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Abstract: Both periodontal disease and diabetes are common chronic inflammatory diseases. One of
the major problems with type 2 diabetes is that unregulated blood glucose levels damage the vascular
endothelium and cause complications. A bidirectional relationship between periodontal disease
and diabetic complications has been reported previously. However, whether periodontal disease
affects the presence of diabetic complications has not been clarified. Therefore, we examined the
effect of the periodontal disease status on diabetic complications in patients with type 2 diabetes.
Periodontal doctors examined the periodontal disease status of 104 type 2 diabetic patients who visited
a private diabetes medical clinic once a month between 2016 and 2018. The subject’s diabetic status
was obtained from their medical records. Bayesian network analysis showed that bleeding on probing
directly influenced the presence of diabetic retinopathy in type 2 diabetes patients. In addition,
bleeding on probing was higher in the diabetic retinopathy group (n = 36) than in the group without
diabetic retinopathy (n = 68, p = 0.006, Welch’s t-test). Bleeding on probing represents gingival
inflammation, which might affect the presence of diabetic retinopathy in type 2 diabetes patients who
regularly visit diabetic clinics.

Keywords: periodontal disease; diabetes; diabetic retinopathy; bleeding on probing; probing pocket
depth; fasting blood sugar

1. Introduction

Both periodontal disease and type 2 diabetes are known to be common chronic inflammatory
diseases [1,2]. In addition, many studies have reported a bidirectional relationship between periodontal
disease and type 2 diabetes [3–5]. Epidemiological studies show that diabetics with poor glycemic
control have an increased risk of periodontal disease [6]. On the other hand, it has been reported that
severe periodontitis adversely affects glycemic control in type 2 diabetic patients [7]. It has become
clear that the treatment of periodontal disease and type 2 diabetes has an effect on the pathophysiology
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of both diseases. Further, it has been reported that hemoglobin A1c (HbA1c) levels are reduced when
type 2 diabetic patients are treated for periodontal disease [8–10]. Additionally, it was reported that
when blood glucose was controlled in type 2 diabetic patients, the bleeding on probing (BOP) value,
which represents the inflammation state of periodontal disease, improved [11]. Both periodontal disease
and type 2 diabetes have a high prevalence worldwide [12]; however, the mechanism underlying the
bidirectional relationship between them remains unclear.

Type 2 diabetes is a disorder of dysregulated blood glucose homeostasis due to a decrease in insulin
action [13]. One of the major problems with type 2 diabetes is that unregulated blood glucose levels
damage the vascular endothelium and cause complications in diabetics [14]. Diabetes complications
include cardiovascular disease, diabetic nephropathy, neuropathy, leg amputation, and diabetic
retinopathy [15]. Diabetic retinopathy is one of the most common diabetic complications and, as it
progresses, can cause blindness and poor quality of life [16]. Although diabetic retinopathy is a major
cause of blindness in the working population, only 35–55% of patients with diabetes undergo regular
ophthalmic evaluations. This is because the disease progresses gradually and the patient barely notices
the progression of diabetic retinopathy [16]. Therefore, it is important to prevent the development of
diabetic retinopathy in diabetic patients.

It has recently been shown that there is a correlation between the severity of periodontal disease
and diabetic retinopathy and that many diabetic retinopathy patients have periodontal disease [17,18].
However, it remains unclear as to whether periodontal disease affects the presence of diabetic
retinopathy. Commisso et al. reported that poor oral health care was observed in the diabetic
population [19]. It is known that effective oral health behaviors, such as brushing teeth two or more
times a day, improve the condition of periodontal disease [20]. However, the relationship between the
toothbrushing habits of type 2 diabetic patients and the pathological condition of diabetes has not
been fully clarified. Therefore, the purpose of this study was to clarify the effect of periodontal disease
status on diabetic complications, including diabetic retinopathy, in type 2 diabetic patients who visit
our hospital once a month for diabetes management. Furthermore, this study also aimed to examine
the relationship between tooth brushing habits and the pathophysiology of diabetes in patients with
type 2 diabetes.

2. Methods

2.1. Study Population

We recruited 104 (45 men and 59 women) diabetic patients who visited a private diabetes medical
clinic in Yokosuka City (Nakajima Internal Medicine Clinic) every month between October 2016 and
August 2018. Patients with type 1 diabetes, toothless patients, patients who did not visit the diabetic
department monthly, and those who did not consent to the study were excluded. The protocol of
the present study was approved by the Ethics Committee of Kanagawa Dental University in 2016
(approval number: 359) and was conducted in accordance with the Helsinki Declaration of 1975,
as revised in 2013. The study was registered with the Clinical Trial Registry of the University Hospital
Medical Information Network Clinical Trials Registry (ID: UMIN000024627). On implementation,
all participants were given written and verbal explanations regarding the purposes and methods of
the study, any potential risks, potential benefits, protection of personal information, and freedom of
consent and withdrawal. Subsequently, all participants signed the informed consent form.

2.2. Medical Examination

Data regarding age, height, weight, duration of diabetes, presence of diabetic retinopathy, and the
presence of diabetic nephropathy were collected from the subject’s medical records. For each subject,
the diagnosis of diabetic retinopathy was made by an ophthalmologist based on the Davis classification
as follows: no diabetic retinopathy (NDR); simple diabetic retinopathy (SDR); pre-proliferative diabetic
retinopathy (pre-PDR); and proliferative diabetic retinopathy (PDR) [21]. Peripheral blood samples
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were collected by a nurse who specializes in diabetes during the routine monthly medical consultations.
HbA1c levels were measured by an HbA1c analyzer (ADAMSTM A1c HA-8180, ARKRAY Inc.,
Kyoto, Japan), and fasting blood sugar (FBS) levels were measured by a glucose analyzer (Glutest mint,
SANWA KAGAKU KENKYUSHO Co., LTD., Aichi, Japan). The remaining peripheral blood was used
to measure creatinine and triglyceride levels in a clinical laboratory (SRL, Inc., Tokyo, Japan).

2.3. Periodontal Examination

The periodontal disease status test was performed at the diabetic medical clinic on the day of
the subject’s visit by three trained periodontists. The probing pocket depth (PPD) and BOP were
recorded with a manual probe (No.9550, YDM Corporation, Tokyo, Japan) at four points (mesial-buccal,
mid-buccal, distal-buccal, and mid-lingual) for all teeth. Measurements of PPD and BOP were performed
by three periodontists and then calibrated by a periodontist with the longest clinical experience (M.M.).
Tooth mobility was measured for each tooth in the oral cavity. The Miller tooth mobility scale (0 degree,
1 degree, 2 degree, and 3 degree) was used to classify the degree of tooth mobility [22]. The presence of
dental plaque on the surface adjacent to each tooth was determined by scratching the adjacent surface
on the gingival margin with an explorer. Adherence of dental plaque to the adjacent surface even at
one place led to the plaque adhesion on a surface that is adjacent to the tooth to be judged as “Yes”.
The number of times patients brushed their teeth per day and whether they underwent regular dental
check-ups were confirmed by a questionnaire that was completed by the subjects.

2.4. Bayesian Network

A Bayesian network is a directed acyclic graph that is composed of a set of variables {X1, X2,...,XN}
and a set of directed edges between the variables [23]. Bayesian networks are very successful in
probabilistic knowledge representation and reasoning. In Bayesian networks, the joint probability
distribution function of all nodes can be calculated as follows:

P (X1, X2, . . . , XN) =
N∏

i=1

P (Xi | Pai) (1)

where Pai is the set of random variables whose corresponding nodes are parent nodes of Xi.
A Bayesian network contains two elements: structure and parameters. Each arc begins at a parent

node and ends at a child node. Pa (X) represents the parent nodes of node X. X1 is the root node
because it has no input arcs. Root nodes have prior probabilities. Each child node has conditional
probabilities based on the combination of states of its parent nodes.

Although this study was a cross-sectional study, it was analyzed by a Bayesian network with
reference to previous studies by Tsuruta et al. [24].

2.5. Statistical Analysis

All statistical analyses were performed using JMP version 12 (SAS Institute Japan, Tokyo, Japan)
and R version 3.2.0 (The R Project for Statistical Computing, Vienna, Austria, 2013). Results are
expressed as the mean and the standard error of the mean (SEM). Comparisons between the two groups
were analyzed using Welch’s t-test. Spearman’s rank correlation was employed to analyze the statistical
significance of the correlation between two variables. Causal effects between variables were calculated
using Bayesian network analysis. p-Values less than 0.05 were considered statistically significant.

3. Results

3.1. Subject Characteristics

The characteristics of the subjects included in this study are shown in Table 1. The mean age of
the subjects was 70.0 ± 1.22 years (range: 23–86 years). In terms of dental characteristics, the mean
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number of teeth was 21.4 ± 0.735, and the number of teeth tended to decrease with age. The average
BOP was 27.3%, and 13.2% of subjects had an average ratio of a PPD of 4 mm or greater, with most
subjects having periodontal disease. Thirty-eight subjects underwent supportive periodontal therapy
at the dental clinic, and 66 did not. In terms of medical characteristics, the average duration of diabetes
was 13.6 ± 1.02 years. The mean HbA1c was 7.15%, the mean FBS was 147 mg/dL, and the mean serum
creatinine concentration was 1.08 mg/dL. In addition, 36 subjects had diabetic retinopathy, 30 had
SDR, 4 had pre-PDR, and 2 had PDR. Twelve subjects had diabetic nephropathy and two subjects had
diabetic neuropathy. Most of the subjects in this study had a history of diabetes for more than 10 years,
and some had diabetic complications.

Table 1. Characteristics of the subjects in this study.

Total number n = 104
Sex (n): Female/male 59/45
Age (year): Mean ± SEM 70.0 ± 1.22
Age (year): Minimum/maximum 23/86
Number of teeth: Mean ± SEM 21.4 ± 0.735
BOP (%) 27.3 ± 1.74
Ratio of PPD, 4 mm or greater (%) 13.2 ± 1.61
Percentage of teeth with more than 1 degree of movement (%) 9.90 ± 1.74
Plaque adhesion on a surface that is adjacent to the tooth (n): Yes/no 69/35
Brushing the teeth 2 or more times a day: Yes/no 65/39
SPT in the dental clinic: Yes/no 38/66
Duration of diabetes (years): Mean ± SEM 13.6 ± 1.02
BMI (%): Mean ± SEM 29.4 ± 0.467
FBS (mg/dL): Mean ± SEM 147 ± 4.95
HbA1c (%): Mean ± SEM 7.15 ± 0.0948
Serum creatinine (mg/dL) 1.08 ± 0.178
Diabetic nephropathy: Yes/no 12/92
Diabetic retinopathy: Yes/no 36/68
Diabetic retinopathy: PDR/total number 30/36
Diabetic retinopathy: pre-PDR/total number 4/36
Diabetic retinopathy: PDR/total number 2/36
Diabetic neuropathy: Yes/no 2/102
Serum LDL cholesterol (mg/dL): Mean ± SEM 113 ± 3.09
Serum HDL cholesterol (mg/dL): Mean ± SEM 57.3 ± 1.48
Serum triglyceride (mg/dL): Mean ± SEM 161 ± 1.48

BOP, Bleeding on probing; PPD, probing pocket depth; SPT, supportive periodontal therapy; BMI, body mass
index; FBS, fasting blood sugar; HbA1c, hemoglobin A1c; NDR, no diabetic retinopathy; SDR, simple diabetic
retinopathy; PDR, proliferative diabetic retinopathy; LDL, low-density lipoprotein; HDL, high-density lipoprotein;
SEM, standard error of the mean.

3.2. Hemoglobin A1c in Type 2 Diabetic Patients with Adjacent Dental Plaque Attached to the Tooth Surface

The subjects were divided into a group with dental plaque attached to the adjacent tooth surface
(n = 69) and a group without adjacent dental plaque attachment (n = 35). HbA1c was higher in the
group with dental plaque attachment compared to the group without (p < 0.05, Welch’s t-test, Table 2).
No other differences were found between the two groups (Welch’s t-test, Table 2).
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Table 2. Characteristics of the groups with and without adjacent dental plaque attachment.

Variable
Adjacent Dental Plaque
Attachment
(n = 69)

No Adjacent Dental
Plaque Attachment
(n = 35)

p-Value *

Duration of diabetes (years) 14.3 ± 8.44 12.3 ± 13.4 0.4
BMI (%) 29.5 ± 4.69 29.1 ± 4.97 0.7
FBS (mg/dL) 154 ± 49.1 134 ± 51.2 0.06
HbA1c (%) 7.27 ± 1.01 6.90 ± 0.835 <0.05
Creatinine (mg/dL) 1.25 ± 2.21 0.735 ± 0.190 0.06
LDL cholesterol (mg/dL) 112 ± 32.5 113 ± 29.7 0.9
HDL cholesterol (mg/dL) 55.6 ± 14.1 60.5 ± 11.6 0.1
Triglyceride (mg/dL) 164 ± 88.4 156 ± 112 0.8

Data are presented as the mean ± standard error of the mean. BMI, body mass index; FBS, fasting blood sugar;
HbA1c, hemoglobin A1c; Creatinine, serum creatinine; LDL, low-density lipoprotein; HDL, high-density lipoprotein;
Triglyceride: serum triglyceride. * Welch’s t-test. p-values < 0.05 are considered statistically significant.

3.3. Fasting Blood Sugar of Type 2 Diabetic Patients Who Brushed Their Teeth more than Twice a Day

The subjects were divided into two groups: those who brushed their teeth less than once per day
(n = 39) and those who brushed their teeth two or more times per day (n = 65). The FBS in the group
who brushed their teeth more than twice per day was lower than that in the group who brushed once
a day or less (p < 0.0001, Welch’s t-test, Table 3). No other differences were found between the two
groups (Welch’s t-test, Table 3).

Table 3. Characteristics of the groups who brushed their teeth <1 and ≥2 times per day.

Variable
Group Who Brushed Their
Teeth ≥ 2 Times per Day
(n = 65)

Group Who Brushed Their
Teeth < 1 Time per Day
(n = 39)

p-Value *

Duration of diabetes (years) 12.7 ± 10.7 15.1 ± 9.70 0.2
BMI (%) 28.9 ± 4.66 30.3 ± 4.88 0.2
FBS (mg/dL) 128 ± 31.4 179 ± 60.0 <0.0001
HbA1c (%) 7.00 ± 0.906 7.39 ± 1.03 0.05
Creatinine (mg/dL) 0.945 ± 1.56 1.31 ± 2.17 0.4
LDL cholesterol (mg/dL) 115 ± 32.0 108 ± 30.4 0.3
HDL cholesterol (mg/dL) 59.1 ± 13.8 54.2 ± 16.8 0.1
Triglyceride (mg/dL) 153 ± 93.2 173 ± 102 0.3

Data are presented as the mean ± standard error of the mean. BMI, body mass index; FBS, fasting blood sugar;
HbA1c, hemoglobin A1c; Creatinine, serum creatinine; LDL, low-density lipoprotein; HDL, high-density lipoprotein;
Triglyceride, serum triglyceride. * Welch’s t-test. p-values < 0.05 are considered statistically significant.

3.4. Bleeding on Probing in Type 2 Diabetic Patients with Diabetic Retinopathy (1)

The subjects were divided into the diabetic retinopathy group (n = 36) and the non-diabetic
retinopathy group (n = 68). The BOP was higher in the group with diabetic retinopathy than in the
group without diabetic retinopathy (p = 0.006, Welch’s t-test, Table 4). No other differences were found
between the two groups (Welch’s t-test, Table 4).

Table 4. Characteristics of the groups with and without diabetic retinopathy.

Variable Diabetic Retinopathy
(n = 36)

No Diabetic Retinopathy
(n = 68) p-Value *

Number of teeth 20.7 ± 8.50 21.7 ± 6.94 0.5
BOP (%) 34.1 ± 18.1 23.7 ± 16.6 0.006
Ratio of PPD, 4 mm or greater (%) 17.2 ± 19.0 11.1 ± 14.6 0.09
Proportion of teeth with more
than 1 degree of movement (%) 12.0 ± 24.6 8.76 ± 12.7 0.5

Number of times the subjects
brushed their teeth per day 1.53 ± 0.774 1.78 ± 0.666 0.1

Data are presented as the mean ± standard error of the mean. BOP, bleeding on probing; PPD, probing pocket depth.
* Welch’s t-test. p-values < 0.05 are considered statistically significant.
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3.5. Bleeding on Probing in Type 2 Diabetic Patients with Diabetic Retinopathy (2)

Using Spearman’s rank correlation, we found that the FBS positively correlated with the ratio of
PPD of 4 mm or greater (rs = 0.29, p = 0.003, n = 104) and BOP (rs = 0.21, p = 0.04, n = 104) (Table 2).
In contrast, FBS was not correlated with the percentage of teeth with more than 1 degree of movement
(rs = −0.041, p = 0.7, n = 104, Table 5) or the number of teeth (rs = 0.034, p = 0.7, n = 104, Table 5).

Table 5. Correlations among fasting blood sugar, the PPD ratio (4 mm or greater), and BOP.

Variable
Fasting Blood Sugar (mg/dL)

rs * p-Value n

Ratio of PPD 4 mm or greater (%) 0.29 0.0029 104
BOP (%) 0.21 0.037 104
Proportion of teeth with more than 1 degree of movement (%) −0.041 0.68 104
Number of teeth 0.034 0.73 104

PPD, Probing pocket depth; BOP, bleeding on probing. * Spearman’s rank correlation coefficient. p-values < 0.05 are
considered statistically significant.

3.6. Determination of Causal Effects Using Bayesian Network Analysis

Bayesian network analysis showed that the presence of diabetic retinopathy was directly affected
by BOP. In addition, the number of times patients brushed their teeth per day was directly affected by
HbA1c and FBS.

4. Discussion

4.1. Effect of Bleeding on Probing on Diabetic Retinopathy

In this study, the subjects with diabetic retinopathy had a higher BOP compared to those without
diabetic retinopathy (Table 4). Furthermore, the Bayesian network analysis showed that the presence
of diabetic retinopathy was directly affected by the BOP (Figure 1). The BOP indicates the gingival
inflammatory conditions caused by periodontal disease [25]. Accordingly, these results indicate that
gingival inflammation in diabetic patients might have affected the development of diabetic retinopathy.

The involvement of reactive oxygen species (ROS) is considered to be a factor in which
inflammation of the gingiva affected diabetic retinopathy [26–33]. Porphyromonas gingivalis (P. gingivalis)
and Fusobacterium nucleatum (F. nucleatum) are the major periodontal bacteria that cause gingival
inflammation [26,27]. It has been reported that diabetic model rats infected with P. gingivalis
have increased maxillofacial oxidative stress and decreased gingival microvascular reactivity [28].
Tothova et al. reported that gingival inflammation caused by periodontitis leads to the production
of ROS by neutrophils [29]. Furthermore, ROS production by neutrophils against F. nucleatum has
been shown to be higher than that of P. gingivalis [30]. Overproduced ROS in the oral cavity can cause
oxidative stress and oxidative damage to cells, proteins, and lipids throughout the body, which can
lead to systemic disease [31]. Oxidative stress has been shown to reduce neuroretinal function [32].
In addition, oxidative stress has been found to be associated with the accelerated onset of diabetic
retinopathy [33]. Therefore, ROS produced during inflammation of the gingiva in type 2 diabetic
patients might induce oxidative stress and contribute to the development of diabetic retinopathy.
Suppressing the production of ROS by treating periodontal disease might reduce the development of
diabetic retinopathy in diabetic patients.
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Interleukin-17 (IL-17), which is secreted by IL-17-producing cells (T helper-17 cell: Th-17),
causes inflammation and is involved in the development of chronic diseases such as autoimmune
diseases [34]. IL-17 and Th-17 cells are present in human periodontal disease lesions and cause
gingival inflammation [35]. Patients with a high BOP ratio have been found to have higher IL-17A
concentrations in the saliva and gingival crevicular fluid compared with those without periodontal
disease [36]. Furthermore, patients with periodontal disease have been found to have more Th-17 cells
that produce IL-17 in the serum compared to healthy individuals [37]; in addition, the serum IL-17
concentration decreased due to a decrease in the BOP ratio in periodontal patients [38]. IL-17A has been
reported to exacerbate diabetic retinopathy by impairing the function of Muller cells, which are the
major glial cells in the retina [39]. Furthermore, IL-17A receptors have been found to be expressed in
Muller glial cells, retinal endothelial cells, and photoreceptors [40]. Increased production of IL-17A in
the periodontal lesions of patients with type 2 diabetes might have affected the development of diabetic
retinopathy via the IL-17A receptor in the retina. Therefore, suppression of gingival inflammation
with proper periodontal treatment might reduce IL-17 production in the gingiva and reduce the
development of diabetic retinopathy in diabetic patients.

4.2. Relationship between Glycemic Control and Oral Hygiene Behavior

The Bayesian network analysis showed that the number of times patients brushed their teeth per
day was directly affected by the HbA1c and FBS (Figure 1). In addition, HbA1c was higher in the
group with dental plaque on the adjacent surfaces of the teeth compared to the group without adjacent
dental plaque (Table 2). The FBS in subjects who brushed more than twice a day was lower than that
of the subjects who brushed once a day or less (Table 3). It is well known that the amount of plaque
on the tooth surface increases when the number of times toothbrushing is performed decreases [41].
Furthermore, HbA1c tended to be lower in the group who brushed more than twice a day than in the
group who brushed once a day or less (p = 0.05, Table 3). From these findings, it is inferred that not only
do FBS and HbA1c directly affect the number of times that diabetic patients brush their teeth per day,
but also that oral hygiene habits and oral hygiene in diabetic patients are related to glycemic control.

Health literacy is the ability of an individual to obtain, understand, evaluate, and use health
information to make decisions regarding the treatment of illnesses and overall health, and to maintain
and improve the quality of life [42]. Sense of coherence (SOC) is a personality trait that allows
individuals to adapt to and cope with stress to promote their health [43]. Recently, it has been reported
that health literacy and SOC influence the pathophysiology of chronic diseases [42,44]. Patients with
type 2 diabetes who have poor glycemic control have been shown to have poor health literacy [45].
Since SOC is indirectly involved in the glycemic control of patients with type 2 diabetes, it is necessary
to increase SOC to improve glycemic control in such patients [46,47]. In addition, it has been reported
that health literacy and SOC also affect oral hygiene behavior. Those who brush their teeth more than
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twice a day had a higher health literacy [48,49]. It has been reported that subjects who brush their
teeth more than twice a day had higher SOC scores [49]. Inferring from these reports, the diabetic
patients in this study with a higher health literacy and SOC would have been aware of not only blood
glucose control, but also oral health improvement and behavior. Moreover, the ability to maintain and
promote the health of diabetics would have been associated with glycemic control and oral hygiene
habits. As a result, FBS and HbA1c would have had an effect on the number of times toothbrushing
was performed per day, even in the Bayesian network analysis (Figure 1). Patients with type 2 diabetes
who brush their teeth less often (per day) and have a large amount of plaque in the oral cavity might
have poor glycemic control. Therefore, dentists and dental hygienists need to educate type 2 diabetics
who are not interested in oral health in order to improve their health literacy and SOC, which might
improve glycemic control in type 2 diabetics.

4.3. Relationship Between Periodontal Inflammation and Fasting Blood Sugar

In this study, there was a correlation between FBS and the ratio of both PPD of 4 mm or greater
and BOP (Table 5). Similar to BOP, a PPD of 4 mm or greater indicates inflammation of the periodontal
tissue [50]. Therefore, this relationship between periodontal inflammation and FBS in patients with
type 2 diabetes was expected. There are many reports regarding the relationship between periodontal
disease and FBS. Bleeding on probing (BOP) and PPD of 4 mm or greater were associated with fasting
blood glucose [51]. For example, Joshipura et al. reported that the FBS of diabetic patients was reduced
due to reduced periodontal pockets and improved BOP [52]. Further, Choi et al. reported that the FBS
increased as the PPD increased [53]. Periodontal disease increases insulin resistance and raises blood
sugar in diabetic patients [54]. Moreover, Colombo et al. reported that periodontal disease model rats
had elevated plasma concentrations of tumor necrosis factor-α and increased insulin resistance [55].
The subjects in the present study might have also had high FBS levels due to periodontal inflammation
causing insulin resistance. Treatment and education to reduce periodontal inflammation in dental
clinics would help to control blood glucose levels in patients with type 2 diabetes.

4.4. Considerations

To the best of our knowledge, this study is the first to clarify the effect of periodontal disease on
diabetic retinopathy in type 2 diabetic patients, as assessed by the diabetes department. However, this
study has some limitations. First, we could not determine the smoking history of subjects because
this was not described in the diabetes medical charts of the subjects. Second, we were unable to
obtain data on the subjects’ insulin injection status and medication status. As such, future studies will
need to consider the association between these data and the effect of periodontal disease on diabetic
retinopathy. Third, analysis of the Bayesian network revealed a causal relationship between multiple
items. However, since the main purpose of this study was to clarify the effect of periodontal disease on
diabetic complications, we considered only the causal relationship between the two diseases.

5. Conclusions

In conclusion, the BOP of subjects with diabetic retinopathy was higher than that of the
subjects without diabetic retinopathy. Moreover, the gingival inflammation exhibited by BOP
affected the presence of diabetic retinopathy in type 2 diabetics who regularly visit diabetic clinics.
Controlling gingival inflammation by treating periodontal disease in dental clinics might suppress the
development of diabetic retinopathy in patients with type 2 diabetes.
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31. Żukowski, P.; Maciejczyk, M.; Waszkiel, D. Sources of free radicals and oxidative stress in the oral cavity.
Arch. Oral Biol. 2018, 92, 8–17. [CrossRef] [PubMed]

32. Suzumura, A.; Kaneko, H.; Funahashi, Y.; Takayama, K.; Nagaya, M.; Ito, S.; Okuno, T.; Hirakata, T.;
Nonobe, N.; Kataoka, K.; et al. n-3 fatty acid and its metabolite 18-HEPE ameliorate retinal neuronal cell
dysfunction by enhancing Müller BDNF in diabetic retinopathy. Diabetes 2020, 69, 724–735. [CrossRef]
[PubMed]

33. Cecilia, O.M.; José Alberto, C.G.; José, N.P.; Ernesto Germán, C.M.; Ana Karen, L.C.; Luis Miguel, R.P.; Ricardo
Raúl, R.R.; Adolfo Daniel, R.C. Oxidative stress as the main target in diabetic retinopathy pathophysiology.
J. Diabet. Res. 2019, 2019, 8562408. [CrossRef] [PubMed]

34. Ren, S.; Hu, J.; Chen, Y.; Yuan, T.; Hu, H.; Li, S. Human umbilical cord derived mesenchymal stem cells
promote interleukin-17 production from human peripheral blood mononuclear cells of healthy donors and
systemic lupus erythematosus patients. Clin. Exp. Immunol. 2016, 183, 389–396. [CrossRef] [PubMed]

35. Cheng, W.C.; Hughes, F.J.; Taams, L.S. The presence, function and regulation of IL-17 and Th17 cells in
periodontitis. J. Clin. Periodont. 2014, 41, 541–549. [CrossRef] [PubMed]

36. Apatzidou, D.A.; Iskas, A.; Konstantinidis, A.; Alghamdi, A.M.; Tumelty, M.; Lappin, D.F.; Nile, C.J. Clinical
associations between acetylcholine levels and cholinesterase activity in saliva and gingival crevicular fluid
and periodontal diseases. J. Clin. Periodont. 2018, 45, 1173–1183. [CrossRef]

37. Chen, X.T.; Chen, L.L.; Tan, J.Y.; Shi, D.H.; Ke, T.; Lei, L.H. Th17 and Th1 lymphocytes are correlated with
chronic periodontitis. Immunol. Investig. 2016, 45, 243–254. [CrossRef]

38. Duarte, P.M.; da Rocha, M.; Sampaio, E.; Mestnik, M.J.; Feres, M.; Figueiredo, L.C.; Bastos, M.F.; Faveri, M.
Serum levels of cytokines in subjects with generalized chronic and aggressive periodontitis before and after
non-surgical periodontal therapy: A pilot study. J. Periodont. 2010, 81, 1056–1063. [CrossRef] [PubMed]

39. Qiu, A.W.; Liu, Q.H.; Wang, J.L. Blocking IL-17A alleviates diabetic retinopathy in rodents. Cell Physiol. Biochem.
2017, 41, 960–972. [CrossRef]

http://dx.doi.org/10.1111/jcpe.12476
http://dx.doi.org/10.1155/2013/193514
http://www.ncbi.nlm.nih.gov/pubmed/23671858
http://dx.doi.org/10.1016/j.jbi.2005.10.003
http://www.ncbi.nlm.nih.gov/pubmed/16337837
http://dx.doi.org/10.1186/s40359-017-0176-1
http://dx.doi.org/10.1902/jop.2016.150551
http://dx.doi.org/10.1111/jcpe.13214
http://www.ncbi.nlm.nih.gov/pubmed/31674689
http://dx.doi.org/10.1111/ipd.12065
http://www.ncbi.nlm.nih.gov/pubmed/24025042
http://dx.doi.org/10.3164/jcbn.11-103
http://dx.doi.org/10.3389/fphys.2017.01055
http://dx.doi.org/10.1111/j.1600-0765.2010.01299.x
http://www.ncbi.nlm.nih.gov/pubmed/20663022
http://dx.doi.org/10.1016/j.archoralbio.2018.04.018
http://www.ncbi.nlm.nih.gov/pubmed/29729478
http://dx.doi.org/10.2337/db19-0550
http://www.ncbi.nlm.nih.gov/pubmed/32029482
http://dx.doi.org/10.1155/2019/8562408
http://www.ncbi.nlm.nih.gov/pubmed/31511825
http://dx.doi.org/10.1111/cei.12737
http://www.ncbi.nlm.nih.gov/pubmed/26507122
http://dx.doi.org/10.1111/jcpe.12238
http://www.ncbi.nlm.nih.gov/pubmed/24735470
http://dx.doi.org/10.1111/jcpe.12989
http://dx.doi.org/10.3109/08820139.2016.1138967
http://dx.doi.org/10.1902/jop.2010.090732
http://www.ncbi.nlm.nih.gov/pubmed/20192617
http://dx.doi.org/10.1159/000460514


J. Clin. Med. 2020, 9, 3234 11 of 11

40. Sigurdardottir, S.; Zapadka, T.E.; Lindstrom, S.I.; Liu, H.; Taylor, B.E.; Lee, C.A.; Kern, T.S.; Taylor, P.R.
Diabetes-mediated IL-17A enhances retinal inflammation, oxidative stress, and vascular permeability.
Cell Immunol. 2019, 341, 103921. [CrossRef]

41. Kinane, D.F.; Zhang, P.; Benakanakere, M.; Singleton, J.; Biesbrock, A.; Nonnenmacher, C.; He, T. Experimental
gingivitis, bacteremia and systemic biomarkers: A randomized clinical trial. J. Periodont. Res. 2015, 50,
864–869. [CrossRef] [PubMed]

42. Wang, W.; Zhang, Y.; Lin, B.; Mei, Y.; Ping, Z.; Zhang, Z. The urban-rural disparity in the status and risk factors of health
literacy: A cross-sectional survey in Central China. Int. J. Environ. Res. Public Health 2020, 17, 3848. [CrossRef] [PubMed]

43. Tsiligianni, I.; Sifaki-Pistolla, D.; Gergianaki, I.; Kampouraki, M.; Papadokostakis, P.; Poulonirakis, I.;
Gialamas, I.; Bempi, V.; Ierodiakonou, D. Associations of sense of coherence and self-efficacy with health
status and disease severity in COPD. NPJ Prim. Care Respir. Med. 2020, 30, 27. [CrossRef] [PubMed]

44. Robat-Sarpooshi, D.; Mahdizadeh, M.; Alizadeh Siuki, H.; Haddadi, M.; Robatsarpooshi, H.; Peyman, N.
The relationship between health literacy level and self-care behaviors in patients with diabetes. Pat. Relat.
Outcome Meas. 2020, 11, 129–135. [CrossRef] [PubMed]

45. Saeed, H.; Saleem, Z.; Naeem, R.; Shahzadi, I.; Islam, M. Impact of health literacy on diabetes outcomes:
A cross-sectional study from Lahore, Pakistan. Public Health 2018, 156, 8–14. [CrossRef] [PubMed]

46. Cohen, M.; Kanter, Y. Relation between sense of coherence and glycemic control in type 1 and type 2 diabetes.
Behav. Med. 2004, 29, 175–183. [CrossRef]

47. Odajima, Y.; Sumi, N. Factors related to sense of coherence in adult patients with Type 2 diabetes. Nagoya J.
Med. Sci. 2018, 80, 61–71.

48. Cepova, E.; Cicvakova, M.; Kolarcik, P.; Markovska, N.; Geckova, A.M. Associations of multidimensional
health literacy with reported oral health promoting behaviour among Slovak adults: A cross-sectional study.
BMC Oral Health 2018, 18, 44. [CrossRef]

49. Bernabé, E.; Kivimäki, M.; Tsakos, G.; Suominen-Taipale, A.L.; Nordblad, A.; Savolainen, J.; Uutela, A.;
Sheiham, A.; Watt, R.G. The relationship among sense of coherence, socio-economic status, and oral
health-related behaviours among Finnish dentate adults. Eur. J. Oral. Sci. 2009, 117, 413–418. [CrossRef]

50. Javed, F.; Al Amri, M.D.; Al-Kheraif, A.A.; Qadri, T.; Ahmed, A.; Ghanem, A.; Calvo-Guirado, J.L.;
Romanos, G.E. Efficacy of non-surgical periodontal therapy with adjunct Nd:YAG laser therapy in the
treatment of periodontal inflammation among patients with and without type 2 diabetes mellitus: A short-term
pilot study. J. Photochem. Photobiol. B 2015, 149, 230–234. [CrossRef]

51. Jung, Y.S.; Shin, M.H.; Kweon, S.S.; Lee, Y.H.; Kim, O.J.; Kim, Y.J.; Chung, H.J.; Kim, O.S. Periodontal
disease associated with blood glucose levels in urban Koreans aged 50 years and older: The Dong-gu study.
Gerodontology 2015, 32, 267–273. [CrossRef] [PubMed]

52. Joshipura, K.J.; Muñoz-Torres, F.J.; Dye, B.A.; Leroux, B.G.; Ramírez-Vick, M.; Pérez, C.M. Longitudinal association
between periodontitis and development of diabetes. Diabet. Res. Clin. Pract. 2018, 141, 284293. [CrossRef] [PubMed]

53. Choi, Y.H.; McKeown, R.E.; Mayer-Davis, E.J.; Liese, A.D.; Song, K.B.; Merchant, A.T. Association between
periodontitis and impaired fasting glucose and diabetes. Diabet. Care 2011, 34, 381–386. [CrossRef] [PubMed]

54. Akutagawa, K.; Fujita, T.; Ouhara, K.; Takemura, T.; Tari, M.; Kajiya, M.; Matsuda, S.; Kuramitsu, S.;
Mizuno, N.; Shiba, H.; et al. Glycyrrhizic acid suppresses inflammation and reduces the increased glucose
levels induced by the combination of Porphyromonas gulae and ligature placement in diabetic model mice.
Int. Immunopharmacol. 2019, 68, 30–38. [CrossRef] [PubMed]

55. Colombo, N.H.; Shirakashi, D.J.; Chiba, F.Y.; Coutinho, M.S.; Ervolino, E.; Garbin, C.A.; Machado, U.F.;
Sumida, D.H. Periodontal disease decreases insulin sensitivity and insulin signaling. J. Periodontol. 2012, 83,
864–870. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.cellimm.2019.04.009
http://dx.doi.org/10.1111/jre.12280
http://www.ncbi.nlm.nih.gov/pubmed/25960104
http://dx.doi.org/10.3390/ijerph17113848
http://www.ncbi.nlm.nih.gov/pubmed/32485790
http://dx.doi.org/10.1038/s41533-020-0183-1
http://www.ncbi.nlm.nih.gov/pubmed/32555199
http://dx.doi.org/10.2147/PROM.S243678
http://www.ncbi.nlm.nih.gov/pubmed/32440244
http://dx.doi.org/10.1016/j.puhe.2017.12.005
http://www.ncbi.nlm.nih.gov/pubmed/29353668
http://dx.doi.org/10.3200/BMED.29.4.175-185
http://dx.doi.org/10.1186/s12903-018-0506-6
http://dx.doi.org/10.1111/j.1600-0722.2009.00655.x
http://dx.doi.org/10.1016/j.jphotobiol.2015.06.013
http://dx.doi.org/10.1111/ger.12107
http://www.ncbi.nlm.nih.gov/pubmed/24428748
http://dx.doi.org/10.1016/j.diabres.2018.04.028
http://www.ncbi.nlm.nih.gov/pubmed/29679620
http://dx.doi.org/10.2337/dc10-1354
http://www.ncbi.nlm.nih.gov/pubmed/21216848
http://dx.doi.org/10.1016/j.intimp.2018.12.045
http://www.ncbi.nlm.nih.gov/pubmed/30599445
http://dx.doi.org/10.1902/jop.2011.110349
http://www.ncbi.nlm.nih.gov/pubmed/22087804
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Population 
	Medical Examination 
	Periodontal Examination 
	Bayesian Network 
	Statistical Analysis 

	Results 
	Subject Characteristics 
	Hemoglobin A1c in Type 2 Diabetic Patients with Adjacent Dental Plaque Attached to the Tooth Surface 
	Fasting Blood Sugar of Type 2 Diabetic Patients Who Brushed Their Teeth more than Twice a Day 
	Bleeding on Probing in Type 2 Diabetic Patients with Diabetic Retinopathy (1) 
	Bleeding on Probing in Type 2 Diabetic Patients with Diabetic Retinopathy (2) 
	Determination of Causal Effects Using Bayesian Network Analysis 

	Discussion 
	Effect of Bleeding on Probing on Diabetic Retinopathy 
	Relationship between Glycemic Control and Oral Hygiene Behavior 
	Relationship Between Periodontal Inflammation and Fasting Blood Sugar 
	Considerations 

	Conclusions 
	References

