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Abstract 
Background: Type-2 diabetic patients (uncontrolled levels of glucose blood) 
usually have periodontal diseases and alveolar bone loss. Objectives: The 
present study was designed to clarify the impact of severity of periodontal 
bone loss and the levels of glycated hemoglobin (HbA1c) on the periodontal 
clinical parameters of the 2017 World Workshop among type 2 diabetic pa-
tients in Saudi Arabia (Saudi and non-Saudi). Material and Methods: This 
study was done on 298 type 2 diabetic patients, selected from the internship 
clinics, College of Dentistry, King Khalid University, Abha, Saudi Arabia. The 
selection of patients was dependent on the levels of glycated hemoglobin 
(HbA1c), and they were categorized into controlled (<7% HbA1c) and un-
controlled type 2 diabetics (>7% HbA1c). All patients were divided according 
to the severity of periodontal bone loss into three groups, group I: mild peri-
odontal bone loss, group II: moderate periodontal bone loss, and group III: 
severe periodontal bone loss. Clinical evaluation of periodontal diseases was 
carried out by clinical parameters according to the 2017 World Workshop. 
All data were collected and analyzed. A p-value of <0.05 was considered sig-
nificant, and of <0.001 was considered highly significant. Results: The sever-
ity of periodontal bone loss were determined in controlled type 2 diabetics 
(<7% HbA1c) and compared to uncontrolled type 2 diabetics (>7% HbA1c). 
An increased percentage of patients with severe periodontal bone loss was 
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observed in uncontrolled type 2 diabetics (>7% HbA1c) (42.9%), as compared 
to controlled type 2 diabetics (<7% HbA1c) (30.5%) without statistically sig-
nificant (p = 0.251). An increased mean of age, clinical attachment loss 
(CAL), and percentage of radiographic bone loss (% RBL) were detected in 
controlled type 2 diabetics (<7% HbA1c), as compared to uncontrolled type 2 
diabetics (>7% HbA1c). In contrast, we found an increased mean of plaque 
control record (PCR), gingival bleeding index (GBI), and periodontal pocket 
depth (PPD) in uncontrolled type 2 diabetics (>7% HbA1c) more than in 
controlled type 2 diabetics (<7% HbA1c) without statistically significant (p > 
0.05). Moreover, the mean of age, PCR, CAL, % RBL, and PPD were more in 
the patients with severe periodontal bone loss, as compared to the patients 
with mild and moderate periodontal bone. Highly statistically significant dif-
ferences were recorded (p < 0.001). Conclusion: This study demonstrates the 
role of uncontrolled diabetes as a risk factor for the increase in the severity of 
periodontal bone loss. Thus, we suggest including the glycated hemoglobin 
(HbA1c) levels with periodontal parameters in the evaluation of periodontal 
bone loss among type 2 diabetics. 
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1. Introduction 

Periodontal diseases are multi-factorial inflammatory diseases of the surround-
ing dental structures, leading to clinical attachment loss and alveolar bone de-
struction [1]. The increase in the severity of periodontal bone loss occurs be-
cause of irregular inflammatory reactions during some systemic diseases [2]. 

Type 2 diabetes mellitus (DM) is a chronic systemic disease associated with 
many complications such as periodontal diseases [3]. The produced inflamma-
tory mediators within the inflamed periodontal structures such as IL-6 and 
TNF-α interfere with the work of insulin receptors within the systemic circula-
tion, resulting in diminishing sensitivity of insulin [4]. Furthermore, chronic 
hyperglycemia due to metabolism effect on periodontal tissues health and peri-
odontal diseases severity [5]. Therefore, diabetes mellitus is not the direct cause 
of periodontal disease, but it is a predisposing factor that assists the local factors 
and bacterial plaque initiate and developing of periodontal diseases [6]. 

Periodontal diseases induce alteration of glycemic control in type 2 diabetics 
and nondiabetics, so periodontitis patients are more susceptible to developing 
diabetes three times compared to individuals of a healthy periodontium [7]. 

The destruction effect of type 2 diabetes on alveolar bone occurs due to the 
reduction of osteoblast formation and an increase of osteoclast formation in in-
flamed areas (an unbalance of osteoclast and osteoblasts) because of increasing 
the production of inflammatory cytokines and RANKL/osteoprotegerin (OPG) 
ratios, enhancing bone resorption [8] [9]. 

https://doi.org/10.4236/ijcm.2021.1212049


M. M. A. A. Al-Abdaly et al. 
 

 

DOI: 10.4236/ijcm.2021.1212049 572 International Journal of Clinical Medicine 
 

Glycosylated hemoglobin (HbA) is formed through a non-enzymatic irre-
versibly binding between glucose and hemoglobin. Hemoglobin A1c (HbA1c) is 
the main subpart of HbA as a beneficial indicator reflecting the glucose concen-
tration in the blood through the last 2 - 3 months [10]. 

On the other hand, Diabetes mellitus (controlled and uncontrolled) influences 
approximately 285 million of the world population [11]. The United States has 
one of the highest percentages of diabetes, with more than 12.3% (29 million) 
population ≥ 20 years of age sufferance from diabetes [12]. Moreover, and ac-
cording to the Saudi Arabian Ministry of Health reports, Saudi Arabia is one of 
the top ten countries in the world in the percentages of diabetes, with more than 
23.9% population suffering from diabetes [13]. 

It is to be noted here that uncontrolled type 2 diabetics (>7% HbA1c) are 
more susceptibility to affect and developing of periodontal diseases than con-
trolled (<7% HbA1c) as well as controlled type 2 diabetics respond to periodon-
tal therapy, and uncontrolled type 2 diabetics (>HbA1c) are not a good response 
to periodontal treatment, with complications that may be developing after treat-
ment in the long duration [14]. 

Previous studies have exhibited the relationship between diabetes and peri-
odontal diseases [15] [16]. But, not considerable papers have been published on 
the association correlation between the severity of periodontal bone loss and the 
levels of glycated hemoglobin (HbA1c) among type 2 diabetic patients in Saudi 
Arabia (Saudi and non-Saudi). Additionally, there have been no studies con-
ducted in the college of dentistry, King Khalid University to assess the impact of 
glycated hemoglobin levels on the severity of periodontal bone loss among type 2 
diabetic patients in Saudi Arabia (Saudi and non-Saudi).regarding the attach-
ment between DM and the periodontal clinical parameters of the 2017 World 
Workshop. We hypothesized that HbA1c level is associated with the severity of 
periodontal bone loss. Therefore, the present study was designed to assist the 
impact of severity of periodontal bone loss and the levels of glycated hemoglobin 
(HbA1c) on the periodontal clinical parameters of the 2017 World Workshop 
among type 2 diabetic patients in Saudi Arabia (Saudi and non-Saudi). Conse-
quently, this study will help to develop the health quality and guidelines of type 2 
diabetics’ medical care to include periodontal checkups as well as will help the 
physician to design a care plan for type 2 diabetics. 

2. Material and Methods 
2.1. Design of the Study and Collection of Data 

This cross-sectional study was conducted in the internship clinics, College of 
Dentistry, King Khalid University, Abha, Saudi Arabia, from December 2020 to 
May 2021. The study patients included 298 type 2 diabetic patients presenting to 
the outpatient clinics, College of Dentistry, King Khalid University. Ranged be-
tween 35 - 55 years old with a mean age of 43.297 ± 16.510 among controlled 
type 2 diabetics and 42.571 ± 18.225 among uncontrolled type 2 diabetics, the 
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characteristics of patients were collected, included age, gender, nationality, fam-
ily history of type 2 diabetes mellitus, and smoking status. The patients were 
classified as either controlled type 2 diabetics (<7% HbA1c) or uncontrolled type 
2 diabetics (>7% HbA1c). Severity periodontal bone loss was determined from 
the cement-enamel junction (CEJ) to the alveolar crest (mm). The severity of 
periodontal bone loss was divided into three groups: mild, moderate, and severe. 
The patients’ selection depended on inclusion and exclusion criteria, as well as 
clinical examination of periodontal diseases and panoramic radiographic expla-
nation to evaluate the periodontal diseases status and severity of the periodontal 
bone loss. 

2.2. Ethical Statement 

The study proposal was approved by the Institutional Review Board at College of 
Dentistry, King Khalid University (IRB/KKUCOD/ETH/2020-21/040). All pa-
tients were informed of the study’s nature, and their consent was obtained. In 
the present study, all stages were conducted in conformity to the standards of 
the Helsinki Declaration 

2.3. Inclusion Criteria 

The inclusion criteria were resident patients in Saudi Arabia (Saudi and non-Saudi) 
older than 30 years who are being diagnosed with type 2 diabetes mellitus since 
at least two years ago according to the WHO criteria [17]. Every participant in 
this study should have At least 20 teeth remaining in the mouth. 

2.4. Exclusion Criteria 

All non-residents patients in Saudi Arabia were excluded as well as patients suf-
fering from any systemic disease except type 2 diabetes and patients taking any 
medication except hypoglycemic drugs. Moreover, the patients who were un-
dergoing periodontal treatment in the last 6 months and the patients who had 
local risk factors in the oral cavity as well as systemic complications of diabetes 
were also excluded. 

2.5. Sample Size 

Generally, 95% of type 2 diabetes patients suffer from periodontal disease, and 
we expected the same percentage in this study with a 5% margin of error. The 
present study was conducted on minimum sample size (298 patients) as required 
[18]. 

2.6. Glycated Hemoglobin (HbA1c) Levels Assessment 

Patients were scanned for excluding the other systemic diseases other than 
T2DM depending on the patients provided medical reports before starting the 
study. Glycated hemoglobin (HbA1c) levels were recorded for all type 2 diabetes 
patients, according to the medical reports. The HbA1c rates are standardized 
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according to the National Glycohemoglobin Standardization Program (NGSP) 
system [19]. When HbA1c is less than or equal 5.7% (HbA1c ≤ 5.7%), the pa-
tient is Nondiabetic, and the patient is at risk when HBA1c is less than or equal 
6.4 (HBA1c ≤ 6.4) but when HBA1c is more than or equal 6.5% (HBA1c ≥ 
6.5%), the patient is diabetic. Consequently, when the HbA1c level in the present 
study was less than 7% (<7% HbA1c), the patient was considered as controlled 
type 2 diabetics, and when HbA1c level was more than 7% (>7% HbA1c), the 
patient was considered as uncontrolled type 2 diabetics [20]. 

2.7. Periodontal Examination 

Clinical evaluation of periodontal diseases was included all teeth, but class 3 mo-
bility teeth, third molars, teeth with overhang restorations, and teeth with exten-
sive carious lesions were excluded, where the untreatable teeth were indicted for 
extraction [21]. A manual periodontal probe (UNC-15, Hu-Friedy, Chicago, IL) 
was used in the assessment of plaque control record (PCR) [22] and bleeding on 
probing (BOP) [23], which was evaluated and classified as <10%, 11% - 30%, 
and >30%. In addition, the severity of periodontal disease was evaluated accord-
ing to the 2017 World Workshop Periodontal diseases and conditions [24] by 
the assessment of periodontal pocket depth (PPD), clinical attachment level 
(CAL), which was calculated as 1 - 2 mm (mild), 3 - 4 mm (moderate) and ≥ 5 
mm (severe) [25] and furcation involvement (FI). Clinical assessment of PCR, 
GBI, PPD, and CAL depended on four sites (buccal, mesial, distal, lingual) of all 
included teeth. Very severe periodontitis: (stage IV) clinical findings were rec-
orded as follow: the number of missing teeth due to periodontal disease (>5 
MTDP), trauma from occlusion (TFO), bite collapse (BC), at least 20 remaining 
teeth (20 RT), and tooth mobility (TM). 

2.8. The Severity of Periodontal Bone Loss 

The severity of alveolar bone in the present study was evaluated according to the 
American Academy of Periodontology (AAP) as mild (<15% bone loss), mod-
erate (15% - 33% bone loss), and severe (>33% bone loss) [26]. Extraoral digital 
panoramic radiographs (Gendex Orthoralix 9200 DDE, Georgia-USA) were used 
to obtain the radiographic data, and the MiPACS Dental Enterprise Viewer Pro-
gram (Medicor Imaging, Charlotte-USA) was applied to measure the radio-
graphic bone level. The panoramic X-ray was screened for the calculation of 
percentage periodontal bone loss. 

The distance between the cementoenamel junction (CEJ) and alveolar bone 
crest (ABC) and between CEJ and tooth apex (AP) was measured subtracted by 2 
mm due to the histological distance between the alveolar bone crest to the base 
of the gingival sulcus was approximately 2 mm, and it was not visible on the ra-
diograph. The distance between the CEJ and ABC subtracted by 2 mm divided 
by the distance between CEJ and AP subtracted by 2 mm multiplied by 100 was 
obtained for percentage radiographic bone loss assessment [27] [28]. 
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2.9. Statistical Analysis 

The findings of this study were collected and analyzed by ANOVA test and 
T-test to record the mean and standard deviation (±SD) of patients’ age and the 
mean and standard deviation (SD) of some clinical and radiographic findings 
according to HbA1 and severity of radiographic bone loss as well as chi-square 
to record the percentage of patients in the groups, the smokers’ percentage 
(number of cigarettes smoked per day) and the percentage of some clinical find-
ings according to the severity of periodontal bone loss and the levels of glycated 
hemoglobin (HbA1c). 

By the comparison between the results according to the study groups, the p 
values at ≤0.05 were considered statistically significant differences, and it was 
considered highly statistically significant differences at <0.001. 

3. Results 

Three hundred adult male patients were obtained as the sample size in the 
present study, and all patients completed the study, except two patients who re-
fused to continue in the study. The distributions of patient groups according to 
the severity of periodontal bone loss and the levels of glycated hemoglobin 
(HbA1c) are revealed in Table 1 and Figure 1. According to the design of the 
present study, 256 patients have controlled type 2 diabetics (<7% HbA1c) exhi-
bited the percentage of the affected patients with moderate radiographic bone 
loss patients was 42.2% more than the percentage of the affected patients with 
severe and mild radiographic bone loss patients 30.5%, 27.3%, respectively as 
well as 42 patients were uncontrolled type 2 diabetics (>7% HbA1c) showed the 
percentage of the affected patients with severe radiographic bone loss was 42.9% 
more than the percentage of the affected patients with mild and moderate radio-
graphic bone loss patients 33.3%, 23.8%, respectively, but the differences were 
not statistically significant (p = 0.251). 

Regarding distributions of smokers patients (number of cigarettes smoked per 
day) according to the severity of the radiographic bone loss, Table 2 and Figure 
2 demonstrated that the percentage of the affected patients with severe  

 
Table 1. Distributions of patient groups according to the severity of periodontal bone loss 
and the levels of glycated hemoglobin (HbA1c). 

 
HbA1c levels 

Total 
<7% HbA1c >7% HbA1c 

PBL 

Mild N (%) 70 (27.3%) 14 (33.3%) 84 (28.2%) 

Moderate N (%) 108 (42.2%) 10 (23.8%) 118 (39.6%) 

Severe N (%) 78 (30.5%) 18 (42.9%) 96 (32.2%) 

Total 256 (100%) 42 (100%) 298 (100.0%) 

Chi-square χ2 (p-value) 2.767 (0.251) 

N: Number of patients. PBL: Periodontal bone loss. 
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RBL: Radiographic bone loss, HbA1c: Glycated hemoglobin. 

Figure 1. Severity of periodontal bone loss according to HbA1c levels. 
 

Table 2. Distributions of smokers’ patients (number of cigarettes smoked per day) ac-
cording to the severity of the radiographic bone loss. 

 NCs/D 

Severity of bone loss Chi-square 

Mild  
N (%) 

Moderate  
N (%) 

Severe  
N (%) 

χ2 p-value 

cigarettes Smokers 
<10 cig./Day 30(71.5%) 39 (66.1%) 39 (81.3%) 

6.305 0.178 
>10 cig./Day 12 (28.6%) 20 (33.9%) 9 (18.8%) 

NCs/D: Number cigarettes per day. Cig: Cigarettes. 
 

 
Cig: Cigarettes. Ps: patients. 

Figure 2. Smokers according to the severity of radiographic bone loss. 
 

radiographic bone loss was (81.3%) more than mild and moderate radiographic 
bone loss (71.5%, 66.1%, respectively) among cigarettes smokers (<10 cig./day), 
whereas the percentage of the affected patients with moderate radiographic bone 
loss was (33.9%) more than mild and severe radiographic bone loss (28.6%, 
18.8%, respectively) among cigarettes smokers (>10 cig./day).However, without 
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significant differences (p = 0.178). 
On the other hand, Table 3 and Figure 3 summarized distribution of smokers 

patients (number of cigarettes smoked per day) according to the levels of gly-
cated hemoglobin (HbA1c) where the percentage of controlled type 2 diabetics 
(<7% HbA1c) were 73.4% more than uncontrolled type 2 diabetics (>7% 
HbA1c) (66.7%) among cigarettes smokers (<10 cig./day) and the percentage of 
uncontrolled type 2 diabetics (>7% HbA1c) were (33.3%) more than controlled 
type 2 diabetics (<7% HbA1c) (26.6%) among cigarettes smokers (>10 cig./day), 
but the differences were not statistically significant (p = 0.391). 

Table 4 and Figure 4 displayed the mean and standard deviation (SD) of pa-
tients’ age and some clinical and radiographic findings according to glycated 
hemoglobin (HbA1c) levels of the present study. There was a higher mean of 
ages (43.297), clinical attachment loss (7.453), and percentage of radiographic 
bone loss (32.438) among patients with less than 7% of glycated hemoglobin (< 
HbA1c) as compared to patients with more than 7% of glycated hemoglobin 
(>7% HbA1c) (42.571, 7.286, and 30.338, respectively). But the patients with 
more than 7% of glycated hemoglobin (>7% HbA1c) presented a higher mean of 
plaque control record (58.619), gingival bleeding index (44.190), and periodontal 
pocket depth (4.714) than patients with less than 7% of glycated hemoglobin 
(<HbA1c) (50.345, 38.347 and 4.422., respectively). No statistically significant  

 
Table 3. Smokers patients (number of cigarettes smoked per day) distributions according 
to the levels of glycated hemoglobin (HbA1c). 

  
HbA1c 

Total Chi-square 
<7% HbA1c >7% HbA1c 

Smoking 
<10 cig. 188 (73.4%) 28 (66.7%) 216 (72.5%) χ2 (p-value) 

>10 cig. 68 (26.6%) 14(33.3%) 82 (27.5%) 1.878 (0.391) 

Cig: Cigarettes. 
 

 
Cig: Cigarettes, HbA1c: Glycated hemoglobin. 

Figure 3. Smokers distributions according to levels of HbA1c. 
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Table 4. The mean and standard deviation (SD) of patients’ age and some clinical and ra-
diographic findings according to HbA1c. 

 

HbA1c T-test 

<7% HbA1c 
Mean ± SD 

>7% HbA1c 
Mean ± SD 

t p-value 

AOP 43.297 ± 16.510 42.571 ± 18.225 0.184 0.854 

PCR 50.345 ± 19.158 58.619 ± 20.011 −1.823 0.070 

GBI 38.347 ± 16.205 44.190 ± 20.361 −1.475 0.142 

CAL 7.453 ± 2.872 7.286 ± 2.667 0.250 0.803 

%RBL 32.438 ± 20.017 30.338 ± 13.985 0.462 0.645 

PPD 4.422 ± 1.653 4.714 ± 1.793 −0.742 0.459 

AOP: Age of patients, PCR: Plaque control record, GBI: Gingival bleeding index, CAL: Clini-
cal attachment loss, %RBL: % of radiographic bone loss, PPD: Periodontal pocket depth. 

 

 
(a) AOP: Age of patients, PCR: Plaque control record, GBI: Gingival bleeding 
index, %RBL: % of radiographic bone loss; (b) CAL: Clinical attachment loss, PPD: Peri-
odontal pocket depth. 

Figure 4. (a) The mean of age and clinical and radiographic findings according to HbA1c 
levels. (b) the mean of CAL and PPD according to HbA1c levels. 
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difference is noticed between patients with less than 7% of glycated hemoglobin 
(<HbA1c) and patients with more than 7% of glycated hemoglobin (>7% 
HbA1c) according to the patients’ ages, gingival bleeding index, clinical attach-
ment loss, percentage of radiographic bone loss, and periodontal pocket depth 
(p > 0.05). 

Table 5 and Figure 5 demonstrate the distribution of some clinical findings 
according to glycated hemoglobin (HbA1c) levels. The results showed that the 
patients with more than 7% of glycated hemoglobin (>7% HbA1c) were higher 
in percentage than patients with less than 7% of glycated hemoglobin (<HbA1c) 
among the patients who were affected with moderate (10% - 30%) gingival 
bleeding (28.6%), the affected patients of severe clinical attachment loss (>5 
mm) (90.5%), the affected patients of 5 missing teeth and more due to peri-
odontal diseases (42.9%), the affected patients of bite collapse (23.8%), the af-
fected patients of less than 20 remaining teeth (28.6%), the affected patients of 
grade I (23.8%), II (33.3%) and III (23.8%)tooth mobility as well as the affected 
patients of grade IV (19.0%) furcation involvement. 

On the other hand, there are an association between the percentage of patients 
with less than 7% of glycated hemoglobin (<7% HbA1c) and an increase in the 
patients who affected with mild (1.6%) and severe (73.4%) gingival bleeding, the 
affected patients of mild (2.3%) and moderate (10.9%) clinical attachment loss  

 

 
GBI: Gingival bleeding index, CAL: Clinical attachment loss, >5 M: More than 5 missing teeth due to Perio. Diseases, D: 
Drifting, F: Flaring, P: Positive, TFO: Present of trauma from occlusion, BC: Bite collapse, <20 RT: Less than 20 remaining 
teeth, TM: Grade of tooth mobility, MI: Grade I tooth mobility, MII: Grade II tooth mobility, MIII: Grade III tooth mobil-
ity, FI: Grade of furcation involvement, FI: Grade I furcation involvement, FII: Grade II furcation involvement, FIII: Grade 
III furcation involvement, FIV: Grade IV furcation involvement. 

Figure 5. Distributions of clinical findings according to % of HbAic participants. 
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Table 5. The distribution of some clinical findings according to HbA1c patients. 

 

HbA1c patients 
Total 
N (%) 

Chi-square 
χ2 (p-value) <7% HbA1c 

N (%) 
>7% HbA1c 

N (%) 

GBI <10% (MI) 4 (1.6%) 0 (0.0%) 4 (1.3%) 

0.705 (0.703) 10% - 30% (MO) 64 (25.0%) 12 (28.6%) 76 (25.5%) 

>30% (SE) 188 (73.4%) 30 (71.4%) 218 (73.2%) 

CAL 1 - 2 mm(MI) 6 (2.3%) 0 (0.0%) 4 (1.3%) 

0.975 (0.614) 3 - 4 mm(MO) 28 (10.9%) 4 (9.5%) 76 (25.5%) 

>5 mm(SE) 222 (86.7%) 38 (90.5%) 218 (73.2%) 

>5 MTDP N 188 (73.4%) 24 (57.1%) 212 (71.1%) 
2.194 (0.139) 

P 68 (26.6%) 18 (42.9%) 86 (28.9%) 

TFO N 182 (71.1%) 34 (81.0%) 216 (72.5%) 
0.937 (0.333) 

P 74 (28.9%) 8 (19.0%) 82 (27.5%) 

BC N 220 (85.9%) 32 (76.2%) 252 (84.6%) 

1.315 (0.518) D 26 (10.2%) 8 (19.0%) 34 (11.4%) 

F 10 (3.9%) 2 (4.8%) 12 (4.0%) 

<20 RT N 218 (85.2%) 30 (71.4%) 248 (83.2%) 
2.158 (0.142) 

P 38 (14.8%) 12 (28.6%) 50 (16.8%) 

TM N 132 (51.6%) 8 (19.0%) 140 (47.0%) 

9.843 (0.02*) 
MI 40 (15.6%) 10 (23.8%) 50 (16.8%) 

MII 32 (12.5%) 14 (33.3%) 46 (15.4%) 

MIII 52 (20.3%) 10 (23.8%) 62 (20.8%) 

FI N 132 (51.6%) 24 (57.1%) 156 (52.3%) 

4.321 (0.364) 

FI 52(20.3%) 4 (9.5%) 56 (18.8%) 

FII 40 (15.6%) 4(9.5%) 44 (14.8%) 

FIII 14 (5.5%) 2 (4.8%) 16 (5.4%) 

FIV 18 (7.0%) 8 (19.0%) 26 (8.7%) 

GBI: Gingival bleeding index, CAL: Clinical attachment loss, >5 MTDP: More than 5 
missing teeth due to Perio. Diseases, D: Drifting, F: Flaring, P: Positive, N: Negative, TFO: 
Present of trauma from occlusion, BC: Bite collapse, <20 RT: Less than 20 remaining 
teeth, TM: Grade of tooth mobility, MI: Grade I tooth mobility, MII: Grade II tooth mo-
bility, MIII: Grade III tooth mobility, FI: Grade of furcation involvement, FI: Grade I fur-
cation involvement, FII: Grade II furcation involvement, FIII: Grade III furcation in-
volvement, FIV: Grade IV furcation involvement. 

 
(>5 mm), the percentage of the affected patients of trauma from occlusion 
(28.9%) as well as the affected patients of grade I (20.3%), II (15.6%), and III 
(5.5%) furcation involvement (Table 5 and Figure 5). 
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According to the Chi-square test, there were no statistically significant differ-
ences in the comparison between the percentage of patients with less than 7% of 
glycated hemoglobin (<HbA1c) and the percentage of patients with more than 
7% of glycated hemoglobin (>7% HbA1c) in the clinical findings within Table 5 
(p > 0.05) except the grade of tooth mobility, where there was a statistically sig-
nificant difference in the comparison the percentage of patients with less than 
7% of glycated hemoglobin (<HbA1c) and the percentage of patients with more 
than 7% of glycated hemoglobin (>7% HbA1c) in grade I, II and III tooth mobil-
ity (p < 0.001*) (Table 5 and Figure 5). 

In the present study, there are associations between severity of radiographic 
bone loss (mild, moderate, and severe) and the mean of patients’ ages, plaque 
control record, gingival bleeding index, clinical attachment loss, percentage of 
radiographic bone loss, periodontal pocket depth, where Table 6 and Figure 6 
demonstrate a higher mean of ages (53.854) moreover an increase of clinical at-
tachment loss (9.083), percentage of radiographic bone loss (50.290), and peri-
odontal pocket depth (5.229) of affected patients with severe bone loss more 
than affected patients with moderate and mild bone loss whereas there was a 
higher mean of plaque control record (54.815) and gingival bleeding index 
(42.515) among patients with moderate bone loss more than affected patients 
with severe and mild bone loss. Table 6 results showed statistically significant 
differences (p < 0.001*) except for plaque control record and gingival bleeding 
index (p > 0.05). 

Results of patients’ distribution according to clinical findings and severity of 
radiographic bone loss (mild, moderate, and severe) are demonstrated in Table 
7 and Figure 7. In evaluating the severity of radiographic bone loss, the results 
of the present study revealed that affected patients of severe clinical attachment 
loss (>5 mm) (100.0%), the affected patients of 5 missing teeth and more due to  

 
Table 6. The mean and standard deviation (SD) of patients’ ages and some clinical and 
radiographic findings according to severity of radiographic bone loss. 

 

Bone loss 
ANOVA 

Mild Moderate Severe 

Mean SD Mean SD Mean SD F p-value 

AOP 30.905 12.358 43.271 14.989 53.854 14.717 29.222 <0.001* 

PCR 45.071 20.737 54.815 19.107 53.083 17.593 3.427 0.035* 

GBI 34.714 14.949 42.515 16.725 38.958 18.086 2.680 0.072 

CAL 5.595 2.499 7.390 2.342 9.083 2.704 21.689 <0.001* 

%RBL 17.845 7.654 27.554 13.918 50.290 18.222 63.992 <0.001* 

PPD 3.786 1.389 4.322 1.265 5.229 2.024 9.738 <0.001* 

AOP: Age of patients, PCR: Plaque control record, GBI: Gingival bleeding index, CAL: 
Clinical attachment loss, %RBL: % of radiographic bone loss, PPD: Periodontal pocket 
depth. 
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(a) AOP: Age of patients, PCR: Plaque control record, GBI: Gingival bleeding index, %RBL: % of radio-
graphic bone loss. (b) CAL: Clinical attachment loss and PPD: Periodontal pocket depth. 

Figure 6. (a) Mean of ages correlated to clinical and radiographic findings; (b) Mean of CAL and PPD ac-
cording to severity of bone loss. 

 
periodontal diseases (52.1%), the affected patients of trauma from occlusion 
(35.4%), the affected patients of bite collapse (27.1), the affected patients of less 
than 20 remaining teeth (31.3%), the affected patients of grade II (22.9%) and III 
(52.1%) tooth mobility as well as the affected patients of grade II (29.2%), III 
(8.3%), IV (20.8%) furcation involvement were categorized as having severe ra-
diographic bone loss more than moderate and mild radiographic bone loss. 

Moreover, the patients who were affected with mild (10%) gingival bleeding 
(2.4%), the affected patients of mild (1 - 2 mm) (7.1%) and moderate (3 - 4 mm) 
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(28.6%) clinical attachment loss, and the affected patients of grade I tooth mo-
bility (23.8%) all were detected as having mild radiographic bone loss more than 
moderate and severe radiographic bone loss whereas the patients who affected 

 
Table 7. Patients distribution according to clinical findings and severity of radiographic 
bone loss. 

 

Bone loss 
Chi-square 
χ2 (p-value) Mild 

N (%) 
Moderate 

N (%) 
Severe 
N (%) 

GBI <10% (MI) 1 (2.4%) 1 (1.7%) 0 (0.0%) 9.356 (0.053) 

10% - 30% (MO) 14 (33.3%) 8 (13.6%) 16 (33.3%) 

>30% (SE) 27 (64.3%) 50 (84.7%) 32 (66.7%) 

CAL 1 - 2 mm (MI) 3 (7.1%) 0 (0.0%) 0 (0.0%) 31.290 (<0.001*) 

3 - 4 mm (MO) 12 (28.6%) 4 (6.8%) 4 (6.8%) 

>5 mm (SE) 27 (64.3%) 55 (93.2%) 55 (93.2%) 

>5 MTDP N 35 (83.3%) 48 (81.4%) 23 (47.9%) 17.997 (<0.001*) 

P 7 (16.7%) 11 (18.6%) 25 (52.1%) 

 
TFO 

N 34 (81.0%) 43 (72.9%) 31 (64.6%) 3.060 (0.217) 

P 8 (19.0%) 16 (27.1%) 17 (35.4%) 

BC N 41 (97.6%) 50 (84.7%) 35 (72.9%) 13.179 (0.01*) 

D 1 (2.4%) 6 (10.2%) 10 (20.8%) 

F 0 (0.0%) 3 (5.1%) 3 (6.3%) 

<20 RT N 40 (95.2%) 51 (86.4%) 33 (68.8%) 12.265 (0.002*) 

P 2 (4.8%) 8 (13.6%) 15 (31.3%) 

TM N 29 (69.0%) 32 (54.2%) 9 (18.8%) 59.112 (<0.001*) 

MI 10 (23.8%) 12 (20.3%) 3 (6.3%) 

MII 2 (4.8%) 10 (16.9%) 11 (22.9%) 

MIII 1 (2.4%) 5 (8.5%) 25 (52.1%) 

FI N 36 (85.7%) 30 (50.8%) 12 (25.0%) 48.480 (<0.001*) 

FI 4 (9.5%) 16 (27.1%) 8 (16.7%) 

FII 1 (2.4%) 7 (11.9%) 14 (29.2%) 

FIII 1 (2.4%) 3 (5.1%) 4 (8.3%) 

FIV 0 (0.0%) 3 (5.1%) 10 (20.8%) 

GBI: Gingival bleeding index, CAL: Clinical attachment loss, >5 M: More than 5 missing 
teeth due to Perio. Diseases, D: Drifting, F: Flaring, P: Positive, TFO: Present of trauma 
from occlusion, BC: Bite collapse, <20 RT: Less than 20 remaining teeth, TM: Grade of 
tooth mobility, MI: Grade I tooth mobility, MII: Grade II tooth mobility, MIII: Grade III 
tooth mobility, FI: Grade of furcation involvement, FI: Grade I furcation involvement, 
FII: Grade II furcation involvement, FIII: Grade III furcation involvement, FIV: Grade IV 
furcation involvement. 
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Mi.BL: Mild bone loss, Mo.BL: Moderate bone loss, Se.BL: Severe bone loss, GBI: Gingival bleeding index, 
CAL: Clinical attachment loss, >5 M: More than 5 missing teeth due Perio. Diseases, D: Drifting, F: Flaring, 
P: Positive, TFO: Present of trauma from occlusion, BC: Bite collapse, <20 RT: Less than 20 remaining 
teeth, TM: Grade of tooth mobility, MI: Grade I tooth mobility, MII: Grade II tooth mobility, MIII: Grade 
III tooth mobility, FI: Grade of furcation involvement, FI: Grade I furcation involvement, FII: Grade II fur-
cation involvement, FIII: Grade III furcation involvement, FIV: Grade IV furcation involvement. 

Figure 7. Participants distribution according to clinical findings and severity bone loss. 
 

with severe gingival bleeding (>30) revealed moderate (84.7%) and severe 
(66.7%) radiographic bone loss more than mild (33.3%) radiographic bone loss. 

The statistical analysis showed highly significant differences in the patients’ dis-
tributions for all clinical and radiographic findings in the present study according 
to the severity of radiographic bone loss (p < 0.001*) except the patients who were 
affected with mild, moderate, and severe gingival bleeding where there were no 
statistically significant differences in the patients’ distributions (p > 0.05). 

4. Discussion 

The present study assessed the correlation between the severity of periodontal 
bone loss and the levels of glycated hemoglobin (HbA1c), presence of type 2 di-
abetes millets, and periodontal diseases in the clinical evaluation of periodontal 
diseases among type 2 diabetic patients in Saudi Arabia (Saudi and non-Saudi). 
There was a correlation between severity and progression of periodontal diseases 
among the individuals with levels of glycated hemoglobin (HbA1c) and between 
increases of occurrence of periodontal diseases with elevated HbA1c levels [29]. 

In the present study, there was a passive connection between the patients’ ages 
and HbA1c levels as well as with the severity of periodontal bone loss where the 
mean of age was 53.854 years among affected patients of severe periodontal bone 
loss and 42.571 years among uncontrolled type 2 diabetic patients (>HbA1c). 
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This study displayed a relationship between the number of cigarettes smoked 
per day and HbA1c levels in type 2 diabetic patients where there was a positive re-
lationship of an increase of the number of smoked cigarettes more than ten ciga-
rettes per day with elevated HbA1c. This result was detected in other previous stu-
dies [30] [31]. These increases in HbA1c levels may be attributed to impaired glu-
cose metabolism and secretion of insulin during cigarette smoking [32] [33]. 

In the present study, there was an increase of the periodontal bone loss sever-
ity with an increased number of cigarettes smoked per day (>10 cig./day) among 
type 2 diabetics, but these results were not significant. These findings confirm 
the results of previous demonstrated that the association between cigarette 
smoking and severity of periodontal bone loss be evidence of the potential risk 
factor of cigarette smoking on alveolar bone [34] [35]. Thus, the impact of ciga-
rette smoking on periodontal bone and HbA1c levels among type 2 diabetes may 
be attributed to the inhalation of toxic substances in cigarette smoking where 
cytotoxic contents of tobacco such as nicotine and cotinine were detected in the 
gingival crevicular fluid and the saliva [36]. According to previous studies con-
cerning cigarette smoking, there is an association between the severity of peri-
odontal bone loss and the number of cigarettes smoked per day [37] [38]. This 
finding is in agreement with the results of the present study, which revealed that 
an increase in periodontal bone loss among cigarettes smokers (<10 cig./day). 

Furthermore, the incidence of alveolar bone loss may be considered as the 
development of periodontal diseases [39]. Similar associations have been de-
tected in the present study. A new study was conducted in 2018 revealed that 
hyperglycemia has a considerable role in periodontal diseases severity among 
type 2 diabetics [40]. These results confirmed the results of the present study, 
which exhibited that generalized severe gingivitis and generalized severe peri-
odontitis are more prevalent in type 2 diabetics (controlled and uncontrolled). 
These results were not consistent with that of the previous study, which revealed 
that moderate periodontitis was more among type 2 diabetics [41]. 

The present study demonstrated that uncontrolled type 2 diabetics had more 
plaque and severe gingivitis, as evident by the higher scores of GBI and PCR. 
Similar findings were revealed in another study, which detected higher plaque 
index and gingival index among uncontrolled type 1 diabetics [42]. Thus, the 
present study detected that the oral hygiene status was moderate or poor. There 
were no significant differences in the level of oral hygiene between controlled 
and uncontrolled type 2 diabetics (p = 0.070), but there were significant differ-
ences in the level of oral hygiene between controlled and uncontrolled type 2 
diabetics according to the severity of radiographic bone loss (p = 0.035). These 
findings may be due to the little knowledge of the risk for periodontal disease 
and the awareness of oral health among type 2 diabetic patients in Saudi Arabia 
(Saudi and non-Saudi). 

The results of the present study included comparing the HbA1c levels and pe-
riodontal bone loss in patients, which demonstrates the potent link between pe-
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riodontal bone loss and HbA1c levels. These results are comparable with the 
Persson study that revealed if there is an increase in the levels of HbA1c; the pe-
riodontal bone loss will be severe among uncontrolled type 2 diabetics. [43]. 

In the present study, the percentage of the affected patients with moderate ra-
diographic bone loss patients was more than the percentage of the affected pa-
tients with severe and mild radiographic bone loss patients among controlled 
type 2 diabetics (<7% HbA1c) whereas uncontrolled type 2 diabetics (>7% 
HbA1c) showed the percentage of the affected patients with severe radiographic 
bone loss was more than the percentage of the affected patients with mild and 
moderate radiographic bone loss patients. Thus and according to the present 
study results, uncontrolled type 2 diabetes has more alveolar bone loss more 
than controlled type 2 diabetics. These findings agree with Lorentz et al.’s re-
sults, which found an increase in clinical and bone attachment loss among type 2 
diabetics [44]. Significantly more periodontal bone loss was in uncontrolled type 
2 diabetics than controlled [45]. 

Moreover, this result is in agreement with the epidemiological study of Tsai et 
al. and Tylor et al., who detected that uncontrolled diabetes type-2 have an in-
creasingly severe clinical attachment loss and alveolar bone loss more than con-
trolled diabetes type-2 where the results of the current study demonstrated that 
the mean of clinical attachment loss among uncontrolled diabetes type-2 more 
than controlled diabetes type-2 [46] [47]. Therefore, the results of the present 
study demonstrate that uncontrolled type 2 diabetics have severe periodontal 
disease more than controlled type 2 diabetics. 

Several previous studies confirmed the correlation between hyperglycemia 
and periodontal diseases are given that periodontitis can cause hyperglycemia 
and also the impact of hyperglycemia on periodontal tissues integrity [48]. We 
found a similar intensity association between an increase of periodontal diseases 
and their severity with the rise of glycated hemoglobin (HbA1c) levels among 
type 2 diabetics. The patients with uncontrolled type 2 diabetes (HbA1c ≥ 7) in 
the present study revealed elevated periodontal diseases clinical parameters 
(mean of PCR, GBI, and PPD) as well as an increase in the affected patients of 
stage IV periodontitis (severe clinical attachment loss (>5 mm), 5 missing teeth 
and more due to periodontal diseases, bite collapse, less than 20 remaining teeth 
and grade I, II and III tooth mobility) which also was in agreement with the 
findings of other studies [49] [50]. 

The present study clarified clinical attachment loss exceeded the mean of 7 
mm among controlled and uncontrolled type 2 diabetics, whereas some studies 
have revealed lesser clinical attachment loss (less than 4 mm) [51]. This study 
revealed that severe clinical attachment loss, as well as moderate and severe pe-
riodontal bone loss, were associated with uncontrolled type 2 diabetics. 

5. Strength and Limitations 

The authors believe that the small sample size of the current study and unequal 
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distribution of patients according to the severity of periodontal loss are the main 
limitations where most of the data were collected from the outpatients’ clinics, 
College of Dentistry, King Khalid University only. Therefore, we suggest ex-
panding the study with an increase in the sample size to cover the other dental 
centers and colleges of dentistry in Saudi Arabia to determine as accurately the 
impact of HbA1c levels on the severity of periodontal loss among type 2 diabetic 
patients in Saudi Arabia (Saudi and non-Saudi). The results of the present study 
assist in identifying uncontrolled type 2 diabetics with periodontal diseases for 
the management of uncontrolled type 2 diabetics and periodontal diseases by 
endocrinologists and periodontists. And as we know that the present study may 
be from the first studies in the college of dentistry, King Khalid University, 
which was conducted to assess the correlation between HbA1c levels and severi-
ty of periodontal bone loss among type 2 diabetic patients in Saudi Arabia (Saudi 
and non-Saudi). At the level of the medical and dental practice, these results re-
vealed that the importance of improving the guidelines of screening uncon-
trolled type 2 diabetics and periodontitis patients in medical primary care cen-
ters and dental clinics. 

Therefore, in Saudi Arabia, the treatment of periodontal disease of uncon-
trolled type 2 diabetics is useful in the enhancement of type 2 diabetics’ health 
status due to the negative impact of periodontitis–diabetes interaction on gly-
cemic control of type 2 diabetics. Consequently, the treatment of periodontal 
diseases should be included in the protocol of type 2 diabetic patients’ treatment. 
Early diagnosis of periodontal diseases among type 2 diabetics and prevention 
are essential to avoid periodontal tissue destruction. Furthermore, periodontal 
treatment may be improving HbA1c levels. 

6. Conclusion 

We conclude according to the results of the current study and the previous stu-
dies that demonstrated the association between glycated hemoglobin (HbA1c) 
levels and severity of periodontal diseases among type 2 diabetic patients in Sau-
di Arabia (Saudi and non-Saudi). There was an increase in periodontal clinical 
parameters among uncontrolled type 2diabetics more than controlled type 2 di-
abetics. We found that the severity of periodontal bone loss increased with de-
creasing control of type 2 diabetes. Thus, the Risk of aggravating periodontal 
disease is associated with a rise in glycated hemoglobin (HbA1c) levels among 
uncontrolled type 2 diabetics. Systematic oral screenings and periodontal thera-
py are essential to prevent periodontal diseases among type 2 diabetics. We need 
more periodontal studies to demonstrate the association between HbA1c levels 
and severity of periodontal bone loss among type 2 diabetic patients in Saudi 
Arabia (Saudi and non-Saudi). Emphasize that the awareness and knowledge of 
dental practitioners and oral public health specialists as well as the primary 
medical care clinicians that the monitoring of HbA1c levels and dental plaque 
with other systemic and local factors are more important to avoid the progres-
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sion of periodontal destruction and other complications in the oral mucosa among 
type 2 diabetics. 
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