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Abstract

The present study aimed to assess the relationship between periodontal condition and

endothelial function using a noninvasive device. Many recent studies have reported

associations between periodontitis and cardiovascular diseases. Endothelial dysfunction

is the first step of atherosclerosis, but information on the association between peri-

odontal disease and endothelial dysfunction remains limited. Thirty-three subjects were

recruited from among patients at a private medical clinic. We examined vascular endo-

thelial function using a noninvasive medical device and periodontal measurements

including probing pocket depth, attachment level, tooth mobility, and oral cleaning con-

dition. Subjects were divided into two groups according to endothelial function score.

Tooth mobility and number of lost teeth were increased in the group with endothelial

dysfunction. A greater frequency of elderly subjects and altered hemoglobin A1c levels

were seen in the endothelial dysfunction group. On multiple logistic regression analysis,

increased tooth mobility was independently associated with endothelial dysfunction.

Increased tooth mobility, a major periodontal parameter, appears related to endothelial

dysfunction.
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1 | INTRODUCTION

In recent years, a relationship between periodontitis and atherosclero-

sis has been identified. Inflammation plays a fundamental role in

the pathogenesis of vascular diseases, and low-grade chronic inflam-

mation has been shown to be associated with adverse cardiovascular

outcomes (Libby, Ridker, & Maseri, 2002). Periodontitis, a common

chronic infection of the tissues surrounding teeth, is associated with

elevated levels of C-reactive protein and inflammatory biomarkers

(Loos, Craandijk, Hoek, Wertheim-van Dillen, & van der Velden, 2000;

Noack et al., 2001; Slade et al., 2003; Slade, Offenbacher, Beck,

Heiss, & Pankow, 2000). Periodontitis involves bacterial infection

with Gram-negative bacteria that invade the superficial and deeper

gingival tissues depending on severity (Pihlstrom, Michalowicz, &

Johnson, 2005). Previous studies have shown that periodontitis is

linked to endothelial dysfunction (Amar et al., 2003), atherosclerosis

(Beck et al., 2001), and an increased risk of myocardial infarction

(Scannapieco, Bush, & Paju, 2003). In experimental models, periodontal

bacteria have been shown to accelerate platelet aggregation, foam-cell

formation, and the development of atheroma (Lalla, Lamster, &

Hofmann, 2003; Li, Messas, Batista Jr, Levine, & Amar, 2002). Intensive

periodontal treatment has been shown to improve endothelial function

(Tonetti, DAiuto, Nibaji, et al., 2007). A recent randomized clinical trial

also revealed that periodontal treatment improved the endothelial func-

tion of patients following myocardial infarction (Lobo et al., 2020).

Porphyromonas gingivalis, a major periodontopathic pathogen, might be
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involved in exacerbation of cardiovascular disease (Bugueno, Zobairi

El-Ghazouani, et al., 2020). A narrative review indicated that periodontal

treatment may improve endothelial dysfunction, although the issue

remains contentious (Parenti, Paccosi, Cairo, & Defraia, 2015).

Reactive hyperemia-peripheral arterial tonometry (RH-PAT) is an

evaluation tool for vascular endothelial function, and allows assessment

of the condition of arterial vascular function in just 15 min, regardless

of artery size. Specifically, the ratio of arterial blood flow volume before

and after release of blood flow is expressed as a numerical value, reac-

tive hyperemia index (RHI). RH-PAT offers a simpler approach than tra-

ditional methods such as flow-mediated dilation (FMD) and was

considered a useful tool in a previous study(Suzuki et al., 2014).

We hypothesized that vascular endothelial function is reduced in

patients with periodontitis. The purpose of this study was to assess

the relationship between periodontal condition and vascular endothe-

lial function using RH-PAT.

2 | MATERIAL AND METHODS

2.1 | Study population

Thirty-three subjects were recruited from patients at Yokosuka Tower

Clinic between September 2017 and March 2018. A physician picked

out those who met the inclusion/exclusion criteria. Inclusion criteria

were 20 years old or older and consent to participate in this study.

Exclusion criteria were as follows: history and/or presence of other

infection; regular administration of drugs resulting in gingival hyper-

plasia (such as cyclosporine and phenytoin) within the past 2 months;

antibiotic intake within the past 2 months; dental visits within the past

6 months; or pregnancy.

The Ethics Committee of the School of Dentistry in Kanagawa

Dental University approved the protocol for the present study

(approval no. 436), and the protocol conformed to the 1975 Declara-

tion of Helsinki, as revised in 2013. Written informed consent was

provided by each participant.

2.2 | Medical examination

Vascular endothelial function was examined using RH-PAT (EndoPAT;

Itamar Medical, Caesarea, Israel), as previously described (Kuvin et al.,

2003). Briefly, patients could drink only water before the examination

and stopped taking drugs, and did not take a bath or exercise on the

morning of the test. During measurement, patients stayed in bed for

15 min under a steady environment to relax, representing no noise and

comfortable temperature. The left arm was used as control, while the

right arm was used as the test side. Measurement comprised a 5-min

baseline recording, 5 min of right brachial artery occlusion, and 5 min of

RHI measurement. Brachial artery occlusion was performed using a

sphygmomanometer cuff inflated to at least 60 mmHg over the systolic

blood pressure of the patient. All analyses were performed in strict

accordance with the instructions from the manufacturer.

General information and medical history of subjects such as age,

sex, height, weight, blood pressure, smoking history, and serum hemo-

globin (Hb) A1c level were collected from the medical records.

2.3 | Clinical periodontal examination

A trained periodontist (NA) counted the number of teeth and recorded

probing pocket depth (PPD), clinical attachment level (CAL) and bleeding

on probing (BOP) at six points (buccal-mesial, mid-buccal, buccal-distal,

lingual-mesial, mid-lingual, and lingual-distal) on all teeth including third

molars with a manual probe (DISPON probe; BSA Sakurai Co., Nagoya,

Japan). To avoid bias, the periodontist was blinded to medical records.

Tooth mobility was examined using tweezers (DISPON pincet; BSA

Sakurai Co.). To assess tooth mobility, Miller's classification was used as

follows: 0, only slight, physiological movement when force was applied;

1, movement less than 1 mm in buccolingual or mesiodistal direction;

2, movement of 1 mm or more in the buccolingual and/or mesiodistal

direction without vertical mobility; or 3, movement of 2 mm or more in

the buccolingual and mesiodistal directions or in the vertical direction

(Laster, Laudenbach, & Stoller, 1975; Miller, 1950). O'Leary's plaque con-

trol record (PCR) was scored at four sites (buccal, lingual, mesial, and dis-

tal), as previously described (O'Leary, Drake, & Naylor, 1972).

2.4 | Data analysis

Results are shown as mean ± SD for continuous variables and

as percentage for categorical variables. We divided subjects into two

groups according to median RHI score. The low-RHI group, with endo-

thelial dysfunction, included participants with median RHI or lower

(<1.45), while the high-RHI group included all others. Comparison

between groups was performed using Student's t test for continuous

data and the χ2 test for categorical data. Spearman's rank correlation

coefficient was calculated to compare RHI scores and clinical periodon-

tal parameters. Multivariate analysis was performed, using logistic

regression. For this analysis, we used models that included age, sex,

HbA1c, hypertension, dyslipidemia, and smoking status. JMP version

9.0.3 (SAS Institute Inc., Cary, NC) was used for all statistical analyses.

Values of p < .05 were considered significant.

3 | RESULTS

The characteristics of subjects in this study are shown in Table 1. No

singificant differences in sex, smoking rate, body mass index (BMI),

blood pressure, or frequencies of dyslipidemia, retinopathy, nephropa-

thy, or neurological disorders were seen between groups. The low-

RHI group with endothelial dysfunction showed significantly higher

mean age and lower HbA1c than the high-RHI group.

Periodontal conditions of subjects are also shown in Table 1.

Mean number of missing teeth was increased in the low-RHI group.

Mean PPD, CAL, BOP rate and PCR were comparable between
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groups. Many participants had loosened teeth and the mean number

of loosened teeth was increased in the low-RHI group. Total tooth

mobility score was significantly increased in the low-RHI group in

comparison to the high-RHI group. Figure 1 shows the association

between each periodontal score and RHI. Total tooth mobility score

was associated with RHI.

We performed multiple logistic regression analysis to assess

whether patients with low RHI exhibited increased tooth mobility

regardless of confounding factors such as age or HbA1c. High tooth

mobility showed a relationship with low RHI after adjusting for age

and HbA1c (Table 2). However, the association between RHI and

tooth mobility was weaker in the fully adjusted model.

4 | DISCUSSION

To the best of our knowledge, this is the first report to indicate an

association between periodontitis and vascular endothelial function

using the noninvasive RH-PAT medical device. A relationship between

tooth mobility and endothelial dysfunction was found (Table 1). Tooth

mobility is one of the major symptoms in periodontitis.

Previous reports have shown associations between endothelial

function as judged using other methods and systemic inflammation, car-

diovascular diseases, and periodontal disease (Amar et al., 2003; Kitta

et al., 2009; Kusunose et al., 2016; Matsuzawa, Sugiyama, Sumida,

et al., 2013; Moura et al., 2017; Orlandi et al., 2014; Osmenda, Maciag,

Wilk, et al., 2017; Suzuki et al., 2014; Tonetti et al., 2007). Several

methods have been applied in the assessment of endothelial function,

with FMD as one of the major tests of endothelial function (Matsuzawa,

Guddeti, Kwon, Lerman, & Lerman, 2015). While FMD is a traditional

method for assessing blood flow, RH-PAT evaluates the ratio of arterial

blood flow volume before and after the release of blood flow. RHI score

from RH-PAT has been statistically associated with the results of

FMD(Kitta et al., 2009; Kuvin et al., 2003; Matsuzawa et al., 2013). Vas-

cular analysis by RH-PAT has advantages of easy usage and noninvasive

features (Wilk et al., 2013). Several tests have been used for judging

TABLE 1 Characteristics of subjects
Variable High RHI Low RHI p

Number 16 17 -

RHI 1.80 ± 0.45 1.29 ± 0.13 <.001

Female [n, (%)] 9 (56) 10 (59) .88

Age 55.1 ± 15.4 68.7 ± 12.4 .009

HbA1c [%] 7.58 ± 1.54 6.69 ± 0.59 .035

Smoke

Never [n, (%)] 9 (56) 9 (53) .17

Former [n, (%)] 3 (19) 7 (41) -

Current [n, (%)] 4 (25) 1 (6) -

BMI [kg/m2] 26.4 ± 5.8 25.2 ± 5.4 .56

SBP [mmHg] 136.2 ± 17.2 136.4 ± 16.6 .97

DBP [mmHg] 82.3 ± 15.0 77.0 ± 7.4 .20

Diabetes mellitus [n, (%)] 16 (100) 17 (100) -

Hypertension [n, (%)] 5 (31) 11 (65) .052

Dyslipidemia [n, (%)] 9 (56) 6 (35) .23

Retinopathy [n, (%)] 2 (13) 0 (0) .082

Kidney disease [n, (%)] 1 (6) 2 (12) .58

Neuropathy [n, (%)] 2 (13) 2 (12) .95

Number of missing teeth 6.56 ± 4.23 12.06 ± 0.41 .040

PPD [mm] 2.32 ± 0.25 2.50 ± 0.52 .22

CAL [mm] 2.75 ± 0.63 3.19 ± 0.70 .075

BOP [%] 17.1 ± 11.6 22.3 ± 22.8 .42

Plaque control record [%] 45.2 ± 17.6 42.0 ± 22.7 .66

Patients with loosening teeth [n, (%)] 3 (19) 10 (63) .010

Number of loosening teeth 0.38 ± 0.89 3.19 ± 3.54 .005

Sum of tooth mobility 0.38 ± 0.89 3.65 ± 3.82 .002

Note: Data are shown as mean ± SD or number and percentage. Comparison between groups was per-

formed using Student's t test for continuous data and the χ2 test for categorical data.

Abbreviations: BMI, body mass index; BOP, bleeding on probing; CAL, clinical attachment level; DBP, dia-

stolic blood pressure; HbA1c, hemoglobin A1c; PPD, probing pocket depth; RHI, reactive hyperemia

index; SBP, systolic blood pressure.
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arterial stiffness, such as carotid-femoral pulse wave velocity, branchial-

ankle pulse wave velocity, cardio-ankle vascular index, and stiffness

parameter β. The present study used RH-PAT because of its strong

point as a noninvasive method for measuring endothelial function. RH-

PAT is not useful for assessing large numbers of people, but its inspec-

tion accuracy and reproducibility have been recognized with use of a

special probe (Kuvin et al., 2003).

The possibility of improved endothelial function by periodontal

therapy has been shown (Kajikawa et al., 2014; Tonetti

et al., 2007). Those reports suggested that periodontal infection

and inflammation may be risk factors for endothelial dysfunction.

Periodontitis was also indicated to induce endothelial dysfunction

and treatment for severe periodontitis may reverse endothelial

dysfunction (Lobo et al., 2020; Orlandi et al., 2014; Punj, Shenoy, &

Subramanyam, 2017; Seinost et al., 2005). Subjects with severe

periodontitis showing endothelial dysfunction and systemic inflam-

mation are possibly at increased risk of cardiovascular disease

(Amar et al., 2003; Libby, 1995; Moura et al., 2017) Smoking may

play a role as a confounding factor (Kokubo et al., 2017), and an

association between periodontal disease and endothelial dysfunc-

tion was indicated in smoking patients (Velosa-Porras et al., 2016).

A relationship between oral hygiene and endothelial function has

also been found (Kajikawa et al., 2014). Periodontal treatment may

be extremely useful, because improved endothelial function leads

to prevention of atherogenesis and future cardiovascular events

(Sen et al., 2018).

Reactive oxygen species (ROS) have been implicated in the patho-

genesis of vascular diseases (Abid, Kachra, Spokes, & Aird, 2000;

Kobayashi et al., 2003). The ROS system was originally regarded as a

defense against exogenous microorganisms. A balance of ROS and

antioxidant defense systems has also been implicated in the patho-

genesis of periodontitis (Liu et al., 2017). Periodontal bacteria can eas-

ily disseminate into the systemic circulation through gingival injuries,

leading to systemic inflammation (Hirschfeld & Kawai, 2015; Osmenda

et al., 2017). Periodontal infection can promote ROS generation

and enhanced oxidative stress in local and systemic inflammatory

responses might contribute to the pathogenesis of cardiovascular dis-

eases. Further investigations using animal models and interventional

F IGURE 1 Association between each periodontal score and reactive hyperemia index (RHI). (a) Number of lost teeth and RHI. Spearman's
rank correlation coefficient = −0.22, p = .21. (b) Probing pocket depth (PPD) and RHI. Spearman's rank correlation coefficient = −0.10, p = .59.
(c) Clinical attachment level (CAL) and RHI. Spearman's rank correlation coefficient = −0.21, p = .25. (d) Total tooth mobility and RHI. Spearman’s
rank correlation coefficient = −0.37, p = .035
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studies are needed to clarify the mechanisms underlying between

periodontal disease and vascular diseases.

Several limitations to this study warrant consideration. Participants

were recruited from a private medical hospital and most had type 2 dia-

betes mellitus. Periodontal condition varied markedly and a few cases

of severe periodontitis cases were included. The high-RHI group

showed increased HbA1c (Table 1) and HbA1c level was associated

with endothelial dysfunction. Each patient had received specific dia-

betic treatment and treatment period varied, which might have affected

the results. However, tooth mobility correlated with endothelial func-

tion after adjustment for age and HbA1c. In considering generalizability,

assessments of endothelial function and periodontal condition may be

warranted in nondiabetes patients. Next, the number of participants in

the present study was 33, representing a relatively small cohort.

Although this was a pilot study, we should add data and confirm the

results of this study in further investigations. Moreover, we used

median RHI to divide patients into two groups in this study, because no

consensus has been reached regarding cutoff points for RHI. As a result,

a relationship between tooth mobility and endothelial function was

found using this cutoff point; however, confirmation of the cutoff point

should be performed in future studies.

In this study, an association between increased tooth mobility

and endothelial dysfunction was found using RH-PAT. Medical and

dental cooperation may extend life expectancy, and control of oral

infection may lead to prevention of noncommunicable diseases. Fur-

ther investigations are needed to assess whether periodontal treat-

ment can improve endothelial function and prevent cardiovascular

outcomes.
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TABLE 2 Multiple logistic regression
analysis for low reactive hyperemia index
(RHI) score

Unadjusted Model 1 Model 2

Tooth mobility (Ref = No) p = .010*

OR 7.22

[1.44; 36.22]

p = .043*

OR 6.92

[1.06; 45.21]

p = .059

OR 13.29

[0.90; 195.50]

HbA1c (Ref <7%) - p = .051

OR 0.13

[0.02; 1.01]

p = .084

OR 0.086

[0.01; 2.19]

Age (Ref <65 years) - p = .090

OR 5.39

[0.77; 37.68]

p = .17

OR 6.24

[0.46; 85.26]

Male sex (Ref = Female) - - p = .35

OR 0.27

[0.02; 4.11]

Smoker - - -

Never - - -

Former - - p = .29

OR 4.35

[0.28; 67.32]

Current - - p = .38

OR 0.16

[0.00; 9.02]

Hypertension (Ref = No) - - p = .72

OR 1.73

[0.09; 32.82]

Dyslipidemia (Ref = No) - - p = .30

OR 0.26

[0.02; 3.32]

Note: p-values, odds ratios (ORs) and 95% confidence intervals are shown. *p < .05. In Model 1, an associ-

ation between endothelial function and tooth mobility was assessed with adjustment for age and hemo-

globin (Hb) A1c. In Model 2, the association between endothelial function and tooth mobility is assessed

in with adjustment for age, sex, HbA1c, hypertension, dyslipidemia and smoking status.
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