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ABSTRACT

Patients with diabetes are prone to recurring and even resistant Candidiasis, making treatment challenging. Many 
hypotheses proposed related to susceptibility of diabetic patients to Candida. The prevalence and species of Candida 
in a particular diabetic community might be different compared to other diabetic community. This study aimed to 
determine the prevalence of Candida colony and its species in the oral cavity of diabetic patients included in the CDM 
(Chronic Disease Management) program in Yogyakarta. One hundred patients with type 2 diabetes (n= 100) were 
recruited as the subjects of this study. The subjects were classified into controlled and uncontrolled Diabetes mellitus 
(DM). Samples of oral rinse solution were collected to determine the species of Candida and number of Candida 
colonies using CHROMagar Candida medium. There were 47 and 53 of subjects with controlled and uncontrolled DM, 
respectively. The mean number of Candida colony in the subjects with controlled diabetes (1003.13) was higher than 
that in the subjects with uncontrolled diabetes (478.43). The Candida colony most commonly identified in the subjects 
with controlled and uncontrolled diabetes were C. albicans and C. glabrata, respectively. Female patients had higher 
mean number of Candida colony (859.51) compared to male (299.21). The Candida colony most often identified in 
both genders was C. albicans. In addition, the subjects of this study consisted of 83 geriatric subjects and 17 non 
geriatric subjects, in which the mean number of Candida colony in the geriatric subjects (761.77) was higher than 
that in the non-geriatric subjects (545.71). The Candida colony most often identified in the geriatric subjects and non-
geriatric subjects was C. albicans and C. glabrata, respectively. The Mann Whitney test demonstrated that there was 
a significant difference (p = 0.009) of the mean number of Candida colony between male and female. However, there 
was no significant difference of the mean number of Candida colony between ages (p = 0.060) and diabetic status 
(p=0.175). It can be concluded that the Candida species most commonly identified in all the subjects was Candida 
albicans with the mean colony number of 349.96, followed by C. glabrata (225.97), C. krusei (144.91), C. tropicalis 
(3.67), and other species (2.02).
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INTRODUCTION
Diabetes mellitus (DM) is a disease caused by a 
chronic metabolic disorder of carbohydrate, lipid, 
and protein due to absolute or relative reduction in 
insulin secretion or activation that is characterized 
by increasing blood glucose.1 Indonesia is the 
fourth most populated country, with the seventh 
highest prevalence of diabetic patients in 2012 
worldwide.2 The Ministry of Health of the Republic 
of Indonesia reported in 2018 that around 1.5% 
(1.017.290) people of Indonesia suffered from 

diabetes.3 There are two main types of DM, i.e. 
type 1 and type 2, and the majority of diabetic 
patients (±90%) had type 2 DM and the rest had 
type 1 DM.2

Many oral findings are attributed to 
uncontrolled blood glucose in diabetic patients 
such as xerostomia, hyposalivation, burning mouth 
sensation, periodontal disease, dysgeusia, and oral 
candidiasis. Candida itself is normal commensal 
of oral flora. However, if immune status of host 
is altered such as in patients with HIV-infection, 
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malignant disease, nutritional deficiency, and 
metabolic disorder, Candida becomes pathogenic 
and manifests as oral candidiasis. There are 
around more than 150 species of Candida, but 
only ten species are more responsible for infection 
in human.4 Out of the ten species, Candida 
albicans is the most common species isolated 
from the oral cavity. Other Candida species are C. 
glabrata, C. tropicalis, C. krusei, C. dubliniensis, 
C. pseudotropicalis, C. lusitaniae, C. parapsilosis, 
C. stellatoidea, and C. gillieri-mondii.5-8 Principally, 
many hypotheses have been proposed related to 
the susceptibility of diabetic patients to Candida, 
i.e. (i) high salivary glucose; (ii) hyposalivation; 
(iii) chemotaxis disorder; (iv) phagocytosis 
defect especially due to polymorphonuclear 
leukocyte deficiency.9,10 Several risk factors such 
as age, gender, nutrition, oral hygiene, smoking, 
denture usage, salivary pH, and xerostomia are 
contributed to the susceptibility of diabetic patients 
to oral candidiasis.11,12 Clinically, oral candidiasis 
manifests as white lesion, erythematous lesion, 
or hyperplastic lesion accompanied by pain or 
burning sensation. Candida colonies could be 
isolated from patients with oral candidiasis through 
oral rinse, saliva, or swab technique. However, it 
is also possible that there is no clinical evidence of 
oral candidiasis although Candida colonies can be 
isolated from laboratory examination - it is called 
Candida carriage.13 Previous studies showed that 
the prevalence of yeast carriage in uncontrolled 
diabetic patients reached up to 90%10 and in 
controlled diabetic patients up to 63.3% of the 
subjects,14 and Candida albicans was responsible 
for 51% of the isolates.15

In diabetic patients, oral candidiasis is difficult 
to cure, it is prone to be recurrent even resistant.13 

Pain and burning sensation in diabetic patients 
with oral candidiasis deteriorate oral functions 
which, in turn, will decrease oral health-related 
quality of life (OHRQoL). If the candida infection 
not adequately treated, it will extend to posterior 
region up to oropharynx and esophagus, finally 
causing dysphagia.16-19

The prevalence of Candida and its species in 
particular a diabetic community might be different 

compared to other diabetic communities, as the 
disease is closely related to diabetic conditions, 
systemic health, medications, oral microbiome 
and health, hyposalivation, lifestyles and habits, 
gender, ages, and denture usage. These factors 
might affect the way each species adapts and 
responds to those risk factors to survive.20-22 

Occurrence of oral candidiasis might also be 
affected by various diseases, such as HIV 
infection.23 It was also reported that diet could also 
affect the disease progression, as fructose was 
found to be able to slow down Candida growth 
rate.24 The prevalence, especially on chronic 
lesions, might also be affected by antifungal 
susceptibility profile of the dominating species and 
the antifungal drug prescribed.25 Consequently, 
determination of treatment planning for diabetic 
patients with oral candidiasis varies, depending 
on the etiology, risk factors, and the nature of the 
dominant species in each patient. 

The aim of this study was to determine the 
prevalence of Candida colony and its species in 
the oral cavity of Chronic Disease Management 
(CDM) diabetic patients in Yogyakarta. By knowing 
the prevalence and species of Candida in the oral 
cavity of diabetic patients, the results can be used 
as a reference to plan the adequate management 
for diabetic patients, since every Candida species 
has its own susceptibility to antifungal medication. 
By minimizing the oral discomfort faced by diabetic 
patients with oral candidiasis, it can finally increase 
the OHRQoL of diabetic patients.

MATERIALS AND METHODS
This was a laboratory observational community-
based cross-sectional study. A total of 100 
patients with type 2 diabetes in Yogyakarta (45-
77 years), consisting of 24 males and 76 females, 
were recruited as the subjects of this study. The 
subjects came from CDM Program patients of 
Klinik Qta Minomartani Sleman Yogyakarta, of 
RSUD Wirosaban Yogyakarta, and of Puskesmas 
Mantrijeron Yogyakarta. Inclusion criteria of the 
subjects: being diabetic patients, being able 
to communicate, being able to perform activity 
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of daily living independently. Exclusion criteria 
of the subjects: being HIV-infected or AIDS 
patients, having a malignant disease, having a 
history of long antibiotic or immunosuppressive 
medication, undertaking antifungal medication in 
the last month. The subjects were classified into 
controlled DM if Fasting Blood Glucose (FBG) 
was < 126 mg/dL or 2 h Post Prandial Blood 
Glucose (2 pp BG) was < 200 mg/dL around the 
last few months. Meanwhile, the subjects were 
classified into uncontrolled DM if FBG was ≥126 
mg/dL or 2 h Post Prandial Blood Glucose (2 pp 
BG) was ≥ 200 mg/dL around the last few months. 
The protocol of the study was approved by the 
Research Ethic Committee of Faculty of Dentistry, 
Universitas Gadjah Mada with approval number: 
00140/KKEP/FKG-UGM/EC/2019.

The subjects were gathered and given 
explanation about the goal, significance, and 
course of the study. The subjects who were willing 
to participate in the study were asked to sign a 
written informed consent. The subjects were asked 
to fill in an identity form. Then, samples of oral rinse 
solution were collected in a sterile container by 
asking the subjects to rinse the mouth with 10 mL 
sterile saline (OtsukaTM, Japan), which was held in 
the mouth for 15 seconds. The concentrated rinse 
solution was prepared by centrifuging it at 2000 x 
g for 10 min. After the supernatant was removed, 
the cell pellet was resuspended in 500 µL, which 
was then inoculated onto CHROMagar Candida 
medium (CHROMagarTM, Paris, France) in 200 
µL aliquots. Candida colonies were counted after 
incubation at 37 °C for 48 hours. 

For the statistical analysis, the subjects were 
initially classified according to the diabetic status 
based on three variables i.e., age, gender, and 
presentation of Candida colony. Then, the mean 
number of Candida colony within the variable 
groups was counted based on four Candida 
species (C. albicans, C. glabrata, C. krusei, 
and C. tropicalis), others, and total Candida. 
Mann Whitney test for nonparametric data was 
conducted to know whether there was a significant 
difference in the mean number of Candida colony 
within the variable groups.

RESULTS
Type 2 DM was the only type of DM detected in 
this study (hereinafter referred to as DM). There 
were 47 and 53 of the subjects with controlled 
DM (M: 11, F: 36) and uncontrolled DM (M: 13, 
F: 40), respectively (Table 1). The subject age 
ranged from 45-89 years. Meanwhile, the duration 
of having DM in all the subjects was between <1 
year up to 30 years.

Table 2 shows that the Candida colony 
most commonly identified in the subjects with 
controlled DM was Candida albicans, followed 
by C. krusei, C. glabrata, C. tropicalis, and other 
species of Candida, respectively. On the other 
hand, the Candida colony most often identified in 
the subjects with uncontrolled DM was Candida 
glabrata, followed by Candida albicans, C. krusei, 
C. tropicalis, and other species of Candida, 
respectively. The mean number of Candida colony 
in the subjects with controlled DM (1003.13) was 
higher than that in the subjects with uncontrolled 
DM (478.43). Females had higher mean number 
of Candida colony (859.51) compared to males 
(299.21). The Candida colony most commonly 
identified in both genders was C. albicans. This 
study consisted of 83 geriatric subjects and 17 
non geriatric subjects, in which the mean number 
of Candida colony in the geriatric subjects 
(761.77) was higher than that in the non-geriatric 
subjects (545.71). The Candida colonies most 
often identified in the geriatric subjects and 
non-geriatric subjects were C. albicans and C. 
glabrata, respectively. It can be said that the 
Candida species most frequently identified in all 
the subjects was Candida albicans with the mean 
number of Candida colony of 349.96, followed 
by C. glabrata (225.97), C. krusei (144.91), C. 
tropicalis (3.67), and other species (2.02).

The results from the Mann Whitney test 
(Table 3) demonstrated that there was a significant 
difference (p = 0.009) in the mean number of 
Candida colony between the male and female 
subjects, in which females had higher mean 
number of Candida colony than male. However, 
there was no significant difference in the mean 
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number of Candida colony between the other two 
variables (age and diabetes status).

DISCUSSION
In this study, the number of geriatric female 
subjects was higher than that of non-geriatric 
male subjects. This is understandable because in 
recent decades almost all countries in the world, 
including Indonesia, have experienced a rapid 
increase in the elderly population. Based on the 
population censuses in Indonesia in 1971, 1990 
and 2010, there was an increase in the percentage 
of the elderly population by 4.5%, 6.3%, and 
7.6%, respectively. The increase in the elderly 
population will continue, so it is estimated that by 
2035 the number of elderly people in Indonesia will 

reach 15.8% of the total population.26 This is in line 
with the increase in the proportion of the elderly 
population globally from 6.1% to 8.8% between 
1990 and 2017, which is expected to be 16% by 
2050.27 The increase in the elderly population is 
partly due to an increase in the life expectancy 
of the population and improved health services. 
Based on the distribution of elderly population by 
province, Daerah Istimewa Yogyakarta had the 
highest percentage of elderly people in Indonesia.28

On the other hand, the proportion of women 
in Indonesia continues to increase in higher age 
groups. The proportion of women at the age of 
60-64 years reaches >50%, and at higher ages 
the proportion of women becomes >65%. This 
indicates that elderly women have a higher life 
expectancy. Globally, the proportion of elderly 
women is also projected to increase, from 336 
million in 2000 to more than one billion in 2050.29 

The presence of Candida in the oral cavities of 
diabetic patients has been investigated in several 
places in the world, with quite diverse results. The 
prevalence of Candida in this study was 89%. 
Based on the results above, the number of colony 
in each Candida species between the controlled 
and uncontrolled DM groups varied. Previous 
studies reported their findings on the positive 
correlation and influence of blood glucose level 
on oral candidiasis and Candida colonization.30,31 

However, our study did not reveal statistically 
significant differences between the controlled and 
uncontrolled subjects. This might corroborate a 

Table 2. Means of Candida colony number within variable groups

Variables C. albicans C. glabrata C. krusei C. tropicalis Others Total

Age

Geriatric 373.33 210.83 172.84 3.99 1.78 761.77

Non-geriatric 240.76 299.88 0 1.88 3.18 545.71

Gender

Male 274.33 18.96 2.67 0.79 2.46 299.21

Female 373.84 291.34 187.92 4.53 1.88 859.51

Diabetes status

Controlled 516.36 212.62 271.09 0.98 2.09 1003.13

Uncontrolled 202.40 237.81 30.28 5.98 1.96 478.43

Table 1. Diabetic status of subjects within variable groups

Variables
Diabetic status

Total
Controlled Uncontrolled

Age

Geriatric 43 40 83

Non-geriatric 4 13 17

Gender

Male 11 36 24

Female 36 40 76

Candida

Undetected 3 8 11

Detected 44 45 89
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previous study that reported independency of 
Candida carriage prevalence from HbA1c level.4 

This shows that other risk factors might play bigger 
roles in the disease progression in diabetic patients. 

Several risk factors such as age, gender, 
nutrition, level of oral hygiene, smoking habits, 
denture usage, salivary pH, and xerostomia are 
associated with the susceptibility of DM patients 
to Candidiasis.12,17,32,33 However, in this study not 
all these factors were revealed. A study by Lynne 
et al. showed that Candida could be detected 
in 74.8% of 107 subjects with DM, namely 36 
of 52 controlled subjects (69.23%) and 44 of 55 
uncontrolled subjects (80%).4 In this study, Candida 
was detected in 44 of 47 controlled subjects 
(93.61%) and 45 of 53 uncontrolled subjects 
(84.91%). A study by Mohammadi et al. showed a 
significant difference in Candida frequency among 
people with well-controlled, moderately-controlled, 
and poorly-controlled diabetes, as well as healthy 
people (p = 0.045), with the highest frequency 
found in people with poorly controlled diabetes.12 

The results of this study indicated that the 
geriatric subjects had a higher mean number of 
Candida than the non-geriatric subjects. One of 
characteristics of elderly is a decline in immune 
system, so the elderly are more susceptible 
to diseases, especially chronic degenerative 
diseases (such as DM, malignant disease) and 
infections. Candida itself is a normal flora in the 

oral cavity. However, if the body's immune system 
decreases, Candida becomes pathogenic and 
can infect the oral cavity. There is a tendency that 
when someone is getting older, there is a higher 
possibility of Candida infection, especially related 
to deterioration of oral hygiene and use of dentures. 
In this study, there were only 6 subjects with a 
removable denture, so the possibility of association 
between Candida colonies and denture usage was 
less significant. The varying frequency of Candida 
in DM patients is due to the different abilities of fungi 
to attach to epithelial cells and genetic susceptibility 
of each patient with DM to infection. The increase 
in Candida colonies in diabetic subjects may be 
related to increased salivary glucose, oral micro-
environmental changes such as reduced salivary 
flow or altered salivary composition, decreased 
immunity,34 and disruption of oral microbial 
balance.35 Another reason for the association 
between geriatric subjects and high number of 
Candida colony is related to polymedication and 
polypathology in older people. The elderly tend 
to suffer from some diseases, so they have to 
take more medications, such as antibiotics and 
immunosuppressive drugs which tend to make 
someone more easily develop Candidiasis in the 
oral cavity. Unfortunately, this study did not reveal 
anamnesis regarding longterm medication with 
antibiotics and immunosuppressive drugs. 

Another result of this study also demonstrated 
that the female subjects had a higher mean 
number of Candida than the male subjects. In 
addition, the Mann Whitney test proved that 
there was a significant difference in the mean 
number of Candida between the female and male 
subjects. Several reasons can be put forward 
regarding this; one of which is because women 
have estrogen. Estrogen can increase the fungal 
virulence of C. albicans, so they are able to avoid 
the innate immune system.36 Estrogen can also 
increase glycogen production in vaginal mucosa. 
Glycogen is a nutrient required for the growth 
of C. albicans.36,37 Possibly, the same thing also 
takes place in the oral mucosa. The results of this 
study are supported by other findings, including 
Brazil's Center for Diagnosis of Oral Diseases, 

Table 3. Mann Whitney test of means of total Candida colony 
number within variable groups

Variables
Mean of total 

candida number
p value

Age

Geriatric 761.77
p = 0.060

Non-geriatric 545.71

Gender

Male 299.21
p = 0.009*

Female 859.51

Diabetes status

Controlled 1003.13
p = 0.175

Uncontrolled 478.43

* = significant (p < 0.05)
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which revealed that women's risk of developing 
Chronic Atrophic Candidiasis is four times higher 
than that of men.35 In addition, according to Loster 
et al., there was a significant relationship (p = 0.01) 
between intensity of fungal growth and gender, 
where infection-free individuals were more in 
males than females.38

Different works indicated C. albicans as 
isolated Candida with the highest frequency 
in the oral cavities of diabetic patients.4,12,39,40 
In this research, this species was the most 
prevalent and it was found more frequently in the 
controlled subjects, while C. Glabrata was found 
more frequently in the uncontrolled sub jects. 
This is in line with previous findings that reported 
the same result, in which C. glabrata was 
found to be more prevalent in the uncontrolled 
diabetic patients compared to the controlled 
patients.14 This is because of the nature of C. 
glabrata that is more aggressive and produces 
higher amount of biofilm than C. albicans. This 
result showed possible specific pathogenicity 
and colonization of each Candida species in 
different microenvironment. Uncontrolled blood 
glucose and microenvironment might promote 
the aggressivity and colonization of C. glabrata 
in the oral cavity.11 The aggressivity will lead to 
enhanced pathogenicity and tissue destruction. 

Diabetes mellitus could promote secreted 
aspartyl proteinases, thus leading to enhanced 
colonization, biofilm formation, and tissue 
invasion. Biofilm formation could impact antifungal 
treatment; each species has its own biofilm forming 
capacity. Biofilms formed by low biofilm former 
(LBF) were found to contain sparse yeast cells 
and pseudo hyphae, whereas high biofilm former 
(HBF) could produce denser hyphae. HBFs are 
known to need a specific consideration of drug 
choice and dose.41 Treatment to each species 
might differ, as some species have been reported 
to be resistant to particular antifungal drugs, but 
still in the same principle of antifungal, etiological 
elimination and blood glucose control.11,42 One of 
previous studies found that HBF needs antifungal 
dose of 8-fold higher than LBF.43 Some studies 
reported that C. parapsilosis and C. tropicalis 

generate great heterogenic biomass, whereas 
C. parapsilosis and C.glabrata secret biofilm 
matrix containing more carbohydrates than 
C.tropicalis.41 The specific nature of each species 
and its complexity in biofilm formation could affect 
treatment choice of patients with oral candidiasis 
because of potential resistance. 

In other previous studies involving diabetic 
subjects, C. albicans was also the most commonly 
detected fungal species in the oral cavity.12,34,44 
C. albicans is known to predominantly exist in 
the oral cavity with its commensal nature8,42 

Abundant C. albicans on the mucosal surface 
might be caused by its pathogenicity and ability 
to adapt to oral microenvironment. C. albicans 
could infect diverse niches because it could 
change its morphological form, express adhesin 
and invasin, form biofilm to protect itself, and 
switch its phenotype. This led to rapid adaptation 
to microenvironment and pH to acquire nutrient 
and survive.45 C. albicans were reported to 
produce lower amount of biofilm than non-
albicans species, thus leading to consideration 
of emerging pathogens of non-albicans species. 
However, the lower capacity of biofilm formation 
was also reported to not particularly influence 
clinical manifestation of the infection.41 This 
shows that various factors and co-infection might 
play roles in the disease progression. 

The complexity of the relation between 
Candida spp. infection and DM causes the 
difficulty of concluding which species is the 
most prevalent in the oral cavity. We reported 
that the most prevalent species in the controlled 
patients was C. albicans, followed by C. krusei, 
C. glabrata, C. Tropicalis, and other Candida 
species. Meanwhile, the most prevalent species 
in the uncontrolled patients was C. glabrata, 
followed by Candida albicans, C. krusei, C. 
Tropicalis, and other Candida species. One 
of previous studies reported that the most 
prevalent species was C. albicans, followed by 
C. parapsilosis, C.dubliniensis, and C. tropicalis.4 

Meanwhile, another study reported that the most 
frequently identified Candida species were C. 
albicans, C. krusei, C. glabrata, C. kefyr, and C. 
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tropicalis.12 Another study also reported the most 
prevalent species were C. glabrata, C. albicans, 
and C. tropicalis in both uncontrolled and 
controlled diabetic patients.14 These differences 
are significantly affected by the complex and 
diverse risk factors that play roles in the disease 
progression; these could also be affected by 
environmental factors surrounding the subjects.

Many risk factors that might influence 
Candida colonization in the oral cavity in the 
subjects with DM such as xerostomia, smoking, 
and salivary pH were not revealed in this study. In 
principle, these risk factors will affect the ecology 
of the oral cavity, making it more susceptible 
to oral candidiasis. Therefore, future studies 
on these risk factors can be carried out more 
comprehensively, so preventive measures to 
minimize the occurrence of oral candidiasis in 
people with DM can be taken. 

CONCLUSION 
It can be concluded that the Candida species 
most commonly identified in all the subjects with 
type 2 DM in this study was Candida albicans with 
the mean of Candida colony number of 349.96, 
followed by C. glabrata (225.97), C. krusei (144.91), 
C. tropicalis (3.67) and other species (2.02).

ACKNOWLEDGEMENTS
The authors gratefully acknowledge the funding 
provided by Dana Masyarakat, Faculty of Dentistry, 
Universitas Gadjah Mada in 2019, so this research 
could be conducted. A sincere gratitude to Dr. Sekar 
Kusumaningtyas and Nailil Muna Agustina who 
helped in laboratory works to identify the Candida 
species and to Dian Ajeng Rosjayani, Alisa Ardita Sari 
and Ashmawati Khairunnisa for their involvement in 
subject recruitment and data collection of patients 
with diabetes. We are profoundly grateful to the 
study subjects for their assistance.

CONFLICT OF INTEREST 
The authors declare no conflict of interest with the 
data contained in the manuscript.

REFERENCES
1. Awad N, Langi YA, Pandelaki K. Gambaran 

Faktor Resiko Pasien Diabetes Melitus Tipe II 
di Poliklinik Endokrin Bagian/SMF FK-Unsrat 
RSU Prof. Dr. R.D Kandou Manado Periode 
Mei 2011 - Oktober 2011. Jurnal e-Biomedik. 
2013; 1(1):45–9. 

2. Soewondo P, Ferrario A, Levenus Tahapary 
D. Challenges in diabetes management in 
Indonesia: a literature review. Global Health. 
2013; 9(63): 1–17. doi: 10.1186/1744-8603-9-63

3. Kementerian Kesehatan RI. Laporan Nasional 
Riskesdas 2018. Jakarta: Badan Penelitian dan 
Pengembangan Kesehatan; 2019. 1: 127–131. 

4. Lynnea SB, Inés ÁM, Matildec de B, Andrés 
C. Candida species and other yeasts in the 
oral cavities of type 2 diabetic patients in Cali, 
Colombia. Colomb Med. 2013; 44(1): 26–30. 
doi: 10.25100/cm.v44i1.1040

5. Singh A, Verma R, Murari A, Agrawal A. Oral 
candidiasis: An overview. Journal of Oral and 
Maxillofacial Pathology. 2014; 18(5): 81–85. 
doi: 10.4103/0973-029X.141325

6. Xiao JL, Xu GC, de Hoog S, Qiao JJ, Fang 
H, Li YL. Oral prevalence of candida species 
in patients undergoing systemic glucocorticoid 
therapy and the antifungal sensitivity of the 
isolates. Infect Drug Resist. 2020; 13: 2601–
2607. doi: 10.2147/IDR.S262311

7. Silva JJ da, Silva TA da, Almeida H de, 
Rodrigues Netto MF, Cerdeira CD, Höfling JF, 
Boriollo MFG. Candida species biotypes in the 
oral cavity of infants and children with orofacial 
clefts under surgical rehabilitation. Microb 
Pathog. 2018; 124: 203–215. 
doi: 10.1016/j.micpath.2018.08.042

8. Yang B, Rao R. Emerging Pathogens of 
the Candida Species. In: Candida Albicans. 
IntechOpen; 2019. 1–16. 
doi: 10.5772/intechopen.80378

9. Verhulst MJL, Loos BG, Gerdes VEA, Teeuw 
WJ. Evaluating all potential oral complications 
of diabetes mellitus. Front Endocrinol 
(Lausanne). 2019; 10(56): 1–49. 
doi: 10.3389/fendo.2019.00056



Majalah Kedokteran Gigi Indonesia. April 2023; 9(1): 57-66
ISSN 2460-0164 (print)
ISSN 2442-2576 (online)

64

10. Bhattacharyya A, Chandra S, Singh A, Raj 
V, Gupta B. Salivary glucose levels and oral 
candidal carriage in Type 2 diabetics. J Oral 
Biol Craniofac Res. 2018; 8(3): 158–164. 
doi: 10.1016/j.jobcr.2016.11.004

11. Rodrigues CF, Rodrigues ME, Henriques 
M. Candida sp. Infections in patients with 
diabetes mellitus. J Clin Med. 2019; 8(1): 
1–41. doi: 10.3390/jcm8010076

12. Dehghan P, Mohammadi F, Javaheri MR, 
Nekoeian S. Identification of Candida species 
in the oral cavity of diabetic patients. Curr Med 
Mycol. 2016; 2(2): 0–0. 
doi: 10.18869/acadpub.cmm.2.2.4

13. Darwazeh AMG, Darwazeh TA. What makes 
oral candidiasis recurrent infection? a clinical 
view. J Mycol. 2014; 2014: 1–5. 
doi: 10.1155/2014/758394

14. Chouhan S, Kallianpur S, Prabhu Kt, Tijare 
M, Kasetty S, Gupta S. Candidal prevalence 
in diabetics and its species identification. Int J 
Appl Basic Med Res. 2019; 9(1): 49–54. 
doi: 10.4103/ijabmr.ijabmr_259_18

15. Anil Kumar D, Muralidhar S, Biswas K, 
Banerjee U, Basir SF, Khan LA. Species 
diversity, antifungal susceptibility, and 
virulence attributes of candida colonising the 
oral cavities of adult diabetic patients. J Mycol. 
2014; 2014(395041): 1–9. 
doi: 10.1155/2014/395041

16. Nikbin A, Bayani M, Jenabian N, khafri S, 
Motallebnejad M. Oral health-related quality 
of life in diabetic patients: comparison of 
the persian version of geriatric oral health 
assessment index and oral health impact 
profile: a descriptive-analytic study. J Diabetes 
Metab Disord. 2014; 13(1): 32. 
doi: 10.1186/2251-6581-13-32

17. González-Moles MÁ, Ramos-García P. State 
of evidence on oral health problems in diabetic 
patients: A critical review of the literature. J 
Clin Med. 2021; 10(22): 5383. 
doi: 10.3390/jcm10225383

18. Agustina D, Purwanti N, Hanindriyo L, 
Naritasari F. Oral health-related quality of 

life in type 2 diabetic patients of Yogyakarta 
General Hospital. Majalah Kedokteran Gigi 
Indonesia. 2021; 7(1): 1-9. 
doi: 10.22146/majkedgiind.43693

19. Ahmad R, Haque M. Oral health messiers: 
Diabetes mellitus relevance. Vol. 14, Diabetes, 
Metabolic Syndrome and Obesity: Targets 
and Therapy. Dove Medical Press Ltd; 2021. 
3001–3015. doi: 10.2147/DMSO.S318972

20. Petrovic SM, Radunovic M, Barac M, Pficer 
JK, Pavlica D, Arsenijevic VA, Pucar A. 
Subgingival areas as potential reservoirs 
of different Candida spp in type 2 diabetes 
patients and healthy subjects. PLoS One. 
2019; 14(1): 1–14. 
doi: 10.1371/journal.pone.0210527

21. Samnieng P, Sonthayasathapon S, Siriwat M, 
Jeamanukulkit S. A cross-sectional study of 
the candidal species isolated in the a cross-
sectional study of the candidal species isolated 
in the oral cavities of type II diabetic patients 
oral cavities of type II diabetic patients a cross-
sectional study of the candidal species isolated 
in the oral cavities of type II diabetic patients. 
Makara Journal of Health Research. 2017; 
21(3): 99–103. doi: 10.7454/msk.v21i3.7220

22. Suhartono S, Mahdani W, Masthura A, 
Rusmana I. Candida species distribution of 
clinical specimens in Banda Aceh, Indonesia. 
Biosaintifika: Journal of Biology & Biology 
Education. 2020; 12(2): 262–267. 
doi: 10.15294/biosaintifika.v12i2.23758

23. Nugraha A, Savitri D, Sosiawan A. Prevalence 
of candida species in oral candidiasis and 
correlation with CD4+ count in HIV/AIDS 
patients at surabaya, Indonesia. Article in 
Journal of International Dental and Medical 
Research. 2018; 11(1): 81–85. 

24. Man A, Ciurea CN, Pasaroiu D, Savin AI, 
Toma F, Sular F, Santacroce L, Mare A. 
New perspectives on the nutritional factors 
influencing growth rate of Candida albicans in 
diabetics. An in vitro study. Mem Inst Oswaldo 
Cruz. 2017; 112(9): 587–592. 
doi: 10.1590/0074-02760170098



Agustina, et al: Prevalence and identification...

65

25. Wulandari A, Hapsari R, Sari D, Puspitasari 
I, Tugasworo Pramukarso D. Antifungal 
susceptibility profile of Candida spp. causing 
candidemia in an Indonesian tertiary hospital. 
Journal of Clinical Microbiology and Infectious 
Diseases. 2021; 1(1): 28-32.

26. UNFPA Indonesia. Indonesia on the Threshold 
of Population Ageing. 1st ed. Posselt H, editor. 
Vol. 1. Jakarta: United Nations Population 
Fund; 2014. 1–10. 

27. Cheng X, Yang Y, Schwebel DC, Liu Z, Li L, 
Cheng P, Hu G. Population ageing and mortality 
during 1990-2017: A global decomposition 
analysis. PLoS Med. 2020; 17(6): 1–17. 
doi: 10.1371/journal.pmed.1003138

28. Badan Pusat Statistik. Statistik Penduduk 
Lanjut Usia 2012. 1st ed. Chamami A, editor. 
Vol. 4104001. Jakarta: Badan Pusat Statistik, 
Jakarta-Indonesia; 2012. 25–32.

29. World Health Organization. Women, Ageing 
and Health: A Framework for Action. 1st ed. 
Vol. 1. Geneva: WHO Library Cataloguing-in-
Publication Data; 2007. 1–3. 

30. Muthuveera Ganapathy D, Joseph S, Ariga 
P, Selvaraj A. Evaluation of the influence 
of blood glucose level on oral candidal 
colonization in complete denture wearers with 
Type-II Diabetes Mellitus: An in vivo Study. J 
Dent Res. 2013; 10(1): 87-92. 
doi: 10.4103/1735-3327.111806

31. Nurmansyah D, Stasya E, Ramadhani D, 
Normaidah N, Astuti A. Hyperglicemia as 
predisposition factor of oral candidiasis on 
patient with diabetes mellitus. Biomedika. 
2020; 13(1): 46–50. 
doi: 10.31001/biomedika.v13i1.703

32. Matić-Petrović S, Barać M, Kuzmanović-Pfićer 
J, Radunović M, Jotić A, Pucar A. Presence of 
different Candida species at denture wearers 
with type 2 diabetes and clinically healthy oral 
mucosa: Pilot study. Balkan Journal of Dental 
Medicine. 2018; 22(3): 15–21. 
doi: 10.2478/bjdm-2018-0003

33. Al-Maweri SA, Altayyar MO, Alqahtani KW, 
Bamasud MS, Alghamdi OY, Ashraf S, Eshky 

R, Ba-Hattab R, Kassim S. Xerostomia, salivary 
flow, and oral health status among saudi diabetic 
patients: A comparative cross-sectional study. 
Clin Cosmet Investig Dent. 2021; 13: 451–458. 
doi: 10.2147/CCIDE.S337581

34. Bhuyan L, Hassan S, Dash K, Panda A, Behura 
S, Ramachandra S. Candida species diversity 
in oral cavity of type 2 diabetic patients and 
their in vitro antifungal susceptibility. Contemp 
Clin Dent. 2018; 9(5): S83–S88. 
doi: 10.4103/ccd.ccd_70_18

35. Reinhardt LC, da Silva Nascente P, Ribeiro 
JS, Etges A, Lund RG. A single-center 18-
year experience with oral candidiasis in Brazil: 
a retrospective study of 1,534 cases. Braz 
Oral Res. 2018; 32(e92): 1–8. 
doi: 10.1590/1807-3107bor-2018.vol32.0092

36. Kumwenda P, Cottier F, Hendry AC, Kneafsey 
D, Keevan B, Gallagher H, Tsai HJ, Hall RA. 
Estrogen promotes innate immune evasion of 
Candida albicans through inactivation of the 
alternative complement system. Cell Rep. 
2022; 38(1): 1–9. 
doi: 10.1016/j.celrep.2021.110183

37. Disha T, Haque F. Prevalence and risk factors 
of vulvovaginal candidosis during pregnancy: 
a review. Infect Dis Obstet Gynecol. 2022; 
2022(6195712): 1–14. 
doi: 10.1155/2022/6195712

38. Loster JE, Wieczorek A, Loster BW. Correlation 
between age and gender in Candida species 
infections of complete denture wearers: A 
retrospective analysis. Clin Interv Aging. 2016; 
11:1707–14. doi: 10.2147/CIA.S116658

39. Byadarahally Raju S, Rajappa S. Isolation and 
identification of candida from the oral cavity. 
ISRN Dent. 2011; 2011: 1–7. 
doi: 10.5402/2011/487921

40. Alrayyes SF, Alruwaili HM, Taher IA, 
Elrahawy KM, Almaeen AH, Ashekhi AO, et 
al. Oral Candidal carriage and associated risk 
indicators among adults in Sakaka, Saudi 
Arabia. BMC Oral Health. 2019; 19(1). 
doi: 10.1186/s12903-019-0775-8

41. Kean R, Delaney C, Rajendran R, Sherry L, 
Metcalfe R, Thomas R, McLean W, Williams 



Majalah Kedokteran Gigi Indonesia. April 2023; 9(1): 57-66
ISSN 2460-0164 (print)
ISSN 2442-2576 (online)

66

C, Ramage G. Gaining insights from Candida 
biofilm heterogeneity: One size does not fit 
all. Journal of Fungi. 2018; 4(1): 1–20. 
doi: 10.3390/jof4010012

42. Vipulanandan G, Herrera M, Wiederhold NP, Li 
X, Mintz J, Wickes BL, Kadosh D. Dynamics of 
Mixed–Candida Species Biofilms in Response 
to Antifungals. J Dent Res. 2018; 97(1): 91–
98. doi: 10.1177/0022034517729351

43. Sherry L, Rajendran R, Lappin DF, Borghi 
E, Perdoni F, Falleni M, Tosi D, Smith K, 
Williams C, Jones B, Nile CJ, Ramage 
G. Biofilms formed by Candida albicans 
bloodstream isolates display phenotypic 

and transcriptional heterogeneity that are 
associated with resistance and pathogenicity. 
BMC Microbiol. 2014; 14(1): 182. 
doi: 10.1186/1471-2180-14-182

44. Felipe Fernandez Martinez R, Jaimes-
Aveldañez A, Hernández-Pérez F, Arenas 
R, Fabián G, Miguel S. Oral Candida spp 
carriers: its prevalence in patients with type 
2 Diabetes Mellitus. An Bras Dermatol. 2013; 
88(2): 222–227. 
doi: 10.1590/S0365-05962013000200006

45. Mayer FL, Wilson D, Hube B. Candida albicans 
pathogenicity mechanisms. Virulence. 2013; 
4(2): 119–28. doi: 10.4161/viru.22913


