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Few epidemiological studies have explored the longitudinal relationship between atherosclerosis
and periodontitis. The aim of this study was to investigate the longitudinal relationship between
atherosclerosis and the progression of periodontitis in community-dwelling individuals in Japan.
Progression of periodontitis was defined as the presence of the teeth demonstrating a longitudinal
loss of proximal attachment = 3 mm during the study period. Oral examinations and subclinical
atherosclerosis assessments were performed. The surrogate markers of early-stage atherosclerosis
were increased carotid intima-media thickness (cIMT), low ankle-brachial index (ABI), and cardio-ankle
vascular index (CAVI). The study included 222 Japanese adults. While CAVI increased significantly
in both groups, the prevalence of CAVIz 8 was significantly increased in only the progression group
during the study period. Logistic regression analysis indicated that the progression of periodontitis
was significantly associated with cIMT. Additionally, CAVI positively correlated with changes in
probing pocket depth, while ABI negatively correlated with changes in clinical attachment loss.
These results suggest that participants with high cIMT, high CAVI and low ABI had a high risk of
periodontitis progression after adjusting for risk factors. In conclusion, subclinical markers of early-
stage atherosclerosis are significantly associated with a greater risk of periodontitis progression in
community-dwelling Japanese participants.

Keywords Periodontitis, Atherosclerosis, Longitudinal cohort study, Carotid intima-media thickness,
Cardio-ankle vascular index, Ankle-brachial index

The prevalence of non-communicable diseases (NCDs) is increasing globally, accounting for 41 million deaths
each year or 71% of all global deaths'. Periodontitis is an NCD with one of the highest prevalence of 45-50%
worldwide and is characterized by gingival bleeding, periodontal pocket formation, and destruction of the
connective tissue attachment surrounding the teeth in response to subgingival infection with various periodontal
pathogens?. Pathogens in the microbial biofilm in the subgingiva stimulate the host immune system, resulting
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in the destruction of the supporting tissues of the teeth, and finally, tooth loss. Periodontitis is now considered
the main cause of tooth loss in people older than 40 years, with a higher prevalence compared to that of caries®.

Initially, it was assumed that periodontitis mainly led to tooth loss that required prosthetic rehabilitation.
However, links between periodontitis and other systemic diseases have only been established since the early
2000s. Research on the systemic implications of periodontitis has exponentially increased over the past few
years. Epidemiological studies indicate that 57 systemic conditions are linked to periodontitis*. There is now
significant evidence to support the independent association between severe periodontitis and several NCDs
including cardiovascular diseases (CVD)°.

Atherosclerosis is a major cause of vascular disease, characterized by the thickening of the arterial wall due to
chronic inflammation and lipid and metabolic alterations in the vessel walls. Multiple meta-analyses have linked
atherosclerosis to periodontitis, both of which are chronic inflammatory diseases®”. A recent study also suggested
that a chronic low-grade inflammatory process in periodontitis contributes to the pathogenesis of atherosclerosis
subsequently leading to ischemic heart disease and stroke®. These studies have presented associations between
periodontitis and surrogate markers of atherosclerosis, including subclinical morphological changes such as
increased carotid intima-media thickness (cIMT) and low ankle-brachial index (ABI). Abnormally increased
cIMT and low ABI indicate subclinical atherosclerosis and peripheral arterial disease, respectively®. We have also
reported cross-sectional evidence that the cardio-ankle vascular index (CAVT) is related to periodontal status!®.
CAVI was developed to overcome the dependency of pulse-wave velocity measurements on blood pressure and
has recently been used as a new tool to assess arterial stiffness of the aorta, femoral artery, and tibial artery'! and
to appropriately screen for subclinical atherosclerosis!?.

In 2014, Nagasaki University launched a population-based prospective open cohort study in remote islands,
called the Nagasaki Islands Study (NaIS)!. This study aimed to identify the influence of aging on health
conditions; elucidate the risk factors of cardiovascular diseases, rheumatic and autoimmune diseases, dental
diseases, frailty, sarcopenia, osteoporosis, and fracture; and contribute to preventive medicine. In this cohort
study, we hypothesized that atherosclerosis affects the progression of periodontitis. However, most previous
studies, including our previous study have investigated the association between atherosclerosis and periodontitis
using a cross-sectional design!?. A longitudinal study is needed to elucidate the temporal associations. Therefore,
we designed a longitudinal study to investigate these associations over a 3-year follow-up.

The aims of the present study, therefore, were to analyze the longitudinal relationship between three
subclinical markers of early-stage atherosclerosis and the progression of periodontitis, defined by the change in
clinical attachment loss (CAL), in community-dwelling people in Goto City, Japan.

Methods
Study population
The present investigation was designed as a 3-year cohort study. In the surveys of our open-cohort, 597 subjects at
baseline, aged > 40 years attended a specific health check-up that included an oral assessment conducted in Goto
City, Nagasaki Prefecture, Japan. Of these, a total of 238 subjects who attended both the baseline and follow-up
health checkups after 3 years, including assessments of subclinical atherosclerosis, potential confounders, and
oral examinations were enrolled'®. Additionally, 16 subjects were excluded from the present analysis due to
fewer than 10 remaining teeth or missing data. Ultimately, all of 222 patients, included in the study were attend
all assessments both baseline and 3-year follow-up.

All participants provided signed informed consent before participating in the study. This study was approved
by the Ethics Committee of Nagasaki University Graduate School of Biomedical Sciences (No. 090528160 and
No. 14051404) and was performed in accordance with the Declaration of Helsinki.

Oral examination

Periodontal examination was performed using a modified version of the Third National Health and Nutrition
Examination Survey by one of the four calibrated dentists under sufficient illumination, as described previously'.
The probing pocket depth (PPD) and CAL, which indicate the distance from the cementoenamel junction to the
bottom of the pocket, were measured using a periodontal probe for all teeth, excluding the third molar'®. Before
starting this study, all examiners and volunteers at Nagasaki University Hospital were trained and calibrated
using a dental chart for periodontal models. If caries or deep periodontal pocket were detected, the participants
were instructed to visit dental clinic.

Assessment of subclinical atherosclerosis

The surrogate markers of early-stage atherosclerosis used in this study were cIMT, CAVI, and ABI. The cIMT of
the left and right common carotid arteries were evaluated using ultrasonography; as previously described!’. The
maximum values of the right and left cIMTs were used for analysis, and values exceeding the normal range by
>1 mm were defined as the higher group, based on a previous study'®. CAVI was recorded using a Vasera VS-
1500 vascular screening system (Fukuda Denshi Ltd., Tokyo, Japan) with the participant resting in the supine
position, as described in a previous report!’. The averages of the right and left CAVI were used in the analysis.
A CAVT exceeding the normal range by > 8 was defined as a higher CAVI, which was reported to be the optimal
cutoff point for arteriosclerosis!”. Blood pressure in the upper and lower extremities was measured, and the ABI
was calculated separately by dividing the higher of the two systolic pressures in the ankle by the higher of the two
systolic pressures in the arm!®. The threshold value for the ABI was 1.0, based on a previous study'®.

Assessment of potential confounders
Information on each participant, including current medication use, smoking, and habitual alcohol consumption
status, as well as medical history, including hypertension, diabetes mellitus, and dyslipidemia, were collected
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using standardized questionnaires by trained physicians and research assistants. The height and weight of each
participant were measured using calibrated scales, and the body mass index (BMI) was calculated. Systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were recorded at rest. Blood samples were obtained from
the antecubital vein after overnight fasting and separated serum samples were used to measure biochemical
parameters. Triglyceride, high- and low-density lipoprotein (HDL and LDL) cholesterol, and hemoglobin
Alc (HbAlc) levels were measured. The estimated glomerular filtration rate (eGFR) was calculated using the
abbreviated Modification of Diet in Renal Disease Study equation, with a Japanese coefficient of 0.881".

Statistical analysis

Paired t-tests for continuous variables and chi-squared tests for categorical variables were used to compare
the variables at baseline and 3-year follow-up. We divided the subjects into those with progression or non-
progression of periodontitis at baseline as follows: Subjects diagnosed with disease progression (progression
group) were defined based on the presence of > 2 teeth demonstrating a longitudinal loss of proximal attachment
of >3 mm during the 3-year period®. The remaining participants were assigned to the non-progression group.
Student’s t-test and chi-square test were used to compare the baseline variables between the progression and
non-progression groups.

Odds ratios (ORs) and 95% confidence intervals (CI) for periodontitis progression were calculated using
logistic regression models. Factors that showed significant associations with the risk of periodontitis progression
in univariate analysis were subsequently included in the multivariate model to assess the effect of subclinical
atherosclerosis on periodontitis progression. Multiple linear regression analyses for all participants at baseline
were also performed to evaluate the relationship between changes in CAL and PPD.

All analyses were performed using JMP software (version 12; SAS Institute, Cary, NC, USA). Statistical
significance was set at p<0.05.

Results

The characteristics of the study population at baseline and 3-year follow-up are shown in (Table 1). The mean
age of the participants at baseline was 64.5+10.3 years, and 39.2% were men. There were significant differences
between baseline and 3-year follow-ups in the number of teeth present, periodontal parameters, BMI, HDL-
cholesterol, SBP, HbAlc, and CAVI. During the study period, cIMT and ABI did not change significantly.
Moreover, Supplementary Table 1 indicated the characteristics of 3-year follow-up and baseline only participants
at baseline. There were no significant differences between groups with respect to all factors.

Comparisons of participants with non-progression and progression of periodontitis at baseline are shown in
(Table 2). In total, 26.1% of the study participants (58/222) had progression of periodontitis. Statistical analyses
indicated that gender, age, number of teeth present, PPD, CAL, smoking status, hypertension, cIMT, prevalence
of cIMT > 1 mm, and CAVI differed significantly between the two groups. Although the prevalence of diabetes
mellitus and dyslipidemia was higher in participants with periodontitis progression, the difference was not

Baseline Follow-up |p
Men, n (%) 87 (39.2%) -
Age, years 64.5+10.3 -
Number of teeth present 23.2+6.0 22.5+6.6 <0.001
Periodontal parameters
Mean probing pocket depth, mm | 1.70+£0.50 | 1.86+0.55 | <0.001
Mean clinical attachment loss, mm | 2.51£1.06 |2.67£0.89 | <0.001
Sites of bleeding on probing, % 9.5+12.5 11.6+£16.1 | 0.034
Body mass index, kg/m? 23.1£3.2 22.8+3.2 0.007
Triglycerides, mg/dL 110.0+69.6 | 105.4+58.4 | 0.615
HDL-cholesterol, mg/dL 60.8+16.0 | 62.6+14.4 | <0.001
LDL-cholesterol, mg/dL 119.6+28.2 | 121.3+28.8 | 0.749
Systolic blood pressure, nmHg 135.1+16.9 | 136.8+18.0 | 0.033
Diastolic blood pressure, nmHg 83.8+9.2 83.4+9.9 0.645
Hemoglobin Alc 5.60+£0.67 |570£0.53 | <0.001
eGFR, mL/min/1.73 m? 69.1+13.4 |702+13.5 |0.054
cIMT, mm 0.89+0.23 |0.91+£0.21 |0.296
Prevalence of cIMT >1 mm, % 23.4 27.0 0.382
CAVI 821+1.12 |845+1.18 |<0.001
Prevalence of CAVI>8, % 59.5 68.5 0.048
ABI 1.11£0.08 | 1.10+0.07 | 0.148
Prevalence of ABI<1, % 8.6 10.4 0.517

Table 1. Characteristics of the study population at baseline and 3-year follow-up. Figures represent
means * standard deviations or numbers/percentages. Paired t-tests for continuous variables and chi-squared
tests for categorical variables were conducted.
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Non-progression group | Progression group

n=164 n=>58 P
Men, n (%) 54 (32.9) 33 (56.9) 0.002
Age, years 63.2+£10.3 68.2+9.5 0.002
Number of teeth present 23.9+54 20.6+6.7 <0.001
Periodontal parameters
Mean probing pocket depth, mm | 1.64+0.46 1.86+0.56 0.003
Mean clinical attachment loss, mm | 2.40 £0.90 2.83+1.38 0.008
Sites of bleeding on probing, % 9.6+12.7 9.4+12.0 0.917
Body mass index, kg/m? 232£32 22.8+3.4 0.472
Triglycerides, mg/dL 107.3+66.1 117.6+78.9 0.334
HDL-cholesterol, mg/dL 61.0+16.7 60.1+13.7 0.697
LDL-cholesterol, mg/dL 121.6+29.0 114.2+25.2 0.101
Systolic blood pressure, mmHg 134.2+16.2 137.7+18.6 0.176
Diastolic blood pressure, nmHg 83.7+9.0 83.9+9.7 0.925
Hemoglobin Alc 5.58+0.67 5.68+0.67 0.325
eGFR, mL/min/1.73 m? 69.8+£13.7 67.1+12.4 0.180
cIMT, mm 0.87+0.21 0.97+0.29 0.005
Prevalence of cIMT >1 mm, % 17.7 39.7 0.001
CAVI 8.08+1.04 8.58+1.26 0.003
Prevalence of CAVI>8, % 58.5 62.1 0.756
ABI 1.11£0.07 1.11£0.09 0.549
Prevalence of ABI<1, % 8.5 8.6 1.000
Smoking status (%) <0.001
Never 44.8 19.0
Former 50.0 75.5
Current 5.2 5.5
Habitual drinking (yes) (%) 36.6 46.6 0.211
Hypertension (yes) (%) 32.3 535 0.007
Diabetes mellitus (yes) (%) 49 8.6 0.332
Dyslipidemia (yes) (%) 20.1 31.0 0.103

Table 2. Baseline characteristics of the study population. Figures represent means + standard deviations or
numbers/percentages. Student’s t-tests for continuous variables and chi-squared tests for categorical variables
were conducted.

Non-progression Progression

Baseline | Follow-up | p Baseline | Follow-up | p
cIMT, mm 0.87+0.21 | 0.89+0.19 0.223 | 0.97£0.29 | 0.97+0.25 | 0.931
Prevalence of cIMT >1 mm, % | 17.7 20.7 0.483 | 39.7 44.8 0.573
CAVI 8.08+1.04 | 8.31+1.17 | <0.001 | 8.58+1.26 | 8.87+1.09 | 0.007
Prevalence of CAVI>8, % 58.5 64.0 0.308 | 62.1 81.0 0.024
ABI 1.11£0.07 | 1.10£0.07 0.496 | 1.11£0.09 | 1.10£0.09 | 0.116
Prevalence of ABI<1, % 8.5 9.1 0.846 | 8.6 10.4 0.377

Table 3. Subclinical atherosclerosis parameters of the study population at baseline and 3-year follow-up.
Paired t-tests for continuous variables and chi-squared tests for categorical variables were conducted.

statistically significant. While CAVT increased significantly in both groups, the prevalence of CAVI value of > 8
was significantly increased in only the progression group during this study period (Table 3). cIMT and ABI did
not significantly change in either group during the 3-years.

Factors related to the progression of periodontitis were calculated using a logistic regression model with a
significance level of p<0.1. Age, gender, smoking status, and hypertension were significantly associated with
the progression of periodontitis (Table 4). These factors were used to adjust for the confounding caused by the
progression of periodontitis.

Table 5 shows the results of the multiple logistic regression models for the three markers of subclinical
atherosclerosis, as reported by the ORs and 95% ClIs. After applying age and gender (Model 2), the high cIMT
group was associated with a significantly higher OR for periodontitis progression (OR 2.35; 95% CI 1.18-4.70).
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OR (95% CI) P
Gender (men versus woman) | 2.05 (1.23-3.40) | <0.001
Age 1.04 (1.02-1.07) 0.004
Body mass index 0.98 (0.90-1.06) | 0.406
Triglycerides, 1.00 (0.99-1.01) 0.799
HDL-cholesterol 0.99 (0.98-1.01) 0.930
LDL-cholesterol 1.00 (0.98-1.01) | 0.100
Systolic blood pressure 1.00 (0.98-1.02) 0.263
Diastolic blood pressure 0.99 (0.96-1.02) 0.823
Hemoglobin Alc 1.20 (0.80-1.81) | 0.406
eGFR 0.99 (0.98-1.02) 0.287
Smoking status 2.29 (1.29-4.05) 0.011
Habitual drinking 0.84 (0.50-1.41) | 0.220
Hypertension 1.74 (1.05-2.90) 0.033
Diabetes mellitus 1.35(0.41-3.91) 0.255
Dyslipidemia 1.62 (0.89-2.90) 0.245

Table 4. Odds ratios (ORs) of progression of periodontitis in relation to the factors at baseline.

ORs (95% CI)
Model 1 Model 2 Model 3
<lmm |1 1 1
cIMT
>1mm |3.06 (1.58-5.94)* | 2.35 (1.18-4.70)* | 2.23 (1.09-4.57)*
<8 1 1 1
CAVI
>8 1.16 (0.64-2.17) 0.78 (0.39-1.55) | 0.70 (0.34-1.40)
>1 1 1 1
ABI
<1 1.01 (0.31-2.78) 1.09 (0.33-3.14) | 1.14 (0.34-3.29)

Table 5. Odds ratios (ORs) of progression of periodontitis in relation to the markers of subclinical
atherosclerosis at baseline. Model 1 unadjusted, model 2 adjusted for age and gender, model 3 adjusted for age,
gender, smoking status, hypertension. **p <0.01, *p <0.05.

cIMT CAVI ABI
Model Standard error | 95% CI P B Standard error | 95% CI P B Standard error | 95% CI P
1 0.089 —0.045,0.307 | 0.144 | 0.046 | 0.019 0.010, 0.083 | 0.013 | —0.443 | 0.278 —0.984, 0.100 | 0.109
2 0.093 —-0.089,0.279 | 0.311 | 0.046 | 0.019 0.008, 0.083 | 0.017 | —0.402 | 0.275 —0.944, 0.140 | 0.145
3 0.096 -0.112,0.266 | 0.424 | 0.043 | 0.020 0.003,0.081 | 0.032 | —0.391 | 0.276 -0.934, 0.152 | 0.157

Table 6. Multiple linear regression analysis for change of CAL as the dependent variable according to
subclinical atherosclerosis at baseline. Model 1 unadjusted, model 2 adjusted for age and gender, model 3
adjusted for age, gender, smoking status, hypertension.

This association remained significant after adjusting for additional covariates, including smoking status and
hypertension (Model 3). The multivariable-adjusted OR for periodontitis progression was 2.23 (95% CI 1.09-
4.57) with high cIMT. However, there were no statistically significant associations between progression of
periodontitis and CAVI (=8) or ABI (<1).

The results of the multiple linear regression analyses are shown in (Tables 6 and 7). The results adjusted with
age and gender (Model 2) indicated that CAVI was positively correlated with the change of CAL (B =0.046; 95% CI
0.008-0.083), and ABI was negatively correlated with the change of PPD (f=-0.667; 95% CI —1.237 and —0.097).
These associations remained significant after adjusting for all covariates (Model 3). CAVI was significantly
correlated with the change in CAL, but not with the change in PPD ($=0.027; 95% CI —0.017-0.072). Similarly,
ABI was significantly correlated with the change in PPD (B=-0.655; 95% CI —1.236 and —0.084), but not with
the change in CAL. However, no significant relations were observed between cIMT and changes in CAL or PPD.

Discussion
In the present study, we assess the longitudinal association between three subclinical markers of atherosclerosis
and periodontitis progression, and suggest that atherosclerosis is significantly associated with the progression
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cIMT CAVI ABI
Model | B Standard error | 95% CI ? B Standard error | 95% CI P B Standard error | 95% CI ?
1 0.122 | 0.094 —-0.063, 0.307 | 0.196 | 0.037 | 0.020 -0.001, 0.076 | 0.058 | —0.690 | 0.288 -1.258,-0.122 | 0.018
2 0.096 | 0.100 —-0.099, 0.291 | 0.333 | 0.032 | 0.182 —-0.012, 0.075 | 0.155 | —0.667 | 0.289 —-1.237,-0.097 | 0.022
3 0.094 | 0.101 —-0.106, 0.293 | 0.356 | 0.027 | 0.022 -0.017,0.072 | 0.221 | —-0.655 | 0.289 -1.226,-0.084 | 0.025

Table 7. Multiple linear regression analysis for change of PPD as the dependent variable according to
subclinical atherosclerosis at baseline. Model 1 unadjusted, model 2 adjusted for age and gender, model 3
adjusted for age, gender, smoking status, hypertension.

of periodontitis in community-dwelling participants in Japan. Further, multiple logistic regression analyses
revealed that participants with cIMT >1 mm had a high risk of periodontitis progression after adjusting for risk
factors. Moreover, multiple linear regression models showed that CAVI was positively correlated with changes
in CAL and that ABI was negatively correlated with changes in PPD. Considering these results, our findings
suggest that subclinical markers of early-stage atherosclerosis are associated with a greater risk of periodontitis
progression. This finding supports the findings of previous cross-sectional studies showing an association
between atherosclerosis and periodontitis.

Our study has several strengths. First, we used a longitudinal epidemiological design and analyzed the
associations between the three subclinical markers of atherosclerosis and the progression of periodontitis or
changes in periodontal parameters. Second, the participants of this study were selected from a community-
dwelling general population, as opposed to patients in a hospital, which reduces the chance of selection
bias and enhances the generalizability of our results. Third, we used three subclinical early-stage markers of
atherosclerosis: cIMT, CAVI, and ABI. This corroborated the results with a higher level of evidence.

Since 1989, the association between periodontitis and CVD has been continually investigated, and a meta-
analysis indicated that periodontitis is a risk factor for CVD?!. Atherosclerosis, an inflammatory disorder of
the arteries, is a well-known leading cause of CVD. Because periodontitis is a chronic inflammatory disease,
inflammation occurring in periodontitis may play a role in atherosclerosis. A large cohort study of 60,174
participants in the Netherlands showed that periodontitis was independently associated with atherosclerosis
after adjusting for confounders?’. However, these factors have only been investigated in cross-sectional
epidemiological studies. Currently, there is limited scientific evidence suggesting that CVD or atherosclerosis are
risk factors for the onset or progression of periodontitis®®. Additionally, interventional studies mainly focusing
on the effects of periodontitis have increased in recent years, and the available evidence remains insufficient to
establish a relationship between periodontitis and atherosclerosis. Although most of these studies have focused
on the effects of periodontitis on atherosclerosis, we hypothesized that atherosclerosis may affect the progression
of periodontitis.

Several mechanisms have been proposed for the association between atherosclerosis and periodontitis. A
recent study suggested that periodontal pathogenic bacteria and their components can reach the coronary artery.
For example, Porphyromonas gingivalis, Prevotella intermedia, and Tennerella forsythensis, known to be putative
periodontal pathogenic bacteria, have been identified in atherosclerotic plaques®, as well as in the human
aortic and coronary endothelium?. Animal studies have shown that periodontal pathogens promote atheroma
formation. P, gingivalis has been shown to accelerate atherosclerosis in murine models by inducing fatty streaks
in the aorta of rabbits, and coronary lesions after bacteremia in normocholesterolaemic pigs®®. Additionally,
there is evidence that periodontal pathogens can enter cells in vitro?”. The importance of the fimbriae of P
gingivalis is also investigated, and they were observed to enter host cells and promote atherothrombotic lesions
in experimental animal models?.

Evidence suggests that the production and/or levels of inflammatory mediators associated with the
pathophysiology of atherosclerosis are increased in patients with periodontitis. C-reactive protein (CRP)
levels are higher in patients with CVD and periodontitis than in healthy controls with periodontitis. The
effects of periodontal therapy were also investigated, and the results revealed associations with a significant
decrease in CRP levels along with improvements in the surrogate conditions of cardiovascular health?. Because
peripheral neutrophils of patients with periodontitis release excess inflammatory cytokines when stimulated
by periodontal pathogens, the serum levels of these cytokines are elevated. These inflammatory mediators are
important cardiovascular risk factors that may affect the development of CVD as a complication’. Nonetheless,
periodontal therapy only partially reduces cytokine hyperreactivity, with some evidence of a constitutively
elevated response?’.

Our previous cross-sectional study observed linear and dose-dependent associations between the markers
of subclinical atherosclerosis and periodontal parameters!?. Periodontal status was potentially associated with
alterations in both arterial wall thickness (cIMT) and stiffness of the aorta (CAVI) during the initial stages
of atherosclerosis. Particularly, CAVI has been developed as a new tool to assess the arterial stiffness of the
aorta, femoral artery, and tibial artery, and is appropriate as a screening tool for atherosclerosis with higher
reproducibility. The CAVIadjusts for blood pressure based on the stiffness parameter  and is minimally influenced
by blood pressure at the time of measurement’. Recently, CAVI showed a linear relationship with increased
tooth loss in the Nagahama study in Japan®!. Tooth loss is frequently caused by the progression of periodontitis
and is a marker of the current and long-term cumulative influence of periodontitis; however, periodontal
parameters have not been directly evaluated. Our study is the first to demonstrate that CAVI is associated with
periodontitis progression. We found that periodontitis progression was associated with higher cIMT, a marker
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of subclinical atherosclerosis. A previous study indicated that periodontitis with elevated bacterial exposure is
associated with early atheroma plaque formation and significantly increased cIMT?2 These findings suggest
that the level of systemic bacterial exposure in periodontitis is biologically related to subclinical atherosclerosis.
Moreover, an improvement in the periodontal and microbiological status was associated with atherosclerosis,
as assessed by cIMT, over an average period of 3 years*. These findings may support a mechanistic explanation
for the association between cIMT and the progression of periodontitis. Based on an epidemiological survey, it is
difficult to define why CAVI or ABI is related to changes in the periodontal index. However, there is a positive
relationship between periodontitis based on CAL and low ABI, as described previously**. The prevalence of P
gingivalis and the serum CRP levels were also higher in the low ABI group. Possible associations between the ABI
and both bacterial and inflammatory components of periodontitis were considered. These factors may affect the
progression of both atherosclerosis and periodontitis.

Periodontal treatment, especially full-mouth subgingival instrumentation could reduce periodontal
parameters, periodontal pathogens and critical inflammatory mediators*>*6. Moreover, our previous study
indicated that periodontal treatment reduced systemic oxidative stress, and may be beneficial in preventing
systemic disease®’. Additionally, oxidized LDL is known to have proatherogenic and proinflammatory properties,
and decreased by periodontal treatment®®. Though periodontal treatment would be useful for maintaining
cardiovascular health by decreasing plasma levels of oxidative stress and oxidized LDL, our study did not collect
the information about dental history and dental treatment during the study period. These indicators could
affect oral and atherosclerosis status. In the future, randomized clinical study will be required to investigate that
periodontal treatment could reduce the risk of atherosclerosis.

Although the present study provides new epidemiological findings on longitudinal associations between
atherosclerosis and periodontitis in Japan, it has several limitations. First, not all participants underwent
follow-up health checkups, and we could not obtain data on the reasons for their non-participation in dental
examinations. However, there were no significant differences between participants who did and did not undergo
follow-up checkups in terms of all factors, including those related to periodontal disease and atherosclerosis.
Furthermore, participants living in nursing homes were excluded from this study. Therefore, the sample used in
this study may be healthier than the general Japanese population. Second, information regarding health status
was self-reported, as these were collected using a questionnaire; however, we measured HbA ¢, blood pressure,
and biochemical parameters. Third, although our analyses were adjusted for various potentially confounding
variables, information related to socio-economic statuses was not collected. Additionally, other possible
confounders, such as household income, education level, and nutritional intake are also widely accepted to
affect oral conditions, and might have played an important role in this study. Although previous studies have
described the influence of socio-economic differences on disease risk factors, the Japanese population may not
reflect the same patterns of relationships observed in other developed countries®. Finally, our study did not
indicate the biological mechanisms. However, plausible mechanisms between atherosclerosis and periodontal
diseases, including microbiological or inflammatory mechanism, and molecular mimicry are proposed®’. To
further solidify the apparent link, it would be important to conduct intervention studies focusing on the effects
of periodontal treatment are also essential. Despite these limitations, the results of this study are sufficiently
reliable to test the hypothesis that subclinical markers of atherosclerosis are associated with the progression of
periodontitis.

In conclusion, our findings indicate that atherosclerosis is significantly associated with the progression of
periodontitis in community-dwelling participants in Japan, and support the hypothesis that atherosclerosis
affects the progression of periodontitis. This study, conducted over a relatively short period, strengthens that
atherosclerosis explains previous reports linking periodontitis. The prevention of subclinical atherosclerosis
could therefore improve periodontal conditions. These findings provide further evidence that implementing
strategies to prevent atherosclerosis may prevent the progression of periodontitis, with important public health
as well as clinical implications. Encouraging participants to prevent subclinical atherosclerosis is expected to
benefit their systemic health as well as their oral health.

Data availability

The data that support the findings of this study are available from the Nagasaki Island Study (NalS); however,
restrictions apply to the availability of these data, which were used under license for the current study and are
not publicly available. However, the data are available from the corresponding authors upon reasonable request
and with permission from the NalS.
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