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Impact of posterior occlusal contact
loss on cardiovascular disease using
a Japanese claims database

Takashi Miyano%3, Yudai Tamada®*, Taro Kusama?®>, Ken Osaka? & Kenji Takeuchi?*5"

Cardiovascular disease (CVD) is a global health concern; however, its association with the posterior
occlusal contact remains unexplored. This study investigated the association between posterior
occlusal contact and CVD risk in a large Japanese cohort and examined whether the loss of posterior
occlusal contact in individuals with at least 20 teeth was a distinct CVD risk factor. Using Japanese
health insurance claims data from 1,209,997 adults aged = 40 years without prior CVD history (April
2016-March 2022), participants were categorized using the Eichner classification to assess posterior
occlusal contact. Over an average follow-up period of 36.2 months, 51,471 participants developed CVD.
Compared with individuals with full occlusal contact (Eichner A), those with reduced contact (Eichner B
and C) demonstrated significantly higher CVD risks, with hazard ratios of 1.25 (95% confidence interval
[CI]: 1.19-1.32) and 1.31 (95% Cl: 1.17-1.46), respectively. In a subgroup analysis of participants with
=20 teeth, reduced occlusal contact from Eichner A2 to B2 was associated with an increased risk of
CVD, especially in those aged 40-59 years. These findings suggest that reduced posterior occlusal
contact may contribute to increased CVD risk, emphasizing the importance of preserving natural
occlusal support for CVD prevention.

Keywords Cardiovascular disease, Occlusal contacts, Eichner classification, Tooth number, healthcare
administrative claims

Cardiovascular disease (CVD) includes a variety of conditions such as heart attack, chronic coronary artery
disease, stroke, and peripheral artery disease. It is the leading cause of premature death worldwide and remains a
major public health issue, with 90% of cases being preventable through the proper management of risk factors!.
The well-established risk factors for CVD include high blood pressure, high cholesterol levels, diabetes, obesity,
smoking, and physical inactivity?. Preventive strategies typically focus on these risk factors, promoting healthier
behaviors such as improved diet, regular exercise, and smoking cessation, which can address multiple risks
simultaneously3. However, despite advances in its prevention and treatment, a notable level of residual risk
remains, indicating that people can still develop CVD despite controlling for these traditional factors®.

Recent studies have indicated a possible association between oral health and cardiovascular outcomes,
particularly the impact of tooth loss on the risk of CVD>. Evidence has shown that individuals who lose more
teeth than the median for their age group have a 28% higher risk of heart disease and a 12% higher risk of stroke
compared to those with fewer tooth losses”. Tooth loss has also been linked to a higher risk of death from CVD
and adverse cardiovascular events®, with some studies suggesting its association with coronary heart disease and
a slight association with heart attacks™!°. Moreover, retaining more teeth has been associated with a 27% increase
in survival owing to CVDs!!. These findings suggest that poor oral health, especially tooth loss, is related to an
increased risk of CVD; however, the mechanisms underlying this association require further investigation.

Assessing oral function based solely on the number of teeth does not fully capture the complexity of how
food is chewed and its role in overall health!?. Posterior occlusal contact is crucial for efficient chewing and
for maintaining good dental health!>-1%. Studies have suggested that reduced chewing ability, indicated by a
weaker bite force and fewer functional masticatory units (FMUs), is linked to a higher risk of CVD!¢-18, In
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contrast, individuals with at least five functional tooth units (FTUs) demonstrated better cardiovascular health,
potentially due to healthier eating habits compared to those with fewer than five FTUs"".

Most studies have focused on measures such as bite force, FMUs, and FTUs, which account for both natural
and prosthetic teeth. To the best of our knowledge, no study has specifically examined the long-term association
between posterior occlusal contact loss, using only natural teeth, and the risk of CVD. To study this association,
we applied the Eichner classification to assess the posterior occlusal contact exclusively in natural teeth to
determine whether occlusal loss independently predicts CVD risk. By focusing on individuals with at least 20
remaining teeth, we investigated whether the specific loss of posterior occlusal contact is a distinct risk factor for
CVD through a detailed analysis of the Eichner subcategories A1-B2.

Methods

Data source and study design

This retrospective observational study was conducted using the Japan Medical Data Center (JMDC) Claims
Database, a comprehensive insurer-based resource in Japan that includes the medical and dental records of
>60 health insurers nationwide. The JMDC Claims Database provides detailed information on the diagnoses,
procedures, medications, and annual health checkups of individuals enrolled in Japanese insurance plans,
including those under the age of 75. The database primarily represents Japan’s working-age population and their
dependents, covering approximately 7.6% of the total population. It does not include individuals over the age
of 75 or those without insurance coverage. To maintain data security, the database includes encrypted personal
identifiers along with demographic information such as age and sex. We investigated the association between
posterior occlusal contacts and CVD risk using data collected between April 2016 and March 2022.

Study population

The participant selection process is illustrated in Fig. 1. Initially, 6,741,176 individuals with available health
check-up data were identified as potential participants. Individuals <40 years of age (N= 2,399,923) were
excluded due to the low prevalence of CVD and the small number of missing teeth. Participants who did not
have dental codes recorded for all 28 teeth within the year before obtaining the health checkup data were also
excluded (N= 3,064,814). Missing values in the health check-up data were addressed using multiple imputation
analyses performed with the “mice” package in R (R Foundation for Statistical Computing, Vienna, Austria),
generating 10 imputed datasets. Additionally, individuals who had been diagnosed with CVD within the 12
months preceding the index diagnosis were excluded from the study (N= 66,442). After applying these criteria,
the final study population consisted of 1,209,997 participants, each free from CVD at baseline and with complete
dental and health check-ups. The cohort study design is shown in Fig. 2.

CVD definition and assessment

The CVDs selected for this study, myocardial infarction, angina pectoris, stroke, heart failure, atrial fibrillation,
and pulmonary embolism, were chosen based on the Framingham Heart Study, which is a widely recognized
cohort study. The primary outcome was the new onset of CVD, defined as a composite endpoint that included

From April 2016 and March 2022,
6,741,176 subjects underwent specific medical checkup

* Under 40 years old
(N =2,399,923)

.| * No dental code within 1 year
Excluded (N = 3,064,814)

» History of cardiovascular disease (CVD)
(N =66,442)

Analyzed sample (N = 1,209,997)

Fig. 1. Flow diagram of participant selection. This flowchart illustrates the stepwise selection process for the
study participants from the Japan Medical Data Center Claims Database. The initial dataset comprised of
6,741,176 individuals with health checkup data. The exclusion criteria were as follows: individuals <40 years of
age (N=2,399,923), those without dental codes for all 28 teeth within 1 year prior to the health check-up (N=
3,064,814), and those with a diagnosis of CVD within 12 months prior to the index date (N= 66,442).
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Fig. 2. Cohort study design of this study. “Cardiovascular disease (CVD) was defined as myocardial infarction,
angina pectoris, stroke, heart failure, atrial fibrillation, or pulmonary embolism. *Earliest onset of CVD, loss of
health insurance coverage, or end of follow-up.

myocardial infarction (ICD-10 codes: 1210-1214 and 1219), angina pectoris (ICD-10 codes: 1200, 1201, 1208, and
1209), stroke (ICD-10 codes: 1600-1616, 1619, 1629, 1630-1639, and G459), heart failure (ICD-10 codes: 1500,
1501, 1509, and 1110), atrial fibrillation (ICD-10 codes: 1480-1484 and 1489), and pulmonary embolism (ICD-10
codes: 1260 and 1269). CVD diagnoses were defined using the following criteria: (i) candidates were identified as
those with recorded diagnoses of myocardial infarction, angina pectoris, stroke, heart failure, atrial fibrillation,
or pulmonary embolism in their medical claims data during the follow-up period (April 2016-March 2022) and
(ii) those with suspected flagging of these diagnoses were excluded. Follow-up ended on the date of diagnosis,
date of death, or end of the study period.

Occlusal status classification

Posterior occlusal status, classified using the Eichner classification, was the primary explanatory variable.
Although the JMDC Claims Database does not provide the number of teeth present, it records dental visits for
disease management (e.g., periodontal examinations and mechanical tooth cleaning). Dental codes for all teeth
were included, and if multiple codes were available, the most recent one was used. As reported previously, the
number of teeth present was determined using these codes?*?!. Additionally, the number of supporting zones,
defined as pairs of opposing teeth in occlusal contact (including premolars and molars on both the right and
left sides), was recorded and categorized into 04 support zones. As shown in Fig. 3, the Eichner classification
system evaluates the dental occlusal support by assessing the presence and distribution of support zones?2. Class
A includes individuals with all support zones intact: Al indicates complete contact across all support zones,
A2 indicates missing teeth in either the upper or lower arch, and A3 indicates missing teeth in both arches but
presence of all posterior support zones. Class B includes individuals with partial support zones: Bl indicates
presence of three support zones, B2 indicates presence of two support zones, B3 indicates presence of only one
support zone, and B4 indicates the absence of molar support zones, with occlusal contacts limited to the anterior
region. Class C includes individuals with the absence of functional support zones: C1 indicates teeth in both
arches but absence of occlusal contact, C2 indicates teeth only in one arch, and C3 indicates fully edentulous,
lacking teeth in both arches.

Other variables

Several risk factors of CVD have been identified®. In our study, we adjusted for demographic factors, health
behaviors, and comorbidities that were likely to be associated with CVD and were accessible through the claims
data. The demographic variables included insurance status (independent or dependent), age, and sex (male or
female). Age was calculated by subtracting the date of birth from the date of medical checkup. The participants
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Fig. 3. Categorization of dental occlusal support according to the Eichner classification, based on the presence
and location of remaining teeth. Class A includes individuals with full support zones: Al indicates complete
contact across all areas, A2 indicates missing teeth in either the upper or lower arch, and A3 indicates missing
teeth in both arches while maintaining posterior support. Class B includes individuals with partial occlusal
support zones; Bl indicates three support zones, B2 indicates two support zones, B3 indicates only one support
zone, and B4 indicates absence of opposing molar support and occlusal contacts limited to the front teeth.
Class C includes individuals with the absence of functional occlusal support: C1 indicates teeth in both arches
but without occlusal contact, C2 indicates teeth in only one arch, and C3 indicates complete edentulism, with
no teeth in either arch.

. Loss of occlusal suppor

were categorized into two age groups: 40-59 and 60-75 years. Health behaviors included obesity, smoking,
alcohol consumption, and physical activity. Self-reported smoking habits, alcohol consumption, and physical
activities were recorded. Obesity was defined as a body mass index (BMI) of =25 kg/m?. Current smokers were
identified as individuals who had smoked more than five packs (100 cigarettes) in their lifetime and smoked
daily or occasionally within the last 28 days. Alcohol use was categorized based on consumption frequency,
and current drinkers were defined as those who consumed alcohol daily or occasionally. Physical activity was
assessed using a standardized questionnaire, with ideal physical activity defined as engaging in at least 30 min
of exercise twice weekly or walking for at least 1 h daily. The number of teeth, excluding the third molars, was
classified into two groups, <20 and >20 teeth, based on previous studies indicating that at least 20 teeth were
sufficient to ensure adequate masticatory function’. Comorbidities evaluated included hypertension, diabetes,
and dyslipidemia. Hypertension was defined as a systolic blood pressure (SBP) >140 mmHg, diastolic blood
pressure (DBP) 290 mmHg, or the use of blood pressure-lowering medications. Diabetes was defined as a
fasting glucose level >126 mg/dL or the use of glucose-lowering medications. Dyslipidemia was defined as a
low-density lipoprotein (LDL) cholesterol level > 140 mg/dL, high-density lipoprotein (HDL) cholesterol level
<40 mg/dL, triglyceride level > 150 mg/dL, or the use of lipid-lowering medications.

Statistics
All the analyses were performed using R Studio, version 4.0.4. Statistical significance was set at p < 0.05.
Descriptive statistics were used to summarize the demographic and clinical characteristics of study
participants. Continuous variables are reported as means with standard deviations, and categorical variables
as frequencies and percentages. Baseline characteristics among the three Eichner classifications and between
the non-CVD and CVD groups were compared using the chi-squared test for categorical variables. Since the
Anderson-Darling test indicated that all continuous variables (age, number of teeth, BMI, SBP, DBP, fasting
glucose level, LDL, HDL, and triglycerides) did not follow a normal distribution (p < 0.001), analysis of variance
and the Mann-Whitney U test were used to compare the groups with continuous variables. Kaplan-Meier
curves were generated to compare the incidence rates of CVD across the Eichner classifications during the study

Scientific Reports|  (2025) 15:16693 | https://doi.org/10.1038/s41598-025-01846-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

period, and the log-rank test was used to evaluate the differences between groups. Log-log plots were used to
verify the assumptions of the Cox proportional hazards model.

The primary analysis used a multivariable Cox proportional hazards model to evaluate the association between
the Eichner classifications and CVD risk. The hazard ratio (HR) and corresponding 95% confidence interval (CI)
were calculated for both an unadjusted model and a model adjusted for covariates such as age group, teeth group,
sex, insurance status, smoking, alcohol use, obesity, hypertension, diabetes, dyslipidemia, and physical activity.
We conducted three sensitivity analyses to assess the robustness of the findings. First, analyses were conducted
using only complete cases, without applying multiple imputation, to address missing health check-up data (BMI,
SBP, DBP, fasting glucose levels, LDL, HDL, triglycerides, use of blood pressure-lowering medications, use of
glucose-lowering medications, use of lipid-lowering medications, smoking, alcohol consumption, and physical
activity), resulting in a total of 883,584 subjects included in the analysis. Second, continuous values for the
number of teeth, BMI, SBP, fasting glucose level, and LDL cholesterol were used instead of tooth group, obesity,
hypertension, diabetes, and dyslipidemia in the multivariable model. Third, we applied induction periods of 6
and 12 months, meaning that participants who developed CVD within these time frames after the baseline were
excluded from the analysis. After applying these criteria, the final study populations consisted of 1,110,228 and
994,801 subjects, respectively.

The subgroup analysis focused on individuals with >20 teeth and examined the relationship between the
Eichner subcategories (A1-B2) and newly diagnosed CVD cases. This emphasis on subcategories Al and
B2 was based on an analysis that compared the Eichner subcategories (A1-C2) and their average number of
teeth, revealing that categories B3 and below had significantly <20 teeth (Table S1). The HRs and 95% Cls
were calculated for a model adjusted for age, sex, insurance status, smoking, alcohol use, obesity, hypertension,
diabetes, dyslipidemia, and physical activity. To further explore the impact of occlusal support within this
subgroup, analyses stratified by sex (695,964 males and 514,033 females) and age (40-59 years, N= 1,106,776;
60-75 years, N=103,221) were conducted. Additionally, the E-values were calculated to estimate the minimum
strength of association that an unmeasured confounder would need with both the exposure and outcome,
conditional on the measured covariates, to fully explain the observed association.

Ethics

This study used anonymized data sourced from the JMDC Claims Database, a commercially available resource,
in compliance with Japan’s Act on the Protection of Personal Information. As the data were anonymized,
informed consent was not required for their collection or use. Anonymization followed the standards outlined
in the Next-Generation Medical Infrastructure Act. In line with Japan’s ethical guidelines for clinical research,
studies that use anonymized information do not require approval from ethics review boards. This study adhered
to the principles of the Declaration of Helsinki.

Result

Participant demographics

The analysis included 1,209,997 participants with a mean age of 49.0 +6.7 years (695,964 males and 514,033
females), resulting in a total observation period of 3,646,412 person-years. Over an average follow-up period
of 36.2 months, 51,471 individuals (mean age: 51.4 +7.3 years; 33,221 males and 18,250 females) were newly
diagnosed with CVD. Table 1 summarizes the baseline clinical characteristics according to the Eichner
classification: Eichner A (N= 1,170,278), Eichner B (N= 31,591), and Eichner C (N = 8,128). The proportion of
CVD cases was significantly higher in the Eichner B and C than in the Eichner A group (p < 0.001). Dependent,
alcohol consumption, physical inactivity, and HDL levels were notably lower whereas the other variables were
substantially higher in the Eichner B and C than in the Eichner A group.

Cumulative CVD risk according to the Eichner classification
Figure 4 displays the Kaplan-Meier curves for cumulative CVD risk stratified according to the Eichner
classifications A, B, and C. Significant differences in CVD incidence were observed among the three groups,
as confirmed by a statistically significant log-rank test (p< 0.001). Cox proportional hazards analyses were
conducted to evaluate the impact of the Eichner classification on CVD development, adjusting for demographic
factors, health behaviors, comorbidities, and the number of teeth. After controlling for these variables, the
Eichner classification remained a major predictor of CVD risk (Table 2). Compared with the Eichner A group,
the Eichner B group exhibited a 1.25-fold increased risk of CVD (HR: 1.25, 95% CI: 1.19-1.32, p< 0.001), and
the Eichner C group showed a 1.31-fold increased risk of CVD (HR: 1.31, 95% CI: 1.17-1.46, p< 0.001).
Sensitivity analyses were performed to validate these findings. First, analyses were conducted using only
complete cases without applying multiple imputation to handle missing health check-up data. These results
are consistent with those of the primary analysis (Table S2). Second, continuous values were used instead
of categorical variables for the number of teeth, obesity, hypertension, diabetes, and dyslipidemia in the
multivariable model, yielding similar HRs (Table S3). Third, induction periods of 6 and 12 months were used to
exclude individuals with latent CVD at baseline. The results remained stable, demonstrating the robustness of
the observed associations over the different induction periods (Table S4). Fourth, the E-value analysis indicated
that an unmeasured confounder would need a minimum strength of association of 1.81 (lower confidence limit:
1.67) for Eichner B and 1.95 (lower confidence limit: 1.62) for Eichner C with both the exposure and outcome
(Table S5). Overall, these sensitivity analyses corroborated the initial findings, demonstrating the robustness of
the results across various methodological adjustments and population subgroups.
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Eichner A Eichner B Eichner C
n=1,170,278 | n=31,591 n=8,128 P-value®

Number of teeth 119.4 (15.9
1-19 teeth (N, %) 85 (0.0

CVD, n (%) 48,256 (4.1) | 2,489 (7.9) 726 (8.9) <0.001¢
Age,y 49.1(6.5) | 57.5(7.6) 60.8 (7.0) <0.001°
60-75 years, n (%) 86,001 (7.3) | 12,579 (39.8) | 4,641 (57.1) | <0.001¢
Male, n (%) 669,538 (57.2) | 20,850 (66.0) | 5,576 (68.6) | <0.001¢
Dependent, n (%) 220,267 (18.8) | 4,919 (15.6) | 1,029 (12.7) | < 0.001¢
"BMI 23.0(3.7) | 23.6(3.7) 23.4(3.8) <0.001°
'Obesity, n (%) 295,277 (25.2) | 10,038 (31.8) | 2,470 (30.4) | <0.001¢
*Hypertension, n (%) 235,998 (20.2) | 12,044 (38.1) | 3,692 (45.4) | < 0.001¢
"Diabetes, n (%) 49,295 (4.2) | 3,705 (11.7) 1,285 (15.8) | <0.001°¢
'Dyslipidemia, n (%) 431,469 (36.9) | 14,379 (45.5) | 3,702 (45.5) | <0.001¢
“Current smoking, n (%) 226,723 (19.4) | 10,561 (33.4) | 3,630 (44.7) | <0.001¢
*Alcohol, n (%) 880,743 (75.3) | 21,158 (67.0) | 5,262 (64.7) | < 0.001¢
'Physical inactivity, n (%) 728,842 (62.3) | 19,012 (60.2) | 4,917 (60.5) | < 0.001¢
*SBP, mm Hg 119.4 (15.9) | 125.87 (16.93) | 128.8 (18.0) | < 0.001°
'DBP, mm Hg 74.7(11.8) | 77.7(11.5) | 78.2(11.6) |<0.001®
‘LDL, mg/dL 124.0 (30.5) | 125.0 (31.1) 124.3 (32.0) | <0.001°
"HDL, mg/dL 65.5(17.3) | 63.3(17.5) 62.4(17.7) | <0.001°
"Triglycerides, mg/dL 105.4 (83.1) | 120.3 (93.2) 126.7 (97.5) | < 0.001°
"Fasting glucose level, mg/dL 95.1 (15.6) | 101.5 (22.0) 104.4 (25.5) | < 0.001°
)
)

(
125.9 (16.9) 128.8 (18.0) | < 0.001°
11,726 (37.1) | 8,128 (100) | <0.001¢

Table 1. Participants’ characteristics according to the Eichner classification. Eichner A: Posterior occlusal
support in all quadrants, Eichner B: Partial loss of posterior occlusal support, Eichner C: No posterior occlusal
support. *Differences among the Eichner A, B, and C groups; °P values for analysis of variance; P values for
chi-square test; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low-
density lipoprotein; HDL, high-density lipoprotein; CVD, cardiovascular disease. "Missing data: BMI: 0.2%,
Obesity: 0.2%, Hypertension: 2.2%, Diabetes: 4.9%, Dyslipidemia: 4.9%, Current smoking: 1.9%, Alcohol:
7.0%, Physical inactivity: 9.8%, SBP, mmHg: 0.2%, DBP, mmHg: 0.2%, LDL, mg/dL: 0.3%, HDL, mg/dL: 0.3%,
Triglycerides, mg/dL: 0.3%, Fasting glucose level, mg/dL, mg/dL: 11.7%.

Cumulative CVD risk according to the Eichner subclassifications in the =20 teeth group

Table 3 compares the Eichner subclassifications between the non-CVD (N= 1,140,302) and CVD group (N=
49,756) among the participants with >20 teeth. Figure 5 shows the results of the Cox proportional hazards
analysis for CVD, stratified according to the Eichner subclassifications A1-B2, in the group with >20 teeth.
Compared with Eichner Al, Eichner A2, A3, B1, and B2 were associated with a significant increase in CVD risk.
The risk increased progressively with subclassifications from A2 (HR: 1.10, 95% CI: 1.06-1.15) to B2 (HR: 1.25,
95% CI: 1.14-1.38).

Subgroup analyses were performed to examine the association between the Eichner subcategories and
CVD risk stratified by sex and age (Figures S1 and S2). For males, the Eichner classifications A2, B1, and B2
were associated with a significant increase in CVD risk compared with the Eichner classification A1, with HRs
ranging 1.10-1.27. In females, significant associations were observed with Eichner A2, A3, B1, and B2, with
HRs ranging 1.09-1.38. Among females, Eichner A3 demonstrated the strongest association (HR: 1.38, 95% CI:
1.07-1.78) compared with the other classifications. Age-stratified analyses revealed that individuals in the 40-59
year age group exhibited a higher CVD risk linked to Eichner subclassifications, with significant associations
observed for Eichner classifications A2, A3, B1, and B2. Conversely, in the 60-75 age group, only Eichner B1 and
B2 were significantly associated with increased CVD risk, with an HR of 1.12 (95% CI: 1.01-1.25) and 1.25 (95%
CI: 1.10-1.42), respectively.

Discussion

In this large-scale retrospective observational study involving 1,209,997 participants, we investigated the
relationship between posterior occlusal contact and risk of CVD. Our results indicated that participants with
reduced posterior occlusal contact had a notably higher risk of developing CVD than those with full occlusal
support. These associations remained robust across various sensitivity analyses, underscoring the potential
clinical relevance of the posterior occlusal contact in assessing CVD risk. In the group with >20 teeth, subgroup
analyses by sex provided additional insights; among males, the classifications A2, B1, and B2 were significantly
associated with increased CVD risk. In contrast, the classifications A2-B2, and particularly A3, showed the
strongest associations with females. These findings suggest that even moderate occlusal loss may increase the
risk of CVD in females. Age-stratified analyses further indicated that the classifications A2-B2 were significantly
associated with elevated CVD risk in individuals aged 40-59 years, indicating that early occlusal deterioration

Scientific Reports |

(2025) 15:16693 | https://doi.org/10.1038/s41598-025-01846-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

100
>
) 95
>
@)
Y
(@]
L 90
=
2
5
T 85
(@]
—
(a
80
Eichner A
Eichner B
Eichner C

Eichner A
Eichner B
Eichner C
Log-rank test (p<0.001)
0 20 40 60
Time to CVD (months)
1,170278 833,611 524,920 233,109
31,591 23,374 14,828 6,728
8,128 5,678 3,288 1,353

Number at risk

Fig. 4. Kaplan—Meier survival curve of the CVD-free rates in subjects with Eichner classification.

may have a more pronounced impact on CVD risk in middle-aged individuals. In contrast, only Eichner B1 and
B2 were significantly associated with CVD risk in the 60-75 age group, suggesting that although reduced occlusal
function remains a risk factor in older adults, its impact may be masked or outweighed by other age-related CVD
risk factors. In particular, physiological changes associated with aging, such as vascular aging, atherosclerosis
progression, and metabolic alterations, may reduce the influence of occlusal function on CVD risk. As the first
study to use claims data to explore this association, our findings suggest that maintaining or restoring natural
occlusal support in the premolar and molar regions may serve as modifiable targets for CVD prevention.

This study demonstrated a notable association between reduced posterior occlusal contact and CVD even
after adjusting for the number of teeth. Previous studies have shown that reduced masticatory ability, including
the loss of FMUs and reduced maximum bite force, particularly among females, is linked to an increased risk of
CVD-related mortality'®?*2°. The indicators of chewing function were also negatively correlated with vascular
health?S, highlighting a possible link between chewing ability and cardiovascular health. Most previous studies
have included both natural and prosthetic teeth to assess occlusal function!®~"%. In contrast, our study uniquely
focused on the role of posterior occlusal contact with only natural teeth using the Eichner classification. This
approach highlights the specific contribution of natural occlusal support to cardiovascular health and suggests
that maintaining natural posterior occlusion may play a crucial role in CVD prevention. Evaluating the posterior
occlusal contact using solely natural teeth is important because natural and prosthetic teeth differ in their abilities
to exert and transmit chewing forces. For instance, the biting forces in fixed partial, removable partial, and
complete denture wearers were 80%, 35%, and 11%, respectively, of those with natural dentition?’. Natural teeth
accurately convey sensations and pressures and effectively distribute forces through the periodontal ligament,
whereas prosthetic teeth may lack this feedback and force distribution abilities?®. This difference may influence
vascular health and metabolism owing to the physiological effects of occlusal function and mastication.

The association between reduced posterior occlusal contact and increased CVD risk may be mediated, in
part, by dietary habits and their effects on cardiovascular health. Posterior occlusal support is essential for
effective mastication and has a considerable impact on dietary choice and nutrient intake?. Participants in the
Eichner B or C group who had reduced chewing function tended to avoid hard-to-chew foods in favor of softer,
easier-to-chew options®*3!. This dietary shift often results in a decrease in fiber and vitamin intake, and an
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Univariable Multivariable
HR [95%CI | P-value |HR [95%CI | P-value | n

Eichner classification (reference: Eichner A)

Eichner B 1.83 | 1.76-1.91 | <0.001 |1.25 | 1.19-1.32 | <0.001 | 31,591

Eichner C 2.22 | 2.06-2.38 | <0.001 |1.31 | 1.17-1.46 | <0.001 | 8,128

Number of teeth (reference: >20)

<20 teeth ‘2.11 ‘2.01-2.21 ‘<o.001 ‘1.01 ‘0.93-1.10 ‘0.75 19,939

Age group (reference: 40-59 years)

60-75 years [ 2.35 [ 2.30-241 [ <0.001 [ 181 [ 1.76-1.85 [ <0.001 | 103,221

Sex (reference: Male)

Female ‘0.78 ‘0.77—0.80 ‘<0.001 ‘0.88 ‘0.86—0.90 ‘<0.001 514,033

Insurance status (reference: Employee)

Dependent ‘0.92 ‘0.90-0.94 ‘<o4001 ‘ 115 ‘ 111-1.18 ‘<0.oo1 226,215

Smoking (reference: No)

Yes ‘ 1.05 ‘ 1.03-1.07 ‘ <0.001 ‘ 1.00 ‘ 0.98-1.02 ‘ 0.95 240,914
Alcohol (reference: No)
Yes ‘ 0.88 ‘ 0.87-0.90 ‘ <0.001 ‘ 0.98 ‘ 0.96-1.00 ‘ 0.13 907,163

Obesity (reference: No)

Yes ‘ 1.48 ‘ 1.46-1.51 ‘ <0.001 ‘ 1.16 ‘ 1.13-1.18 ‘ <0.001 | 307,785

Hypertension (reference: No)

Yes ‘2.35 ‘2.31-2.40 ‘ <0.001 ‘ 1.95 ‘ 1.91-1.99 ‘ <0.001 | 118337

Diabetes (reference: No)

Yes ‘ 2.00 ‘ 1.94-2.06 ‘ <0.001 ‘ 1.30 ‘ 1.26-1.34 ‘ <0.001 | 33,444

Dyslipidemia (reference: No)

Yes ‘ 1.43 ‘ 1.40-1.45 ‘ <0.001 ‘ 121 ‘ 1.18-1.23 ‘ <0.001 | 90,635

Physical activity (reference: Yes)

No ‘ 1.04 ‘ 1.02-1.06 ‘ <0.001 ‘ 1.04 ‘ 1.02-1.05 ‘ <0.001 | 752,771

Table 2. Univariable and multivariable Cox proportional hazards model for CVD. Eichner A: Posterior
occlusal support in all quadrants, Eichner B: Partial loss of posterior occlusal support, Eichner C: No posterior
occlusal support. HR: Hazard Ratio, CI: Confidential Interval.

Non-CVD CVD
n=1,140,302 | n=49,756 | P-value’
Eichner AL, n (%) | 1,075,581 (94.4) | 45,503 (91.6) | < 0.001

Eichner A2, n (%) 42,848 (3.8) | 2,510 (5.0) | <0.001
Eichner A3, n (%) 3,516 (0.3) 235 (0.5) | <0.001
Eichner B1, n (%) 12,387 (1.1) 984 (2.0) | <0.001
Eichner B2, n (%) 4,881 (0.4) 432(0.9) | <0.001

Table 3. Proportion of the Eichner subclassifications according to the presence of CVD in the >20 teeth
group. Eichner Al: All four occlusal support zones are intact with complete contact, Eichner A2: All four
occlusal support zones are intact, but teeth are missing in either the upper or lower arch, Eichner A3: All four
occlusal support zones are intact, but teeth are missing in both arches, Eichner B1: Three occlusal support
zones remain intact, Eichner B2: Two occlusal support zones remain intact. ‘Chi-squared test.

increase in carbohydrate consumption®?-3. The effects of this altered dietary pattern are well documented, with
studies consistently showing that a reduced intake of fiber, fruits, and vegetables is associated with a higher
risk of atherosclerosis and cardiometabolic diseases®*~3”. Conversely, diets rich in vegetables, antioxidant
vitamins, and fiber are associated with a reduced CVD incidence®®*. Recent research has demonstrated a
dose-response relationship between the number of occlusal support areas and individuals’ perceived ability to
consume fruits and vegetables, reinforcing the notion that posterior occlusal contact influences dietary quality*’.
Our study demonstrated that moderate occlusal loss (A2, A3, B1, and B2) was associated with an increased
risk of CVD, suggesting that partial posterior contact with some degree of mastication may be insuflicient for
maintaining an optimal diet. Beyond dietary implications, occlusal changes may affect psychosocial factors,
such as psychological stress and depression, which contribute substantially to CVD risk*!. For instance, reduced
chewing ability can lead to dissatisfaction with one’s ability to chew, which, in turn, can affect social interactions
and self-confidence?>**. Our analysis revealed a notable increase in CVD risk within the 40-59 age group,
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Variable

A2 (n = 45,358)
A3 (n=3,751)
B1 (n=13.371)
B2 (n=5,31)

HR 95% ClI

1.10 1.06-1.15 —-—

1.19 1.05-1.36 —_—
1.26 1.18-1.35 —
1.25 1.14-1.38 ——

0.5 1.0 1.5 2.0
HR with 95% CI

Fig. 5. Multivariable Cox proportional hazards model showing the impact of the Eichner subclassifications on
CVD in subjects with > 20 teeth.

especially for those with Eichner classifications A2-B2. These findings suggest that, in midlife, when individuals
are often actively engaged in both social and professional settings, oral health issues may have a heightened
psychosocial impact. Psychological stress and anxiety are known risk factors for CVD*!, while low social support
in the workplace has been linked to higher CVD prevalence*. Furthermore, our results suggest sex-specific
trends in the association between occlusal status and CVD risk, with females in the Eichner A3 group showing
a particularly strong association with CVD even with preserved occlusal support areas. This difference may be
due to heightened psychosocial stress responses to oral health challenges among females, which can disrupt
social interactions, dietary habits, and stress management practices, potentially leading to an elevated CVD
risk®®. This pattern has been observed not only in Japan but also in other countries, such as the UK and the US,
suggesting a broader, cross-cultural phenomenon®®-#. Therefore, future studies should explore the impact of
specific tooth loss patterns on cardiovascular outcomes to clarify how different occlusal changes affect dietary
intake, psychosocial well-being, and physiological stress responses. Such investigations could yield valuable
insights into targeted preventive strategies and interventions to address oral health and cardiovascular risks.

Each CVD event was analyzed separately, and individuals with reduced posterior occlusal support exhibited
an elevated risk of several CVDs, including angina pectoris, stroke, heart failure, atrial fibrillation, and
pulmonary embolism (Table S6). This result aligns with those of prior research suggesting that diminished bite
force may be a considerable risk factor for coronary heart disease and stroke!®. Notably, studies have indicated
that patients with a history of myocardial infarction often exhibit poor oral health with fewer occlusal contacts
in the intercuspal position, highlighting a potential link between compromised occlusal health and an increased
risk of myocardial infarction®’. However, our analysis did not identify a significant association between the
absence of occlusal contact (Eichner B and C) and incidence of myocardial infarction specifically (Table S7).
This unexpected outcome may be partly due to the limited number of myocardial infarction cases in the study
cohort, potentially affecting the statistical power. Moreover, the association between reduced occlusal support
and myocardial infarction was insignificant after adjusting for the number of teeth, suggesting that the number
of remaining teeth plays a critical role in this relationship. Unlike that with other CVDs, where occlusal support
independently influences risk, the risk of myocardial infarction appears to be more sensitive to the presence
of retained teeth. This finding suggests that, while occlusal function affects overall cardiovascular health,
maintaining a greater number of teeth may be particularly important for mitigating the risk of myocardial
infarction.

There are a few limitations of this study that must be considered when interpreting the data. First, it is
important to acknowledge that the diagnoses recorded in the insurance claims databases are typically not
rigorously validated, which introduces uncertainty regarding its accuracy. Consequently, although this
retrospective observational study suggests a potential association between the Eichner classification and
incidence of CVD, the findings do not definitively establish this relationship. Further research using rigorously
validated prospective cohort studies is required to confirm these findings. Second, because this database mainly
includes Japan’s working-age population and its dependents, it does not include individuals aged >75 years.
This exclusion limits our ability to evaluate the association between risk factors and CVD in older adults. The
database includes data from major enterprises across Japan; however, its geographical distribution may not fully
capture the demographic or regional variations across the entire country. Additionally, the emphasis of the JMDC
Claims Database on a relatively younger population has led to a low incidence of CVD events being documented.
However, the rate of CVD events recorded in this database aligns with the findings of other epidemiological
studies in Japan®®!. Third, claims data typically include only diagnoses associated with medical treatments,
which may result in underreporting of CVD cases among individuals who do not seek medical attention.
Conversely, participants with multiple risk factors such as obesity, hypertension, and diabetes were more likely
to be diagnosed with CVD because they tended to utilize medical services more frequently. Increased use of
healthcare services can potentially enhance the likelihood of detecting CVD. Fourth, although adjustments were
made for conventional confounding factors available in the database, some residual confounding variables, such
as income level, educational attainment, and occupational type, may still influence the relationship between
reduced posterior occlusal contact and the subsequent development of CVD?. Socioeconomic status has been
shown to affect access to healthcare, including dental services®. Since the JMDC database does not provide
information on socioeconomic status, it is possible that the association between occlusal contact and CVD
could have been exaggerated due to the failure to account for these factors. Although residual confounding
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from unmeasured factors like income and education cannot be ruled out, the E-value of 1.95 for Eichner C
and CVD (Table S5) exceeds the reported effects of socioeconomic status on CVD (HR =1.44) and tooth loss
(odds ratio =1.66)>*%%, suggesting minimal impact. Fifth, this study did not consider the duration of posterior
occlusal support loss, which is crucial for understanding its potential impact on CVD. Knowing the length of
time that the participants experienced this condition would provide valuable insights. Additionally, the study did
not account for the presence or severity of periodontitis, despite its known association with the inflammatory
processes and immune responses involved in the development of CVD?>. Future research should address these
gaps by including a broader range of participants and conducting more detailed assessments.

Conclusion and implications

This study demonstrated a notable association between reduced natural posterior occlusal contact and increased
CVD risk, highlighting the importance of considering oral health, particularly natural occlusal support, as a key
factor in CVD risk assessment. Our findings suggest that early intervention, including the provision of tailored
prosthetic solutions, such as fixed or removable dentures, based on the extent of posterior occlusion loss and
patient demographics (age and sex), could serve as an effective public health strategy in reducing CVD risk.
Together, the study findings underscore the importance of integrating dental health into broader preventive
healthcare frameworks to potentially improve cardiovascular outcomes.

Data availability
Data that support the findings of this study are available on request from the corresponding author. The data are
not publicly available due to privacy or ethical restrictions.
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