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Aim: Interleukin-10 (IL-10) is a cytokine that plays an important role in the progression of diabetes mellitus (DM). Oral diseases were
more common in diabetics than in non-diabetics. The aim of this review is to identify IL-10 levels in diabetic patients with and without
oral diseases.

Methods: A systematic review was conducted based on the PRISMA guidelines. Three databases (PubMed, Cochrane Library, and
Science Direct) were used to search for articles up to November 2023 for studies on the measurement of IL-10 in diabetics with and
without oral disease. The criteria were limited to human studies and full-text in English only. The outcome was the value of IL-10. The
study was quality-graded using the Risk of Bias Assessment Tool for Non-randomized Studies (RoOBANS).

Results: There were eleven articles that met the eligibility criteria for analysis. Four articles discovered higher IL-10 levels, while
seven articles discovered lower IL-10 levels in diabetes patients with oral diseases compared with each control group.

Conclusion: Most studies showed lower IL-10 levels in diabetic patients with oral diseases compared with the control group.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder marked by elevated blood glucose levels due to insufficient
insulin production, impaired insulin function, or both." It is a global health concern with a rising prevalence.’*
According to the International Diabetes Federation (IDF) Annual Report 2022, an estimated 540 million people world-
wide are affected by diabetes, with the number expected to rise in the future.” Diabetes can be broadly classified into two
types: type 1 and type 2.2 Type 1 diabetes (T1D) is an autoimmune condition where the immune system attacks and
destroys insulin-producing beta cells in the pancreas.'""'* Type 2 diabetes (T2D) is marked by insulin resistance, where
the body’s cells do not respond effectively to insulin, and insufficient insulin production.'®'"'*!> The complications of
diabetes are diverse and affect various organ systems, including the cardiovascular system, kidneys, eyes, and oral

cavity. 116,17

Oral health is a vital component of overall health, and people with diabetes are more susceptible to oral diseases.'®'’
Diabetes is known to cause oral complications, including periodontal disease, xerostomia (dry mouth), an increased risk
of infections, delayed wound healing, and other oral diseases.>'®'®?* It is essential to comprehend and tackle oral health
in diabetic patients. Poor oral health can exacerbate complications related to diabetes and vice versa, creating
a bidirectional relationship.'®'® Periodontal disease has been linked to increased insulin resistance and uncontrolled
glycemic.?® Furthermore, oral infections may contribute to systemic inflammation, which could affect the management of
diabetes.”*"'® Investigating the relationship between DM, oral health, and immune responses, such as IL-10 levels, can

provide valuable knowledge on how these conditions are interrelated and guide holistic approaches to patient care.
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Interleukin-10 (IL-10) is a cytokine, a signaling molecule that is fundamental for regulating the immune
system.?® Tt is known for its anti-inflammatory properties and is produced by various immune cells, including
macrophages and T cells.?” IL-10 has a crucial function in prohibiting excessive immune reactions and preventing
prolonged inflammation and tissue damage.”®*° In the context of DM and related complications, IL-10 may play
a role in modulating immune responses that could impact oral health.>* The imbalance of IL-10 levels has been
linked to inflammatory conditions. Exploring their role in the context of DM and oral diseases can provide insights
into the associated immune mechanisms.** > Investigation of IL-10 levels in diabetic patients with oral diseases is
relevant not only for understanding the immunological aspects of the disease but also for exploring potential
therapeutic targets that may help in managing both DM and oral health issues.*°

The aim of this systematic review is to clarify the relationship between IL-10 levels and oral diseases in patients with
DM. This may include considerations for healthcare providers in managing the oral health of patients with DM,
highlighting areas for preventive strategies or interventions based on IL-10 levels. In addition, the review’s objective
is to identify gaps in the existing literature and suggest directions for future research to guide the scientific community in
addressing open-ended issues and understanding the interplay between DM, IL-10, and oral health.

Materials and Methods

Protocol and Eligibility Criteria

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed in the conduct
of this systematic review. PICO components included a population, a problem (human patients with all types of diabetes), an
intervention (measuring interleukin 10), a comparison (people with and without oral disease), and an outcome (the results of the
intervention). The authors agreed not to distinguish the source of the IL-10 measurement sample, whether blood, saliva, or
gingival sulcus fluid were all included. The inclusion criteria included articles published in the last 3 years, available full-text,
human studies, English-language publications, articles addressing the interleukin-10 level in diabetic patients with oral
diseases, and no age, sex, or racial limitations. As there were no systematic reviews of publications from the preceding
three years, we made the decision to compile studies from 2020 to 2023. The exclusion criteria were articles irrelevant to the
topic, duplication, literature/systematic reviews, case reports, incomplete manuscripts, and non-English language.

Information Sources and Search Strategy

The electronic article search was conducted using three databases, such as PubMed, Cochrane Library, and Science
Direct. The keywords used were “interleukin-10” [MeSH terms] AND “oral complication of diabetes mellitus”
[MeSH terms] OR “oral disease” [MeSH terms] OR “oral candidiasis” [MeSH terms] OR “gingivitis” [MeSH
terms] OR “periodontitis” [MeSH terms] OR “oral ulcer” [MeSH terms] OR “oral lichen planus” [MeSH terms]
OR “geographic tongue” [MeSH terms] OR “sialosis” [MeSH terms] OR “oral lesions” [text word] OR “oral
cancer” [MeSH terms] OR “dental caries” [MeSH terms] OR “xerostomia” [MeSH terms] OR “burning mouth
syndrome” [MeSH terms] OR “dysgeusia” [MeSH terms]. The PRISMA flowchart is shown below (Figure 1).

Study Records and Data Items

The selection of articles was carried out by YN. The relevant data were extracted, and the important information
was selected by the authors (NN and YN). The data extracted from the full-text articles includes researcher,
country, aim, population, type of DM, oral diseases, sample and method, result, and conclusion, as shown in
Table 1. The main study outcome was IL-10 levels in humans. The final recommendation in this study was
modified after the authors, NN and YN, discussed the extracted data. Discussions and decisions are made
according to the differences of opinion in order to reach a mutually acceptable conclusion. There is no difference
in the determination of the articles to be reviewed, the extracted data, or the assessment of the risk of bias.
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Identification of studies via databases and registers

Records removed before
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= Cohrane (n = 8647) Not open access (n = 13078)
2 Science direct (n = 5059)
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Records screened (n = 277) Not research articles (n = 159)
Not in full text (n = 13)
Not in English (n = 2)
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Reports assessed for eligibility _—
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Reports excluded: (n = 0)
B Studies included in review
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© Reports of included studies
£ (n=11)

Figure | The PRISMA flow diagram of the article search and selection process.

Risk of Bias in Individual Studies

The potential for bias was assessed using the Risk of Bias Assessment Tool for Non-randomized Studies
(RoBANS) by YN and NN. The six domains of RoBANS consisted of participant selection, confounding
variables, measurement of exposure or intervention, blinding of outcome assessment, incomplete outcome data,
and selective reporting. Each assessment item is a question with a score of 1 for the answer “yes” or “available”,
and 0 for the answer “no” or “not available”. The total score is the sum of the answers to all six questions; it
might vary from 0 to 6. The evaluation parameters were: the risk of bias is high or the quality of the article is low
if the total score is between 0 and 2, and the risk of bias is low or the quality of the article is high if the total

score is between 3 and 6.

Results
The search of the database yielded a total of 35,730 articles. 22,024 articles were identified using keywords from
the PubMed database, 8647 from the Cochrane Library, and 5059 from Science Direct. The screening process,
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Table | Characteristics of the Reviewed Studies

oral candidiasis in
T2D

patients with
T2D and 4| non-
diabetic
individuals aged
30 to 70 years

a decrease in IFN-
y by 6% can
increase oral
candidiasis
prevalence among

diabetic patients.

No | Researcher | Country Aim Population Type of DM Oral Sample Method of Result Conclusion
Diseases Measurement
| Andriankaja | USA To study the 248 Puerto Rican | T2D Periodontitis Blood & GCF | ELISA (Luminex®200 Increased serum There is an
et al, 20233 associations residents with ™) IL-10, sICAM-1, association between
between serum or T2D aged 40-65 and elevated elevated serum IL-
GCF endothelial and | years serum IL-1p were | 10 and higher
inflammatory statistically periodontal
mediators and significant or incidence in
chronic PD among close to being individuals with
T2D Hispanic significantly T2D.
associated with
a percent of sites
with PPD 2
4 mm.
2 lkbal et al, India To estimate serum 80 patients were | T2D Periodontitis Blood ELISA (Diaclone, IL 10 was The lowest level of
2023% IL-10 and its divided into four France) detected lowest IL-10 in CPD is
association with groups consisting in Group 3 associated with
glycemic status in of 20 patients in followed by periodontal
T2D and chronic each group. Group 4. Highest | inflammation itself,
periodontitis and to | Group I: healthy level of IL 10 was | which influences
evaluate the control, Group found in the regulating serum IL-
influence of 2: T2D without healthy group 10 levels and poor
periodontal chronic then in Group 2. | glycemic control.
inflammatory state periodontitis,
on glycemic status Group 3: CPD
only, Group 4:
T2D with CPD
3 Halimi et al, | Iran To correlate serum 122 participants | T2D Oral Blood ELISA (Biolegend, CA, | An increase in IL- | An elevated risk of
2022% IL-10 and IFN-y with | consist of 8l candidiasis USA) 10 by 40% and oral candidiasis may

be linked to an
increase in IL-10 in
the diabetic

population.
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Liu et al, China To investigate the A total of T2D Periodontal Blood & GCF | ELISA (Quanzhou Compared with The periodontal
2022% expression of single- | 26 periodontitis disease Ruixin Biotechnology the healthy group, | group had lower
stranded patients without Co,, Ltd) the other three levels of IL-10
microRNAs DM, 24 patients groups showed compared to the
(miRNAs) in serum with T2D, 22 a decreased level | healthy group, and
and GCF of patients | patients with of IL-10 in the the periodontal
with T2D both T2D and GCEF (all p<0.05) patient’s
complicated by PD PD, and 25 comorbidity with
and its correlation healthy T2D had lower
with inflammatory individuals levels of IL-10
factors without a history compared to the
of PD periodontal group,
indicating a trend
towards a decrease
in IL-10.
Zhang China To analyze the effect | 143 subjects T2D Gingivitis, Saliva & GCF | The Luminex The IFN-y, IL-6 The levels of IL-10
H. etal, of statins on were classified Periodontitis fluorescent technique, | and IL-10 levels were lower in the
202138 cytokines levels in into three utilizing Milliplex were lower in the | diabetic group with
GCF and saliva and groups: Magnetic Beads Dp group than periodontitis than

on clinical
periodontal
parameters of
middle-aged and
elderly patients with
T2D

healthy controls
(C group, n=62),
T2D patients not
taking statins (D
group, n=57),
T2D patients
taking statins (S
group, n= 24)

(Merck Millipore, BA,
USA)

those in the Cp
group (p<0.05).

those in the control
group with
periodontitis.

(Continued)
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Table | (Continued).

No | Researcher | Country Aim Population Type of DM Oral Sample Method of Result Conclusion
Diseases Measurement
6 Elazazy et al, | Egypt To investigate the 60 subjects were | T2D Periodontal Blood & GCF | ELISA (using IDK®, A significant A significant
2021%° role of specific recruited and disease Immun-diagnostik, increase in the decrease in IL-10
miRNAs (miR-223, divided into K9610 and relative levels in both
miR-203, and miR- three groups; SinoGeneClon quantification experimental
200b) in periodontal | chronic Biotech, SG-10271) levels of miR-223 | groups
disease and diabetes | periodontitis and miR-200b (periodontitis
and to check their (n=20), T2D were detected in | patients with and
levels in blood and chronic patient groups without T2D) was
gingiva, exploring periodontitis along with observed when
their connection to (n=20), and a positive compared to the
inflammation healthy control correlation with control group
markers (TNF-q, IL- | (n=20). TNF-o. (healthy patients
10). without
periodontitis).
7 Rangel et al, | Brazil To examine the 30 subjects were | T2D Periodontitis GCF Luminex/ MAGpix Non-diabetic Higher levels of IL-
202140 levels of LTA and allocated to 15 technology subjects 10 were found in
LPS in the gingiva of | T2D with presented a lower | the DM group.
DM and to see the periodontitis and IL-10
relationship 15 non-DM with concentration
between cytokines periodontitis. (p<0.05).
and MMPs in the
gingiva of DM
compared to non-
DM
8 Kassab et al, | Tunisia To analyze the 120 subjects T2D Periodontal Saliva ELISA cytokine The lowest level ITID&CP showed
2021 correlation between | divided into 4 disease multiplex kits (R&D of IL-10 was seen | the lowest level of
HbAIlc and the groups. Systems, Inc. in individuals with | IL-10.

prevalence of
gingival pathogens
and circulating
interleukin levels in
T2D Tunisian

subjects.

Minneapolis, MN,
USA)

ITIID & CP,
whereas the
highest mean level
was seen in
healthy
individuals.
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surface phenotypes,
and ex vivo effector
function in the
gingival tissue
immune
compartment of
patients with PD or
T2D-potentiated
PD.

healthy patients,
26 periodontitis
patients, and

9 periodontitis
patients with
T2D.

9 Rabelo et al, | Brazil To evaluate in GP 60 subjects T2D Periodontal Blood, saliva | Multiplex fluorescent | NG + GP and Serum IL-10 levels
20214 subjects with or divided into four disease and GCF bead-based T2D + GP had were lowest in the
without groups of equal immunoassay system significantly pre-diabetic and
hyperglycemia the size were (Bio-Plex MAGPIX higher GCF and diabetic groups with
short-term effects of | selected to Multiplex Reader, Bio- | salivary levels of periodontitis.
non-surgical participate: T2D Rad, Hercules, CA, IL-10 when
periodontal therapy | + GP, pre- USA) compared to the
on levels of serum, diabetics with control group.
saliva, and GCF GP, NG+ GP, and The highest IL-10
inflammatory healthy controls. level was in the
markers. serum control
group.
10 | Kumar etal, | USA To understand host- | 54 subjects T2D Periodontitis Sub-gingival The High Sensitivity IL-10 levels are The cytokine IL-10
2020 microbiome consist of 17 biofilm and Human Cytokine-08 lower in diabetics | turned out to be
interactions and to T2D with GCF plex (Millipore than in a highly rewired
measure a set of periodontitis, 17 Corporation) at normoglycemics with a 400-fold
cytokines to gauge non-T2D with Luminex/ MAGpix (p = 0.001). increase in
inflammation using periodontitis, platform connections in
graph theory, and normoglycemics
explore connections | 20 periodontally and a 20-fold
between these two healthy subjects. increase in
areas. hyperglycemia.
I Belkina et al, | USA To measure immune | 40 patients T2D Periodontal Gingival ELISpot (MAIPN4550; | Myeloid cells IL-10 trended
2020* cell frequencies, consist of 5 disease tissue Sigma Millipore) (CDI Ib+) from higher in T2D with

PD/T2D samples
produced higher
amounts of IL-10
compared to PD
samples.

periodontitis than in
periodontitis
samples.

Abbreviations: DM, diabetes mellitus; GCF, gingival crevicular fluid; PD, periodontal disease; T2D, type 2 diabetes; ELISA, enzyme-linked immunosorbent assay; IL- 10, interleukin-10; sSICAM-1, intercellular adhesion molecule-1; IL-1j,
interleukin-1 beta; PPD, probing pocket depth; CP/CPD, chronic periodontitis; IFN-y, interferon-gamma; TNF-o, tumor necrosis factor-alfa; IL-6, interleukin-6; LPS, lipopolysaccharide; LTA, lipoteichoic acid; MMPs; matrix
metalloproteinases; HbA ¢, glycated hemoglobin; ITIID, inadequately controlled type Il diabetes; GP, generalized periodontitis; GP, generalized periodontitis; NG, normoglycemic; ELISPOT, enzyme-linked immunosorbent spot.
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including database filters and inclusion criteria, resulted in a total of 277 articles. 266 articles were excluded due
to not being research studies, not being in full text, non-English, and irrelevant to the topic. A total of 11 articles
were at the end of the screening stage. These articles were then evaluated for their eligibility using risk-of-bias
tools and subjected to a qualitative review. Figure 1 depicts a flowchart of the article search and selection process
in this review.

Table 1 summarizes the characteristics of the studies reviewed based on the year of publication. The USA3*4344
conducted three of the articles, with one each from India,35 Iran,3(’ China (two a1’ticles),37’38 Egypt,39 Tunisia,41 and
Brazil (two articles).**** The research participant count in each article ranges from 15 to 248 diabetic patients, resulting
in a total of 801 diabetic patients, both with and without oral diseases. The study involved 253 control participants,
ranging from 5 to 62 individuals per article. The review encompasses eleven articles, out of which ten examined
interleukin-10 levels in diabetic patients with periodontitis as an oral disease, while the remaining article evaluated
interleukin-10 levels in diabetic patients with oral candidiasis.

Table 2 and Figure 2 present the findings of the risk of bias evaluation conducted to determine the quality of the
selected articles. The results of the risk assessment of bias indicate that all eleven articles had a low risk of bias, thus
indicating the high quality of the studies. Domain selection of participants (item 1), confounding variables (item 2), and
measurement exposure (item 3) achieved a score of 100%. This score was excellent, as all articles met the expected
criteria. All participants adhered to the research protocol and successfully completed it. The domain with the lowest
percentage score was the incomplete outcome data domain (item 5), which received a score of 0% because all articles did
not mention missing outcome data. The blinding of outcome assessment (item 4) had a percentage score of 9.1% because
only one article stated explicit blinding methodology in the article’s research protocol. The selective outcome reporting
(item 6) received a score of 90.9%; this score was deemed satisfactory, as only one out of eleven articles in these domains
failed to meet the criteria.

Table 2 Risk of Bias Assessment (RoB)

No Researcher Risk of Bias Domain Total Point | Assessment of RoB | Conclusion
1 2 3 4 5 6
I Andriankaja et al, 2023% I I I 0 0 I 4 Low risk of bias High quality
2 Ikbal et al, 2023% I I I 0 0 I 4 Low risk of bias High quality
3 Halimi et al, 20223¢ | I I 0 0 I 4 Low risk of bias High quality
4 Liu et al, 2022% | I I 0 0 I 4 Low risk of bias High quality
5 Zhang H. et al, 202138 | | | 0 0 | 4 Low risk of bias High quality
6 Elazazy et al, 2021%° | | | 0 0 | 4 Low risk of bias High quality
7 Rangel et al, 20214 | | | | 0 | 5 Low risk of bias High quality
8 Kassab et al, 2021*' | I I 0 0 I 4 Low risk of bias High quality
9 Rabelo et al, 2021%? | | | 0 0 0 3 Low risk of bias High quality
10 | Kumar et al, 2020* | I I 0 0 I 4 Low risk of bias High quality
I1 | Belkina et al, 2020** I I I 0 0 I 4 Low risk of bias High quality
Domain Assessment (%) 100 100 100 9.1 0 90.9 - - -
Notes: Item | = Selection of participants; Item 2 = Confounding variables; Item 3 = Intervention (exposure) measurement; Item 4 = Blinding of outcome
assessment; Item 5 = Incomplete outcome data; Item 6 = Selective outcome reporting; | = Yes/available; 0 = No/not available; Total point 0-2 = High risk of bias;

Total point 3-6 = Low risk of bias.
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Summary of the risk of bias assessment using RoOBANS

Selective outcome reporting
Incomplete outcome data

Blinding of outcome assessment
Intervention (exposure) measurement

Confounding variables

Selection of participants

0% 25% 50% 75% 100%

m Low risk of bias Some concerns  mHigh risk of bias

Figure 2 Author assessment of each RoOBANS domain for the included articles. Green denotes a low risk of bias, yellow denotes an unclear risk, and red denotes a high risk.
The six domains are “participant selection, confounding variables, measurement of exposure, blinding of the outcome, incomplete outcome data, and selective outcome
reporting”.

Discussion

DM is a systemic condition characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or
both."”%45 DM patients had a significantly higher prevalence of oral diseases compared to non-DM patients.'” These
manifestations refer to symptoms or conditions in the mouth that arise due to the underlying disease. Changes in immune
system function can influence the appearance of oral diseases in DM patients.''“*® The oral diseases commonly seen in diabetic
patients include geographic tongue, oral candidiasis, dental caries, sialosis, oral cancer, oral ulcer, gingivitis and periodontitis,
oral lichen planus/lichenoid mucositis, xerostomia, burning mouth syndrome, and dysgeusia,”*!%:!1-19-24:46-49

The process of wound healing and tissue repair in DM patients involves cytokines.® One of the anti-inflammatory
cytokines that plays an important role in the regulation of immune response and inflammation is interleukin (IL)-10. IL-10 was
initially discovered by Mosmann et al in 1989.%” It functions as a crucial anti-inflammatory cytokine by acting as a negative
regulator of the immune response to microbial antigens.?” IL-10 effectively prevents excessive inflammation during the course
of infection and is produced in response to pro-inflammatory signals by immune cells, including T cells, B cells, macrophages,
and dendritic cells.*®?’

Inflammation plays a key role in the development of diabetic complications.’! Inflammation is a mechanism activated
in response to harmful conditions to maintain homeostasis and tissue integrity.’> Chronic activation of the inflammatory
response triggers collaterally injurious effects. Hyperglycemia and oxidative stress are the drivers of tissue damage in
individuals with DM.'” Impaired immune response and higher susceptibility to infection play an important role in the
development of DM complications, including oral diseases in DM patients.'® This review explored the IL-10 level as an
anti-inflammatory mediator in diabetic patients with and without oral diseases.

Table 1 shows that the studies were conducted in type 2 diabetes populations in the USA,>*** India,*® Iran,’
China,*’® Egypt,* Brazil,"*** and Tunisia.*' The most observed DM-related oral diseases were periodontitis, with 10

6

articles, and one article discussed oral candidiasis. Samples taken to check IL-10 were generally from blood, saliva,
gingival crevicular fluid (GCF), and gingival tissue.

Four of the eleven studies that were reviewed regarding IL-10 and oral diseases in diabetic individuals came to the
conclusion that those patients had higher levels of IL-10. This is supported by four articles by the following researchers:
Andriankaja et al,>* Halimi et al,*® Rangel et al,* and Belkina et al.** An article conducted by Halimi et al®® discussed
IL-10 levels related to oral candidiasis as DM-related oral diseases, while three other articles discussed IL-10 levels
related to periodontitis in DM patients.

Increased IL-10 in DM patients with periodontitis may weaken their immune response, worsening infectious
inflammation in both conditions. Elevated IL-10 in periodontitis can hinder pro-inflammatory cytokine production,
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impacting disease progression. The elevated plasma/serum IL-10 was observed more frequently in individuals with T2D,
showing hyper-inflammatory states.>**%#*

IL-10 impacts the immune cells involved in fungal defense, increasing the risk of fungal infections.*® Research
conducted by Halimi et al revealed elevated IL-10 levels among diabetic patients with oral candidiasis as compared to
healthy individuals.>® This association indicates that the immune system in diabetic individuals is more vulnerable to
chronic diseases, possibly due to the inhibitory effects of IL-10 on fungal defense, leading to the progression of chronic
diseases.*®

Seven out of eleven studies concluded that IL-10 levels in DM patients with oral diseases (periodontitis) were lower
than IL-10 levels in the control group.35’37739‘41413 The reduced IL-10 levels in periodontitis patients might explain the
altered immune response.”® IL-10 may play a pivotal role in regulating the immune response in T2D patients with
periodontitis.’”*° The relationship between IL-10 and oral diseases in diabetes mellitus patients revealed a complex
interplay between immune regulation and disease progression.’® Deficiency in IL-10 expression can increase the
inflammatory response to microbes and lead to the development of autoimmune diseases. Increased levels of IL-10
can trigger apoptosis in response to infection. In addition, increased IL-10 signaling can inhibit the production of pro-
inflammatory cytokines and modulate immune function by preventing the maturation of macrophages and dendritic cells,
thereby limiting co-stimulation, antigen presentation, and chemokine secretion capacity.*'

The review’s limitations include the possibility that relevant articles meeting the review’s aims may have been missed
in the database search or that full papers do not exist. This review provides basic data and can serve as a starting point for
further research on immunotherapy as a potential therapy for DM patients with oral manifestations, targeting IL-10
modulation. New research opportunities related to the value of IL-10 in DM patients with oral diseases including
xerostomia, geographic tongue, dental caries, sialosis, oral ulcer, oral lichen planus, dysgeusia, and burning mouth
syndrome are unlikely to have been conducted, and there are no publications related to these results.

Conclusion

This review presents conflicting findings on the levels of IL-10 in diabetic patients with oral diseases. Four studies
suggest higher IL-10 levels in these patients compared to the control group, while seven studies indicate the opposite,
that IL-10 levels are lower. It is important to note that IL-10 levels can vary among diabetic patients, with or without oral
disease, and may present as either lower or higher.
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