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ABSTRACT

Common noncommunicable diabetes mellitus disease has many complications in several parts of the human
body. The oral cavity is one of the areas affected by diabetes mellitus conditions. The most common compli-
cations of diabetes mellitus in oral areas include increased drying of the mouth and increased oral diseases
resulting from either microbial activity, such as dental caries, periodontal diseases, and oral candidiasis, or
physiological problems, such as oral cancer, burning mouth syndrome, and temporomandibular disorders.
Diabetes mellitus also has an impact on the diversity and quantity of oral microbiota. Oral infections pro-
moted by diabetes mellitus mainly result from disturbance of the balance between different species of oral
microbiota. Some oral species may be positively or negatively correlated with diabetes mellitus, while others
may not be affected at all. The most numerous species in the presence of diabetes mellitus are those of
phylum Firmicutes of bacteria such as hemolytic Streptococci, Staphylococcus spp., Prevotella spp., Leptotrichia
spp., and Veillonella and species of the fungus Candida. Proteobacteria spp. and Bifidobacteria spp. are common
microbiota that are negatively impacted by diabetes mellitus. In general, the effect of diabetes mellitus could
include all types of oral microbiota, whether it is bacteria or fungi. The 3 types of association between diabe-
tes mellitus and oral microbiota that will be illustrated in this review are increase, decrease, or lack of impact.
As final inclusion, a great number of oral microbiota have increased in the presence of diabetes mellitus.
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Introduction

Diabetes mellitus (DM) which is characterized by high levels of sugar in the blood due to an
alteration in the metabolism of carbohydrates, fats, or proteins is widely distributed worldwide.'
The prevalence and incidence of DM are growing at a rapid rate each year. In 1985, DM counted
30 million persons, which increased in 2000 to |50 million and in 2007 to 246 million.? Diabetes
mellitus can take many forms depending on the causal default. Type | DM (T 1DM) results from
a failure to secrete insulin and type 2 DM (T2DM) is most commonly represented by insulin-
resistant cells.*

The oral cavity contains a great number of microorganisms of high diversity.*” This makes it the
second largest reservoir of different types of microbial communities.®® Several favorable oral
conditions may support the life of the microbiota such as the structural nature of the oral parts
and internal oral conditions.”'® The presence of microbiota in the oral cavity provides numerous
advantages for the human body such as protection against infection by pathogenic microorgan-
isms through competition, supplying humans with vitamin B2, and digestion of some type of
nutrients.®”'°

Diabetes mellitus has numerous complications on the oral cavity represented by the increased
pathogenic activity of the oral microbiota to cause diseases such as dental caries, periodontal dis-
eases (PD), and oral candidiasis or cause physiological disorders such as dry mouth (xerostomia
and decreased salivary flow rate), lesions in oral mucosa, altered taste, geographic tongue, oral
cancer, burning mouth syndrome, and temporomandibular disorders.''"3
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Three actions may be performed by DM on
the oral microbiota: increase, decrease, or not
have any effect on the growth of the oral micro-
biota. In general, diabetes frequently increases
the number of oral microbiota which leads to
its diversification.'*'®* Common bacterial species
found in patients with DM compared to patients
without DM or healthy people include hemo-
Iytic Streptococci, Staphylococcus spp., Prevotella
spp, Leptotrichia spp., and Veillonella spp."”
Other species may not be different in either
DM patients or non-diabetic patients such as
Prevotella copri, Alloprevotella rava, and Ralstonia
pickettii.'® Meanwhile, the Proteobacteria species
is not found in the patient with DM, whereas it is
clearly observed in healthy people.'®"

Diabetes mellitus may also encourage different
fungal species like Candida to become patho-
genic due to many DM-related factors such as
xerostomia, low salivary flow, higher salivary glu-
cose level, and microvascular degeneration.??
Candida albicans is the most frequent species of
Candida in diabetic patients compared to non-
diabetic individuals.?"** The correlation of DM
with oral microbiota is discussed in this review.

Diabetes Mellitus

Diabetes mellitus is a common physiological dis-
order characterized by chronic hyperglycemia
resulting from partial or complete impairment
in the metabolism of carbohydrates, proteins, or
lipids."> Thus, DM is not a single disease, but it
includes all disorders leading to increased blood
sugar levels."*? It is found throughout the world,
whether developed or developing. The preva-
lence of DM in developed countries is higher
than in developing countries and higher among
females than males? The incidence of DM
always goes up over time. It was estimated to be
30 million in 1985 and increased to 150 million
in 2000 and 246 million in 2007 and is expected
to reach 380 million in 2025 as predicted by the
International Diabetes Federation.® The figure is
also expected to rise from 135 million in 1995
to 300 million in 2015, particularly in developing
countries.? In the Eastern Mediterranean region,
DM constituted the fourth cause of death, par-
ticularly type 2.% The epidemic of DM as one of

* Correlation between diabetes mellitus (DM) and
oral microbiota can take 3 ways: positive, nega-
tive, and ineffective.

*  The main role of DM is to convert oral commen-
sal microbiota into pathogens.

* The diversity and number of oral microbiota
increase with DM.

* Diabetes mellitus is effective on all types of oral
microbiota with no difference.

the noncommunicable diseases is a public health
challenge faced by the world at present.”

The main reasons for DM are the default in
insulin secretion, action, or both that all lead to
disruption in glycemic control.*'32°28 Thus, many
types of DM can be recognized, including T1DM
which is common in children and results from a
defect in insulin secretion due to the destruc-
tion of insulin-producing pancreatic beta-cells,
type 2 (T2DM) which is common in adults and
results from insulin resistance, gestational type
(high glucose level during pregnancy), and other
types that may result from the effect of genetic
defects, environment, infections, or from drugs
effects>?2% Type 2 DM occurs more fre-
quently than other types, accounting for 90%
of all DM cases.? Initiation of T2DM is primarily
related to physiological changes in mitochondrial
metabolism, such as the production of adenos-
ine triphosphate, high oxidative indicators, and
changes in mitochondrial RNA level.?

Several factors are associated with the develop-
ment of DM and the determination of its type,
such as genetic predisposition or environmental
factors that induced an autoimmune destruc-
tion of beta cells to form TIDM or insulin-
resistant cells as with T2DM.*> Type | DM is
mostly induced by multifactorial events ranging
from autoimmune disease which is mediated by
antibodies or exposure to toxins in the environ-
ment to genetic predisposing factor represented
by the presence of HLA-DR/DQ polymorphism
of major histocompatibility complex (MHC)
class Il histocompatibility complex.? The evo-
lution of DM is more related to age; T2DM is
more frequent in adults, whereas TIDM is fre-
quent in children." In addition, prevalence of DM
is estimated to be |1.3% of all people aged 20
and older and about 26.9% of people aged 65
and older."? In all men, about |3 million or | 1.8%
of them aged 20 years or older suffer from
DM."3 Other factors may include obesity, diet,
unhealthy lifestyle, physical inactivity, hormonal
activity, drugs, and infections.>*2"%

Oral Normal Flora

Microorganisms have a long history of relation-
ship with humans over millions of years. They
establish a symbiosis coexisting with various
parts of the human body as a microbiota.*” The
mouth is considered the second largest reser-
voir of different types of microbial communities,
including bacteria, fungi, and viruses.®® It contains
over 700 species of microorganisms with more
than 500 bacterial taxa and about 22 identified
predominant genera colonizing parts of the oral
cavity.81% The first source of oral microbiota in
the human body comes from contact with the

birth canal at birth, followed by parents, and later
from other sources such as water; food, and the
surrounding environment®'® The density and
diversity of microorganisms increase over time
in the oral cavity, moving from optional in child-
hood to very high in adults.'

The oral cavity has many favorable conditions
to support the life of different types of micro-
organisms like the structural nature of oral
parts and suitability in conditions for microbial
retention and growth.'® The soft tissues of the
mucosa and hard surfaces of the teeth, tongue,
gingiva, and palate provide suitable sites for colo-
nizing and stabilizing the oral microbiota.® A diet
rich in carbohydrates that degrade to simple
sugar and saliva compositions of mineral, ionic,
and organic compounds with its buffering capac-
ity are all factors that regulate the presence of
oral microbiota.'®

The oral microbiota is a complex community
that is concerned with being stable in diversity
and density with a chance for some species
to experience minor changes in location and
time.”'% The oral microbiota can be divided into
2 types according to the time of appearance as
resident and transient or divided according to
the source of entry as indigenous and exog-
enous or supplemental.” The indigenous oral
microbiota is most often represented in large
numbers (>1%), in particular at the location of
the supragingival plague and the surface of the
tongue, while the transitional group is usually in
smaller numbers (<1%).” However, oral condi-
tions are the effective factor in determining the
type of microorganism in the site of the oral cav-
ity that may later be associated with the change
in oral state.’

The presence of microflora in the oral cav-
ity brings many benefits for the human body.
The principal role of the oral microbiota is to
provide natural protection to the oral cavity
against the pathogenicity of many pathogenic
organisms.®'® This type of protection typically
emerges from competing with other organisms.
[t envisions an oral microbiota protection key
to control or destroy other enclosed microor-
ganisms and immunization against numerous
diseases potentially caused by oral pathogens.'
Oral microbiota may gain competition by pro-
ducing various metabolites such as volatile fatty
acids and hydrogen or by modifying the con-
ditions of the local oral environment such as
pH and redox potential for suppressing other
microorganisms.'® Thus, the presence of micro-
biota plays an important role in maintaining
human health because it is associated with the
first line of defense against pathogens that cause
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disease in either oral cavity such as dental caries
and PD or in other internal parts of the human
body such as colorectal cancer, pancreatic
cancer; and inflammatory bowel syndrome.®'®
However, any disturbance or alteration of the
oral microbiota community which is called dys-
biosis will affect the balance rate with other
closed microorganisms and give the pathogen
group an opportunity to exceed in number and
cause various diseases.’” In general, infection in
the oral cavity usually starts with the adhesion
of the pathogens to the surface of the mucosa
to prevent their removal by the mechanical
action of saliva and by the defense of the host,
thus allowing them to penetrate deep into the
oral tissue.'

Other benefits of oral microbiota to the human
body include providing vitamin B12 to the host
as a product from many lactic acid bacteria and
Bifidobacterium and also facilitating digestion of
some nutrient types that could not be digested
by the host.?

Diabetes Mellitus and Oral Infectious
Diseases

Diabetes mellitus has an impact on various
organs of the human body, without regional or
partial exceptions. A number of complications
with long-term effects are most often associated
with permanent diabetes, such as neuropathy,
nephropathy, retinopathy, and vascular system
change? These complications result primarily
from numerous destructive activities induced
by DM, including inflammation, ischemia, and
increased reactive oxygen species (ROS)."" The
oral cavity containing highly vascularized and
innervated sites makes it more susceptible to
DM effects.'" Thus, many oral complications of
DM can be noticed in the oral cavity, including
dental caries, PD, oral candidiasis, dry mouth
(xerostomia and decreased salivary flow rate),
lesions in oral mucosa, altered taste, geographic
tongue, oral cancer, burning mouth syndrome,
and temporomandibular disorders.'"'*  Also,
oral complications of DM play a significant role
in increasing the severity of DM by increasing
blood sugar levels.'?

The proposed mechanisms for the role of DM in
the reduction of saliva (xerostomia) are related
to the neuropathic complication of DM through
a decrease in the regulation function of the
autonomic nervous system on saliva production
from the parotid gland."" There is a decrease in
saliva flow and foam in children with DM com-
pared to the healthy group.?' This decrease in
salivary flow or its amount will reduce the anti-
microbial effects of saliva and increase the rate
of infections."?

Strong evidence was provided to support the
positive effects of DM on the initiation or pro-
gression of different bacterial and fungal infec-
tions."” Dental caries, PD, and oral candidiasis
are the most well-known oral infectious diseases
caused by DM disorders.!'"'232 Hyperglycemia
in the DM patient induces an increase in saliva
glucose levels that becomes a good nutrient
for cariogenic bacteria in the dental biofilm."
Comparison between saliva content in children
with DM and the control group showed that
saliva in patients with DM had higher levels of
glucose, urea, and total protein with low calcium
levels and acidic pH.*!

Dental caries or caries is a very common type
of dental disease with a high prevalence world-
wide. It is triggered primarily by the process of
carbohydrate fermentation by acid-generating
bacteria in the oral cavity.'" Lactic acid produced
after digestion of dietary carbohydrates by
bacterial biofilm is a destructive factor of den-
tal enamel resulting in dental caries.? Although
many studies indicate an increased prevalence
of dental caries in DM patients, it may be dif-
ficult to explain the association between these
diseases and also to determine whether the DM
has a direct effect on caries development or by
other factors.'" The effect of DM types, such
as TIDM in young people or T2DM in adults,
on cavities should also be determined. Among
Iraqis in the city of Erbil, dental caries and gingi-
vitis were significantly higher in TIDM patients
compared to the healthy control group.®® Thai
diabetic patients also showed a high incidence of
dental caries compared to non-diabetics.*

Periodontal disease is one of the chronic oral
inflammatory diseases characterized by the
accumulation of plaque and calculus on teeth
formed by anaerobic Gram-negative bacteria
causing destructive inflammation in the teeth-
supporting tissues and bone loss.?!''?¢32 |t can be
divided into 2 types of infllmmatory diseases:
gingivitis as inflammatory in the gingiva (gum)
and periodontitis as destructive inflammatory
in the structures surrounding the teeth such as
root cementum, alveolar bone, and periodontal
ligament, and it can also involve gingivitis."!

Periodontal disease has bidirectional relation-
ship with DM as evidenced by many studies
that have reported that these 2 diseases have
a strong association in high prevalence and inci-
dence of DM in most cases and the treatment
of one can decrease another.?!!"13162¢ Findings
from 53 observational studies show that the
prevalence of T2DM is higher in periodontitis
patients, with an increased risk of 53% and vice
versa when diabetes conditions increase the

risk of PD by 34%.% The development of PD
could be expected in every patient with DM
who make PD the best known complication of
DM or it could be the first.*#323657 |t is also
considered as the most common type of dental
disease strongly associated with DM than gin-
givitis or dental caries.® Diabetes induces PD
through the activation of periodontal micro-
biota to stimulate inflammatory reactions.?® It is
therefore expected that periodontal destruc-
tion will increase with DM.'%!737 Both T1DM
and T2DM have an impact on the development
of PD with serious effects compared to non-
diabetic peoples.' In general, the severity of PD
is frequently higher in patients with T2DM.3*40
Based on the surveillance of 14 studies, 12
studies showed that patients with T2DM had
significantly lower periodontal health status,
while only | study showed no significant cor-
relation.?® This is also indicated by the results
of 53 observational studies in which T2DM
patients exhibited poor periodontitis.*® The
prevalence of PD did not reveal any significant
difference in patients with TIDM and healthy
people when diabetes is strictly metabolically
and clinically controlled,*" while the complica-
tion of PD has increased in patients with DM
when they have uncontrolled diabetes, espe-
cially when they are older and have a longer
duration of diabetes.*

Diabetes can have a variable effect on the devel-
opment, progression, and severity of PD, which
influences the correlation between these dis-
eases.*? Mild and advanced PD showed no sig-
nificant correlation with T2DM in Iragi patients,
while moderate status was more frequent in
these patients than in non-diabetic patients.”
Many factors may play a role in the development
of PD in DM patients. Age, sex, and oral health
status are the most effective factors when old
age, men, and poor oral health, respectively,
increase PD development in DM patients.* The
severity of PD is greater in T2DM patients over
5 vears of age compared to those under 5 years
of age.¥

From another perspective, PD is considered to
be a risk factor for DM and may be associated
with other DM complications.”® The prevalence
of T2DM in periodontitis patients is greater
(75.6%) than in those who do not have peri-
odontitis (22.4%).% In addition, PD has a negative
impact on DM, as demonstrated by numerous
studies in which the microbes responsible for
PD may induce an inflammatory response that
increases insulin resistance and blood sugar.'2
Other mechanisms have proposed that PD can
induce insulin resistance in a manner similar to
that of obesity.*?
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The correlation between DM and PD may
be insignificant in some cases. A comparison
between Japanese patients with DM and those
without DM revealed no clear association
between DM and oral health status and also
predicated a little effect of diabetes on the prog-
ress of PD.*

Gum disease, a different type of PD, is also
affected by DM. Their prevalence is high in
patients with DM compared to healthy peo-
ple.*’* Gingivitis is significantly higher among
TIDM patients than in the healthy group.” It
is a mild form of PD that can be characterized
by the presence of local erythema, swelling, and
easy bleeding?¥ On the other hand, gum dis-
ease can play a role in increasing blood sugar
levels, which can increase the risk of developing
DM or the difficulty of controlling. Treatment
of gum disease is found to decrease blood
sugar in patients with T2DM." The mechanism
by which blood sugar is increased by gum dis-
ease may relate to inducing the immune system
to produce harmful molecules by microbes
that release themselves from gum tissue dur-
ing chewing or brushing and these molecules
can affect other sites of the human body such
as pancreatic sites and cause loss of sugar
control.”/

Oral candidiasis is the third type of infection in
DM patients after PD and dental caries. It devel-
ops easily in patients with poorly controlled dia-
betes and those with long-standing DM.2?> The
prevalence of oral candidiasis in DM patients
is estimated to be 49%.%°° Many factors can
promote the development of oral candidiasis
in patients with diabetes. Wearing a denture is
a significant risk factor that increases the fre-
quency of oral candidiasis in DM patients.®
Denture stomatitis as a common type of can-
didal infection associated with the wearing of
denture is found in a higher rate in patients
with diabetes compared to people without dia-
betes*! Other factors are also associated with
the risk of DM, such as elevated glycosylated
hemoglobin above 12%, age, duration of DM,
and chronic renal disease.”*%*2** On the other
hand, some DM conditions may not have a role
in the development of oral candidiasis in diabetic
patients such as fasting glucose, urinary glucose
levels, antibiotic used, white blood cell count or
differential, glycosylated hemoglobin value, and
the presence of diabetic retinopathy.2245355

Some cases of oral candidiasis have not shown
any significant association with DM. Seven
studies reported that patients with DM had a
similar risk of developing oral candidiasis com-
pared to those without DM.>! Yeasts present

in the oral cavity of children with TIDM are
not found to be affected by diabetes, and a
high number of C. albicans is observed in non-
diabetic children.®®

Impact of Diabetes Mellitus on Microbiota of
Oral Cavity

The conditions created by DM have a variable
effect on the diversity and distribution of vari-
ous microbiota in the oral cavity."” This effect
of DM can change the behavior of microbial
species that have colonized different sites of
the oral cavity. Since this change will disrupt
the correlation between the oral microbiota
and its location, one or more oral diseases may
occur?!" According to the animal model experi-
ment, DM increases the pathogenicity of the
oral microbiota, as indicated by the develop-
ment of various oral diseases, by increasing the
activities of inflammation, osteoclastogenesis,
and periodontal bone loss.'®

The predominant condition of the oral micro-
biota may easily change when DM is present.
Such an effect of DM can lead to 3 results
which are no effect, increase in the effect, and
decrease in the effect in divers or the number
of oral microbial flora. In general, diabetes fre-
quently increases the number and variety of the
oral microbiota. Gram-positive bacteria are the
most abundant in patients with DM than Gram-
negative bacteria.®® The variation of oral micro-
biota is mostly observed after comparing DM
patients with healthy individuals. Many studies
have indicated that the number of oral bacteria
is nearly greater in DM patients, especially those
with poorly controlled DM, than in healthy indi-
viduals."'® It also showed that the oral cavity of
the T2DM patient contains 10 times more bac-
teria than that of the non-diabetic patient."*

The dominant and high number of some spe-
cies of oral microbiota can be detected in DM
patients compared with healthy individuals
such as C. albicans, hemolytic Streptococci, and
Staphylococcus spp.” The phylum Firmicutes with
its genera Prevotella and Leptotrichia as acido-
genic bacteria and Veillonella as aciduric bacte-
ria was found in greater abundance in Pakistani
DM patients than in the control group.®” The
total number of species of Streptococcus and
Lactobacillus isolated from supragingival plaque
was higher in Thai patients with DM than in
patients without DM.>* Many species of bacteria
can only be found in DM patients, as is the case
with the Capnocytophaga spp. that is identified in
T1DM patients and not in the control group.'>*!
[t is also proven that this bacterium, in addition
to Prophyromonas spp. and Pseudomonas spp.,
increases in number in DM cases.'®

Diabetes mellitus can also show a negative cor-
relation to the oral microbiota as many studies
have reported. A non-significant association was
observed between species diversity and T2DM
glycemic level*® The anaerobic and aerobic oral
microbial flora also showed no significant dif-
ferences between patients with DM and the
control group.”! Three species of oral patho-
gens, namely Fusobacterium spp., Porphyromonas
gingivalis, and Tannerella forsythia may be isolated
without any difference from patients with or
without DM.*? A comparison between DM and
non-DM patients revealed no differences in the
presence of Prevotella copri, Alloprevotella rava,
and Ralstonia pickettii between 2 groups.'® The
abundance of phylum Actinobacteria sp. is found
without significant difference between patients
with DM and the healthy control group.®” This
was also true for the subgingival microflora that
showed no difference in observation between
DM and non-DM.»

Some oral microbiota may be eliminated or
reduced when DM is present. Proteobacteria
species are not found in DM patients but are
clearly seen in healthy individuals.'®!” The rate of
Bifidobacteria spp. is reduced in TI1DM patients
compared to patients without DM.'*

Many oral microbiota display a changing appear-
ance in harmony with glucose levels in DM
patients. Bacteria associated with dental surfaces
in the form of biofilm, such as Streptococcus
mutans and Lactobacilli, can demineralize teeth
under conditions of high levels of glucose and
acid causing PD.'"" Among 44 oral microbiota
taxa in DM patients, 27 taxa increased with a
higher glucose change and |7 taxa with low
glucose change.® Some species of oral bacte-
ria that positively associate with DM may serve
as an indicator to predict DM as they increase
in number. A total of 9 oral bacterial taxa can
be used as a reference for predicting changes
in glucose levels when glucose is higher as with
Stomatobaculum sp. and Atopobium spp. or low as
with Leptotrichia spp.®° The oral species that are
most likely to predict the development of DM
are Megaspaera micronuciformis, Eubacterium
sulci, Lactobacilus mucosae, Lactobacilus para-
plantarum, Phocaecola abscessus, Acinetobacter
nosocomialis, Solobaterium moorei, Shuttleworthia
satelles, Streptococcus acidominimus, Enterobacter
cloacae, Klebsiella oxytoca, Pseudomonas aeru-

ginosa, Streptococcus  sdlivarius,  Actinobacillus
actinomycetemcomitans, Bacteroides oralis,
15,18,19.38

Staphylococcus aureus, and Fusobacteria.

The study of the impact of DM on the vari-
ety and number of oral microbiota is not
only dependent on comparison with healthy
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individuals but also with patients with one or
more oral diseases. A large number of vari-
ous bacteria, including Streptococcus spp. and
Lactobacillus spp., have been positively associated
with DM.2* The number of Lactobacillus spp. in
saliva and supragingival plaque was also very
high in DM patients with active caries compared
to those without caries® Divers bacteria of
Gram-negative that are motile, capnophilic, and
anaerobic and Gram-positive as Streptococcus
spp. and Actinomyces showed an increase in
number in DM patients with periodontitis com-
pared to non-diabetic patients with periodonti-
tis.'"” The proportion of Porphyromonas spp. and
Treponema spp. in patients with PD and T2DM
was found greater than in patients with T2DM
alone.'®

The composition of the oral microbiota in DM
patients may change depending on the type of
dental disease.'” Periodontal diseases are gener-
ally caused by many of the predominant patho-
gens of the oral microbiota, which belong mainly
to 3 aerobic species, including A. actinomycetem-
comitans, Campylobacter rectus, and Eikenella
corrodens and 7 anaerobic species, including P
gingivalis, Bacteroides forsythus, Treponema denti-
cola, Prevotella intermedia, Fusobacterium nuclea-
tum, Eubacterium, and spirochetes.'®>® Such a
different species could be changed in the pres-
ence of DM. A comparison between a DM and
a non-DM patient who both have dental caries,
periodontitis, and gingivitis revealed isolation of
82 bacterial strains from DM patients compared
with 60 strains from non-diabetic patients with
a high ratio of isolation from the periodontitis
group.®®

Gingivitis is mostly caused by anaerobic Gram-
negative bacteria that is responsible for inflam-
matory reaction in the gingival and bony
tissues?® The diversity and number of oral
microbiota associated with gingivitis in patients
with DM are higher than in patients with no dia-
betes.'® An abundance of Bacteroides was found
to be more associated with bleeding gingivitis in
DM patients, while Actinobacteria sp. was less."”
Ten species of oral microbial flora from gingi-
vitis lesion in DM patients, particularly those
with poorly controlled DM, were more numer-
ous than in the control group.” These species
include Streptococcus constellatus, S. acidomini-
mus, Streptococcus oralis, Enterococcus faecalis, S.
aureus, E. cloacae, K. oxytoca, Escherichia coli, P
aeruginosa, and C. albicans.

Saliva is a suitable environment for a wide range
of oral microbiota and may regulate them by its
content of ionic, gaseous, and organic compo-
nents.'” This microbiota of saliva has shown a

significant increase in diversity and numeration
in DM patients compared to people without
diabetes.'® Many factors may have a role to play
in increasing the microbial content of saliva in
DM, such as xerostomia, high salivary glucose,
low lysozyme, and uncontrolled DM.*"¢" A high
number of Streptococcus mutans and Lactobacilli
has been observed in the saliva of patients with
T2DM and the presence of a significant correla-
tion between Streptococcus mutans and salivary
flow and salivary buffer capacity®' A greater
diversity of saliva microbiota was observed in
DM patients with PD than in healthy individuals.'®

Diabetes Mellitus and Oral Candida Species
Candida spp., which is one of the normal oral
microbiota, can also be affected by DM condi-
tions and transform to pathogenic organisms.
The prevalence of Candida spp. is often higher
among patients with DM than those without
DM.21120:2455 Variation between Candida spe-
cies in the oral cavity is seen most of the time
significantly between the DM patient and the
healthy group,* while in some cases, there is
no significant variation.”® The DM can encour-
age different species of Candida to become
pathogenic through many associated factors
such as xerostomia, low salivary flow, higher
salivary glucose level, and microvascular degen-
eration.?® Poorly controlled DM s also a fac-
tor in improving colonization and increasing
the number of Candida spp. in the oral cavity
of DM patients.%3 Immunosuppressed condi-
tions may be added to be the most important
factor inducing the oral pathogenicity of Candida
spp. in DM patients through the failure of the
immune system to control excessive growth of
this fungus that is enhanced by DM predisposing
factors.>'"'? Other factors that are not related
to DM may also allow oral candidiasis infection in
patients with DM such as smoking, carrying den-
tures, female, and prolonged use of antibiotics
or indwelling medical devices?!??* Thus, treat-
ing oral candidiasis in patients with DM is more
complicated than in healthy people.?

C. albicans is the most common species of
Candida in diabetic patients compared to non-
diabetic individuals.?"#* Other species of Candida
have also been diagnosed as common yeast in
the oral cavity of the patient with DM such as
Candida krusei, Candida glabrata, Candida tropi-
calis, and Candida parapsilosis.*'* Candida dubli-
niensis, a species close to C. albicans with difficult
differentiation, is also present with a high preva-
lence in patients with DM.?? Colonization of C.
albicans in the oral cavity is diagnosed in 56%
of T2DM patients compared to 30 in the non-
DM group.®* Duration of diabetes is an effec-
tive addition factor that increases colonization

of C. albicans in the oral cavity.>> Resistance to
antifungal agents may also increase in C. albicans
because of DM conditions.®

Conclusions

The oral microbiota community may have a dif-
ferent response to the presence of DM. Most of
this response can lead to unwanted outcomes
represented by various oral diseases such as
dental caries, PD, and oral candidiasis. Some oral
microbiota species may increase in number or
diversity as a result of DM, while others may be
decreased or unaffected. Increased microbial
growth is commonly seen in DM due to elevated
blood glucose levels which disrupt the balance
among different species in the oral community.
Thus, many diseases can develop in various
parts of the oral cavity resulting from the induc-
ing role of DM in increasing the pathogenesis
of some oral microbiota. Fungal species of the
oral microbiota are affected by DM in the same
way as bacteria. Oral candidiasis which is mainly
caused by C. albicans is the most frequent type
of fungal infection of the oral cavity due to DM.
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