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Abstract This longevity of life expectancy has indirectly led to an increase in the number of
chronic diseases such as periodontitis, apical periodontitis (AP), and diabetes mellitus (DM) in
the aging society, thus affecting people’s quality of life. There is an interaction between peri-
odontitis/AP and DM with a two-way relationship. Although type 1 and 2 diabetes (T1DM,
T2DM) have different etiologies, glycemic control may affect the infection, inflammation
and tissue healing of periodontitis and AP. Non-surgical periodontal treatment may influence
the glycemic control as shown by decrease of HbA1c level in T2DM patient. However, the effect
of periodontal treatment on glycemic control in T1DM and root canal treatment/apical surgery
on T1DM and T2DM patients awaits investigation. DM may affect the periodontal and periapical
tissues possibly via altered oral microbiota, impairment of neutrophils’ activity and host im-
mune responses and cytokine production, induction of oxidative stress etc. While periodontitis
associated systemic inflammation and hyperlipidemia is suggested to contribute to the control
of T2DM, more intricate studies are necessary to clarify the detailed mechanisms. The inter-
actions between DM (T1DM and T2DM) and periodontitis and AP are therefore reviewed to pro-
vide a basis for the treatment of subsequent patients with pulpal/periodontal disease and
diabetes. A two-pronged approach of medical and dental treatment is needed for the
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management of these patients, with emphasis on blood glucose control and improving oral hy-
giene and periodontal maintenance care, to ensure the best treatment outcome.
ª 2024 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Chronic diseases are currently the leading cause of death
worldwide, in every region, and in all socioeconomic clas-
ses.1 The prevalence of chronic diseases is rapidly
increasing worldwide because of aging in the global popu-
lation and the changes in modern lifestyles. Periodontitis
and diabetes are both chronic inflammatory diseases that
are now common in the world, and both diseases pose a
major public health concern. This is the reason why the
relationship between periodontitis and diabetes has been
of great interest. A national study in the United States
found that the prevalence of diabetes was twice as high in
patients with periodontitis as in those without periodonti-
tis.2 Epidemiological studies have also shown that diabetes
is one of the major risk factors for periodontitis, especially
in the setting of poor glycemic control.3 Furthermore,
periodontal disease is also considered to be a co-morbidity
of diabetes.4

In terms of the common chronic disease, the diabetes
global prevalence rate in adults (20e79 years) was 6.4% in
2010, affecting about 285 million adults, and is expected to
continue to increase to 7.7% by 2030, affecting 439 million
adults.5 These figures suggest that diabetes is no longer a
problem in individual countries, but has become a world-
wide issue that requires attention. Diabetes not only im-
pacts the quality of life but also increases socioeconomic
costs, hence international coordination and efforts are
needed to stop the global diabetes epidemic and its
complications.

Two important oral diseases currently contribute to the
global burden of chronic disease, one of which is dental
caries with/without pulpal/periapical diseases and the
other is periodontal disease.6 However, in dentistry, peri-
odontal disease is still one of the most important oral
health burdens besides caries. For these reasons, the
management of periodontitis in diabetic patients is
particularly important. In order to improve the quality of
life and treatment outcomes for patients with periodontitis
and diabetes, a collaboration between the medical and
dental specialties is necessary to better utilize the
healthcare system and resources to achieve the best
possible outcomes. This allows for the most efficient way to
utilize the healthcare system and resources to ensure the
best possible treatment outcome, with less labor and
financial costs. The World Health Organization has just
published the ‘Political declaration of the third high-level
meeting of the General Assembly on the prevention and
control of non-communicable diseases’ in a report by the
Director General on January 11th, 2022.7 The Report in-
cludes an updated draft Global Oral Health Strategy
WHA74.5, which suggests improving political and resource
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commitment to oral health by including a guaranteed
minimum share of public health expenditure exclusively for
national oral health programs. National targets for 2025 and
process indicators for the prevention and control of non-
communicable diseases (NCDs) should be set based on na-
tional situations, taking into consideration the nine
voluntary global targets for NCDs, in addition to increasing
efforts to address NCDs, including cardiovascular diseases,
cancer, chronic respiratory diseases, and diabetes, as part
of universal health coverage (UHC).7

Diabetes mellitus

Diabetes mellitus (DM) is a chronic metabolic disorder
caused by a defect in the production or action of insulin or
both, resulting in reduced or complete failure to utilize
sugar and resulting in hyperglycemia. Prolonged hypergly-
cemia can cause damage to organs, including the retina,
kidneys, nervous system, heart and blood vessels.8 There
are several types of diabetes, the most common of which
are type 1, type 2 diabetes and gestational diabetes.9,10

Type 1 diabetes mellitus

Type 1 diabetes mellitus (T1DM), also known as autoim-
mune diabetes mellitus or insulin dependent diabetes
mellitus (IDDM), is an organ-specific autoimmune disease
caused by an absolute deficiency of insulin. The deficiency
of insulin results from the attacking and destroying
pancreatic beta cells by lymphocytes and other immune
cells.11e14 It is also known as juvenile diabetes because the
onset of symptoms usually occurs in childhood or adoles-
cence. However, symptoms do not always appear in child-
hood or adolescence, and may occur at a much later
age.9,10 In 70e90% of patients, the loss of islet beta cells is
the result of T1DM-related autoimmunity and is accompa-
nied by the formation of T1DM-related autoantibodies.
T1DM is associated with non-pathogenic autoantibodies or
enzymes, such as islet cell autoantibodies (ICA), antibodies
against insulin (IAA), glutamic acid decarboxylase (GAA or
GAD), and protein tyrosine phosphatase (IA2 or ICA512),
that appear months or years before the onset of symp-
toms.15,16 These autoantibodies and enzymes have been
considered as biomarkers to predict the development of
T1DM. It is not clear what triggers the first appearance of
autoantibodies targeting b-cells and more studies are
needed to explore the mechanisms.

Environmental factors may also influence T1DM, and vi-
ruses or environmental toxins may contribute to the pro-
gression of T1DM by inducing isletitis or by activating the
immune system through molecular mimicry of islet
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autoantigens.17 Isletitis refers to an inflammatory infiltrate
found in the islets of Langerhans in the pancreas. The use of
antibiotics has also been implicated in the pathogenesis of
T1DM,18 but their role remains unclear.

Type 2 diabetes mellitus

Diabetes mellitus can be due to dysfunction of insulin
production (T1DM) or decrease in insulin sensitivity (T2DM).
Type 2 diabetes mellitus (T2DM), also known as non-insulin-
dependent diabetes mellitus (NIDDM), is the most common
form of the three major types of diabetes mellitus (ac-
counting for more than 90% of all cases). NIDDM is charac-
terized by impaired carbohydrate, lipid, and protein
metabolism due to diminished insulin secretion, insulin
resistance, or a combination of both. The main cause of this
condition is the progressive impairment of insulin secretion
from the beta cells of the pancreas, usually in skeletal
muscle, liver, and adipose tissue, which is known as insulin
resistance.19 Because T2DM most often occurs in adulthood,
it is also known as adult-onset diabetes. But today more
and more children are being diagnosed with T2DM, probably
due to the increasing prevalence of childhood obesity.20

The causes of T2DM are complex and are related to risk
factors such as age, genetics, race, and ethnicity, as well as
environmental factors such as diet, physical activity, and
smoking.21 All of these factors reduce insulin sensitivity in
target organs and affect the insulin-producing pancreatic
beta cells. Thus, T2DM is a series of dysfunctions involving
insulin insensitivity resulting in hyperglycemic symptoms
combined with insufficient insulin secretion and excessive
or inappropriate glucagon secretion.22

T2DM is a complex chronic disease that requires ongoing
medical care, patient self-management, and control of
multiple risk factors to normalize blood glucose levels,
lipids, and blood pressure in order to prevent or minimize
acute and long-term microvascular (including retinopathy,
nephropathy, and neuropathy) and macrovascular compli-
cations (such as heart attacks and strokes).23

Periodontal disease

Periodontal disease is a disease that affects the gums,
supporting connective tissue, and alveolar bone due to
bacterial infection, causing the destruction of periodontal
supporting tissues and resulting in tooth movement, and
even tooth loss in severe cases. Due to changes in people’s
lifestyles, periodontal disease has become one of the most
common chronic diseases. However, in addition to patho-
genic microorganisms in biofilms, genetic and environ-
mental factors also contribute to a higher risk of
periodontal disease, especially the use of tobacco.24 Peri-
odontal diseases can be graded into 4 levels of severity,
ranging from mild to severe: gingivitis, mild periodontitis,
moderate periodontitis, and severe periodontitis.25

Gingivitis is the mildest form of periodontal disease and
is caused by the accumulation of bacterial biofilm in or near
the gingival sulcus, although gingivitis does not affect the
underlying supporting structures of the teeth and is
reversible.26 Periodontitis, on the other hand, causes loss of
connective tissue and supporting bone which is the main
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cause of tooth loss in adults. Therefore, the control of
bacterial biofilm and other risk factors has been recom-
mended to stop the progression of periodontal disease.
The association between periodontal disease
and diabetes mellitus

Diabetes is a complex disease with many variables,
including periodontal disease, that can influence its
development. Although the exact mechanism of bidirec-
tional interaction between periodontal disease and dia-
betes is not fully understood, poor glycemic control and
prolonged hyperglycemia have been implicated as risk
factors for periodontal disease (Fig. 1).27 Although some
researchers have suggested that there is no significant as-
sociation between diabetes and gingival inflammation,28 an
association between diabetes and periodontitis does exist
as reported in other studies.29,30 Although most studies
have focused on T2DM, T1DM appears to have the same
effect in increasing the risk of periodontitis. One study of
systematic review showed that the proportion of T1DM with
periodontitis was more than doubled in patients with T1DM
compared with nondiabetic individuals.31 In addition,
periodontitis appeared to be more severe in T1DM as
evaluated by clinical attachment level (CAL), and the
severity of periodontitis is strongly associated with glyce-
mic control.31 The prevalence of periodontitis was two to
four times higher in T1DM patients with normoglycemic
controls than in nondiabetics. Poor glycemic control in
diabetes, as well as smoking and inadequate oral hygiene,
were reported with an increased risk of severe periodontal
destruction in T1DM.2,32 Another study has also examined
the effects of the interaction between periodontitis and
T1DM on the alveolar bone, mandibular condyle, and tibia
using an animal model and found that T1DM exacerbates
the alveolar bone loss in rats with periodontitis by
approximately 3-fold compared to normal rats.33 All these
results suggest an association between T1DM and
periodontitis.

A two-way association between T2DM and periodontitis
has been reported,34 with a significantly higher prevalence
of periodontitis in patients with T2DM and vice versa. A
significantly worse periodontal status, as reflected by
deeper periodontal pockets and more attachment loss, was
found in patients with T2DM compared to those without
T2DM (Fig. 1).35 To know the effect of periodontal treat-
ment on the control of DM, serum glycated hemoglobin
(HbA1c) level is popularly used as marker of blood sugar
control in the last 2e3 months.36 HbA1c is a predominant
glycated hemoglobin with an attached sugar moiety, and
high plasma glucose may elevate the HbA1c levels.36 It has
been demonstrated that intensive periodontal care (by
scaling, subgingival curettage, periodontal surgery and
maintenance care) for 12 months may obviously decreased
the HbA1c levels by 0.5%, relative to scaling only group in
T2DM patients with moderate to severe periodontitis.37

Improved periodontal health after non-surgical peri-
odontal treatment in T2DM patients, as indicated by sig-
nificant decreases in plaque index, gingival index, probing
depth, clinical attachment level, gingival recession, and
bleeding on probing, may decrease the HbA1c levels



Figure 1 Diabetes increases the levels of glucose, advanced glycation end products, hyperlipidemia, and reactive oxygen species
in periodontal tissue, leading to increased inflammation and affecting fibroblasts, osteoblasts, and osteoclasts, thereby enhancing
tissue inflammation, attachment loss, periodontal pocket formation, and alveolar bone resorption.
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significantly.38 The authors concluded that non-surgical
periodontal treatment is associated with improved glyce-
mic control in T2DM patients in Turkey.38 Other report also
suggests that periodontal treatment with subgingival
instrumentation may reduce the HbA1c levels by 0.3e0.5%
after 3e12 months of follow up.39 A 3e6 months follow-up
study in Sweden found that T2DM patients showed a
reduction of HbA1c value after non-surgical and surgical
periodontal treatment.40 However, 3e12 months after
periodontal surgery, the HbA1c level decreased in T1DM
patients, but not in T2DM patients as studied in Lithuania.41

Simpson et al. collected the data of 35 studies with 3249
participants and found that periodontal treatment really
reduces the HbA1c value 3e6 months after treatment in
T2DM patients.42 But only one study on T1DM patients was
conducted and the results for this point are not conclusive.
This indicates that in untreated periodontitis and apical
periodontitis (AP), the infection of pathogenic micro-
organisms in the periodontium and root canal may induce
inflammatory mediators’ production, hyperlipidemia.
Further bacterial invasion and systemic inflammation may
affect the blood sugar control, and provoke the exacerba-
tion and complications of DM (Fig. 2, Left). Elimination of
pathogenic microorganisms by non-surgical and surgical
periodontal/root canal treatment may remove dental pla-
que and pathogenic bacteria, and decrease the inflamma-
tory cytokine levels. Remove periodontal and periapical
inflammation can decrease systemic inflammation and
thereby improve glycemic control as well as DM-related
complications (Fig. 2, Right). Reduce bacterial infection,
bacteremia, oxidative stress, periodontal inflammation,
immune responses and systemic inflammation (such as
decreased serum C-reactive proteins, and other inflamma-
tory markers), as well as improve the insulin sensitivity,
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beta cells’ function and vascular functions by intensive
periodontal treatment are the possible mechanisms
responsible for its reduction of serum HbA1c levels and
more adequate glycemic control.37,43 More studies are
necessary to clarify whether periodontal treatment may
reduce HbA1c and control of DM in T1DM patients. More-
over, mechanisms responsible for the control of T2DM by
periodontal treatment should be addressed.

On the other hand, a comprehensive oral examination
study of 1500 diabetic patients was conducted. The infor-
mation and history of all patients were collected to
determine the relationship between diabetes and peri-
odontal disease. They found that the poorer the glycemic
control and the longer the duration of diabetes, the higher
the prevalence and severity of periodontal disease.44 They
reported that the prevalence of periodontal disease in
diabetic patients was 86.8%. Both T1DM and T2DM may
affect the two major periodontal diseases, gingivitis and
periodontitis. However, despite all these intensive studies,
the exact relationship between diabetes and periodontal
disease is not yet fully understood. It seems more reason-
able from the available data that patients with diabetics
are more likely to have periodontal disease than non-
diabetics.
The association between apical periodontitis
and diabetes mellitus

Apical periodontitis (AP) is an umbrella term for chronic
infectious lesions at the apical region of the tooth and its
surrounding tissues, including the periodontium and alve-
olar bone, due to various causes. Inflammatory reactions,
such as inflammation or suppuration, may occur in the



Figure 2 (Left) In patients with untreated periodontitis and apical periodontitis, pathogenic microorganisms, pro-inflammatory
mediators and cytokines are elevated, which leads to a state of systemic inflammation that in turn leads to increased HbA1c levels
and increased diabetic complications. (Right) In patients with treated periodontitis and root canal, the levels of dental plaque,
pathogenic bacteria, pro-inflammatory mediators and cytokines are reduced, which leads to a reduced systemic inflammatory
state, resulting in lower HbA1c levels and a lower incidence of diabetic complications.
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periapical tissues due to infection by various Gram-negative
bacteria, Staphylococcus aureus, or Streptococcus.45,46 In
addition to infection, a sudden physical injury can also
cause trauma to the periapical tissues and further develop
periapical inflammation. Depending on the duration of the
disease, it can be divided into acute and chronic apical
periodontitis, both of which can cause toothache. Apical
periodontitis could recur if it is not treated thoroughly. It is
well established that there is a strong association between
systemic diseases and oral diseases, and that they share
many related risk factors.47,48 As the medical and dental
communities continue to analyze the possible link between
AP and systemic health, more and more findings describing
the association between AP and certain systemic diseases
have been reported.49 However, in addition to systemic
diseases, AP can also be affected by periodontal disease.
Conversely, AP can lead to destruction of surrounding
periodontal tissues, resulting in periodontal disease.
Although many microbial pathogens are common in both
periodontal disease and AP, endodontic infections have
received much less attention. For these reasons, this article
also discusses the association between AP and diabetes.

Although several studies have demonstrated an associ-
ation between AP and diabetes, the exact relationship be-
tween diabetes and AP has not yet been elucidated. One
study showed that 7% of teeth in diabetic patients had AP
compared to 4% in those individuals without diabetes.50 In
another study, it was reported that 14.6% of those with AP
had T2DM, which is about twice as many as those without
AP (7.6%).51 Furthermore, AP was also found to be more
severe in those with poor glycemic control.51,52 All of these
studies suggest that the prevalence of AP is indeed higher in
patients with diabetes and that T2DM and poor glycemic
control are significantly associated with AP.51,52 Another
1342
study comparing the success of root canal therapy (RCT)
between T2DM and non-diabetic patients found that the
periapical scores were significantly decreased in both the
diabetic and non-diabetic groups after root canal therapy
at the 12-month follow-up.53 However, periapical healing
was significantly less in the diabetic group compared to the
non-diabetic group. In addition, the HbA1c levels were
found to increase at each follow-up after RCT in the dia-
betic group.53 The authors concluded that diabetes may
have a negative impact on the outcome of endodontic
treatment in regard to periapical healing. Unexpectedly
the HbA1c levels in patients with T2DM elevated even after
non-surgical endodontic treatment.53 Most of the studies
support the association of AP with diabetes (Fig. 1). More
studies should be conducted to clarify the non-surgical
endodontic treatment and surgical endodontic treatment
on HbA1c level and glycemic control of T1DM and T2DM
patients in different countries.

Not only the association between T1DM and AP, but also
the prevalence of RCT and AP in T1DM and non-diabetic
individuals were analyzed in the Brazilian population.54 The
radiographic records of individuals with T1DM and age- and
sex-matched non-diabetic subjects were examined. They
found that the mean number of RCT per individual was
1.44 � 1.14 in T1DM patients and 0.81 � 1.03 in non-
diabetic subjects. The prevalence of AP was 58% in T1DM
patients, while only 15% in nondiabetic participants. The
prevalence rate of RCT, AP, and RCT with AP was higher in
patients with T1DM than in non-diabetic patients, sug-
gesting an association between RCT and AP and T1DM.
Recently, a systematic review and meta-analysis including
1087 patients and 2226 teeth in 15 studies was conducted.
Diabetes showed a higher rate of apical periodontitis in
endodontically-treated teeth than the healthy subjects at
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tooth level. DM increased the probability of apical peri-
odontitis in endodontically-treated teeth by 3-folds relative
to healthy control.55 This implied that DM may possibly
impair the apical infection/inflammation and healing
response (Figs. 1 and 2). However, more prospective
epidemiological studies are needed to better define the
association between endodontic inflammatory disease and
DM. Nevertheless, there are relatively few well-designed
longitudinal studies and clinical trials on endodontically
relevant topics in the relationship of diabetes, the evidence
for such association is not yet certain. It is difficult to
determine the true association between periapical inflam-
matory disease and diabetes because of the obvious
shortcomings of these studies in terms of sample size
calculation, classification of diabetes, methods of pro-
curement of diabetic status, use of training courses, and
assurance of inter- and intra-examiner agreement.56 More
well-designed longitudinal studies and clinical trials could
provide more scientific evidence.
Mechanisms of inter-relationship between
diabetes and periodontitis/AP

There is considerable evidence that diabetes is a risk factor
for gingivitis, periodontitis, and alveolar bone resorption
possibly due to impairment of host immune defense,
neutrophil activity, cytokine inflammatory responses,
oxidative stress, production of advanced glycation end-
products, imbalance of osteogenic/osteoclastic activity,
and changes in oral microorganisms and more others
(Fig. 1).57e59 The glycemic control is an important deter-
minant of this relationship. Patients with poorly controlled
DM showed elevated levels of IL-1b, TNF-a, IL-6, RANKL/
OPG and oxygen metabolites in gingival tissues.58 These
poorly controlled DM patients are shown to have greater
risk for periodontal destruction, have more severe peri-
odontal disease, and are more likely to develop severe
periodontitis than patients with well-controlled dia-
betes.3,31,32,44 Diabetes mellitus affects both innate and
specific immune response cells, both of which are thought
to contribute to periodontitis. Neutrophils make up the
majority of cells in the gingival crevice. However, over-
active or dysregulated neutrophils may release inflamma-
tory toxic substances or tissue-degrading enzymes, which
can lead to periodontal tissue damage.60e63

Macrophages are another cell type associated with the
pathogenesis of periodontal disease. It has been suggested
that diabetes increases the production of interleukin-1 (IL-
1) and tumor necrosis factor-alpha (TNF-a) by macro-
phages, which may contribute to the pathogenesis of
periodontal disease.64 There are M1 and M2 macrophages,
which promote Th1 and Th2 responses, respectively.65 M1/
M2 designates the two main and contradictory activities of
macrophages, in which M1 activity retards cellular prolif-
eration surrounding the tissue leading to tissue damage. In
contrast, M2 activity encourages cell proliferation and ac-
celerates wound healing and tissue repair.66 It has been
demonstrated that the induction of M2 macrophage activ-
ities could prevent alveolar bone loss around murine molar
through the inoculation of Porphyromonas gingivalis and
ligature.67 Periodontitis induced in these mice was found to
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be associated with an increase in M1 macrophages that
enhance inflammation and a decrease in M2 macrophages
that stimulate the repair and reduction of inflammation. In
a study investigating the abnormal cell responses in dia-
betic wound healing found that diabetes may increase M1
macrophage polarization, thereby increasing susceptibility
to periodontal disease and its severity of the periodontal
disease.68 In addition to neutrophils and macrophages,
dendritic cells are also associated with periodontal disease.
Diabetes may affect periodontitis by modulating dendritic
cells, thus altering periodontal bone loss by increasing Th1
or Th17 lymphocyte production or decreasing regulatory T
cell formation.69 All these events may predispose to chronic
inflammation, progressive tissue breakdown, and impair of
tissue healing activity.70

The mechanisms responsible for the effect of peri-
odontitis/AP on the control and progression of DM are un-
expectedly not so clear. Periodontal inflammation,
bacteremia and endotoxemia with associated increase of
IL-1b and TNF-a, systemic inflammation and hyperlipidemia
are considered to be the possible reasons leading to
pancreatic beta cells’ dysfunction (Figs. 1 and 2).58,70

Hyperlipidemia may affect DM and periodontitis via their
influence on inflammatory cytokine production and insulin
secretion, whereas DM and periodontitis may also result in
hyperlipidemia.71 Therapeutic control of hyperlipidemia is
suggested for clinical management of DM and periodonti-
tis,71 and even for AP. Patients with DM and periodontitis
are shown to have higher levels of circulation CRP, TNF-a
and oxidative stress factors. Periodontal treatment may
reduce these inflammatory factors.68
Impact of diabetes on the oral microbiota

The oral microbiota is one of the most complex microbial
communities in the human body.72,73 The oral microbiota is
of course associated with many oral diseases, but in recent
years more and more literature has shown that the oral
microbiota is closely related to human health conditions,
such as diabetes, cardiovascular disease, and cancer.74,75

The bacterial counts of Tannerella forsythia and Trepo-
nema denticola were reported to be increased in DM pa-
tients relative to healthy control.76 Recently an increase in
the bacterial load of Fusobacterium, P. gingivalis and T.
forsythia was reported in the oral cavity of patients with
diabetes,77,78 perhaps due to altered glucose metabolism in
pre-DM and DM patients,58 leading to advanced glycation
end-products (AGEs) formation and oxidative stress.78

Recent development of next generation sequencing (NGS)
technology help us to compare the difference of oral
microbiome in non-diabetic and diabetic patients with or
without periodontitis. Metagenomic analysis of salivary
microorganisms has found a higher bacterial load of
Streptococci, Veillonella, Actinomyces, Fusobacterium and
Rothia in T2DM patients relative to healthy controls.79 The
other study also found an increased P. gingivalis, P. mela-
tinogenica and bacterial metabolites such as cadaverine, l-
(þ)-leucine, N-acetyldopamine and 3,4-dimethylbenzoic
acid etc., but not Streptococci mutans in T2DM patients
without evident oral diseases when compared to healthy
subjects.80
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Less reports have addressed this point in T1DM. An
analysis of oral microorganism in 12e19 y/o T1DM patients
in USA showed that HbA1c level was inversely associated
with the yellow/other cluster (microorganisms that are not
associated with periodontal disease) among youth with
T1DM.81 The microbial diversity in children/adolescent
patients with DM and periodontitis was higher than DM and
periodontitis alone in India. Poor glycemic control also
increased the biofilm formation in both DM and DM with
periodontitis patients.82 Pachonski et al. have found that
T1DM children and poorly controlled (HbA1c > 7.5%) T1DM
children showed evident increase in the number of bacte-
rial strains relative to healthy control.83 T1DM patients
with/without adequate glycemic control also showed more
dental plaque formation than healthy control.84 Changes in
oral microorganisms in children and adolescents with T1DM
also showed a higher prevalence of cariogenic and perio-
dontopathic bacteria such as Actinomyces spp., Aggrega-
tibacter actinomycetemcomitans, Prevotella intermedia,
S. mutans, Veillonella, and Lactobacillus than healthy
control.85 Interestingly little is known about the effect of
T2DM and T1DM on the pulpal and root canal microorgan-
isms. A positive association between DM (T1DM þ T2DM)
with P. gingivalis and P. Endodontalis has been reported.86

The other study reported no association between DM and
three root canal microorganisms including Pseudor-
amibacter alactolyticus, Propionibacterium propionicum,
and Prevotella nigrescens in teeth with persistent apical
lesions.87 But the samples size is relatively small with only 6
DM patients in both studies. From above reports, more
studies on the effect of T1DM to changes of oral microor-
ganisms in the saliva, pulp/root canal and periodontal re-
gions should be further investigated.
Directions for periodontal treatment

Periodontal and periapical infection and inflammation may
possibly affect the glycemic control. Clinically periodontal
treatment and oral hygiene maintenance care may effec-
tive improve the treatment outcome, oral health-related
quality of life, oral self-care behavior and glycemic control
in patients with T2DM.88,89 There is now much evidence of a
causal relationship between periodontal disease and dia-
betes and that glycemic control has an impact on the pro-
gression of the periodontal disease. In addition to the
impacts of diabetes on the two types of immune systems,
namely the innate and the adaptive immune responses,
that cause periodontitis, uncontrolled diabetes also ap-
pears to have an influence on bone density. For example,
patients with either T1DM or T2DM have an increased risk of
bone fracture compared to those without diabetes,90 and
patients with poor glycemic control and those treated with
insulin have a higher risk of bone fracture.91 Animal studies
have also shown that rats with diabetes and periodontitis
have significantly more alveolar bone loss but fewer fibro-
blasts, osteoblasts, and osteocytes than rats with peri-
odontitis only.92 Increased pro-osteoclastogenic mediators
was found in cultured cells derived from diabetic (hyper-
glycemic) mice and peripheral blood cells of DM patients.93

These results suggest that diabetes may negatively affect
periodontal tissue by increasing osteoclast formation and
1344
enhancing apoptosis of fibroblasts, osteoblasts and bone
cells in periodontal tissue.92,93 In addition, as mentioned
above, diabetes may also alter the composition of the
microbiota in the oral cavity, making pathogenic bacteria
more pathogenic. It is known that periodontal disease is
highly complex, including microbeemicrobe interactions,
microbeehost interactions, and systemic disease effects.
Many epidemiological studies showed the effect of diabetes
on periodontal disease, but there are many extraneous
factors such as the degree or duration of hyperglycemia and
the use of medications that can lead to discrepancies in the
data or in the discrimination, so more precise and consis-
tent studies are needed to confirm these findings and to
provide more accurate medical treatment for clinical
periodontal disease. Recent study in southern Taiwan
further found that DM patients in rural and suburban area
showed lower incidence of periodontitis, showing underdi-
agnosis of periodontitis or underutilization of dental care in
this region.94 Therefore, more follow-up studies with high
precision and consistency are needed to confirm these
points and provide more accurate medical treatment for
clinical periodontal therapy to improve their quality of life.

Conclusion

There is an interplay between periodontitis/AP and DM with
a two-way association. DM may influence the infection,
inflammation and tissue healing of periodontitis and AP.
Periodontal treatment may improve the glycemic control
especially in T2DM patients possibly by reducing peri-
odontal infection/inflammation, bacteremia and endotox-
emia with associated elevation of IL-1b and TNF-a, systemic
inflammation and hyperlipidemia that may impair the
function of pancreatic beta cells. But the clinical studies
for the effect of root canal on glycemic control in T1DM and
T2DM patients, as well as the effect of periodontal treat-
ment on glycemic control in T1DM patients are limited and
should be further addressed. DM may influence the peri-
apical and periodontal diseases possibly via changes in
pathogenic microorganisms, impairment of neutrophils’
activity and host immune responses and cytokine produc-
tion, induction of oxidative stress etc. DM may affect sali-
vary and periodontal microorganisms especially in T2DM
patients. But the effect is still not confirmed in root canal
microorganisms. While periodontitis associated systemic
inflammation and hyperlipidemia is suggested to contribute
to the control of T2DM, more intricate studies are necessary
to clarify the detailed mechanisms.
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