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Abstract 

Background: Type 2 Diabetes mellitus (T2DM) is one of the most common endocrine diseases that weakens the 
immune system. Candida albicans, is part of the natural oral flora and increases in cases of compromised immune sys-
tems. The exact cause of the increased prevalence of candidiasis in patients with T2DM is still unclear. The study aimed 
to correlate serum interleukin 10 (IL-10) and interferon-gamma cytokines (IFN-γ) with oral candidiasis in T2DM.

Methods: In this case–control study, 81 patients with T2DM and 41 non-diabetic individuals aged 30 to 70 years par-
ticipated. Demographic information, a Blood sample (for blood glucose and cytokine tests), and an oral cotton swab 
sample from each individual were obtained. The samples were then incubated in a Sabroud dextrose agar medium. 
Colony growth was calculated and the type of yeast species in individuals with oral candidiasis was identified by cul-
ture in CHROMagar Candida medium. IL-10 and IFN-γ were measured by ELISA kit and the data were analyzed using 
SPSS-18.

Results: An overall of 122 participants comprised 73.77% females and 26.22% males. An increase in interleukin-10 by 
40% and a decrease in IFN-γ by 6% can increase oral candidiasis prevalence among diabetic patients. Candida albicans 
was the most prevalent Candida species (spp.) in the diabetic and non-diabetic groups. The presence of oral candidi-
asis was not associated with HbA1c or FBS levels in both groups.

Conclusion: In the diabetic population, an increase in IL-10 or a decrease in IFN-γ may be associated with an 
increased risk of oral candidiasis.
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Introduction
Diabetes mellitus (DM) is a chronic metabolic and degen-
erative disorder that is characterized by chronic hyper-
glycemia resulting from defects in insulin action due to 

insulin resistance, insulin secretion, or both [1]. In 2019, 
approximately 463 million adults (20–79 years) were liv-
ing with diabetes; by 2045 this will rise to 700 million [2]. 
Due to elevated serum glucose levels and their bad effect 
on immune system function, diabetic patients are more 
prone to opportunistic infections such as candidiasis [3]. 
One of the most common types of candidiasis infection is 
the oral type [4]. Candida albicans is part of the normal 
oral cavity flora and around 30% to 50% of people carry 
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this organism [5]. Numerous studies have shown that the 
prevalence of Candida in diabetic patients is significantly 
higher than in healthy individuals [6–9]. In a recent 
study, the prevalence of Candida was 70% in diabetic 
patients and 30% in non-diabetic individuals [10]. The 
host conditions most likely to facilitate the colonization 
and subsequent infection of Candida include yeast adhe-
sion to the epithelial surface, glucose accumulation in the 
saliva, decreased salivary flow, microvascular degenera-
tion, and impaired neutrophil Candidacidal activity. Gen-
eralized immunosuppression alters the balance of host 
yeast by favoring the transition of Candida species from 
commensal to pathogenic [11].

It has been suggested that type 2 DM (T2DM) repre-
sents manifestations of the inflammatory host response 
that are orchestrated by the production of pro-and 
anti-inflammatory cytokines [12]. Studies indicate that 
patients with T2DM, have an increase in IFN-γ levels and 
a decrease in IL-10 levels [12–14]. In this regard, IL-10 is 
an anti-inflammatory cytokine that plays a critical role in 
preventing the development of autoimmune diseases [13]. 
IL-10 dysregulation is associated with enhanced immuno-
pathology as well as an increased risk of developing multi-
ple autoimmune diseases [14]. In addition, polymorphisms 
in the IL-10 gene increase diabetes risk [12, 15, 16]. On 
the other hand, IFN-γ as a pro-inflammatory factor has an 
essential role in T2DM pathogenesis [17]. It also serves as 
a key component of immunity against fungal diseases like 
Candidiasis [18, 19].

Despite the higher level of IFN-γ in patients with 
T2DM, candida infections are more common in these 
patients than healthy individuals and the underlying 
reasons has yet to be uncovered [6]. This study aimed 
to investigate the association between IL-10 and IFN-γ 
serum levels in patients with oral Candidiasis and 
T2DM. This could support the clarification of principal 
immuno-pathogenesis mechanisms for candidiasis in 
T2DM patients.

Methods
A total of 81 diabetic outpatients were studied at the 
Gorgan referral Diabetes Clinic. Diabetes mellitus was 
diagnosed based on the 2020 Diagnostic Criteria of the 
American Diabetes Association. The Control group 
included 41 healthy non-diabetic individuals. Case and 
control groups were matched based on sex and age. 
The systemic disorders (such as any underlying dis-
eases affecting the immune system, rheumatic diseases, 
diabetic kidney disease, infectious diseases, recent 
hospitalization) that could result in candidiasis, use 
of dentures, antibiotics, corticosteroid therapy, immu-
nosuppressive or inhaled drugs within the previous 
4  weeks, smoking, and xerostomia were excluded. The 

Ethics Committee of Golestan University of Medical 
Sciences approved the research protocol (IR.GOUMS.
REC.1397.178).

Participants were asked to provide demographic infor-
mation and blood samples were taken after 8 to 10 h of 
overnight fasting. A volume of 5  ml whole blood was 
taken from all subjects for detection of Hemoglobin A1c 
(HbA1c), Fasting Blood Sugar (FBS), IFN-γ and IL-10 lev-
els. HbA1c and FBS were measured in Deziani laboratory 
by routine capillary electrophoresis and enzymatic meth-
ods, respectively. The serum level of IFN-γ and IL-10 
were determined using commercially available ELISA kit 
(Biolegend, CA, USA) and according to the manufactur-
er’s instructions. All samples were assayed in triplicates, 
and the results were reported as picograms per milliliter 
(pg/mL) [20].

Following normal saline rinse of the mouth, two ster-
ile swabs of the tongue were obtained. The first swap was 
cultured on sabrodextrose agar medium (Conda S.A., 
Madrid. Spain). Incubation of the culture media (37  °C) 
was followed by the measurement of growth and num-
ber of colonies at 24–48 h (CFU /  mm2). The diabetic and 
non-diabetic participants were divided into two groups 
of with and without candidiasis, based on the culture 
medium colonies in their subjects. The reference ranges 
for healthy commensal carriages detected by the swab 
method were 0–5  CFU/swab, so people with CFU < 5 
were classified as non-candidiasis and CFU ≥ 5 as can-
didiasis group [21].

The second swap of the candidiasis group was cultured 
on chromium-agar medium (CHROMagar, France) to 
determine the type of Candida species. In chromium 
agar culture medium, Candida albicans, Candida tropi-
calis, and Candida glabrata are easily distinguished by 
their color and morphology. Candida albicans produces 
colonies with varying shades of green, Candida tropica-
lis produces colonies with a blue-gray color, and Candida 
glabrata produces pink colonies. The other colors pro-
duced by Candida, such as purple and yellow, are clas-
sified under the group of other types of Candida [22]. 
The relationship between blood glucose indices (FBS, 
HbA1c), IL-10, and IFN-γ and the presence or absence of 
candidiasis were also evaluated in the study groups.

Statistical analysis
Data normality was assessed by the Shapiro–Wilk test. 
In case of normality, the T-student test was applied. 
The non-parametric tests of Mann–Whitney and logis-
tic regression were used to determine the relationships 
when the data were abnormal. Statistical significance was 
set at P < 0.05. Statistical analyses were performed using 
the SPSS software version 18 (SPSS, Chicago, IL, USA).
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Results
The present study included 122 individuals aged 30 to 
70  years, represented by means, standard deviations 
shown in Table  1. Of these, 90 were women (73.77%) 
and 32 were men (26.22%). Of 81 subjects in the patient 
group, 60 were women (74.07%) and 21 were men 
(25.92%), and among the 41 participants in the control 
group, 30 were women (73.17%) and 11 men (26.82%).

Candidiasis was found in 51.85% of the diabetic 
patients and 31.70% of the non-diabetic individuals. 
Therefore, an increased risk of oral candidiasis can be 
associated with diabetes (P. value = 0.035). A signifi-
cant relation between HbA1c and FBS and the develop-
ment of oral candidiasis was not found in the diabetic 
or non-diabetic groups in the current study (Table  1). 
Candida albicans had the highest prevalence in both 
the diabetic and non-diabetic groups with 45% and 
69%, respectively.

Candida tropicalis was the least common type with a 
4% prevalence in the diabetic group. The Glabratai spe-
cies were not detected in the non-diabetic group, and 
other types of Candida accounted for 7% (Table 2).

The mean IL-10 level in positive candidiasis samples 
was significantly higher than that in negative samples 
in both diabetic and non-diabetic groups. IL-10 lev-
els were significantly higher in the non-diabetic group 
compared to the diabetic group in samples negative for 
candidiasis (Table 3).

Positive samples of candidiasis had significantly lower 
levels of IFN-γ than negative samples in both cases 
(P. value < 0.001) and control groups (P. value = 0.036) 
(Table 4).

According to Fig. 1, an increase in IL-10 and a decrease 
in IFN-γ are seen in people with oral candidiasis. Due to 
the dichotomous response variable (candidiasis positive 
or negative), multivariable logistic regression was used 
to determine the relationship between IL-10, IFN-γ and 
the development of candidiasis by controlling the HbA1c. 
In response to an increase in IL-10, candidiasis preva-
lence increased by about 40% (OR = 1.40) and (P. value ˂ 
0 / 001) in diabetic patients. Decreased IFN-γ (OR = 0.94 
and P. value ˂ 0.001) also increased the risk of candidiasis 
by 6% in the diabetic group (Table 5).

Neither interleukin 10 nor interferon gamma were 
significantly related to diabetes mellitus duration (P. 
value = 0.267 and 0.298, respectively. Moreover, no sig-
nificant relationship was found between age and sex and 
the development of oral candidiasis.

Discussion
Following an increase in blood glucose levels and a 
decrease in immune system activity in patients with dia-
betes mellitus, these patients are prone to opportunistic 
infections [23]. Candidiasis is one of the most common 

Table 1 Data summaries in study groups

Groups N Candidiasis
N (%)

Sex Age
Mean (SD)

FBS
Mean (SD)

HbA1c
Mean (SD)

Male
N (%)

Female
N (%)

Diabetic 81  + 42 (51.85%) 10 (23.80%) 32 (76.19%) 52.29 (6.947) 166 (62.42) 8.5 (2.07)

- 39 (48.15%) 11 (28.21%) 28 (71.79%) 51.23 (8.549) 177 (59.13) 8.4 (1.74)

Non-diabetic 41  + 13 (31.70%) 2 (15.38%) 11 (84.62%) 55.85 (6.581) 101 (6.79) 5.8 (0.25)

- 28 (68.29%) 9 (32.14%) 19 (67.86%) 47.36 (8.807) 95 (10.67) 5.6 (0.27)

Table 2 Frequency of candida types in study groups

Groups Candida Type

C. Albicans C. Glabrata C. Tropicalis Other

Diabetic 21 (45%) 7 (15%) 2 (4%) 16 (34%)

Non-diabetic 9 (69%) 0 (0%) 3 (23%) 1 (7%)

Total 30 (52%) 7 (11%) 5 (8%) 17 (29%)

Table 3 Mean (SD) of IL-10 in study groups

Groups Candidiasis + Candidiasis - Total P. Value

Diabetic 22.60 (22.27) 5.79 (3.98) 14.51 (18.25)  < 0.001 *

Non-diabetic 33.62 (28.93) 16.94 (20.20) 22.23 (24.26) 0.008 *

Total 25.21 (24.19) 10.45 (14.38) 17.10 (20.69)  < 0.001 *

P. Value 0.052 0.006 * 0.035 *

Table 4 Mean (SD) of IFN-γ in study groups

Groups Candidiasis + Candidiasis - Total P. Value

Diabetic 24.25 (18.16) 90.34 (60.05) 56.07 (54.64)  < 0.001*

Non-diabetic 57.79 (118.51) 99.06 (99.34) 85.98 (106.08) 0.036 *

Total 32.18 (59.82) 93.99 (78.30) 66.12 (76.78)  < 0.001 *

P. Value 0.565 0.517 0.484
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oral fungal diseases in healthy people or people with 
weakened immune systems, such as diabetic patients [3].

IL-10 is an inflammatory cytokine that has an inhibi-
tory effect on autoimmune diseases [13]. The association 
between T2DM and IL-10 has been studied in several 
articles, and IL-10 levels in T2DM are lower than those 
in controls [12].

According to the results of the present study, with a rise 
in IL-10, the probability of developing oral candidiasis 
in the diabetic group increases by about 40%. A previ-
ous observation from Roilides suggests that IL-10 affects 
the host PMN phagocytes that are involved in fungal 
defense, inhibiting PMN and fungi phagocyte activity, 
thus increasing fungal infection risk [24].

Rani M et al. [25] showed that the IL-10 levels in dia-
betic patients with oral candidiasis were significantly 
higher compared with healthy controls. The diabetic 
group had more oral-pharyngeal candidiasis, and the 
increase in IL-10 in the diabetic group indicates that the 

immune system is highly susceptible to chronic disease. 
In light of the inhibition of fungal phagocytosis by IL-10, 
it is justified to speculate that the immune system tends 
to cause chronic progressive disease.

However, the results of the present study contrast with 
the results of the de Oliveira et al. [26] study, which found 
low or undetectable IL-10 levels in patients with oral 
candidiasis.

Rani M. [25] mentioned the levels of IL-10 are gener-
ally higher in diabetic patients with oral candidiasis, but 
the levels are lower when Candida albicans antigens are 
applied as peripheral blood stimulants. The present study 
measured IL-10 using centrifuged blood serum obtained 
from patients (in vivo) rather than peripheral blood stim-
ulated with Candida antigen (in vitro).

As stated by Yaghini et al. [27], the level of IL-10 in dia-
betic patients is significantly lower than in the control 
group. Also in the present study, the level of IL-10 in dia-
betic patients was lower than in the non-diabetic group.

Fig. 1 Line plot of IL-10 and IFN-γ means in study groups

Table 5 Logistic regression models result

a HbA1c was used as an independent variable for IL-10 and IFN-γ in the logistic regression models

Groups EXP(β)
OR

95% CI Wald P-Value

Diabetic IL-10
Model

IL-10 1.402 1.203 1.633 18.788  < 0.001

HbA1ca 0.784 0.548 1.123 1.763 0.184

IFN-γ
Model

IFN-γ 0.942 0.917 0.968 18.603  < 0.001

HbA1ca 0.852 0.618 1.172 0.970 0.325

Non-diabetic IL-10
Model

IL-10 1.029 0.998 1.062 3.330 0.068

HbA1ca 42.579 1.382 1312.097 4.600 0.032

IFN-γ
Model

IFN-γ 0.995 0.987 1.004 1.261 0.262

HbA1ca 34.498 1.461 814.378 4.819 0.028
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IFN-γ is important in the regulation of cellular immu-
nity and is effective in the pathogenesis of diabetes and 
autoimmunity, as it stimulates multiple branches of the 
immune system [28–30]. A systemic immune response 
is initiated as Candida albicans infects epithelial cells, 
which increases the amount of IFN-γ produced [31]. 
Consequently, this host defense may be crucial for con-
trolling Candida albicans at the oral site and prevent-
ing its spread [26]. Low serum levels of IFN-γ are likely 
due to diminished production of the cytokine, which 
might contribute to Candida infection [32]. With a 
decrease in IFN-γ, the chance of developing oral candidi-
asis increases by 6% [12]. Szkaradkiewicz et al. [32], also 
found that IFN-γ levels were significantly lower in people 
with chronic oral candidiasis than healthy individuals.

Elevated salivary glucose is one of the main risk factors 
for oral candidiasis in diabetic patients [3]. The present 
study found that people with T2DM have a higher preva-
lence of oral candidiasis. The role of Candida yeasts as a 
cause of oral candidiasis in diabetic patients was shown 
by several studies [3, 8, 33–35]. Nevertheless, Bremen-
kamp R. et al. [36] found no correlation between diabetes 
and oral candidiasis.

Our results indicate that there is no significant correla-
tion between FBS and HbA1c with the development of 
oral candidiasis in the diabetic and non-diabetic groups. 
Zomorodian et al. [3] also found that despite the higher 
prevalence of candidiasis in diabetic patients, there 
was no association between HbA1c levels and candidi-
asis, and this result was confirmed by Belazi M et al. [8] 
and Kumar BV et al. [34] as well. On the contrary, She-
noy MP et  al. found that there is a significant relation-
ship between FBS and HbA1c and oral candidiasis. The 
Sheony study included patients with type 1 and type 2 
diabetes, and the sampling method was oral rinsing 
rather than swap sampling [37]. Differences in adminis-
tration methods and patient groups may be responsible 
for the different outcomes.

The normal oral flora of 73 of the total subjects (59.8%) 
contained Candida, including 65.4 percent of the case 
group and 48.8 percent of the control group. Zomorodian 
et  al. [3] mentioned that 67.8% of the diabetic group 
and 50.4% of the control group are carriers of Candida. 
Kumar BV. et  al. [34] reported this ratio as 68.52% in 
the diabetic group and 27% in the control group. In this 
study, 42 patients in the diabetic group (51%) and 13 
patients in the healthy group (31%) had oral candidiasis. 
Rodrigues CF et al. [11] expressed this percentage in the 
diabetic group at 68%, and in the healthy group at 27%, 
while Alzarea et al. [10] expressed it in the patient group 
at 70%, and in the healthy group at 30%.

A second swap cultured on CHROMagar Can-
dida medium identified Candida albicans as the most 

prevalent Candida spp. (52%), followed by Other Can-
dida spp. (29%), Candida Glabrata (11%), and Candida 
Tropicalis (8%). Khadka S et  al. [22] reported the most 
predominant species as Candida albicans 64.7%¸ fol-
lowed by other Candida species (15/6%), Candida tropi-
calis 11.7%¸ and Candida glabrata 7.8%.

Conclusion
Study results indicate that there is a significant differ-
ence between diabetic and non-diabetic groups regarding 
susceptibility to oral candidiasis. However, no significant 
relationship was found between blood glucose indices 
and the development of oral candidiasis in participants 
with or without diabetes.

The likelihood of developing oral candidiasis increases 
as the level of IFN-γ decreases and the level of IL-10 
increases.
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