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Abstract

Background: Our study investigated the relationship between the prevalence of oral lesions and diabetes mellitus (DM) in Rafsanjan,
located in southeastern Iran.

Method: This cross-sectional study drew upon baseline data from the Oral Health Branch of Rafsanjan Cohort Study (OHBRCS),
a component of the broader Rafsanjan Cohort Study (RCS). The RCS, initiated in 2015 in Rafsanjan, is an ongoing prospective
epidemiological investigation within the framework of the Prospective Epidemiological Research Studies in Iran (PERSIAN), with
follow-up phases currently in progress. Thorough oral examinations were performed by trained dental professionals, who identified
oral lesions through clinical assessment. Data concerning DM was collected from participants’ self-reported medical histories,
subsequently corroborated by a physician. To assess the association between DM and oral lesions, both univariate and multivariate
dichotomous logistic regression analyses were conducted.

Results: Of the 8640 participants examined (mean age=49.95 years), 1698 (19.65%) individuals were diagnosed with DM. The
study also identified the prevalence of several oral conditions, encompassing diffuse oral pigmentation (13.91%), non-diffuse
pigmentation (11.5%), candidiasis (10.42%), red and white lesions (8.24%), leukoplakia (7.48%), herpes (5.06%), oral exophytic
lesions (4.48%), and erythroplakia (0.94%). In an adjusted analysis, DM was correlated with a reduced probability of diffuse
oral pigmentation (odds ratio [OR]: 0.8; 95% confidence interval [C]: 0.69-0.95). Additionally, within the same adjusted model,
diabetic patients receiving insulin therapy demonstrated a significantly elevated likelihood (6.63 times) of developing erythroplakia
when contrasted with those not undergoing insulin therapy (OR: 6.63; 95% Cl: 1.23-36.26).

Conclusion: Diabetic patients exhibited a reduced incidence of diffuse oral pigmentation. Conversely, erythroplakia was observed
more frequently in diabetic patients undergoing insulin therapy. Further long-term investigations are necessary to substantiate these
preliminary findings.
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Introduction Consequently, DM culminates in diverse metabolic
Diabetes mellitus (DM) is an umbrella term for a cluster of disruptions affecting the processing of carbohydrates, fats,
disorders characterized by elevated blood glucose levels, and proteins.!

which stem from either insufficient insulin production Type 2 DM (T2DM), historically referred to as adult-
or increased cellular resistance to insulin’s actions. onset diabetes, accounts for over 95% of all DM cases.
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This condition is characterized by the body’s diminished
capacity to effectively utilize insulin.? Consequently, DM
significantly impacts an individual’s health-related quality
of life. DM, recognized as a leading chronic condition
globally, significantly contributes to worldwide mortality
rates.’ Historically associated with Western lifestyles, DM
has had a more rapid increase in prevalence in recent
years, particularly in low- and middle-income nations
compared to high-income countries.*

In 2017, the global prevalence of DM was substantial,
affecting either 424.9 million individuals aged 20-
79 or 451 million individuals aged 18-99. Projections
indicate a significant increase in these figures by 2045,
with estimates rising to 629 million and 693 million,
respectively. A comparison with the 2000 publication
of the International Diabetes Federation (IDF) Diabetes
Atlas reveals that the 2017 estimate for the 20-79 age
group is 28.1% higher than previously projected. The 2000
Atlas had anticipated a global DM rate of 7.7% by 2030.
Furthermore, between 2010 and 2030, a disproportional
increase in DM prevalence is expected, with a 69% rise
in developing countries, such as Iran, compared to a 20%
rise in developed nations.®

DM isassociated witha widerange oforal complications,®
encompassing xerostomia, root caries, periapical
lesions, gingivitis, periodontiti, oral fungal infections
(candidiasis), glossodynia, burning mouth syndrome,
geographic tongue, fissured tongue, coated tongue, oral
lichen planus (OLP),” recurrent mouth ulcers (aphthous
stomatitis), herpes ulcers, an increased risk of infections,
and delayed wound healing, as well as premalignant
conditions, such as leukoplakia and erythroplakia.®
Diabetic patients often present with alterations in
oral pigmentation, which can manifest as melanin
pigmentation or other types of discoloration. These
changes are frequently associated with the underlying
DM-related metabolic conditions. A comprehensive
understanding of these diverse oral health manifestations
is paramount for developing effective management and
prevention strategies for diabetic individuals, given their
substantial impact on overall health and quality of life.’
Proper oral hygiene and regular dental check-ups are
essential for such individuals to minimize adverse effects
and maintain good oral health.'” Oral health professionals
are particularly concerned about the potential impacts of
DM on various oral conditions.? The severity of clinical
signs and oral symptoms observed in diabetic individuals
can vary significantly from mild to more severe. Such
variability is contingent upon several factors: The specific
classification of the hyperglycemic disorder, the efficacy
of disease management strategies, and the duration since
the initial diagnosis of the condition."

For individuals with DM, it is essential for healthcare
professionals to possess a thorough understanding of oral
lesion diagnosis. This is because numerous factors can

influence the oral health of patients with DM.'? Accurate
diagnosis, appropriate prescription, and effective
treatments are paramount to minimizing complications
and improving the patient’s overall quality of life."!

As shown by D’Aiuto et al DM has been linked to a
range of oral health issues, including specific effects on
oral health, notably an elevated risk of periodontitis,
an increased likelihood of developing oral cancer, and
potential implications for the long-term success of
dental implants among individuals in the UK.”” Ponte
et al indicated that diabetic individuals exhibited an
increased susceptibility to stomatitis and glossitis.
Although some contradictory findings exist, a significant
association appears to be present between DM and OLP,
particularly its erosive form.* Additionally, Farrasoya
et al conducted a review focusing on recent discoveries
concerning oral manifestations in diabetic patients, with
a particular emphasis on alterations in soft tissues and
their implications for treatment strategies.”” Separately,
Sanjeeta et al reported a significant correlation between
DM-related xerostomia and the presence of chronic
periodontitis; however, their study showed no notable
associations between DM-related xerostomia and other
categories of oral lesions.'

Compared to the extensive research on dental caries
and periodontal diseases, studies on oral mucosal lesions
are less common globally. Nevertheless, existing data
indicate a higher prevalence of these lesions in diabetic
compared to non-diabetic individuals.'® This study aimed
to investigate the relationship between oral lesions and
T2DM, thereby contributing novel perspectives to the
current academic discourse.

Methods

Study Design and Patient Selection

This cross-sectional study drew upon data from the
initial phase of the Oral Health Branch of Rafsanjan
Cohort Study (OHBRCS)."” The OHBRCS, in turn, was
initiated as part of the broader Rafsanjan Cohort Study
(RCS), with its primary objective being the investigation
of crucial aspects of dental and oral health among the
study participants. The RCS commenced in August 2015
in Rafsanjan, located in southeastern Iran.'” The initial
data collection phase concluded in December 2017, with
a minimum five-year follow-up period planned. A total
of 9,991 individuals (age range=35-70 years) voluntarily
enrolled in the study after providing written informed
consent. This study was conducted in accordance with
the Prospective Epidemiological Research Studies in Iran
(PERSIAN) protocol' and received ethical approval from
the Ethics Committee of Rafsanjan University of Medical
Sciences (IRRUMS.REC.1401.216). Additionally, the
research design and execution followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.
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Data Collection

Data on participants’ demographic and socioeconomic
status (SES), treatment regimens, medical history, lifestyle
behaviors, and anthropometric measurements were
collected using validated electronic questionnaires."”

Self-reported behaviors encompassed opium use,
cigarette smoking, and alcohol use. Participants qualified
as current smokers if they had consumed more than
100 cigarettes over their lifetime and reported ongoing
smoking. Individuals who had previously smoked
more than 100 cigarettes but had ceased smoking
were categorized as former smokers. Participants were
identified as opium users if they reported weekly opium
use for at least six months."” Alcohol use was defined as
the consumption of approximately 200 mL of beer or 45
mL of spirits per week for at least six months.?

Participants’ SES was assessed using the Wealth Score
Index (WSI). Body mass index (BMI) was calculated
as weight (in kilograms) divided by height (in meters
squared) and categorized into three groups: BMI<25;
25.0<BMI<30; and BMI > 30.

From the original RCS adult cohort, 8,682 participants
were recruited for the OHBRCS. After excluding
individuals with incomplete medical history data,
specifically concerning DM, 8,640 participants were
ultimately included in the present study.

Oral data were gathered via interviewer-administered
questionnaires designed to capture almost all aspects of a
thorough dentaland intraoralassessment. A trained dentist
performed a comprehensive clinical oral examination on
every participant in the study. To ensure a comprehensive
assessment of the oral mucosa, dental mirrors, tongue
depressors, and flashlights were employed. A meticulous
examination was conducted on the oral mucosa, vestibule,
alveolar ridges, dorsal and ventral surfaces, lateral edges
of the tongue, floor of the mouth, hard and soft palate,
mucosal surfaces of the upper and lower lips, and gingiva
to detect any oral mucosal lesions.

In this study, a range of oral lesions observed in patients
were investigated. These lesions consisted of oral mucosal
lesions like white and red plaques (candidiasis), ulcers
(herpes), various forms of oral pigmentation (both diffuse
and non-diffuse), oral exophytic lesions, leukoplakia,
and erythroplakia. The diagnosis of these lesions relied
exclusively on clinical presentation, as laboratory
investigations were not performed.” The initial diagnoses
were subsequently validated by a consensus of three oral
medicine specialists to guarantee accuracy. Toothbrushing
practices were stratified into two categories: Individuals
who brushed their teeth and those who did not.

When discussing candidiasis, it is crucial to
recognize its diverse clinical presentations, including
pseudomembranous candidiasis (thrush), erythematous
candidiasis, and angular cheilitis. Each of these forms
exhibits distinct clinical characteristics and, consequently,

necessitates individualized management approaches.?
Moreover, the research examined how dentures affect
oral health, noting their potential to foster oral lesion
development, especially in diabetic patients. Dentures
can foster environments conducive to fungal infections,
such as candidiasis, which underscores the importance of
rigorous oral hygiene for those who wear them.” In the
current research, individuals utilizing dentures (either
partial or complete) were categorized as denture users.
The denture use duration was subsequently classified
into three distinct groups: Less than 1 year, 1-5 years, and
exceeding 5 years.

In this study, individuals with a physician-confirmed
diagnosis of DM were designated to the diabetic group.
DM treatment regimens were systematically stratified into
four distinct categories: No treatment, insulin therapy,
oral medications (pills), and a combination of both
insulin therapy and pills. This classification facilitates a
thorough examination of the potential impact of various
therapeutic approaches on the prevalence of oral lesions
within the diabetic patient population.

Statistical Analyses

We calculated frequency percentages for categorical
variables, and the mean and standard deviation for
quantitative variables. We then compared these baseline
characteristics across the different study groups. Chi-
square (x*) tests were used for categorical variables,
and t-tests were employed for continuous variables.
To investigate the relationship between DM and oral
lesions among the study participants, we performed
both univariate and multivariate dichotomous logistic
regression analyses. These analyses allowed us to
determine the odds ratios (ORs) and their respective 95%
confidence intervals (CIs). In the regression analysis,
we employed two distinct models: A crude model and
an adjusted model. Variables demonstrating a p-value
of less than 0.25 in the preliminary bivariate analysis
were considered for inclusion in the regression models
as potential confounders. The crude model underwent
stratification based on DM status. Conversely, the
adjusted model systematically controlled for several
confounding variables, including age, education, WSI,
BMI, gender, personal behaviors, denture use duration,
and brushing habits.

Results

Table 1 summarizes the participants’ general
characteristics, personal and oral habits, anthropometric
measurements, and DM treatment modalities. Of the
8,640 individuals in this study, 6,941 (80.35%) were non-
diabetic, while 1,698 (19.65%) were diabetic patients.
In the cohort of diabetic patients, women constituted a
larger proportion of diabetic individuals compared to
men (22.62% versus 16.21%; mean age=49.95+9.50
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Table 1. Demographic, selected medical and laboratory characteristics of study participants (n=8640)

Characteristics All (n=8640) Non-Diabetes (n=6941) Diabetes (n=1698) P Value
Age- years. No. (%) <0.001
35-45 3195(36.98) 2977(93.18) 218(6.82)

46-55 2698(30.83) 2150(80.01) 537(19.99)

>56 2757(32.06) 1814(65.80) 943(34.20)

Mean+SD 49.95+9.50 48.54+9.26 55.73+8.19 <0.001
Gender- No. (%) <0.001
Female 4642(53.73) 3592(77.38) 1050(22.62)

Male 3998(46.27) 3350(83.79) 648(16.21)

Education-No. (%) <0.001
<5 years 2960(34.28) 2144(72.43) 816(27.57)

6-12 years 4216(48.82) 3523(83.56) 693(16.44)

>13 years 1459(16.90) 1270(87.05) 189(12.95)

BMI- No. (%) <0.001
Mean+SD 27.86+4.84 27.57+4.08 29.09+4.80

WSI- No. (%) <0.001
Mean+SD 0.354+0.981 0.0679+0.980 -.0974+0.976

Alcohol use- No. (%) <0.001
Yes 857(9.93) 752(87.75) 105(12.25)

No 7770(90.07) 6178(79.51) 1592(20.49)

Cigarette smoking-No. (%) <0.001
Current 1396(16.18) 1203(86.17) 193(13.83)

Never 6481(75.12) 5135(79.23) 1346(20.77)

Former 750(8.6) 592(78.93) 158(21.07)

Opium use- No. (%) 0.016
Yes 1954(22.65) 1067(82.24) 347(17.26)

No 6673(77.35) 5323(79.77) 1350(20.23)

Brushing- No. (%) <0.001
Yes 6132(70.97) 5068(82.65) 1064(17.35)

No 2508(29.3) 1824(74.72) 634(25.28)

Denture- No. (%) <0.001
Yes 2852(33.91) 2083(73.04) 769(26.96)

No 5559(66.09) 4669(83.99) 890(16.01)

Denture duration- No. (%) 0.001
<1 year 146(5.12) 113(5.43) 33(4.29)

1-5 years 822(28.84) 638(30.66) 184(23.93)

>5 years 1863(65.37) 1319(63.38) 544(70.74)

Treatment type in diabetic subjects (n=1698)

Insulin therapy 106(6.24)
Pills 907(53.42)
Insulin therapy + pills 99(5.83)

No treatment 586(34.51)

DM duration in diabetic subjects (n=1698)
Mean +SD (year) 6.07+1.26
SD: Standard deviation; BMI: Body mass index; WSI: Wealth Score Index; DM: Diabetes mellitus

years). Notably, diabetic participants were significantly age=>55.73+8.19 versus 48.54 £ 9.26 years). Furthermore,
older than individuals in the control group (mean diabetic individuals presented with a higher BMI and a
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lower WSI. Regarding lifestyle characteristics, 12.25%
of individuals reported alcohol use, while 13.83% were
identified as current cigarette smokers. Opium use was
reported by 17.26% of subjects, 26.96% wore dentures,
and 17.35% engaged in regular tooth brushing practices.
In terms of DM management, the distribution of
treatment types among diabetic patients was as follows:
34.51% received no treatment, 6.24% were on insulin
therapy, 53.42% managed their condition with pills, and
5.83% used both insulin therapy and pills. The mean DM
duration in this population was 6.07 + 1.26 years.

Table 2 presents a detailed breakdown of the prevalence
of various oral lesions observed in both diabetic and non-
diabetic individuals. The findings indicated the following
frequencies: Diffuse oral pigmentation (13.91%), non-
diffuse oral pigmentation (11.5%), candidiasis (10.42%),
red and white lesions (8.24%), leukoplakia (7.48%), herpes
(5.06%), oral exophytic lesions (4.48%), and erythroplakia
(0.94%). Diabetic patients exhibited a significantly lower
prevalence of diffuse oral pigmentation compared to non-
diabetic patients (13.91% versus 21.96%). Conversely, oral
candidiasis was observed significantly more frequently
in diabetic individuals than in their non-diabetic
counterparts (10.42% versus 7.32%). The prevalence
of other oral lesions showed no statistically significant

differences between the two groups.

Table 3 presents the relationships between oral lesions
and DM, as analyzed through regression models. The
crude model indicated that diabetic individuals had
lower odds of diffuse oral pigmentation (OR: 0.57; 95%
CL 0.49-0.67). This significant association persisted
even after adjusting for confounding variables (OR: 0.82;
95% CI: 0.7-0.97). In the unadjusted model, diabetic
individuals exhibited statistically significant increased
odds of developing oral candidiasis (OR: 1.47; 95%
CI: 1.23-1.76). However, this association ceased to be
significant after adjusting for confounding variables. No
other significant relationships were found between DM
and other oral lesions examined.

Table 4 illustrates the relationships between treatment
type, DM duration, and the prevalence of oral lesions
in diabetic participants, as analyzed through regression
models. Specifically, the crude model indicated that
diabetic patients undergoing insulin therapy had 5.6
times higher odds of developing erythroplakia compared
to those not receiving treatment (OR: 5.66; 95% CI:
1.21-28.42). This significant association persisted even
after adjusting for confounding factors (OR: 6.8; 95% CI:
1.23-37.45). Following adjustment, the insulin therapy
group demonstrated a marginally significant reduction

Table 2. The prevalence of oral lesions among study participants according to diabetes mellitus history (n=8640)

Oral Diseases All (n=8640) Non-Diabetes (n=6941) Diabetes (n=1698) P Value
Diffuse oral pigmentation <0.001
Yes 1759(20.38) 1523(21.96) 236(13.91)

No 6872(79.62) 5411(78.4) 1461(86.09)

Non diffuse oral pigmentation 0.549
Yes 956(11.09) 761(10.99) 195(11.50)

No 7666(88.91) 6165(89.01) 1501(88.50)

Oral exophytic lesions

Yes 358(4.15) 282(4.07) 76(4.48) 0.449
No 8624(95.85) 6644(95.93) 1620(95.52)

Herpes

Yes 377(4.36) 291(4.19) 86(5.06) 0.114
No 8236(95.64) 6651(95.81) 1612(94.94)

Erythroplakia

Yes 76(0.88) 60(0.86) 16(0.94) 0.75
No 8546(99.12) 6882(99.14) 1682(99.06)

Leukoplakia

Yes 612(7.08) 485(6.99) 127(7.48) 0.47
No 8028(92.92) 6475(93.01) 1571(92.52)

Red and white lesions 0.52
Yes 680(7.87) 540(7.78) 140(8.24)

No 7960(92.13) 6402(92.22) 1558(91.76)

Candidiasis <0.001
Yes 685(7.93) 508(7.32) 177(10.42)

No 7955(92.07) 6434(92.68) 1521(89.58)
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Table 3. The associations between the oral lesions and diabetes mellitus in study participants using the crude and adjusted models (n=8640)

Variable Crude Model P-Value Adjusted Model P Value
Diffuse oral pigmentation 0.57(0.49-0.67) <0.001 0.82(0.7-0.97) 0.02
Non diffuse oral pigmentation 1.05(0.89-1.24) 0.55 1.02(0.85-1.22) 0.86
Oral exophytic lesions 1.10 (0.85-1.43) 0.449 0.81 (0.61-1.07) 0.133
Herpes 1.21(0.95-1.56) 0.115 1.01 (0.77-1.31) 0.96
Erythroplakia 1.09(0.62-1.89) 0.75 0.92(0.51-1.66) 0.77
Leukoplakia 1.07(0.87-1.31) 0.478 1.06(0.86-1.32) 0.57
Red and white lesions 1.06(0.87-1.29) 0.523 1.03(0.84-1.27) 0.76
Candidiasis 1.47(1.23-1.76) <0.001 1.07(0.86-1.32) 0.55

The adjusted model is adjusted for confounding variables, including age (continuous variable), gender (male/female), education years (continuous variable),
wealth status index (continuous variable), cigarette smoking (yes/no/former), opium use (yes/no), alcohol drinking (yes/no), body mass index (continuous

variable), denture duration, and brushing (yes/no).

in the odds of developing leukoplakia (OR: 0.24; 95%
CI: 0.06-1.00; P=0.05). Conversely, no other statistically
significant associations were found between various oral
lesions and different treatment modalities among diabetic
participants. Furthermore, the DM duration did not
exhibit any significant correlations with the presence of
oral lesions in this cohort of diabetic individuals.

Discussion
This cross-sectional study investigated the potential
relationship between DM and the prevalence of oral
lesions among participants in the RCS. The findings
demonstrated that diabetic individuals had reduced
odds of exhibiting diffuse oral pigmentation. Conversely,
patients receiving insulin therapy showed increased odds
of developing erythroplakia.

Numerous studies have consistently identified DM as
a significant predisposing factor for various oral diseases,
thus emphasizing the critical importance of routine oral
health evaluations and ongoing surveillance in diabetic
patients.*** Furthermore, some researchers propose a
direct correlation between specific oral manifestations
and suboptimal metabolic control of DM.*% Other
researchers propose that the increased susceptibility to
oral infections and changes within the oral cavity observed
in diabetic patients may be attributed to immunological
dysfunctions, such as impaired chemotaxis and
phagocytosis, alongside microcirculatory complications
that culminate in diminished blood flow.”” In academic
contexts, early insulin administration has been associated
with a longer DM duration, suboptimal glycemic control,
and an elevated susceptibility to chronic complications.
These factors collectively contributed to detrimental
effects on overall patient health and diminished quality
of life.”®

Systemic conditions that can cause oral pigmentation
are thoroughly examined. Alterations in the color of
the oral mucosa may result from the buildup of either
endogenous or exogenous pigments, often due to various
mucosal disorders.”” The existence of oral pigmentation

can be a crucial sign of an underlying systemic illness.”
According to Mobhsin et al’s research, diabetic patients
exhibit a higher incidence of oral mucosal changes when
compared to non-diabetic individuals, with considerable
differences in the progression and severity of these
alterations between the two groups. The presence of a
coated tongue, a cracked tongue, and benign conditions,
such as migratory glossitis, varicose veins, melanin
pigmentation, and leukoedema, were also identified
as prevalent developmental oral mucosal findings in
diabetic patients.”” Melanocytes consistently present
throughout the oral mucosa, yet they often go undetected
due to their typically minimal pigment production. When
these cells become activated, they possess the capacity to
contribute to a range of conditions, encompassing both
physiological pigmentation and various malignancies.
Diagnosing oral pigmentations is often complex. A
detailed examination may reveal underlying systemic
conditions. Therefore, an exhaustive medical history and
a comprehensive dermatological assessment are crucial
initial steps. When a clinical diagnosis remains uncertain,
a biopsy may be required to definitively exclude serious
conditions, such as melanoma. Dermoscopy is a valuable
diagnostic tool for distinguishing between various
melanocytic lesions. However, despite its utility and the
frequent inadequate examination of the oral cavity during
dermatological assessments, there is limited published
literature specifically addressing the dermoscopic
evaluation of oral lesions. A systematic review classifies
benign oral pigmented lesions into two main categories
to aid in diagnosis and management: Diffuse lesions
(e.g., physiological pigmentation, smoker’s melanosis)
and localized lesions (e.g., amalgam tattoos, melanocytic
nevi).*? In the present study, we observed lower odds of
diffuse oral pigmentation in diabetic compared to non-
diabetic patients, even after adjusting for confounding
variables. Discrepancies in research findings may stem
from multiple factors, encompassing differences in race,
lifestyle behaviors, and definitions and measurements of
oral pigmentation. Additionally, the type of study design
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Table 4. The associations between the treatment type and diabetes mellitus duration and oral lesions among diabetic participants using the crude and adjusted

models (n=1698)

Variable Crude Model P Value Adjusted Model P Value
No treatment 1 1
Insulin therapy 0.99(0.53-1.85) 0.39 1.30(0.68-2.47) 0.42
Treatment status
Diffuse Pills 1.14(0.84-1.53) 0.97 1.31(0.95-1.80) 0.095
Insulin therapy + pills 0.65(0.31-1.34) 0.24 0.74(0.35-1.56) 0.43
Diabetes mellitus duration (continuous) 0.98(0.95-1.00) 0.05 0.99(0.97-1.02) 0.49
No treatment 1 1
Insulin therapy 0.96(0.51_1.81) 0.91 0.85(0.43-1.68) 0.8
Treatment status
Non-diffuse Pills 0.85(0.62-1.18) 0.34 0.92(0.66-1.28) 0.61
Insulin therapy + pills 0.60(0.28-1.30) 0.20 0.08(0.37-1.76) 0.59
Diabetes mellitus duration (continuous) 1.01(0.99-1.03) 0.23 1.01(0.98-1.03) 0.62
No treatment 1 1 1 1
Insulin therapy 1.11 (0.45-2.73) 0.94 0.86(0.33-2.19) 0.75
.~ Treatment status
Oral exophytic Pills 0.78 (0.44-1.19) 0.20 0.72(0.43-1.20) 0.2
lesions
Insulin therapy + pills 0.58(0.17-1.53) 0.31 0.35(0.08-1.53) 0.16
Diabetes mellitus duration (continuous) 0.99(0.96-1.03) 0.76 0.97(0.93-1.01) 0.21
No treatment 1 1 1 1
Insulin therapy 1.55(0.72-3.35) 0.40 1.34(0.61-2.97) 0.47
Treatment status
Herpes Pills 0.77(0.48-1.24) 0.28 0.72(0.44-1.16) 0.18
Insulin therapy + pills 0.70(0.24-2.03) 0.51 0.70(0.24-2.06) 0.52
Diabetes mellitus duration (continuous) 1.00(0.97-1.03) 0.79 1.00(0.96-1.04) 0.97
No treatment 1 1 1 1
Insulin therapy >-66 0.035 6.80(1.23-37.45) 0.03
Treatment status (1.21-28.42)
Erythroplakia Pills 1.72(0.45-6.54) 0.42 1.62(0.41-6.35) 0.36
Insulin therapy + pills 4.00(0.66-24.29) 0.13 4.66(0.69-31.49) 0.11
Diabetes mellitus duration (continuous) 1.02(0.95-1.09) 0.57 1.04(0.96-1.12) 0.37
No treatment 1 1 1 1
Insulin therapy 0.23(0.05-0.99) 0.049 0.24(0.06-1.00) 0.05
Treatment status
Leukoplakia Pills 1.07(0.73-1.59) 0.70 1.09(074-1.63) 0.66
Insulin therapy + pills 1.08 (0.49-2.37) 0.84 1.20(0.54-2.67) 0.66
Diabetes mellitus duration (continuous) 0.59(0.28-1.22) 0.15 0.98(0.95-1.01) 0.45
No treatment 1 1 1 1
Insulin therapy 0.58(0.22-1.49) 0.26 0.52(0.23-1.53) 0.28
f Treatment status
Red and white Pills 1.13(0.77-1.65) 0.51 1.14(0.78-1.68) 0.51
lesions
Insulin therapy + pills 1.17(0.55-2.48) 0.67 1.3(0.61-2.80) 0.5
Diabetes mellitus duration (continuous) 0.99(0.96-1.02) 0.55 0.99(0.96-1.02) 0.60
No treatment 1 1 1 1
Insulin therapy 1.03(0.54-1.93) 0.93 0.68(0.33-1.4) 0.3
Treatment status
Candidiasis Pills 0.79(0.56-1.10) 0.17 0.73(0.50-1.06) 0.1
Insulin therapy + pills 0.47(0.20-1.12) 0.09 0.50(0.19-1.27) 0.17
Diabetes mellitus duration (continuous) 1.00(0.98-1.03) 0.67 1.00(0.97-1.02) 0.76

The adjusted model was adjusted for confounding variables, including age (continuous variable), gender (male/female), education years (continuous variable),
wealth status index (continuous variable), cigarette smoking (yes/no/former), opium use (yes/no), alcohol drinking (yes/no), body mass index (continuous
variable), denture duration, and brushing (yes/no).

and the analytical methods employed can contribute to
variations in reported outcomes.
These intricate relationships underscore the necessity

of considering numerous variables when interpreting the
correlation between DM and oral pigmentation. Reduced
salivary flow and compromised antimicrobial properties
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of saliva can lead to infections. Furthermore, impaired
immune responses and insufficient metabolic regulation
significantly contribute to the development of infections.”
Oral candidiasis is recognized as a common fungal
infection.* Its prevalence is notably elevated in diabetic
individuals, particularly those who use dentures, smoke,
are on broad-spectrum antibiotics or steroids, and exhibit
poor glycemic control.”” While initial analyses suggested
a higher incidence of oral candidiasis in diabetic patients,
this association was no longer significant after controlling
for these confounding variables. In a systematic review, L.
Martorano-Fernandes et al determined that the prevalence
of oral candidiasis in individuals with DM varied between
6.8% and 31%.* Similarly, a Sri Lankan study found
Candida species in 81% of 250 diabetic individuals and
in 81% of 81 non-diabetic individuals. However, the same
study revealed that diabetic patients had significantly
higher Candida counts (32.8%) compared to the non-
diabetic control group (12.3%).”” Another study revealed
a higher proliferation of Candida colonies in oral samples
from diabetic individuals with uncontrolled glucose levels
(273.09 £ 54.15mg/dL) compared to those with controlled
glucose levels (142.02+31.17mg/dL) Interestingly, the
number of Candida colonies in diabetic individuals was
comparable to that found in non-diabetic individuals. A
direct correlation was observed between the number of
Candida colonies and salivary glucose concentration.*®
The well-documented association between oral
precancerous lesions (such as oral leukoplakia,
erythroplakia, and OLP) and diabetic individuals is
widely recognized in scientific literature.> A meta-
analysis conducted by Gong et al further solidified this
connection, demonstrating a significant correlation
between an elevated risk of developing oral precancerous
lesions and T2DM.* Parallel research conducted by
Dikshit et al corroborated the link between DM and oral
premalignant disorders.*” Furthermore, Ramos-Garcia.
highlighted that diabetic individuals faced an elevated risk
of developing leukoplakia and erythroplakia.*! A separate
study conducted in Kerala demonstrated that diabetic
patients were found to have double odds of developing
leukoplakia and triple the odds of erythroplakia compared
to their non-diabetic counterparts.”” These findings
are consistent with the observations of Ujpal et al who
reported prevalence rates of 6% for leukoplakia and 2%
for erythroplakia within diabetic populations.*”? Diabetic
patients receiving insulin therapy were observed to have
a greater likelihood of erythroplakia compared to their
untreated counterparts in this study. This association may
be attributable to insulin-like growth factor-I (IGF-I), a
hormone with structural similarities to insulin, which has
been implicated in the progression of oral premalignant
lesions, including erythroplakia, in diabetic individuals.*®
However, a direct causal link between insulin therapy
and erythroplakia pathogenesis has yet to be conclusively

established.

de Souza Bastos et al identified leukoplakia in 2.7%
of individuals with T2DM; however, this prevalence
was not significantly different from that observed in
control groups.* Conversely, a study conducted in India
established a correlation between DM and the onset of
leukoplakia, proposing that hyperglycemia may elevate
the risk of malignancy across various oral leukoplakia
subtypes.* Studies have indicated a higher prevalence of
a certain condition in diabetic (6.2%) compared to non-
diabetic individuals (2.2%), with the highest incidence
observed in insulin-treated patients.*® Furthermore,
an analysis of Third National Health and Nutrition
Examination Survey (NHANES III) data, which included
65 diabetic and 15,746 non-diabetic participants,
corroborated a history of diabetes as an independent
risk factor for leukoplakia* In contrast to prior research
that indicated a twofold increased risk of leukoplakia in
diabetic compared to non-diabetic women,* the present
study observed a marginally reduced likelihood of
leukoplakia among diabetic individuals. This discrepancy
may be attributable to differences in racial, cultural,
socioeconomic, environmental, or age-related factors.
Furthermore, the cross-sectional design of this study
may contribute to these divergent findings, underscoring
the need for further investigation through longitudinal
follow-up studies.

A notable limitation of this study is its cross-
sectional design, which inherently constrains the
ability to establish causal relationships. Nevertheless,
the research is strengthened by its population-based
framework, a substantial sample size, and comprehensive
documentation of both exposures (including cigarette
and opium use) and confounding variables (including
demographics, oral health status, and medical history).

Conclusion

This study concludes that diabetic patients exhibit
a reduced likelihood of diffuse oral pigmentation.
Additionally, individuals undergoing insulin therapy
demonstrated an increased probability of erythroplakia.
No association was observed between T2DM and other
oral lesions. Future longitudinal research is advised to
corroborate these relationships.

Acknowledgments

The authors would like to thank the study participants, the personnel
at the study sites, and the members of Rafsanjan Cohort Center in
Rafsanjan, Iran.

Author’s Contribution

Conceptualization: Raziyehsadat Rezvaninejad.

Data curation: Farimah Sardari.

Formal analysis: Parvin Khalili, Zahra Jamali.

Investigation: Raziyehsadat Rezvaninejad.

Methodology: Parvin Khalili, Zahra Jamali.

Project administration: Raziyehsadat Rezvaninejad, Farzane

8 | ) Oral Health Oral Epidemiol. 2025;14:2410.1691



Diabetes and oral lesions

Ahmadi, Farimah Sardari, Rayehehossadat Rezvaninejad.
Resources: Raziyehsadat Rezvaninejad.

Software: Parvin Khalili, Zahra Jamali.

Supervision: Raziyehsadat Rezvaninejad.

Validation: Raziyehsadat Rezvaninejad.

Visualization: Raziyehsadat Rezvaninejad.

Writing—original draft: Rayehehossadat Rezvaninejad, Farzane
Ahmadi, Raziyehsadat Rezvaninejad.
Writing-review & editing: Rayehehossadat
Hamidreza Behzadifar.

Rezvaninejad,

Competing Interests
No conflict of interest.

Data Availability Statement

The datasets underpinning this study are not publicly accessible due
to privacy constraints but are accessible from the corresponding
author upon reasonable request.

Ethical Approval

This study’s design adhered to the PERSIAN protocol and received
approval from the Ethics Committee of Rafsanjan University of
Medical Sciences (IR.RUMS.REC.1401.216). Furthermore, the
research was conducted in accordance with the STROBE guidelines.

Funding
The authors confirm that the preparation of this manuscript did not
involve any external funding, grants, or other forms of financial
support.

References

1. Lamster IB, Lalla E, Borgnakke WS, Taylor GW. The
relationship between oral health and diabetes mellitus. ] Am
Dent Assoc. 2008;139 Suppl:19S-24S. doi: 10.14219/jada.
archive.2008.0363.

2. Remschmidt B, Pau M, Gaessler J, Zemann W, Jakse N, Payer
M, et al. Diabetes mellitus and oral cancer: a retrospective
study from Austria. Anticancer Res. 2022;42(4):1899-903.
doi: 10.21873/anticanres.15666.

3. Rezvaninejad R, Rezvaninejad R, Azdanesh A, Sheybani-
Arani M, Salimi Asl A, Vahidipour MA, et al. Prevalence of
mucosal lesions in people consuming chewable tobacco in
Hormozgan province, Iran. Tob Health. 2022;1(3):132-7. doi:
10.34172/thj.2022.21.

4. Varghese C, Onuma O, Johnson W, Brainin M, Hacke
W, Norrving B. Organizational update: World Health
Organization. Stroke. 2017;48(12):e341-2. doi: 10.1161/
strokeaha.117.016941.

5. Mohammadi M, Vaisi Raiegani AA, Jalali R, Ghobadi A, Salari
N. The prevalence of retinopathy among type 2 diabetic
patients in Iran: a systematic review and meta-analysis. Rev
Endocr Metab Disord. 2019;20(1):79-88. doi: 10.1007/
s11154-019-09490-3.

6. Mortazavi H. How can we reduce diagnostic errors related
to oral lesions in healthcare centers? | Oral Health Oral
Epidemiol. 2024;13(2):43-4. doi: 10.34172/johoe.2405.1647.

7. Rezvaninejad R, Dadmehr M, Rezvaninejad R. Prevalence of
oral manifestations in systemic lupus erythematosus patients
referred to Shahid Mohammadi hospital in 2018-2019.
Jundishapur ] Health Sci. 2021;13(2):e116144. doi: 10.5812/
jihs.116144.

8. Rahimnejad M, Rezvaninejad R, Rezvaninejad R, Franca R.
Biomaterials in bone and mineralized tissue engineering using
3D printing and bioprinting technologies. Biomed Phys Eng
Express. 2021;7(6). doi: 10.1088/2057-1976/ac21ab.

9. Abati S, Sandri GF, Finotello L, Polizzi E. Differential

20.

21.

22.

23.

24.

25.

diagnosis of pigmented lesions in the oral mucosa: a clinical
based overview and narrative review. Cancers (Basel).
2024;16(13):2487. doi: 10.3390/cancers16132487.

Rohani B. Oral manifestations in patients with diabetes
mellitus. World J Diabetes. 2019;10(9):485-9. doi: 10.4239/
wjd.v10.i9.485.

Kakoei S, Navabi N, Aghaabbasi S, Hashemipour MA. Oral
health related quality of life in patients with diabetes mellitus
type 2 in the year 2012. ] Oral Health Oral Epidemiol.
2016;5(4):186-91.

Moannaei M, Nazari G, Salarpour E, Rezvaninejad FS,
Moaddeli M. Investigating oral and dental health and quality
of life: a cross-sectional study. Tob Health. 2024;3(2):125-32.
doi: 10.34172/thj.1250.

D’Aiuto F, Gable D, Syed Z, Allen Y, Wanyonyi KL, White
S, et al. Evidence summary: the relationship between oral
diseases and diabetes. Br Dent J. 2017;222(12):944-8. doi:
10.1038/sj.bdj.2017.544.

Ponte E, Tabaj D, Maglione M, Melato M. Diabetes mellitus
and oral disease. Acta Diabetol. 2001;38(2):57-62. doi:
10.1007/5005920170014.

Farrasoya M, Annisa RN, Rochmawati M, Tanjungsari NK.
Oral manifestations in patients with uncontrolled type 1
diabetes mellitus. Makassar Dent J. 2024;13(1):74-7. doi:
10.35856/mdj.v13i1.847.

Sanjeeta N, Sivapathasundharam B, Nandini DB. Oral
lesions and periodontal status in diabetics and non-
diabetics: a hospital-based study. ] Oral Maxillofac Pathol.
2022;26(3):419. doi: 10.4103/jomfp.jomip_37_21.

Hakimi H, Ahmadi J, Vakilian A, Jamalizadeh A, Kamyab Z,
Mehran M, et al. The profile of Rafsanjan Cohort Study. Eur
) Epidemiol. 2021;36(2):243-52. doi: 10.1007/s10654-020-
00668-7.

Sardari F, Sharifi Z, Salari Sedigh S, Khalili P, Jamali Z, Ayoobi
F, et al. The profile of Oral Health Branch of Rafsanjan Cohort
Study (OHBRCS) in Rafsanjan city, southeast of Iran. Prev Med
Rep. 2023;36:102513. doi: 10.1016/j.pmedr.2023.102513.
Khalili P, Ayoobi F, Mohamadi M, Jamalizadeh A, La Vecchia
C, Esmaeili-Nadimi A. Effect of opium consumption on
cardiovascular diseases - a cross- sectional study based on
data of Rafsanjan Cohort Study. BMC Cardiovasc Disord.
2021;21(1):2. doi: 10.1186/s12872-020-01788-4.

Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar
AA, Hekmatdoost A, et al. Prospective Epidemiological
research studies in Iran (the PERSIAN Cohort Study): rationale,
objectives, and design. Am ] Epidemiol. 2018;187(4):647-55.
doi: 10.1093/aje/kwx314.

Glick M, Greenberg MS, Lockhart PB, Challacombe §SJ.
Introduction to oral medicine and oral diagnosis: patient
evaluation. In: Glick M, Greenberg MS, Lockhart PB,
Challacombe §J, eds. Burket’s Oral Medicine. John Wiley &
Sons; 2021. p. 1-18. doi: 10.1002/9781119597797.ch1.

Lu SY. Oral candidosis: pathophysiology and best practice for
diagnosis, classification, and successful management. J Fungi
(Basel). 2021;7(7):555. doi: 10.3390/jof7070555.

Machén M, Larrafaga I, Dorronsoro M, Vrotsou K, Vergara
I. Health-related quality of life and associated factors in
functionally independent older people. BMC Geriatr.
2017;17(1):19. doi: 10.1186/s12877-016-0410-3.

Madathil J, Salim HP, Balan A, Radhakrishnan C, Kumar NR.
Prevalence of oral lesions in patients with type 2 diabetes in
north Kerala population. J Diabetol. 2020;11(1):32-8. doi:
10.4103/jod.jod_7_19.

Skamagas M, Breen TL, LeRoith D. Update on diabetes
mellitus: prevention, treatment, and association with oral
diseases. Oral Dis. 2008;14(2):105-14. doi: 10.1111/.1601-

J Oral Health Oral Epidemiol. 2025;14:2410.1691 | 9


https://doi.org/10.14219/jada.archive.2008.0363
https://doi.org/10.14219/jada.archive.2008.0363
https://doi.org/10.21873/anticanres.15666
https://doi.org/10.34172/thj.2022.21
https://doi.org/10.1161/strokeaha.117.016941
https://doi.org/10.1161/strokeaha.117.016941
https://doi.org/10.1007/s11154-019-09490-3
https://doi.org/10.1007/s11154-019-09490-3
https://doi.org/10.34172/johoe.2405.1647
https://doi.org/10.5812/jjhs.116144
https://doi.org/10.5812/jjhs.116144
https://doi.org/10.1088/2057-1976/ac21ab
https://doi.org/10.3390/cancers16132487
https://doi.org/10.4239/wjd.v10.i9.485
https://doi.org/10.4239/wjd.v10.i9.485
https://doi.org/10.34172/thj.1250
https://doi.org/10.1038/sj.bdj.2017.544
https://doi.org/10.1007/s005920170014
https://doi.org/10.35856/mdj.v13i1.847
https://doi.org/10.4103/jomfp.jomfp_37_21
https://doi.org/10.1007/s10654-020-00668-7
https://doi.org/10.1007/s10654-020-00668-7
https://doi.org/10.1016/j.pmedr.2023.102513
https://doi.org/10.1186/s12872-020-01788-4
https://doi.org/10.1093/aje/kwx314
https://doi.org/10.1002/9781119597797.ch1
https://doi.org/10.3390/jof7070555
https://doi.org/10.1186/s12877-016-0410-3
https://doi.org/10.4103/jod.jod_7_19
https://doi.org/10.1111/j.1601-0825.2007.01425.x

Rezvaninejad et al

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

0825.2007.01425 .x.

Collin HL, Niskanen L, Uusitupa M, T6yry ], Collin P, Koivisto
AM, etal. Oral symptoms and signs in elderly patients with type
2 diabetes mellitus. A focus on diabetic neuropathy. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2000;90(3):299-
305. doi: 10.1067/moe.2000.107536.

Beikler T, Flemmig TF. Implants in the medically compromised
patient. Crit Rev Oral Biol Med. 2003;14(4):305-16. doi:
10.1177/154411130301400407.

Davis TM, Bruce DG, Curtis BH, Barraclough H, Davis
WA. The relationship between intensification of blood
glucose-lowering therapies, health status and quality of life
in type 2 diabetes: the Fremantle Diabetes Study Phase II.
Diabetes Res Clin Pract. 2018;142:294-302. doi: 10.1016/j.
diabres.2018.05.047.

Sreeja C, Ramakrishnan K, Vijayalakshmi D, Devi M, Aesha
I, Vijayabanu B. Oral pigmentation: a review. J Pharm
Bioallied Sci. 2015;7(Supp! 2):5403-8. doi: 10.4103/0975-
7406.163471.

Lenane P, Powell FC. Oral pigmentation. ] Eur Acad
Dermatol Venereol. 2000;14(6):448-65. doi: 10.1046/j.1468-
3083.2000.00143.x.

Mohsin SF, Ahmed SA, Fawwad A, Basit A. Prevalence of
oral mucosal alterations in type 2 diabetes mellitus patients
attending a diabetic center. Pak ] Med Sci. 2014;30(4):716-9.
doi: 10.12669/pjms.304.5220.

Lambertini M, Patrizi A, Ravaioli GM, Dika E. Oral
pigmentation in physiologic conditions, post-inflammatory
affections and systemic diseases. G Ital Dermatol Venereol.
2018;153(5):666-71. doi: 10.23736/50392-0488.17.05619-x.
Ship JA. Diabetes and oral health: an overview. ] Am Dent
Assoc. 2003;134 Spec No:4s-10s. doi: 10.14219/jada.
archive.2003.0367.

Nguyen TD, Nguyen TT, Tran QV. The incidence of oral
candidiasis in patients with diabetes mellitus: a cross-sectional
study in Southern Vietnam. ] Crit Rev. 2020;7(4):82-6. doi:
10.31838/jcr.07.04.17.

Al-Maskari ~ AY, Al-Maskari MY, Al-Sudairy S. oral
manifestations and complications of diabetes mellitus: a
review. Sultan Qaboos Univ Med J. 2011;11(2):179-86.
Martorano-Fernandes L, Dornelas-Figueira LM, Marcello-
Machado RM, de Brito Silva R, Magno MB, Maia LC, et
al. Oral candidiasis and denture stomatitis in diabetic
patients: systematic review and meta-analysis. Braz Oral
Res. 2020;34:e113. doi:  10.1590/1807-3107bor-2020.
vol34.0113.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

Sampath A, Weerasekera M, Dilhari A, Gunasekara C,
Bulugahapitiya U, Fernando N, et al. Type 2 diabetes mellitus
and oral Candida colonization: analysis of risk factors in a Sri
Lankan cohort. Acta Odontol Scand. 2019;77(7):508-16. doi:
10.1080/00016357.2019.1607547.

Mishra N, Trivedi A, Gajdhar SK, Bhagwat H, Khutwad
GK, Mall PE, et al. Correlation of blood glucose levels,
salivary glucose levels and oral colony forming units of
Candida albicans in type 2 diabetes mellitus patients. )
Contemp Dent Pract. 2019;20(4):494-8. doi: 10.5005/jp-
journals-10024-2545.

Gong Y, Wei B, Yu L, Pan W. Type 2 diabetes mellitus and
risk of oral cancer and precancerous lesions: a meta-analysis
of observational studies. Oral Oncol. 2015;51(4):332-40. doi:
10.1016/j.oraloncology.2015.01.003.

Dikshit RP, Ramadas K, Hashibe M, Thomas G, Somanathan
T, Sankaranarayanan R. Association between diabetes mellitus
and pre-malignant oral diseases: a cross sectional study in
Kerala, India. Int ] Cancer. 2006;118(2):453-7. doi: 10.1002/
ijc.21345.

Ramos-Carcia P, Del Mar Roca-Rodriguez M, Aguilar-
Diosdado M, Gonzalez-Moles MA. Diabetes mellitus and
oral cancer/oral potentially malignant disorders: a systematic
review and meta-analysis. Oral Dis. 2021;27(3):404-21. doi:
10.1111/0di.13289.

Ujpal M, Matos O, Bibok G, Somogyi A, Szabé G, Suba
Z. Diabetes and oral tumors in Hungary: epidemiological
correlations. Diabetes Care. 2004;27(3):770-4. doi: 10.2337/
diacare.27.3.770.

Aslam S, Ghafoor S. Insulin-like growth factor-I signaling plays
a pivotal role in the development of oral premalignant lesions
in patients with diabetes mellitus. BioMedica. 2022;38(3):129-
33. doi: 10.51441/BioMedica/5-759.

de Souza Bastos A, Leite AR, Spin-Neto R, Nassar PO,
Massucato EM, Orrico SR. Diabetes mellitus and oral mucosa
alterations: prevalence and risk factors. Diabetes Res Clin
Pract. 2011;92(1):100-5. doi: 10.1016/j.diabres.2011.01.011.
Albrecht M, Banéczy ), Dinya E, Tamds G Jr. Occurrence
of oral leukoplakia and lichen planus in diabetes mellitus. J
Oral Pathol Med. 1992;21(8):364-6. doi: 10.1111/j.1600-
0714.1992.tb01366.x.

Dietrich T, Reichart PA, Scheifele C. Clinical risk factors
of oral leukoplakia in a representative sample of the US
population. Oral Oncol. 2004;40(2):158-63. doi: 10.1016/
s1368-8375(03)00145-3.

10

| ) Oral Health Oral Epidemiol. 2025;14:2410.1691


https://doi.org/10.1111/j.1601-0825.2007.01425.x
https://doi.org/10.1067/moe.2000.107536
https://doi.org/10.1177/154411130301400407
https://doi.org/10.1016/j.diabres.2018.05.047
https://doi.org/10.1016/j.diabres.2018.05.047
https://doi.org/10.4103/0975-7406.163471
https://doi.org/10.4103/0975-7406.163471
https://doi.org/10.1046/j.1468-3083.2000.00143.x
https://doi.org/10.1046/j.1468-3083.2000.00143.x
https://doi.org/10.12669/pjms.304.5220
https://doi.org/10.23736/s0392-0488.17.05619-x
https://doi.org/10.14219/jada.archive.2003.0367
https://doi.org/10.14219/jada.archive.2003.0367
https://doi.org/10.31838/jcr.07.04.17
https://doi.org/10.1590/1807-3107bor-2020.vol34.0113
https://doi.org/10.1590/1807-3107bor-2020.vol34.0113
https://doi.org/10.1080/00016357.2019.1607547
https://doi.org/10.5005/jp-journals-10024-2545
https://doi.org/10.5005/jp-journals-10024-2545
https://doi.org/10.1016/j.oraloncology.2015.01.003
https://doi.org/10.1002/ijc.21345
https://doi.org/10.1002/ijc.21345
https://doi.org/10.1111/odi.13289
https://doi.org/10.2337/diacare.27.3.770
https://doi.org/10.2337/diacare.27.3.770
https://doi.org/10.51441/BioMedica/5-759
https://doi.org/10.1016/j.diabres.2011.01.011
https://doi.org/10.1111/j.1600-0714.1992.tb01366.x
https://doi.org/10.1111/j.1600-0714.1992.tb01366.x
https://doi.org/10.1016/s1368-8375(03)00145-3
https://doi.org/10.1016/s1368-8375(03)00145-3

