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ABSTRACT 

Background: Diabetes Mellitus (DM) is a systemic disease with a high 
prevalence in Indonesia. Periodontitis is a complication of DM with frequent 
occurrences. Periodontitis with DM causes greater bone damage than non-DM 
periodontitis because its conditions can affect osteoblast and osteoclast 
activity. Osteocalcin (OC), mostly synthesized by osteoblasts, regulates the 
activity of bone formation and turnover so that it can be a marker of bone 
formation and turnover to see the severity of the disease. OC can be found in 
gingival crevicular fluid (GCF). This study aimed to determine osteocalcin levels 
in gingival crevicular fluid periodontitis patients with uncontrolled type 2 
Diabetes Mellitus and non-Diabetes Mellitus. 
Methods: Samples used in this study were gingival crevicular fluid taken from 
20 samples of periodontitis patients with DM type 2 (T2DMP) and 20 samples 
of periodontitis non-DM patients. The OC levels were analyzed using ELISA Kit 
Osteocalcin then statistical tests were carried out. 
Result: The results showed that the OC level of the T2DMP group was lower 
with mean of 0.369 ± 0.140 while the periodontitis non-DM group was 0.664 ± 
0.141. 
Conclusion: The OC levels of periodontitis patients with DM are lower than 
periodontitis patients with non-DM. 
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INTRODUCTION 

A metabolic disorder known as diabetes mellitus 

(DM) is characterized by persistent infections and 

impaired wound healing. While patients with 

controlled diabetes are in better physical condition, 

those with uncontrolled diabetes frequently 

experience impaired wound healing and a higher 

likelihood of infection.1 Diagnostic criteria for DM 

are obtained by examining HbA1c with a more than 

6.5% value.2,3 According to the World Health 

Organization, diabetes is classified into six 

categories, one of which is type 2 DM. DM is highly 

prevalent, with more than 382 million people 

worldwide experiencing DM disease.4 Indonesia is 

one of the countries with a relatively high 

prevalence of DM, and it is predicted to increase to 

21.3 million people in 2030.5 DM with periodontitis 

complications had a high prevalence rate of up to 

75%.6  

Patient who had periodontitis and DM in the same 

time had a tendency to destruction of periodontal 

tissue and alveolar bone higher than in patients 

without diabetes.7 DM can affect the activity of 

osteoblasts, osteoclasts, and bone turnover, 

affecting the severity of periodontitis.8 This 

condition can result in more severe damage to the 

periodontal tissue if left untreated, also can affect 

aesthetics and function to a tooth.9 Periodontitis can 

occur in all age groups (adults, children, and 

adolescents) but it is most often found in adults. 

Approximately 80% of all cases of periodontitis are 

characterized by periodontal pocket formation and 

gingival recession. It is described as a disease 

resulting in inflammation in the supporting tissues of 

the teeth, progressive attachment loss, and 

destruction of the alveolar bone.10 Osteoclasts and 

osteoblasts have an important role in bone 

resorption and formation.11 During the remodeling 

process, osteoclasts have continuous bone 

resorption, followed by new bone formation by 

osteoblasts. Information about the status of bone 

remodelling can be an early indicator of bone 

damage leading to periodontal disease.12 

Osteocalcin, which is mostly synthesized by 

osteoblasts, odontoblasts, and hypertrophic 

chondrocytes, regulates the activity of bone 

formation and bone turnover. Osteocalcin can be an 

effective bone turnover marker when bone 

resorption and formation occur simultaneously.8 

Many studies have been conducted on oral fluids 

that detect various biomarkers in oral fluids, such as 

saliva and gingival crevicular fluid (GCF) of 

periodontitis patients. Examination of biomarkers in 

oral fluids helps in the diagnosis, therapy, and 

prognosis of a disease.13 The GCF contains various 

bone-related biomarkers that can describe a state 

of periodontal disease, including osteocalcin.14 The 

level of osteocalcin in the GCF and saliva of 

periodontitis patients is related to the disease 

progression and severity.15 Research conducted by 

Joseph et al.16 demonstrated a correlation between 

osteocalcin in saliva and periodontal health 

parameters in periodontitis patients. Serum 

osteocalcin in periodontitis patients was lower than 

that of healthy patients.17 The serum level of 

osteocalcin in DM patients is lower than in healthy 

patients. This shows that osteocalcin can be used 

as a good biomarker in predicting the development 

of periodontitis disease related to DM.18 Moussa19 

said that osteocalcin in GCF has a higher accuracy 

level than osteocalcin in serum and saliva of 

periodontitis patients, but further research is 

needed on periodontitis patients with DM. This is 

necessary in determining the prognosis and the 

right type of treatment for periodontitis patients with 

DM by knowing their osteocalcin level considering 

the number of patients who experience it and 

severity that can occur. 
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RESEARCH METHODS  

Population Study 

The subject study was screened at the 

Dental hospital UGM Prof. Soedomo and the 

KORPAGAMA Family Physician Clinic. A total of 40 

subjects, regardless of gender, were involved in this 

study. Subjects were defined as periodontitis with 

uncontrolled type-2 DM (T2DMP) and periodontitis 

non-DM based on clinical examination and HbA1C 

test. This study was performed after approval from 

the Faculty of Dentistry Universitas Gadjah Mada 

Ethics Committee (decision no: 195/KE/FKG-

UGM/EC/2022). An informed consent form was 

given to each subject. Periodontitis non-DM (n=20) 

included subjects with probing depth (PD) ≥ 4mm 

and clinical attachment loss (CAL) >3mm (Ko et al. 

2021), whereas periodontitis with uncontrolled type 

2 DM group (T2DMP) (n=20) included subjects with 

periodontitis criteria and the result of HbA1C test 

more than 7%. 

 

Sampling of gingival crevicular fluid (GCF) 

The supragingival plaque was carefully 

cleaned using a cotton pellet and dried up with a 

three-way syringe to prevent contamination from 

saliva. Sulcular fluid was collected from 3 sites in 

one tooth per patient (mesial, facial, and distal) 

using paper points inserted into the sulcus between 

the teeth and the gingival margin to a depth of 2 

mm. These paper points were left for 5 minutes in 

the gingival sulcus. Subsequently, the sulcular fluid 

was placed in an eppendorf tube, immersed in 

100µL of PBS solution, and centrifuged at 1000 rpm 

for 20 minutes at 40C. Finally, all the samples were 

stored in the refrigerator at -800C. 

 

Osteocalcin (OC) assay 

OC measurements according to ELISA 

manufacturer's instructions. All reagents and 

samples were placed at room temperature before 

being used. The procedure follows: Add 350 μL 

wash buffer to each well, aspirate each well after 

holding for 40 seconds, and repeat the process 

twice. Add 100 μL sample diluent (R1) in a blank 

well and 100 μL sample GCF to each well, then 

covered with adhesive sealer and incubated for 2 

hours at 370C, then repeat aspiration/wash three 

times. Next, add 100 μL working biotin conjugate 

antibody and incubate for 1 hour at 370C, repeat 

aspiration/wash three times. After washing, add 100 

μL working streptavidin-HRP and incubate for 30 

minutes at 370C, then repeat aspiration/wash three 

times. Furthermore, 100 μL substrate solution was 

added and incubated for 15-20 minutes at 370C in 

the dark room. Finally, add 50 μL stop solution and 

detected optical density for 5 minutes with a 450 nm 

microplate reader.
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Statistical Analysis 

IBM SPSS Statistics 25.0 software is used to 

process data. The normality test was performed 

using Shapiro-Wilk. Furthermore, the homogeneity 

test was carried out with Levene's test. Then a 

statistical test was carried out using the parametric 

T-test with a significance level of 95%. 

 

RESULTS 

A total of 40 patients participated in this 

study, with an age range of 50-70 years for the 

T2DMP group and 30-50 years for the non-DM 

periodontitis group (Table 1). Examination of pocket 

depth and clinical attachment loss was performed 

in all patients, and it was found that the T2DMP 

group had higher PD and CAL results than the 

periodontitis non-DM group. In the T2DMP group, 

the most pocket depth was 5-10 mm in 14 patients, 

and the most CAL was 5-10 mm in 10 patients, 

while in the periodontitis non-DM group, the most 

pocket depth occurred at <5mm in 18 patients, and 

the most CAL was 5- 10 mm in 14 patients (Table 

2).

 

 
 

Add 100 μL sample diluent (R1) in a blank well and 100 μL sample GCF to each 

well 

Prepare the standard and reagents 

Add 100 μL Streptavidin-HRP Working Solution 

Add 100 μL Working biotin conjugate antibody  

Seal and incubate for 2 hours at 370C 

Seal and incubate for 1 hours at 370C Wash 3 times 

Add 100 μL of standards and test samples to each well 

Add 100 μL substrate solution 

Seal and incubate for 30 minutes at 370C 

Seal and incubate for 15-20 min at 370C under dark 

room 

Wash 3 times 

Add 350 μL wash buffer to each well, aspirate after 40 seconds, then repeat 

twice 

Wash 3 times 

Detect the optical density within 5 minutes under 450nm 

Add 50 μL stop solution 
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*There is a significant difference 

Table 1. Characteristics of the research samples 

 

 

 

 

 

 

 

 

Table 2. Periodontal Tissue Examination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Mean ± SD of OC was significantly lower in T2DMP group as shown in Table 3 compared to the 

periodontitis non-DM group at P-value <0.005. 

 

Table 3. Periodontal Tissue Examination 

Group N Mean Deviation Std. P-value 

T2DMP 20 0.369 0.140 <0.001* 

Periodontitis Non-DM 20 0.664 0.141 <0.001* 

 
 
DISCUSSION

DM is an important risk factor in the 

development and severity of periodontitis which 

results in damage to the supporting tissues and 

bones that form attachments around the teeth.20 

Hyperglycaemic conditions in DM patients can 

increase bacterial growth and interfere with the 

immune response, causing greater periodontal 

tissue damage.21,26 Periodontal examination shows 

that pocket depth and CAL was higher in the 

T2DMP group compared to the periodontitis non-

DM group, means that periodontitis patients with 

DM had more severity in their periodontal tissue 

damage.  

This study used gingival crevicular fluid 

samples in patients with uncontrolled T2DMP and 

periodontitis non-DM patients. Gingival crevicular 

fluid (GCF) is an inflammatory exudate that seeps 

into gingival sulcus. It will be increase in 

pathological condition such as bone or connective 

tissue damage.22 Sample of GCF can potentially be 

used to not only as biomarker in determining 

diagnosis, prognosis, and treatment plans in 

Group N 
Age 

(years) 

Sex 

Male % Female% 

T2DMP 20 50-70 30 70 

Periodontitis 
non- DM 

20 30-50 45 65 

 T2DMP Periodontitis non-DM 

Pocket Depth  

<5 mm 5 18 

5-10 mm 14 2 

>10 mm 1 - 

Attachment Loss  

<5 mm 1 14 

5-10 mm 10 6 

>10 mm 9 - 
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treating periodontal disease, but also determine 

responses to a therapeutic intervention.23 This 

study assessed osteocalcin levels in GCF samples 

due to their ability as biomarkers in periodontal 

disease. This is following the research of Yıldırım et 

al.24 which said that osteocalcin can be used as a 

bone formation marker. Gingival crevicular fluid can 

show more accurate osteocalcin values compared 

to serum or saliva.19 

The research subjects used the age range 

in the T2DMP group namely 50-70 years and 30-50 

years in the periodontitis non-DM group. Chronic 

periodontitis is commonly found in the age range of 

30 – 90 years.25 Increasing age has a close 

relationship with an increase in blood sugar.26 

Wallis et al.27 said that severity of periodontitis 

increases with age. Someone with age of more than 

30, the body would experience physiological 

changes. As getting older, the less body functions 

will decrease so that it will be more susceptible to 

various diseases.28 

The results showed that the osteocalcin 

level in the T2DMP group was 0.369, while the 

periodontitis non-DM group was 0.664. Previous 

studies have reported lower levels of osteocalcin in 

DM samples than in healthy samples. The results of 

this study are in accordance with previous research 

conducted by Liu et al.29 The researchers compared 

serum osteocalcin in DM samples and healthy 

samples with lower results in serum osteocalcin in 

DM samples. The same thing was found in the 

study by Naguib et al.30 where serum OC in DM 

patients is lower than in healthy patients. 

Hyperglycaemia in type 2 Diabetes Mellitus 

causes pro-inflammatory mediators such as TNF-α, 

IL-1β, IL-6, and IL-18 and increases the 

RANKL/OPG ratio, resulting in large bone 

resorption.31,32 High pro-inflammatory mediators 

increase lipid peroxidation and dyslipidaemia 

resulting in osteoclastogenesis. High TNF-α levels 

increase the RANK/osteoprotegerin (OPG) ratio 

which cause increasing bone resorption. Chronic 

inflammation stimulates the expression of 

proapoptotic genes such as bcl-2-like protein (Bax). 

Decreased expression of genes that stimulate 

osteoblast formation, such as Fos-related antigen 

and Runt-related transcription (RUNX2) which 

results in increased bone damage.33  

DM patients with more than 10 years of 

suffering have a higher disease severity.26 The 

longer person suffers from DM, the longer 

accumulation of AGE increases, which can result in 

greater damage to the periodontal tissue.34 Many 

studies have shown chronic hyperglycaemia and 

metabolic intermediates such as inflammatory 

factors, reactive oxygen species (ROS), and 

Advance Glycation End Products (AGEs) as factors 

that result in periodontal tissue damage.29 High 

glucose levels can cause damage to the periodontal 

tissue indirectly through AGE's. The glycation 

product will bind to its receptor (RAGE). The 

increased binding between RAGE and AGE's 

activates nuclear transcription factor-κB (NF-κB). 

This results in increased expression of receptor 

activating NF-κB ligand (RANKL), which mediates 

osteoclastogenesis.33 

AGE's accumulation can also stimulate 

interleukin (IL), such as IL-6, decreasing osteoblast 

proliferation and activity while increasing osteoclast 

activity.33 Other studies have explained that IL-6 

reduces the formation and function of osteoblasts 

and reduces the number of osteoblasts in DM 

patients. Lower osteocalcin levels indicate this in 

type 2 DM patients compared to non-DM patients.32 

In DM, RAGE, and AGE's bonds also 

increase the production of reactive oxygen species 

(ROS).6 High ROS conditions decrease function 

and activity of osteoblast. Ma et al.35 said the 

accumulation of ROS in type 2 DM resulted in 

mitochondrial dysfunction and apoptosis in 
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osteoblasts. This is supported by other studies that 

said excessive ROS production due to high blood 

sugar damages osteoblasts.29 In DM patients, 

osteocalcin has decreased secretion due to 

impaired function and activity in osteoblasts. 

 

CONCLUSION 

Based on the results of the study, it can be 

concluded that the levels of osteocalcin in the 

gingival crevicular fluid of periodontitis patients with 

uncontrolled T2DMP are lower than in periodontitis 

non-DM patients. Conversely, the destruction of 

periodontal tissue in patients with uncontrolled 

T2DMP was higher than periodontitis non-DM 

patients.  
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