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ABSTRACT 
 

Long-term hyperglycemia is related to micro and/or macrovascular complications in diabetes mellitus. The 

interrelationship between diabetes and periodontitis is bi-directional and inflammation is the common feature of both 

diseases. This study aimed to search the effects of the number of chronic vascular complications in type 2 diabetics on the 

amount of periodontal tissue destruction and the periodontal disease severity. This cross-sectional study included 127 

individuals with type 2 diabetes who developed at least one diabetes-related chronic complication. The severity of 

periodontitis and the amount of gingival inflammation and periodontal tissue destruction between patients with several 

vascular complications were compared. We also compared the periodontal parameters and the severity of periodontitis 

according to glycemic control levels and in terms of the presence of macrovascular complications. All periodontal clinical 

parameters and periodontal disease severity were significantly higher in patients with 3 and 4 diabetic vascular 

complications than in patients with fewer complications. In patients without macrovascular complications, the severity of 

periodontitis was significantly lower compared to those with macrovascular complications (p<0.05). Worsened gingival 

inflammation was shown in patients with poor glycemic control, but there was no statistically significant difference in PD 

and CAL. Our findings showed that the severity of periodontal disease was higher as the number of diabetes-related chronic 

complications increased. The extent of gingival inflammation was elevated with poor glycemic control whereas the amount 

of periodontal tissue destruction did not change. 
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Introduction 

Diabetes is characterized by hyperglycemia due to defects 

in the mechanisms of insulin metabolism [1-3]. The 

presence of chronic hyperglycemia, dyslipidemia, and 

oxidative stress in diabetes can induce long-term 

dysfunction and damage in various organs [4]. In the long 

term, poor glycemic control causes microvascular 

complications such as diabetic retinopathy, neuropathy, and 

nephropathy, as well as macrovascular complications 

(peripheral and coronary artery disease, cardiomyopathy, 

arrhythmia, and cerebrovascular disease) in type 2 diabetic 

patients. Cardiovascular diseases are the primary reason for 

mortality in patients with diabetes mellitus. It has been 

reported that type 2 diabetes causes macrovascular 

complications through pathogenic pathways such as 

hyperglycemia and insulin resistance [5]. Endothelial 

dysfunction and atherosclerogenesis are associated with 

slowly progressive chronic inflammation for the 

development of diabetes. The occurrence of diabetic 

complications is characterized by chronic inflammation. 

The increase of circulating inflammatory markers in 

diabetic patients has been shown in clinical studies. The 

presence of these markers in the blood predicts the 

development and progression of diabetic complications [6]. 

Periodontitis is a chronic, infectious disease characterized 

by the inflammatory destruction of supporting periodontal 

tissues, which is primarily caused by bacteria and their 

products in dental plaque [7]. It has been proven that 

diabetes is directly related to periodontitis. Inflammation is 

a common property of both diseases and the inflammatory 

process in periodontal tissues is increased in diabetic 

patients [8]. Studies report that the prevalence of periodontal 

disease is 2-3 times higher in people with diabetes mellitus 

[9]. Periodontal disease severity is especially higher in long-

term diabetics with poor metabolic control [10]. 

Periodontitis is recognized as the 6th complication of 

diabetes currently [11]. As well as the adverse effects of 

diabetes on periodontal health that have been indicated, a 

periodontal disease also hurts glycemic control in diabetic 

patients. An increase in the host inflammatory response due 

to the induction of proinflammatory cytokines released into 

the circulation worsens glycemic control in diabetic patients 

with periodontitis [12]. Current evidence supports that 

periodontal infections could increase the risk of diabetic 

complications [13]. Studies have demonstrated that the 

prevalence and severity of diabetes complications in extra-

oral tissues, such as diabetic neuropathy [14], nephropathy 
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[15], retinopathy [16], and cardiovascular complications 

[17] are associated with the severity of periodontitis. 

However, few studies assess the link between all 

microvascular complications and periodontal status [18]. 

The aim of our study is to investigate the severity of 

periodontal disease in individuals with long-term diabetes 

who have developed one or more vascular complications 

related to diabetes. 

Materials and Methods 

The study protocol was approved with protocol number 

60116787-020/62180 by the Ethics Committee of 

Pamukkale University and carried out in accordance with 

the Declaration of Helsinki. A total of 127 individuals 

diagnosed with type 2 diabetes for more than 5 years and 

developing diabetes-related chronic complications were 

recruited from those patients attending the outpatient clinic 

at the Department of Endocrinology at Pamukkale 

University Hospital. Demographic data of the patients, such 

as age, gender, body mass index (BMI), waist 

circumference, smoking status, and duration of diabetes, 

were recorded in the detailed anamnesis form. Patients were 

classified according to their waist circumference as 

overweight or obese. Individuals with diabetes diagnosed 

within the last 5 years and edentate patients were excluded 

from the study. Participants were also excluded if they were 

pregnant or breastfeeding, had past periodontal treatment, or 

reported use of drugs that may affect the periodontal status. 

Written informed consent was obtained for each participant. 

Diagnosis of diabetic microvascular and macrovascular 

complications 

While the presence of atherosclerotic cardiovascular, 

cerebrovascular, and peripheral arterial diseases was 

evaluated as macrovascular complications, retinopathy, 

nephropathy, and neuropathy were considered for 

microvascular complications. For the diagnosis of 

retinopathy, microvascular changes in the retina 

(microaneurysms, bleeding, hard exudates, and newly 

formed fragile blood vessels) were examined by 

ophthalmoscopy in dilated pupils. Diabetic nephropathy 

was diagnosed with the presence of microalbuminuria 

derived from first morning voids 

(albumin/creatinine≥30mg/gr). Neuropathy was recorded if 

the patient had a motor and superficial deep sensation loss 

and clinical abnormalities of vibration [19]. Atherosclerotic 

cardiovascular disease history, glycosylated hemoglobin 

level (HbA1c), total cholesterol (TC), LDL, and HDL 

cholesterol levels were obtained from the medical records of 

the patients. Glycemic control was classified into three 

degrees: good control for HbA1c<7%, fair for HbA1c7 to 

<8%, and poor glycemic control for HbA1c8 [20] .

 

Table 1. Demographic characteristics of the study population 

Characteristic mean± std deviation / n Percent (%) 

Age 59.2911.91  

Gender (female/male) 73/54 57.5/42.5 

BMI 

Female 

Male 

 

31.850.7 

30.150.6 

 

Waist circumstance 

Normal weight 

Female overweight/obese 

Male overweight/obese 

 

9 

22/49 

23/24 

 

7.1 

17.3/38.6 

18.1/18.9 

Smoking 

Smoker/non-smoker 

 

16/111 

 

12.6/87.4 

Length of diabetes diagnosis 

5-10 years 

>10 years 

 

34 

93 

 

26.8 

73.2 

HbA1c (mmol/mol) 8.181.64  

Glycemic control 

Good (<7 mmol/mol) 

Fair (7-8 mmol/mol) 

Poor (8 mmol/mol) 

 

29 

46 

52 

 

22.8 

36.2 

40.9 

Total cholesterol (mg/dl) 185.8142.79  

HDL cholesterol (mg/dl) 47.9412.97  

Microvascular complications 

Neuropathy 

Retinopathy 

Nephropathy 

 

29 

22 

10 

 

22.8 

17.3 

7.9 
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Neuropathy + Retinopathy 

Neuropathy + Nephropathy 

Retinopathy + Nephropathy 

Neuropathy + Retinopathy+ Nephropathy 

25 

9 

15 

17 

19.7 

7.1 

11.8 

13.4 

The number of chronic complications 

1 

2 

3 

4 

 

34 

43 

37 

13 

 

26.8 

33.9 

29.1 

10.2 

Macrovascular complication 

(+/-) 

 

73/54 

 

57.5/42.5 

Periodontitis severity 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

 

4 

55 

59 

9 

 

3.1 

43.3 

46.5 

7.1 

Periodontal assessment  

All periodontal and radiographic radiographic 

measurements of the patients were performed by the same 

examiner (GTC). The present number of teeth was recorded. 

Periodontal parameters such as plaque index (PI), gingival 

index (GI), bleeding on probing (BOP), probing depth (PD), 

and clinical attachment level (CAL) were measured using 

the Williams periodontal probe. Probing depth and clinical 

attachment level were calculated at six surfaces per tooth, 

whereas plaque index and gingival index were measured at 

four surfaces per tooth. The severity of periodontitis was 

determined based on panoramic radiographs and clinical 

periodontal measurements [21]. 

Data processing and statistical analyses 

Data were analyzed using the Statistical Package for the 

Social Sciences (SPSS) version 22. Continuous variables 

were given as mean and standard deviation and categorical 

variables as numbers and percentages. The Shapiro-Wilk 

test was used to test the normality of the data. Statistical 

significance between groups was analyzed using the 

Kruskal-Wallis test or Mann-Whitney U-test. Pearson chi-

square analysis was used for the differences between 

categorical variables. Statistical significance was considered 

as p≤0.05.  

Results and Discussion 

127 patients with type 2 diabetes who had at least one of the 

diabetic microvascular complications were included in this 

study. The demographic characteristics of the participants 

are shown in Table 1. The length of the diagnosis of 

diabetes was more than 10 years for approximately 75% of 

the participants. The rate of patients with poor glycaemic 

control was 41%. Neuropathy had been diagnosed in 

twenty-nine subjects (22.8%), twenty-two subjects (17.3%) 

had retinopathy and ten subjects (7.9%) had nephropathy. 

At least two microvascular complications were detected in 

66 participants (52%).  

The percentage of patients with macrovascular diabetic 

complications was 57.5% of the study population. Sixty-

eight (53.6%) subjects had severe periodontitis (stage 3 and 

stage 4). The number of teeth and the distribution of 

periodontal parameters according to diabetic complications 

are summarized in Table 2. Significantly fewer teeth were 

observed as the number of chronic complications related to 

diabetes increased. 

Table 2. Distribution of clinical periodontal parameters according to diabetic complications. a: Kruskal-Wallis test   b: 

Mann Whitney  U test. p < 0.05 statistical significance * significantly difference compared to 1 complication # 

significantly difference compared to 2 complications 

Characteristic 
The number of micro and macrovascular complications p-value 

Macrovascular 

complication 
p-value 

1 2 3 4  + −  

The number of 

present teeth 
23.33.4* 22.63.3# 19.75.6*# 196.3*# 0.008 a 20.95.2 22.524 0.115 b 

PI 1.230.3* 1.30.3# 1.540.3*# 1.530.3*# 0.000 a 1.410.3 1.320.3 0.131 b 

GI 1.560.3* 1.630.2# 1.840.2*# 2.060.3*# 0.000 a 1.780.3 1.630.3 0.017 b 

PD 2.80.3* 2.920.4# 3.380.5*# 3.690.7*# 0.000 a 3.190.6 2.980.4 0.026 b 

CAL 3.070.4* 3.150.5# 3.740.5*# 4.090.5*# 0.000 a 3.490.6 3.260.5 0.034 b 

(%) BOP 77.214.8* 76.911.3# 85.315*# 92.811.7*# 0.000 a 83.114.7 78.313.6 0.053 b 
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While the number of teeth and periodontal parameters were 

not different between patients with 1 and 2 diabetic 

complications, PI, GI, PD, CAL, and the percentage of BOP 

were found to be significantly higher in patients with 3 and 

4 diabetic complications compared to individuals with one 

or two complications (p<0.05), (Table 2). There was no 

statistically significant difference in periodontal parameters, 

including the number of teeth, BOP%, and PI, with respect 

to the presence of macrovascular complications (p>0.05), 

(Table 2). The percentages of GI, PD, and CAL were 

significantly higher in subjects with macrovascular 

complications (p<0.05), (Table 2). The distribution of 

periodontitis severity according to the number of diabetic 

complications is shown in Figure 1. In patients with 1 and 

2 diabetic complications, stage 2 periodontitis was more 

common, while in those with 3 and 4 complications, stage 3 

periodontitis was often detected. Periodontitis severity in the 

presence of macrovascular complications is shown in 

Figure 2. The severity of periodontitis was greater in 

patients with macrovascular complications than in those 

with no macrovascular complications (p<0.05). 

 
Figure 1. Distribution of periodontitis severity 

according to the number of diabetic complications 

No significant difference was found in the number of teeth 

compared to glycemic control levels (p>0.05). 

 
Figure 2. Periodontitis severity according to the presence 

of macrovascular complications. * p < 0.05 vs patients 

without macrovascular complications 

 

There was a statistically significant difference between 

individuals with fair glycemic control and those with poor 

glycemic control in GI and BOP% (p<0.05). As the 

glycemic control worsened, higher PD and CAL were 

observed, but the difference was not statistically significant 

(p>0.05).  

In our study, we aimed to compare the severity of 

periodontitis and the degree of periodontal inflammation in 

a population that included individuals with long-term type 2 

diabetes who developed several systemic complications. 

Therefore, both micro and macrovascular complications 

which determine the chronic inflammatory burden posed by 

diabetes were evaluated together in type 2 diabetic patients. 

The severity of periodontal disease was determined 

clinically and radiographically with full-mouth periodontal 

measurements. This study addressed the alterations in the 

periodontium as a result of both micro and macro-

angiopathic changes by evaluating periodontal 

inflammation and alveolar bone loss in type 2 diabetes 

patients with chronic complications. In our study 

population, the presence of multiple vascular diabetic 

complications increased the severity of periodontitis. Also, 

the presence of macrovascular complications was found to 

contribute to enhanced periodontal tissue destruction. In 

diabetes, complications develop as a result of endothelial 

dysfunction. The damage caused by glucotoxicity and 

hyperlipidemia progresses with the increase of glycosylated 

intermediate proteins and the degree of oxidative stress. The 

increase in micro and macrovascular injury begins in the 

prediabetic period and macro and micro complications 

develop in almost 30-50% of the cases when overt diabetes 

is diagnosed [22]. The duration of diabetes is one of the 

factors involved in the prevalence of microvascular 

complications. It has been reported that almost 70% of 

patients develop retinopathy and approximately 40% 

develop nephropathy in cases of diabetes exceeding 10 years 

[23]. The immune response is defective in diabetic patients. 

There is an impairment in the functions of macrophages, 

seeding, and opsonization activities at the site of infection. 

Progressive inflammation in systemic diseases triggers the 

development of complications. Chronic inflammation 

induces the activation of the oxidative process, and 

progressive tissue damage becomes permanent. Long-term 

hyperglycemia, in particular, is a major contributor to the 

development of chronic complications [22]. Prolonged 

exposure of cells to high glucose concentrations, 

particularly in vascular cells with low glucose transport 

capacity, leads to intracellular hyperglycemia. Thus, 

endothelial vascular cells, together with the increase in 

oxidative stress, become the main target of hyperglycemic 

damage [24]. Periodontal disease is characterized by an 

inflammatory host response to bacterial pathogens 
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accumulating on the surface of the teeth, and its 

pathogenesis is similar to that of many chronic diseases, 

such as diabetes [12]. It has been suggested that enhanced 

proinflammatory mediators in circulation as a result of 

periodontal diseases may increase the systemic 

inflammatory loading which is leading to impairment of 

glycemic control in diabetics and it may cause 

microvascular diabetic complications as a result [25]. A 

prolonged hyperglycemic state leads to increased 

inflammation, oxidative stress, and apoptosis by activating 

the pathways involved in the formation of advanced 

glycation end products [26]. This results in an increased risk 

of complications in individuals affected by both 

periodontitis and diabetes. It was summarized that there is a 

link between the severity of periodontitis and diabetic 

complications [12]. However, there is evidence that 

indicates that diabetic complications develop more severely 

in diabetic patients with periodontitis in comparison to 

periodontally healthy individuals [26]. Even though the 

relationship between several diabetic complications and 

periodontitis is multifactorial, the hyperglycemic state 

seems to be the main mechanism. A 1% reduction in HbA1c 

level reduces the risk of diabetes-related complications by 

25% [27]. In a systemic review that analyzed studies 

investigating the effects of periodontal disease on glycemic 

control in diabetic individuals, it was reported that untreated 

periodontitis leads to worsened glycemic control of diabetic 

patients over time [28]. The International Diabetes 

Federation and the European Society of Periodontology 

workshop report stated that there was a 0.27-0.48% decrease 

in HbA1c levels of patients with diabetes during 3 months 

after periodontal treatment [29]. Diabetes increases the risk 

of the development of deepened periodontal pockets which 

also indicates a bidirectional relationship between diabetes 

and periodontal disease [30]. Besides the positive effects of 

periodontal therapy on glycemic control in diabetics, it has 

been reported that blood glucose regulation may also be 

effective in enhancing the healing process of periodontitis 

[31]. In diabetic individuals with periodontitis, the risk of 

systemic complications of diabetes may increase because of 

high HbA1c levels [32]. This risk is 2.5 times higher for 

macroalbuminuria, 3.5 times higher for end-stage kidney 

disease, and 3.2 times higher for cardiorenal mortality in 

individuals with severe periodontitis [33]. Amiri et al. found 

a significant relationship between the severity of 

periodontitis and diabetic retinopathy [34]. It has been stated 

that the presence of microvascular complications is a risk 

factor for severe periodontitis in type 2 diabetes patients, 

and poor glycemic control affects both the prevalence and 

severity of periodontitis [18]. While the presence of 

microvascular diabetic complications increases the risk of 

periodontitis 2.43 times in type 1 diabetics, this rate has been 

shown as 2.48 in individuals with coexisting micro and 

macrovascular diabetic complications [35]. Kocher et al. 

used glycated hemoglobin as a continuous criterion to 

investigate whether there is a threshold that causes impaired 

periodontal healing, and they reported that uncontrolled 

diabetes affects the progression of periodontal disease and 

tooth loss [36]. In our study, 41% of our participants consist 

of people with uncontrolled diabetes. We detected an 

increase in the severity of periodontitis, greater periodontal 

inflammation, and fewer teeth in type 2 diabetic patients 

with multiple chronic complications compared to patients 

with 1 or 2 diabetic complications. The level of glycemic 

control was found to be associated only with periodontal 

inflammation.Vascular complications in diabetic patients 

are present not only in the eyes, kidneys, and nerves but also 

in other organs such as the heart. The identification and 

prevention of these complications have an important role in 

reducing major cardiovascular complications [5]. It has been 

indicated that periodontal disease may increase the 

possibility of subclinical atherosclerosis and cardiovascular 

disease in individuals with diabetes [37]. Periodontal 

bacteria and their products enhance the systemic 

inflammatory load by participating in the circulation along 

with inflammatory molecules and related mediators 

generated locally in inflamed periodontal tissues. Bacterial 

persistent inflammatory load on vascular endothelium 

aggravates atherogenesis and thus increases the risk of 

cardiovascular disease. In diabetic patients with 

periodontitis, circulating levels of TNF-, C-reactive 

protein, and oxidative stress markers are statistically 

elevated; however, a significant decrease of these molecules 

after periodontal treatment has been demonstrated [38]. In a 

study investigating the relationship between periodontal 

alterations and cardiovascular parameters in type 2 diabetes 

patients, CAL was shown to be the most important 

periodontal parameter in terms of the progression of 

atherosclerosis [39]. The rate of cardiorenal mortality 

incidence in diabetic individuals with severe periodontitis is 

3.2 times higher than in mild and moderate forms of 

periodontitis [40]. In our study, we determined that stage 3 

and 4 periodontitis were significantly more frequent in cases 

with macrovascular complications. This result shows that 

the severity of periodontitis is higher in the atherosclerosis 

process.In the present study, it was determined that the 

severity of alveolar bone loss and degrees of periodontal 

inflammation increased in the presence of both multiple 

microvascular and macrovascular diabetic complications. 

Our findings are important to explain that the severity of the 

alveolar bone loss is influenced by microangiopathic 

changes in the periodontium due to long-term diabetes. 

However, due to its cross-sectional design, there is a 

limitation that the results of this study cannot be used to 

clarify the causal association between periodontitis and 

diabetic micro- and macro-angiopathic changes.  

Conclusion 

In this study, we observed more severe forms of 

periodontitis as the number of chronic complications related 

to diabetes increased. This suggests that periodontitis may 

be a continuous source of chronic inflammation in diabetic 

patients with multiple systemic complications. The 

treatment of periodontitis in these cases may be effective in 

reducing systemic inflammatory loading and oxidative 
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stress. Therefore, long-term prospective studies seem 

necessary to investigate the effects of periodontal therapy on 

diabetic complications. 
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