their old living environment around the desert,
the “thrifty gene” hypothesis majorly states that populations who have struggled
with periods of limited resources and have experienced famine were more likely
to survive if they were metabolically thrifty and stored calories efficiently. The
privilege seems to bring Pima Indians many more benefits, but it is not
well-fitted in our current modern environment. Their “thrifty gene” may be-
come a crucial risk factor for their extremely high risk for type 2 diabetes melli-
tus and obesity. Compared to Arizona Pimas, the Mexican Pimas live around the
small town of Maycoba in the Mexican state with their food on sloped fields with
an extremely high physical activity because of their labor-intensive lifestyle [42].
All Mexican groups had significantly higher physical activity levels (2.5 times
greater) than the Arizona Pima population under gender and age standardiza-
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tions [42]. Unlike the Mexican Pimas who had no outside factors to change their
living behaviors, Arizona Pima’s environment is modern with high dietary fat
intake, low physical activity, and a sedentary lifestyle, which triggers a signifi-
cantly higher opportunity to develop type 2 diabetes mellitus [42]. A well-organized
paper by Ling and Ronn supports the hypothesis that environmental changes
may activate or inactivate specific genes for type 2 diabetes mellitus and obesity
[44]. The authors mentioned that the abundance of fast food and other high-energy
resources and low physical activity lifestyle linked to altered gene activity, and
hence the link between rapid changes in eating habits and the observed obesity
phenotype [44]. Other potential risk factors such as leptin level and insulin re-
sistance in Pimas are still under investigation. Environmental change from tradi-
tional to more modern acts as a dominant factor to impact the Pimas, especially
Mexican Pimas’ lifestyle over the decades, showing modernization is a double-side
sword that improves the quality of life. However, it has a high potential to pro-
mote unhealthy life.

Gingivitis and Periodontitis in Diabetic-Patients

Gingivitis

Gingivitis is a common and mild form of periodontal disease that results in ir-
ritation, redness, and inflammation of the gingiva, the tissues that cover around
the base of the teeth. Compared to healthy gums colored in light pink and well-
fitted around the teeth, individuals with gingivitis have pufty, dark red gums
which bleed easily while brushing. People, especially children and youth adults
with a high risk of developing type 1 diabetes, are at greater risk of developing
gingivitis. In addition, studies have shown that poor metabolic control in child-
ren and adults is associated with a higher prevalence of gingivitis [45]. Preva-
lence of gingivitis in diabetic children and adolescents is twice higher than in
those without diabetes, showing that diabetes dominantly increases the severity
and extent of gingivitis among young patients [45]. The rate of gingiva inflam-
mation in type 2 diabetic adults is higher than those in non-diabetic adults.

Periodontitis

Unlike gingivitis, periodontitis, a more irreversible severe form of gingivitis, is
an infection around the periodontium which supports the tooth against oral mi-
croflora. The main cause of this condition is bacterial infection leading to an in-
crease in microbiome diversity and replacement and loss of keystone species,
resulting in the accumulation of plaques on the teeth and hardening. Under this
condition, permanent bad breath, red or swollen and bleeding gums, black pla-
ques, and loose and sensitive teeth can be seen in the patients. Furthermore, the
gums can pull away from the tooth, causing bone loss, and the teeth may loosen
or even fall out (attachment loss) depending on its duration on the human body.
Periodontitis is typically seen in adults, but it is uncommon in children younger
than 12 years or even among those individuals with diabetes. Even though peri-
odontitis does appear in adolescence, attachment loss is not always at a severe
level [46]. Individuals aged 35 years old and older with more than 10-year type 1

diabetes had a more severe degree of periodontal attachment loss than those with
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less than 10-year type 1 diabetes mellitus [47]. In addition, Glavind et al dem-
onstrated that patients with type 1 diabetes who developed other diabetes-related
complications have significantly worse attachment loss than those without com-
plications experience [47]. Once one of the diabetes-related complications oc-
curs, patients are more likely to develop additional chronic complications as the
condition grows [47] [48] [49].

Bidirectional relationship between Diabetes and Periodontitis

Impact of diabetes on periodontal status

The function of neutrophils, monocytes, and macrophages is altered in di-
abetic patients [50]. Neutrophils are the principal mediators of the quick innate
hose response against the majority of bacterial and fungal pathogens that occurs
prior to the complicated humoral and lymphocyte cellular processes of acquired
immunity during infection. Dowey ef al. emphasized that Not only is glucose an
enhanced pro-inflammatory mediator in type 1 diabetes mellitus and type 2 di-
abetes mellitus [51]. Insulin insufficiency and resistance change lipid metabolism,
increasing lipogenesis and adipose tissue metabolism. Lipids and neutrophils have
been demonstrated to upregulate critical pro-inflammatory neutrophil capabili-
ties such as cytokine synthesis and ROS (reactive oxygen species) production [51].
Due to exposure to the diabetic milieus, which includes changes in blood glucose
levels as well as other variables, neutrophil activity is changed in diabetes (Figure
5) [51]. Recruitment, chemotaxis, phagocytosis, and intracellular ROS production,
which are essential neutrophil pathways involved in response to infection, are all

impaired in diabetes, but pro-inflammatory cytokine production, extracellular
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Figure 5. A summary of altered functions of neutrophils in T1D and T2D patients.
Created by Dowey et al, 2021 [51].
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ROS production, cell survival, and the formation of neutrophil extracellular traps
are upregulated and are now recognized as essential mediators of diabetic com-
plications [51].

Monocytes and macrophages are crucial in the immune system, functioning
in phagocytosis, antigen presentation, and cytokine production, resolving in-
flammation, and facilitating wound repair [52]. Within the high-glucose envi-
ronment created by diabetic patients, the functions of former immune cells will
be altered or inhibited, which may prevent the destruction of bacteria in the pe-
riodontal pocket, leading to periodontal destruction [50]. As the damage occurred,
fibroblast will not function properly in a high-glucose environment. Thus, peri-
odontal wound healing may be impaired, causing cumulative damage within the
oral cavity if no appropriate treatment is involved. There is a significant influ-
ence for diabetic patients with poor glycemic control on oral health because of
the accumulated high levels of glycated proteins (HbAlc). As the most prevalent
protein in the body, collagen becomes glycated under a high-glucose environ-
ment creating AGE-enriched gingival tissue by accumulating advanced glycated
end products (AGEs) in the periodontium. Interactions between AGEs and their
receptors (RAGEs) will further result in decreased collagen production, nega-
tively impacting wound healing. AGE-enriched gingival tissues impact the risk
and rate of periodontal diseases [50]. The risk and rate of periodontal disease are
impacted by such tissues, and advanced systemic complications increase the
frequency and severity of periodontists in diabetic patients [50].

Effects of periodontitis on diabetes

Not only diabetes is a risk factor for periodontitis, but periodontitis also has a
negative effect on some of the pathway that increases the incidence of diabetes.
The main driver of periodontitis is the periodontal bacteria and their products
which trigger immune cells and other mediators found in the infected periodontal
tissues. Those molecules enter the human circulating system and upregulate sys-
temic inflammation. As a result, a reduction of insulin-mediated uptake in ske-
letal muscles leads to impaired insulin signaling, abnormal insulin resistance,
poor glycemic control, and eventually increases the risk of diabetes. The specific
mechanisms in the effects of periodontitis on diabetes are underlying, but chronic
periodontal disease can exacerbate insulin resistance and worsen glycemic control

and leading to long-term diabetic complications.

4. Discussion

The increased systemic infections and inflammation caused by periodontitis en-
courage insulin resistance, resulting in type 2 diabetes mellitus and further de-
veloping diabetes-related complications. As periodontitis can be cumulative, for
patients with pre- and diabetes is mandatory to check their oral status and dis-
cuss with oral health care practitioners to develop a treatment against potential
infection and inflammation. In order to examine the risk factors for periodontal

disease and ascertain the actual state of the gums, teeth, and underlying jawbone,
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the dentist will utilize the patient’s medical history, family history, and dental
X-rays by cooperating with other healthcare practitioners to access shared prac-
tical data. Sufficient periodontal therapy, including scaling and root planning, lo-
calized gingivectomy, selected tooth extraction, and antibiotic, influence glycemic
control with decreased HbAlc levels and reduces inflammation [50]. Chronic
periodontal disease may exacerbate insulin resistance and worsen glycemic con-
trol. Appropriate periodontal treatment decreases inflammation leading reduc-
ing insulin resistance. Dentists play an indispensable role in providing timely
advice to patients with types of diabetes and assist them in practicing good self-
care, which includes using an antiseptic mouthwash and dentifrice twice daily,
flossing once daily, and using interproximal aids. The positive impact of peri-
odontal therapy on diabetic patients’ metabolic management is an example of
the potential benefit of a deeper comprehension of the link between these ill-

nesses and of the practical implementation of the ideas of biological plausibility.

5. Conclusions

This review study may have some limitations, which may affect the reliability,
precision, and validity. The first is some published data mentioned above and
selected from previous studies, and released reports are relatively early due to no
permission to access the latest data. This issue can be solved and needed to double-
check with governments and other professional organizations in the future. The
second limitation concerns the suggestion of dentists’ roles in treating diabetic
or prediabetic patients via periodontal treatment and other dental treatments
due to the lack of previous research studies on the topic.

Diabetes is a complex disease affected by numerous risk factors that can trig-
ger the further development of its related complications, especially periodontitis.
It significantly impacts many body tissues, including the oral cavity. Many poorly
controlled behaviors are highly related to the increase in the prevalence of peri-
odontitis under diabetic conditions. After understanding the bidirectional rela-
tionship between periodontal disease and diabetes mellitus, inflammation is the
common link caused by a combination of many factors. With a thorough under-
standing of the relationship between oral health and overall wellness, dentists
can provide purposeful treatments to prevent or reduce the risk of periodontal
disease and diabetes based on much information, including the patients’ ethnic-

ity, history of physical condition, behaviors, and lifestyle.
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