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Abstract 

Background: This cross-sectional study performed to clarify the relationship between periodontal disease and non-
communicable diseases (NCDs), such as obesity, diabetes mellitus, impaired glucose tolerance (IGT), chronic obstruc-
tive pulmonary disease (COPD), and atherosclerotic cardiovascular disease (ASCVD) by introducing dental examina-
tions into the annual health examinations conducted by Japanese companies, and to highlights the importance of a 
medical system that connects dental and medical professionals.

Methods: A total of 1.022 Hitachi Ltd. employees were enrolled in this cross-sectional study. We examined correla-
tions and odds ratios (ORs) between the dental and overall health of employees using stratification and multiple logis-
tic regression analyses based on the periodontal health indicators, general health indicators, and occlusal force.

Results: The adjusted OR of PPD for obesity (OR, 1.42; 95% confidence interval [CI], 1.09–1.84; p = 0.009), IGT (OR, 
1.48; 95% CI, 1.00–2.20; p = 0.049), and COPD (OR, 1.38; 95% CI, 1.02–1.88; p = 0.038) significantly differed. The adjusted 
OR of body mass index (OR, 1.28; 95% CI 1.15–1.42; p < 0.001), haemoglobin A1C (HbA1c) (OR, 4.34; 95% CI, 1.89–9.98; 
p < 0.001), fasting blood glucose (FBG) levels (OR, 1.08; 95% CI 1.04–1.11; p < 0.001), postbronchodilator forced expira-
tory volume in one second/forced vital capacity ratio (%FEV1) (OR, 0.95; 95% CI 0.91–1.00; p = 0.031) and smoking 
(OR, 2.32; 95% CI 1.62–3.33; p < 0.001) for severe periodontal disease also significantly differed. Occlusal force was 
significantly reduced in employees aged 50–59 years compared to those aged 40–49 years. Both PPD, HbA1c, FBG 
levels were significantly associated with occlusal force among employees with moderate/severe periodontitis. PPD 
was significantly associated with occlusal force among employees with and moderate COPD, and ASCVD. %FEV1 was 
significantly associated with occlusal force among employees with IGT.

Conclusions: This cross-sectional study revealed mutual relationships among periodontal disease, NCDs, and 
occlusal force on Japanese corporate workers. We demonstrated that a comprehensive, regional healthcare system 
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Background
Periodontal disease is an inflammatory state caused by 
intra-oral bacteria. Progressive periodontal disease is 
accompanied by chronic inflammation that destroys the 
periodontal tissue supporting teeth, which can lead to 
tooth loss [1]. In 2010, severe periodontitis was the sixth-
most prevalent health condition, affecting 10·8% of peo-
ple, or 743 million, worldwide [2]. Thus, the importance 
of oral care centered on disease prevention and early 
treatment is recognized globally.

Periodontal disease might be involved in the progres-
sion of non-communicable diseases (NCDs), such as 
cancer, diabetes, circulatory diseases, chronic respiratory 
diseases, and even Alzheimer disease [3, 4]. Particularly, 
many studies have suggested its bidirectional associa-
tion with diabetes. A study of Pima Indians with a high 
frequency of type 2 diabetes found a 2.6-fold higher inci-
dence of periodontal disease among those with diabetes 
than those without [5]. Furthermore, poor glycaemic 
control increases the risk of alveolar bone resorption 
[6]. Obesity, which is closely related to diabetes, is a 
chronic inflammatory disease characterized by constant 
oxidative stress. Elevated fatty acid levels increase oxi-
dative stress in monocyte macrophages, dysregulating 
the production of adiponectin and other adipocytokines 
[7]. These inflammatory- and lipid peroxidation-related 
diseases also increase susceptibility to bacterial infec-
tions and might promote the progression of periodontal 
disease [8]. However, most epidemiological studies have 
been conducted in countries other than Japan; thus, the 
diabetes and obesity metrics indicated by these studies 
might not necessarily represent a comprehensive global 
perspective, given the differences in standards of disease 
severity among races [9, 10]. For example, the propor-
tion of Asians with a body mass index (BMI) ≥ 30  kg/
m2 (defined as obese in some European countries) is low 
[10]. Obesity is defined at a relatively lower threshold of 
BMI ≥ 25  kg/m2 by the Japan Society for the Study of 
Obesity because obesity complications occur at a lower 
BMI in the Japanese population than in the European and 
North American populations [11].

Given the relationship between periodontal disease 
and general health, we hypothesized that inflammation 
caused by periodontal disease may affect general health. 
Moreover, the decrease in occlusal force may affect gen-
eral health through changes in food intake. Occlusal force 
has been shown to be directly related to masticatory 

function and food selection. In fact, studies involving 
older Japanese adults have reported that a decrease in 
occlusal force resulted in a decrease in masticatory force 
[12], and that occlusal force was significantly correlated 
with vitamin and dietary fibre intake [13] Furthermore, 
increased PPD due to worsening periodontal disease has 
been shown to be negatively correlated with occlusal 
force and involved in food acceptability [14].

Clarification regarding the association between peri-
odontal disease and NCDs highlights the importance of 
a healthcare system that connects dental specialists with 
medical professionals who interact with patients. An oral 
health care system that establishes better oral health by 
examining, finding, and treating periodontal disease as 
well as by promoting maintenance and improvement 
of general health would be ideal. Systems that include a 
dental assessment as part of general health examinations 
in the UK are promising [15]. Japan has a unique health-
care system that mandates annual health checks for all 
employees. However, this system does not always include 
dental examinations [16].

This cross-sectional study aimed to determine whether 
periodontal disease correlates with NCD-centred health 
diagnostic indicators and to determine the effect of 
NCDs on occlusal force. In addition, the significance 
of introducing dental examinations into routine health 
checks under the corporate healthcare system is dis-
cussed. This could serve as a means of building a compre-
hensive, regional, oral healthcare system at facilities that 
comprehensively manage and support employee health 
and help prevent early periodontal disease, as well as 
maintain and promote good general health.

Methods
Study design and population
A cross-sectional study was performed from 2014 to 
2017 at the Hitachi Health Care Center (HHCC, Hitachi, 
Ibaraki, Japan), and data were collected for one week in 
December of each year. Written informed consent was 
obtained from all employees before participation in this 
study. The study was called the Hitachi Oral Healthcare 
(HTC-OHC) Survey. The Ethics Review Board at Hitachi 
Ltd. approved this study (approval No. 2014-58), which 
was conducted in accordance with the Strengthening 
the Reporting of Observational studies in Epidemiology 
(STROBE) guidelines [17]. Dental examinations were 
introduced as part of the regular annual Hitachi Ltd. 

centred on annual integrated dental and physical health examinations in the workplace will benefit employees and 
positively impact corporate health insurance.
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employee health checks (about 80 employees/day) at 
HHCC.

Periodontal examination
The dental examinations included probing pocket depth 
(PPD), bleeding on probing (BOP), number of teeth. The 
periodontal disease screening in this study was conducted 
by 15 dental hygienists belonging to the LION Founda-
tion for Dental Health (LDH) and 5 periodontists belong-
ing to the Department of Periodontal Disease Treatment, 
Faculty of Dentistry, Osaka University. Measuring peri-
odontal disease indicators PPD and BOP is imperative to 
verify the relationship between periodontal disease and 
general health. These indicators were measured by a den-
tal hygienist. The PPD and the BOP were measured at the 
disto-, mid-, and mesio-buccal, as well as the disto-, mid-, 
and mesio-lingual buccal surfaces of all the teeth by using 
a CP-12 colour coded probe (Hu-Friedy Mfg. Co. LLC., 
Chicago, IL, USA). This study was conducted in addition 
to the health examinations for Hitachi employees at the 
Hitachi Health Care Center from 2014 to 2017. Approxi-
mately 80 employees/day undergo a health check-up, 
making it necessary to accurately measure the PPD of 
all teeth in a short time. Therefore, the dental hygienists 
who performed the measurement were trained by perio-
dontists in performing the PPD measurement method to 
improve the reliability of the measurement technique and 
eliminate bias before conducting the study. The training 
was conducted for one month to reach a probe pressure 
of 25 g using a dental probe and a microweight scale used 
for measurement. In addition, the PPD was measured in 
five volunteers belonging to Lion Corporation, and intra- 
and inter-examiner calibration was performed. Calcu-
lated kappa statistics resulted in a range of values from 
good (0.7) to excellent (0.8).

Data collection
Health data were obtained from annual health checks 
conducted at the HHCC. The 47 endpoints determined 
at this facility included height, weight, abdominal cir-
cumference, hearing, vision, blood pressure, blood flow, 
electrocardiography, and other blood tests as part of 
the routine physical examinations. Indices for obesity, 
diabetes, impaired glucose tolerance (IGT), chronic 
obstructive pulmonary disease (COPD), atherosclerotic 
cardiovascular disease (ASCVD) were calculated from 
test results anonymized for use as a general health index. 
Periodontal disease indicators (number of teeth, PPD, 
BOP sites, periodontal epithelial surface area [PESA], 
periodontal inflamed surface area [PISA]), and occlusal 
force were also measured during dental examinations. 
Detailed descriptions of measurements and calculations 
for each indicator are described below.

Periodontal disease index and pathophysiological 
classification
Periodontitis was classified based on the consensus 
report of the 2017 World Workshop on the Classifi-
cation of Periodontal and Peri-Implant Diseases and 
Conditions [18]. We did not measure clinical attach-
ment level (CAL), but classified periodontitis stages 
from maximal PPD values. We compared employees 
without PPD ≥ 4  mm and haemoglobin A1C (HbA1c) 
level < 5.7 (healthy) with those who had mild (stages I 
and II: maximum PPD ≥ 4 mm, but < 6 mm) or moder-
ate/severe (stages III and IV: maximum PPD ≥ 6  mm) 
periodontitis. We calculated the PESA and PISA to 
quantify pocket epithelium surface areas and periodon-
tal inflammation loads [19] using Microsoft Excel [20].

Assessment of occlusal force
We measured bite force of full dental arches was using 
Dental Prescale Type-R 50H 97-μm-thick pressure-
sensitive sheets (Fujifilm, Tokyo, Japan) and visualised 
using an Occluzer FPD-707 scanner (Fujifilm) [21, 
22]. Participants maintained maximal clenching in the 
intercuspal position for 3 s, with the pressure-sensitive 
film placed between the maxillary and mandibular den-
tal arches [23]. The Dental Prescale sheet was set up for 
six dental hygienists (CF, TSN, KT, MT, AK, TK). Dur-
ing the measurement, the centre of the Dental Prescale 
sheet was aligned with the centre of the participant’s 
jaw to cover the entire dentition according to the 
method of Kumagai et al. [24]. When the dental hygien-
ist calibrated the PPD measurement, we also conducted 
training on the use of the sheet and setup. Occlusal 
force (N) data were obtained from 764 employees, and 
then analysed.

Obesity index and pathological classification
Obesity was defined as BMI ≥ 25 kg/m2 according to the 
Japan Society for the Study of Obesity [11]. Participants 
were classified as healthy (18.5–24.9 kg/m2), underweight 
(< 18.5 kg/m2), or obese (≥ 25 kg/m2). A stratified analysis 
revealed that among participants considered as healthy 
based on BMI, those with HbA1c level < 5.7% were con-
sidered healthy in analyses.

Diabetes indicators and pathological classification
Diabetes was defined by HbA1c levels according to the 
American Diabetes Association [25]. HbA1c was meas-
ured using high-performance liquid chromatography 
(HLC723-G11, TOSOH Co. Ltd., Tokyo, Japan). Individ-
uals with HbA1c level ≥ 6.5%, 5.7%–6.4%, or < 5.7% were 
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classified as having confirmed, suspected (borderline), or 
no diabetes mellitus (healthy), respectively.

Blood glucose index and pathophysiological classification
Plasma glucose (mg/dL) was measured enzymatically 
(GA09 II, A&T Co. Ltd., Tokyo, Japan). Levels of fasting 
blood glucose (FBG) < 100, 100–125, and ≥ 126  mg/dL 
were classified based on the guidelines of the American 
Diabetes Association [26] as being normal, impaired fast-
ing glucose (IFG), or impaired glucose tolerance (IGT), 
respectively.

Chronic obstructive pulmonary disease index 
and pathophysiological classification
Lung function was assessed as postbronchodilator forced 
expiratory volume in one second  (FEV1) and forced vital 
capacity (FVC) by using a spirometer (SP-770COPD, 
Fukuda Denshi Co. Ltd., Tokyo, Japan). The  FEV1/FVC 
ratio (%FEV1) was also calculated for classification anal-
yses [27]. Levels of COPD taken as %FEV1 according to 
the Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) guidelines [27] were determined as mild 
(≥ 80%), moderate (50%–79%), severe (30%–49%), or 
very severe (< 30%). Participants with HbA1c level < 5.7% 
classified as mild by %FEV1 served as the healthy group 
during stratification analyses.

Atherosclerotic index and pathophysiological classification
The cardio-ankle vascular index (CAVI) was measured to 
determine arterial stiffness that reflects the elastic prop-
erties of arterial walls [28]. CAVI was measured using the 
VaSera VS-3000 (Fukuda Denshi Co. Ltd., Tokyo, Japan). 
Values of < 8.0, 8.0–8.9, and ≥ 9.0 were defined as healthy, 
borderline, and suspected atherosclerosis, respectively. 
Participants with CAVI < 8.0 and HbA1c level < 5.7% 
were defined as healthy in the stratified analysis.

Classification of smoking status
Smoking status was categorized as having never smoked 
(never), previously smoked (former), and currently 
smoked (current) based on questionnaire responses.

Statistical analyses
Pathophysiology was stratified based on the indicators of 
periodontal disease, obesity, diabetes, COPD, ASCVD. 
Differences between dental hygiene and health diagnos-
tic indices were analysed using one-way ANOVA with 
post hoc Dunnet’s tests, chi-squared tests, Wilcoxon 
rank-sum tests, or Kruskal–Wallis tests with post hoc 
Bonferroni correction for multiple comparison. Differ-
ences in indices between disease and healthy groups were 
analysed using Mann–Whitney U tests. Associations 
between smoking status and disease states were also 

analysed using Pearson’s chi-squared tests (categorical 
variables).

The risk of developing obesity, diabetes, IGT, COPD, 
and ASCVD with moderate/severe periodontitis, was 
estimated through multiple logistic regression analyses 
that included dental indices (tooth count and PPD, PESA, 
and PISA) and health diagnostic indices (BMI, HbA1c, 
FBG, %FEV1, and CAVI). Model 1 (M1) is the refer-
ence model, which is based on healthy participants with 
HbA1c level < 5.7. Model 2 is M1 adjusted for age. Model 
3 is M1 adjusted for age and smoking status. The odds 
ratios (ORs) and 95% confidence intervals (CI) between 
disease and control groups were then analysed. Associa-
tions between periodontal disease indices, general health 
indices, and occlusal force were clarified using multi-
ple linear regression analyses. All data were statistically 
analysed using SPSS Statistics Version 27.0 (IBM Corp., 
Armonk, NY, USA). Values with p < 0.05 were considered 
statistically significant.

Results
All participants were aged ≥ 20  years who confirmed 
their intention to participate in the study through writ-
ing. Those who are taking medication or undergo-
ing treatment for systemic disease and those with full 
dentures were excluded upon participant recruitment. 
Upon applying the exclusion criteria, we targeted a total 
of 1,183 people: 248 in 2014, 294 in 2015, 322 in 2016, 
and 319 in 2017. However, there was an overlap in the 
participants because 161 participants had already been 
examined; as such, the duplicate data were deleted. The 
final number of participants was 1,022 (Fig.  1). Table  1 
shows baseline characteristics of participants in this 
study. Median age was 50 (28–77) years, consisting of 914 
male (89.4%) and 108 female (10.6%), among whom 30% 
smoked and 40% did not. The median of number of teeth, 
levels of BMI, and HbA1c were 28, 23.7 kg/m2, and 5.6%, 
respectively.

Classification based on periodontal disease index
Table 2 shows that 62 (6.9%) of the employees had good 
oral health, whereas 487 (54.2%), and 349 (38.9%) had 
mild and moderate/severe periodontitis, respectively. 
The PPD, BOP sites, PESA, and PISA were significantly 
increased in those with mild or moderate/severe peri-
odontitis compared with healthy employees. In addition, 
mild or moderate/severe periodontitis was associated 
with a significant increase in BMI, FBG and HbA1c lev-
els. The groups with moderate/severe periodontitis had 
significantly fewer teeth, lower high-density lipoprotein 
(HDL), and %  FEV1 levels than the healthy group.
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Health status stratified by obesity index
Table  3 shows that 421 (53.2%), 22 (2.8%) and 384 
(44.0%) employees were healthy, underweight and 
overweight according to obesity pathophysiology. The 
underweight group did not differ significantly from the 
healthy group in terms of periodontal disease indica-
tors. The obese group had significantly deeper PPD, 
higher BOP, PESA, and PISA, and fewer teeth than the 
healthy group. The obese group had also significantly 
higher %FEV1 and triglyceride, LDL, FBG, and HbA1c 
levels, with lower HDL values.

Health status stratified by diabetes index
Table 4 shows 582 (56.9%), 353 (34.5%), and 87 (8.5%) 
employees were healthy, borderline diabetic, and dia-
betic according to the diabetes pathophysiology clas-
sification index. The diabetes group had fewer teeth 
and deeper PPD than the healthy group. They were 
also heavier and had a higher BMI and higher triglyc-
eride, FBG, and CAVI levels, but lower HDL levels and 
occlusal force.

Healthcare examinees (2014-2017)
(n = 1,540)

Participant receiving an oral check-up
(n = 1,186)

Excluded
Refused to receive an oral check-up (n = 354)

Participant for analysis in this study
(n = 1,022)

Excluded
Missing healthcare examination data (n = 2)

Exclusion criteria  (n = 1)

Stratified periodontal classification
(n =  905)

Stratified obesity classification
(n =  791)

Stratified diabetes classification
(n =  1,022)

Stratified COPD classification
(n =  773)

Stratified ASCVD classification
(n =  525)

Participant receiving a measurement 
of occlusal force (n =  764)

Participant receiving an oral check-up
(n = 1,183)

Excluded
Overlapped participant  (n = 161) 

Analysis of occlusal force
(n =  669)

Analysis of occlusal force
(n =  588)

Analysis of occlusal force
(n =  764)

Analysis of occlusal force
(n =  585)

Analysis of occlusal force
(n =  403)

Categorical analysis vs control group adjusted with HbA1c < 5.7

Fig. 1 Flowchart of study participants in the HTC-OHC survey
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Health status determined based on chronic obstructive 
pulmonary disease index
Table 5 shows that 309 (40.0%) and 464 (60.0%) employ-
ees, respectively, had mild and moderate COPD accord-
ing to the pathophysiology classification index. Fewer 
teeth, higher PPD, FBG, HbA1c, and CAVI, and sig-
nificantly decreased occlusal force were associated with 
moderate COPD than with mild COPD.

Health  status stratified by atherosclerotic cardiovascular 
disease index
Table  6 shows that 245 (46.7%), 187 (35.6%) and 93 
(17.7%) employees were respectively healthy, borderline, 
and had suspected ASCVD according to the atheroscle-
rotic pathophysiology classification index. Those with 
ASCVD had fewer teeth, increased FBG, and HbA1c lev-
els, and decreased %FEV1 and occlusal force. However, 
BMI did not significantly differ among groups.

Factor analysis of oral and systemic health status 
interdependence
We examined bidirectional effects on oral and systemic 
health in Model 3 (reference Model 1 [M1], adjusted for 
age and smoking status) using multiple logistic regression 
analyses. Analysis of the effects of having more teeth on 
systemic disease revealed a significantly decreased risk of 
obesity (OR, 0.95; 95% CI, 0.92–0.99; p = 0.006), and dia-
betes mellitus (OR, 0.96; 95% CI, 0.92–1.00; p = 0.040). 
However, risk of the following: IGT (OR, 0.96; 95% CI, 
0.91–1.01; p = 0.077), moderate COPD (OR, 0.98; 95% 
CI, 0.94–1.02; p = 0.249), and ASCVD (OR, 1.02; 95% CI, 

0.96–1.09; p = 0.456) was not decreased. A deeper PPD 
also significantly correlated with increased risk of obesity 
(OR, 1.42; 95% CI, 1.09–1.84; p = 0.009), IGT (OR, 1.48; 
95% CI, 1.00–2.20; p = 0.049), and moderate COPD (OR, 
1.38; 95% CI, 1.02–1.88; p = 0.038). However, the risks 
of diabetes (OR, 1.36; 95% CI, 0.96–1.91, p = 0.083) and 
ASCVD (OR, 1.61; 95% CI, 0.91–2.87; p = 0.105) were 
not increased (Fig. 2).

The effect of systemic disease on periodontal disease 
status revealed that a high BMI (OR, 1.28; 95% CI, 1.15–
1.42; p < 0.001), HbA1c (OR, 4.34, 95% CI, 1.89–9.98, 
p < 0.001), FBG (OR, 1.08; 95% CI, 1.04–1.11; p < 0.001), 
and smoking (OR, 2.32; 95% CI, 1.62–3.33; p < 0.001; 
Model 2) significantly increased with worse periodon-
tal disease. A low %FEV1 (OR, 0.95; 95% CI, 0.91–1.00; 
p = 0.031) significantly increased with worse periodontal 
disease. However, CAVI (OR, 0.90, 95% CI, 0.52–1.43; 
p = 0.569) did not affect risk of developing periodontal 
disease (Fig. 3).

Relationship between occlusal force and general health
Figure  4 shows age-related changes in the number 
of teeth and occlusal force. The number of teeth sig-
nificantly decreased between 40 and 70  years of age. 
Occlusal force significantly decreased among employees 
in their 50 s (22.5% vs. age 40 s, p < 0.001) and 60 s (19.9% 
vs. age 50 s, p = 0.048).

We conducted multiple linear regression analysis and 
calculated standardized partial regression coefficients 
(SPRCs) (Additional file 1: Table 7) to clarify associations 
among the periodontal disease index, general health 
index, and occlusal force, as well as associations between 
each of these indices and occlusal force for severe pathol-
ogy stratified by each index. PPD was significantly 
associated with occlusal force of employees with mod-
erate/severe periodontitis (p = 0.001), moderate COPD 
(p = 0.008), and ASCVD (p < 0.001) in Model 3. Moreo-
ver, HbA1c, FBS levels were significantly correlated with 
occlusal force of employees with moderate/severe perio-
dontitis (p = 0.022, p = 0.045), whereas %FEV1 was signif-
icantly correlated with occlusal force of employees with 
IGT (p = 0.044) in Model 3.

Discussion
We added a dental examination to annual employee 
health checks at HHCC in this HTC-OHC cross-sec-
tional survey. We assessed bidirectional relationships 
among the periodontal disease index and general health 
indices. Clarifying the association between periodontal 
and systemic diseases with a focus on NCDs would ena-
ble the construction of a comprehensive regional health-
care system capable of future intervention. Therefore, we 
examined whether an association between periodontal 

Table 1 Characteristics of the study participants

Data are presented as the median (interquartile range) or number or percentage

n [Male / Female] 1022 [914 / 108]

Age [years] 50 (14)

Number of teeth 28 (4)

BOP [sites / mouth] 11 (22)

Biting force [N] 368.2 (329.7)

Hight [cm] 170.0 (9.6)

Body weight [kg] 68.7 (15.1)

BMI [kg/m2] 23.7 (4)

HbA1c [%] 5.6 (0.5)

FBG [mg/dL] 104 (15)

%  FEV1 80 (8)

CAVI 7.80 (1.29)

Smoking [n, [%]]

Never 406 [40]

Former 309 [30]

Current 307 [30]
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disease and systemic disease, which is becoming increas-
ingly clear in many epidemiological studies, could be 
identified by combining the health diagnostic indices 
that are normally measured in annual Japanese corporate 
medical checks with periodontal disease indices.

Diabetes is a metabolic disorder characterized by 
chronic hyperglycaemia [25]. Persistent long-term hyper-
glycaemia causes abnormalities in various organs and 
complications, such as retinopathy, nephropathy, neurop-
athy, and cardiovascular diseases [29], and an increased 
risk of periodontal disease [30].

This study analysed the effects of the periodontal dis-
ease index, PPD, BOP, PESA, PISA and number of teeth 
on diabetes. The PPD analysis suggested that periodon-
tal disease increases the risk of developing diabetes by 
1.4-fold. Furthermore, the HbA1c findings suggested 
that diabetes increases the risk of developing periodon-
tal disease by 4.3-fold, independent of age, sex, smoking. 
Kocher et  al. summarized typical epidemiological stud-
ies of periodontal disease and diabetes, and showed an 
increased OR for periodontal disease risk from 1.17- to 

3.84-fold due to diabetes, although a study involving 
Pima Indians found a 11.4-fold increase in the OR [31]. 
The ORs calculated herein were higher than those of 
previous studies. We believe that this is because we nar-
rowed down the healthy subjects in the stratified analysis 
of periodontal disease. At the time of the stratification 
analysis, the healthy group had no PPD of 4 mm, and had 
HbA1c level < 5.7. Therefore, the number of periodontally 
healthy employees fell to 62, which might have improved 
the accuracy of the OR. We believe that this study also 
confirmed the existence of a bidirectional relationship 
between periodontal disease and diabetes; however, vali-
dation in a larger sample is required.

Obesity is a chronic inflammatory disease character-
ized by excessive fat accumulation in adipose tissues 
[32]. Increased oxidative stress might not only lead to 
local and systemic vascular endothelial failure but also 
to periodontal disease [33]. We found a significantly 
higher BMI among employees with mild and moder-
ate/severe periodontitis than among healthy employees 
with HbA1c level < 5.7%. Multiple logistic regression 

Table 3 Intergroup comparisons of participants stratified by Body Mass Index (n = 791)

Data are shown as means ± SD. P value was calculated from one way analysis of variance (ANOVA) ¶ or Kruskal–Wallis tests for continuous variables or Pearson’s chi-
squared  tests§ for categorical variables.

*p < 0.05, **p < 0.01, ***p < 0.001 vs. healthy group

Variables Healthy
n = 421 (53.2%)

Underweight
n = 22 (2.8%)

Obesity
n = 348 (44.0%)

P value

Periodontal parameters

 Number of teeth 27.0 (4.2) 26.4 (3.7) 25.4 (5.8) ***  < 0.001†

 PPD (mm) 2.7 (0.5) 2.7 (0.5) 2.9 (0.7) ***  < 0.001†

 BOP sites / mouth 17.1 (20.8) 15.5 (17.3) 22.1 (25.3) *** 0.012†

 PESA  (mm2) 1392.7 (308.5) 1325.4 (267.2) 1429.8 (413.6) * 0.166†

 PISA  (mm2) 192.0 (284.1) 162.3 (212.6) 268.3 (350.5) *** 0.004†

Health examination

 Age 48.7 (9.7) 49.1 (8.0) 51.0 (9.2) ** 0.003¶

 Weight (kg) 64.4 (8.0) 47.6 (5.4) *** 80.7 (12.0)***  < 0.001†

 BMI (kg/m2) 22.2 (1.7) 17.5 (0.9) *** 28.0 (3.1)***  < 0.001†

 Triglyceride (mg/dL) 109.8 (78.2) 69.3 (29.2) ** 150.5 (98.9)***  < 0.001†

 LDL (mg/dL) 118.7 (28.0) 107.1 (37.3) 127.1 (30.1)***  < 0.001†

 HDL (mg/dL) 63.0 (15.8) 81.8 (21.8) *** 51.7 (11.1)***  < 0.001†

 FBG (mg/dL) 100.9 (8.3) 97.6 (10.1) 115.5 (24.6) ***  < 0.001†

 HbA1c (%) 5.37 (0.20) 5.59 (0.29)*** 5.99 (0.92)***  < 0.001†

 %  FEV1 79.0 (6.9) 82.9 (8.3)* 80.6 (5.4) ** 0.001†

 CAVI 7.8 (0.9) 8.1 (0.8) 7.8 (0.9) 0.426¶

Smoking (n, (%))  < 0.001§

 Never 200 (47.5) 10 (45.5) 117 (33.6)

 Former 120 (28.5) 2 (9.1) 104 (29.9)

 Current 101 (24.0) 10 (45.5) 127 (36.5)

Occlusal function (Total n = 588)

 n 316 12 260

 Bite force (N) 410.5 (243.9) 426.1 (307.1) 395.5 (240.5) 0.727¶
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analyses also suggested that BMI was 1.3-fold more likely 
to increase the risk of developing periodontitis. Con-
versely, having more teeth was associated with decreased 
risk of obesity, and that PPD was 1.4-fold more likely 
to increase the risk of developing obesity. The stratified 
analysis suggested that blood HDL level was significantly 
reduced in the obesity subjects (p < 0.001) and signifi-
cantly increased in the underweight subjects (p < 0.001). 
HDL has been reported to have anti-inflammatory effects 
[34]. Decreased HDL levels associated with increased 
sensitivity toward inflammatory stimuli as reflected by 
enhanced inflammatory and coagulation responses on 
endotoxin challenge [35] Porphyromonas gingivalis (P. 
gingivalis), a gram-negative oral anaerobe involved in the 
pathogenesis of periodontitis, induces oxidation of HDL 
[36], and lipopolysaccharide from P. gingivalis suppresses 
the secretion of adiponectin from adipocytes [37]. These 
studies may more accurately explain the relationship 
between periodontal disease and obesity.

The association between periodontal disease and 
COPD has given the overlap with chronic inflammatory 

diseases that involve the breakdown of connective tis-
sue and the existence of common risk factors such as age 
and smoking [38]. We found a significantly lower %FEV1 
among employees with moderate/severe periodontitis 
than among healthy employees. Multiple logistic regres-
sion analyses also suggested that COPD increase the risk 
of developing periodontitis. Conversely, having more 
teeth was associated with decreased risk of moderate 
COPD, and that PPD was 1.4-fold more likely to increase 
the risk of developing COPD. However, no differences 
in BOP or PISA indicators related to inflammation were 
observed. A meta-analysis of association studies between 
periodontal disease and COPD reported an increase in 
PPD and attachment loss in patients with COPD. How-
ever, no differences in bleeding or inflammation were 
reported, and no definitive results were provided [39]. 
The absence of a relationship between COPD and den-
tal inflammation indices (BOP and PISA) or BMI in this 
study may have been influenced by the absence of sub-
jects classified as “type III severe” or “type IV very severe” 
by the Gold Guideline COPD classification criteria. 

Table 4 Intergroup comparisons of participants stratified  by HbA1c (n = 1022)

Data are shown as means ± SD. P value was calculated from one way analysis of variance (ANOVA) ¶ or Kruskal–Wallis tests for continuous variables or Pearson’s chi-
squared  tests§ for categorical variables

*p < 0.05, ***p < 0.001 vs. healthy group

Variables Healthy
n = 582 (56.9%)

Borderline
n = 353 (34.5%)

Diabetes
n = 87 (8.5%)

P value

Periodontal parameters

 Number of teeth 26.7 (4.6) 25.8 (5.2)*** 23.7 (6.5)***  < 0.001†

 PPD (mm) 2.8 (0.6) 2.8 (0.6) 3.0 (0.6)*** 0.005¶

 BOP sites / mouth 18.0 (21.0) 19.9 (24.8) 19.9 (24.2) 0.415†

 PESA  (mm2) 1402.7 (327.5) 1405.0 (396.8) 1347.2 (410.2) 0.465†

 PISA  (mm2) 206.0 (283.2) 239.9 (348.4) 251.5 (351.1) 0.202†

Health examination

 Age 49.0 (9.7) 53.2 (9.4)*** 56.0 (9.2)***  < 0.001¶

 Weight (kg) 67.8 (11.0) 70.5 (13.6)*** 76.8 (15.3)***  < 0.001†

 BMI (kg/m2) 23.4 (3.1) 24.6 (3.8)*** 26.7 (4.5)***  < 0.001†

 Triglyceride (mg/dL) 121.6 (89.4) 126.6 (80.0) 154.2 (113.5)*** 0.037†

 LDL (mg/dL) 121.1 (29.2) 123.1 (29.9) 119.2 (29.2) 0.429¶

 HDL (mg/dL) 60.7 (16.0) 58.0 (14.7)* 52.3 (13.5)***  < 0.001†

 FBG (mg/dL) 101.4 (8.6) 109.7 (12.9)*** 154.3 (28.8)***  < 0.001†

 HbA1c (%) 5.39 (0.19) 5.89 (0.19)*** 7.70 (1.15)***  < 0.001†

 %  FEV1 79.5 (6.7) 79.6 (6.4) 79.5 (5.9) 0.962¶

 CAVI 7.8 (0.9) 8.0 (0.9)*** 8.4 (1.0)***  < 0.001¶

Smoking (n, (%)) 0.004§

 Never 260 (44.6) 122 (34.6) 24 (27.6)

 Former 165 (28.4) 112 (36.3) 32 (36.8)

 Current 157 (27.0) 119 (33.7) 31 (35.6)

Occlusal function (Total n = 764)

 n 431 264 69

 Bite force (N) 416.5 (243.7) 384.1 (249.8) 334.3 (287.5)* 0.002¶
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Therefore, further validation is required. Barros et  al. 
compared COPD in toothless subjects versus those with 
healthy periodontal tissue (teeth and gums) and reported 
an elevated risk of hospitalization and death among those 
with toothless jaws [40]. This suggests a connection 
between tooth count and COPD. Early and appropriate 
implementation of periodontal care may reduce the risk 
of COPD.

The association between periodontal disease and 
ASCVD has been a topic of interest, given their over-
lap with chronic inflammatory diseases that involve the 
breakdown of connective tissue and common risk factors 
such as age and smoking [41] We found a significantly 
increased CAVI in employees with moderate/severe 
periodontitis. Adjusting for age and smoking behaviour 
in the multiple logistic regression analysis, the CAVI 
could potentially increase the risk of moderate/severe 
periodontitis. Conversely, employees classified as hav-
ing ASCVD had significantly fewer teeth and decreased 
PESA compared with the healthy group, whereas PPD 
did not significantly differ among groups. Associations 

between periodontal and cardiovascular diseases have 
been characterized, but their causes are yet to be estab-
lished [42].

The decrease in occlusal force may affect general health 
through changes in food intake. Occlusal force is deter-
mined by masticatory muscle strength, tooth placement, 
and the biomechanical characteristics of the stomatog-
nathic system, including periodontal status [43]. It is used 
to evaluate the function and effectiveness of the mastica-
tion system [44]. Damaged periodontal tissues, such as 
deeper periodontal pockets, perturb the teeth, reducing 
occlusal force and masticatory ability [45, 46]. Occlusal 
function becomes insufficient when the mouth contains 
< 20 teeth, reducing maximal occlusal strength and mas-
ticatory ability [47]. We measured occlusal strength in 
some of the employees. Occlusal force was decreased by 
22.5% and 19.9% in individuals aged in their 50 s and 60 s 
compared with those in their 40 s and 50 s, respectively. 
Occlusal strength decreases in elderly persons [45], but 
changes in the occlusal strength of individuals between 
the ages of 20 and 70 remain unknown. This age-specific 
trend revealed that the total number of teeth decreased 
after the age of 40, and that individuals in their 70 s had 
an average of 20.5 teeth. Therefore, a decrease in the 
number of teeth is unlikely as the sole cause of decreased 
occlusal force. Since the sharp decline in occlusal force 
between the 40  s and 50  s corresponded to significant 
worsening of disease indicators including NCDs, general 
health status might somewhat affect periodontal tissues 
in addition to progress of periodontal disease.

We evaluated associations between periodontal disease 
index, general health index, and occlusal force. How-
ever, multiple linear regression analysis (adjusted for age 
and smoking status) found a significant negative asso-
ciation emerged between PPD and occlusal force among 
employees with moderate/severe periodontitis, moderate 
COPD, and ASCVD. An association has been identified 
between periodontal disease and moderate COPD and 
ASCVD, with their common pathology being chronic 
inflammation. There are similarities in COPD and peri-
odontitis disease mechanisms that of dysfunctional 
neutrophil behaviors, sustained neutrophilic inflamma-
tion, and connective tissue loss caused by oral bacteria 
[48]. Local expression of tumour necrosis factor (TNF), 
interleukin-1β (IL-1β), and IL-6 due to inflammation trig-
gered by bacteria involved in periodontal disease might 
promote and exacerbate ASCVD [49]. Chronic inflam-
mations lead to increased PPD and decreased occlusal 
force.

Furthermore, HbA1c level and occlusal force were sig-
nificantly and negatively associated with moderate/severe 
periodontitis, while %FEV1 was significantly and posi-
tively associated with occlusal force in the groups with 

Table 5 Intergroup comparisons of participants stratified  by 
%FEV1 (n = 773)

Data are shown as means ± SD. †Mann Whitney U tests. Smoking data are shown 
as n (%). §Pearson’s chi-squared tests

Variables Mild
n = 309 (40.0%)

Moderate
n = 464 (60.0%)

Periodontal parameters

 Number of teeth 27.3 (3.8) 25.3 (5.8)  < 0.001†

 PPD (mm) 2.7 (0.5) 2.9 (0.6)  < 0.001†

 BOP sites / mouth 18.5 (21.0) 18.4 (22.1) 0.931†

 PESA  (mm2) 1412.7 (293.1) 1393.2 (412.5) 0.618†

 PISA  (mm2) 203.7 (260.9) 230.5 (345.4) 0.569†

 Health examination

 Age 46.7 (8.9) 54.1 (9.4)  < 0.001¶

 Weight (kg) 68.1 (12.0) 68.8 (11.0) 0.408†

 BMI (kg/m2) 23.6 (3.5) 23.8 (3.0) 0.280¶

 Triglyceride (mg/dL) 123.3 (89.0) 128.5 (100.4)

 LDL (mg/dL) 120.5 (28.5) 120.9 (30.4) 0.893¶

 HDL (mg/dL) 60.7 (16.3) 59.6 (15.4) 0.333¶

 FBG (mg/dL) 100.9 (8.8) 109.6 (19.7)  < 0.001†

 HbA1c (%) 5.38 (0.18) 5.78 (0.73)  < 0.001†

 %  FEV1 84.1 (3.4) 74.0 (4.8)  < 0.001†

 CAVI 7.6 (0.9) 8.1 (0.9)  < 0.001¶

Smoking (n, (%))  < 0.001§

 Never 160 (46.5) 180 (32.8)

 Former 93 (27.0) 202 (36.9)

 Current 91 (26.5) 166 (30.3)

Occlusal function (Total n = 585)

 n 218 367

 Bite force (N) 432.3 (241.2) 373.8 (238.1) 0.001¶
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IGT. The biological mechanisms underlying the relation-
ship between diabetes and occlusal force remain obscure. 
We believe that chronic inflammatory conditions affect 
the function of the periodontal ligament (PDL), which 
is involved in generating occlusal force. The PDL plays 
an important role in distributing occlusal force over the 
alveolar bone and maintaining the positions of teeth, 
with mechanical forces altering cell viability, prolifera-
tion, and differentiation within the PDL itself [50]. Dia-
betes increases the abundance of PDL osteoclasts, which 
might be attributed to the increased expression of recep-
tor activator of nuclear factor kappa B ligand (RANKL) in 
mouse models of diabetes [51]. Moreover, hyperglycae-
mia is associated with activation of the NF-κB pathway 
[52]. Pabisch et  al. discovered an abnormal bone struc-
ture in a diabetes mouse model [53]. Advanced glycation 
end products (AGEs) accumulate in the blood serum and 
in cells and tissues during chronic hyperglycaemia in 
patients with diabetes [54, 55]. The increased frequency 
of bone fractures among patients with diabetes might be 
due to deterioration in bone quality mediated by AGEs 

[56]. These results indicated that diabetes alters bone 
metabolism, PDL function, and bone structure, and that 
these mechanisms could explain the association between 
diabetes and occlusal force. However, this awaits further 
investigation.

Poudel et  al. and Sanchez et  al. have advocated the 
need to introduce systems to improve oral health, edu-
cate patients about increased risk of oral complications, 
and provide advice about good dental practices. [57, 
58]. Health disparities that have recently been viewed 
as problematic are strongly influenced by income and 
education, which are also important factors that affect 
general health [59]. Changing a society’s views on 
issues such as the importance of oral healthcare or the 
impact of socio-economic factors and healthcare ser-
vices as they pertain to quality of life is challenging. 
However, a model that includes regular oral health-
care should be established and vigorously promoted to 
achieve societal acceptance. The Industrial Safety and 
Health Law in Japan requires all companies to have 
their employees undergo annual health checks, but not 

Table 6 Intergroup comparisons of participants stratified  by CAVI (n = 525)

Data are shown as means ± SD. P value was calculated from one way analysis of variance (ANOVA) ¶ or Kruskal–Wallis tests for continuous variables or Pearson’s chi-
squared  tests§ for categorical variables

*p < 0.05, ***p < 0.001 vs. healthy group

Variables Healthy
n = 245 (46.7%)

Borderline
n = 187 (35.6%)

ASCVD
n = 93 (17.7%)

P value

Periodontal parameters

 Number of teeth 27.4 (6.9) 25.6 (4.8)*** 23.2 (6.9)***  < 0.001†

 PPD (mm) 2.7 (0.5) 2.8 (0.6) 2.9 (0.7) 0.016†

 BOP sites / mouth 18.4 (22.0) 17.7 (21.0) 13.5 (16.0) 0.059†

 PESA  (mm2) 1399.0 (274.6) 1385.6 (346.5) 1247.8 (359.6)*** 0.001†

 PISA  (mm2) 201.5 (262.2) 210.9 (297.7) 157.4 (195.9) 0.141†

 Health examination

 Age 45.9 (7.7) 56.6 (8.5)*** 64.2 (6.4)***  < 0.001†

 Weight (kg) 69.1 (11.9) 66.6 (10.5)* 65.5 (9.8)* 0.009†

 BMI (kg/m2) 23.6 (3.4) 23.9 (3.1) 23.3 (2.7) 0.335†

 Triglyceride (mg/dL) 116.7 (73.6) 130.5 (108.7) 127.6 (87.1) 0.251†

 LDL (mg/dL) 123.3 (27.9) 119.7 (28.7) 118.0 (27.0) 0.200¶

 HDL (mg/dL) 60.4 (14.7) 58.5 (15.1) 60.7 (16.6) 0.375¶

 FBG (mg/dL) 100.5 (8.4) 110.7 (21.2)*** 118.1 (20.4)***  < 0.001†

 HbA1c (%) 5.38 (0.20) 5.84 (0.76)*** 5.95 (0.68)***  < 0.001†

 %  FEV1 80.2 (6.3) 79.0 (6.2)* 76.7 (7.6)***  < 0.001†

 CAVI 7.2 (0.5) 8.4 (0.3)*** 9.5 (0.5)***  < 0.001†

Smoking (n, (%)) 0.001§

 Never 110 (44.9) 70 (37.4) 36 (38.7)

 Former 65 (26.5) 69 (36.9) 45 (48.4)

 Current 70 (28.6) 48 (25.7) 12 (12.9)

Occlusal function (Total n = 403)

n 186 140 77

 Bite force(N) 456.3 (256.6) 357.8 (199.2)*** 316.0 (200.0)***  < 0.001†
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dental examinations. This health system has the advan-
tage of being accessible to anyone regardless of income, 
thus facilitating the accumulation of annual health 
examination data to monitor baseline health status as 
well as changes over time. The introduction of peri-
odontal health checks into this system might facilitate 
the detection of dental health issues that could allow 
for appropriate action to avoid or prevent symptom 
exacerbation, as well as associated healthcare costs. The 
HHCC collects employee health examination data from 
the point of hiring to the point of retirement. Thus, 
they implement early detection of systemic diseases 
and other healthcare measures to prevent worsening 
of pre-existing conditions. We found that maintaining 
employee health led to better overall corporate produc-
tivity. Moreover, a reduction in medical expenses leads 
to a more sustainable healthcare system. However, 

Japanese companies do not apply the same vigilance to 
oral health as physical health checks. We introduced 
dental examinations at no additional cost in this study. 
The rate at which the employees presented at dental 
clinics at that time was 63.6% (2014), with only a few 
employees aware of the importance of dental examina-
tions. However, continued annual dental examinations 
subsequently increased this rate to 81.8% (2015), 89.7% 
(2016), and 85.1% (2017). People in Japan do not gen-
erally attend dental clinics unless subjective symptoms 
appear, with dentistry remaining outside the scope 
of regular health maintenance. However, this trend is 
not unique to Japan, since economic status and lack of 
knowledge about oral healthcare are established barri-
ers to the inclusion of dentistry in regular health checks 
in other countries [58]. The association between peri-
odontal disease and general health was communicated 
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Fig. 2 Effects of periodontal disease indicators on risk of diabetes, obesity, IGT, COPD, and ASCVD. Model 1 (M1) is the reference model based on 
healthy employees with HbA1c < 5.7. Model 2 (M2) is M1 adjusted for age, and Model 3 (M3) is M1 adjusted for age and smoking status. Multiple 
logistic regression analysis was used to obtain the odds ratio. The number of patients with disease is as follows: Diabetes; n = 87, Obesity; n = 348, 
IGT; n = 117, COPD (moderate); n = 464, ASCVD; n = 93. Markers indicate estimated odds ratio (OR). Vertical ranges indicate 95% confidence interval 
(CI).TN; Number of teeth
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to the employees in this study via the internal pub-
lic relations department, which improved the collec-
tive understanding of the importance of regular dental 

health examinations. When a need for dental treatment 
was apparent, we provided the affected employee with 
a referral letter for a thorough dental examination. 
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Fig. 3 Effects of BMI, FBG, %FEV1, CAVI, smoking, and HbA1c on severe periodontal disease. Model 1 (M1) is the reference model based on healthy 
employees with HbA1c < 5.7. Model 2 (M2) is M1 adjusted for age. Model 3 (M3) is M1 adjusted for age and smoking status. Multiple logistic 
regression analysis was used to obtain the odds ratio. Severe periodontal disease; n = 349. Markers indicate the estimated odds ratio (OR). Vertical 
ranges indicate the 95% confidence interval (CI)
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Fig. 4 Changes in number of teeth and occlusal force with advancing age. a Number of teeth stratified by age (n = 1,022 employees). Mean 
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multiple comparisons across the six groups. NS, not significant
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We also established a medical test feedback system to 
evaluate the extent to which dental treatment contrib-
utes to improved health, as well as how it affects health 
insurance expenditure. Japan has the highest life expec-
tancy in the world, but healthcare costs are increasing 
due to the expansion of advanced medical care and the 
aging population. We believe that expanding systems 
such as oral healthcare will help slow the burden of 
increasing medical expenses.

This cross-sectional study had some limitations. 
In this study, PPD and BOP calculated from PPD and 
BOP were used as periodontal disease indexes in the 
analysis, and CAL was not measured. Conventionally, 
periodontal diseases are classified according to CAL. 
However, in the large-scale periodontal disease medi-
cal examination carried out in this study, it was diffi-
cult to accurately measure CAL in other places aside 
from the clinic within limited time. PISA quantifies the 
inflammatory burden posed by periodontitis, and can 
be easily and broadly applied [19]. PISA could be con-
sidered an alternative periodontal index that represents 
an individual’s periodontal status, and could be widely 
applied in various periodontal studies [60]. PISA can be 
calculated with the help of Excel spreadsheets by enter-
ing the values of CAL, location of the gingival mar-
gin, and PPD as measured on six sites per tooth. We 
calculated the PESA and PISA using the spreadsheets 
by entering the values of PPD and BOP in this study. 
Nessa et al. suggested that the calculation of PISA using 
CAL always includes measurement errors related to 
observer, instrument, and the teeth of patients, and that 
their interactions might lead to imprecise quality with 
regards to the amount of tissue [19]. Moreover, they 
discussed that using PPD instead of CAL, i.e. entering 
PPD into the formula for CAL, will diminish this under-
estimation. However, measurement of CAL is required 
to accurately perform periodontal disease classifica-
tion, and validation is required on the data obtained. 
HbA1c, age, and smoking were extracted as important 
confounding factors from the correlation analysis in 
this study. In the multiple logistic analysis, these were 
used as covariates to calculate the Odds ratio and SPRC 
(β). However, other potential confounding factors may 
include gender, lifestyle habits such as alcohol intake, 
and drug administration, and the results may differ. The 
correlation between dental and health indicators does 
not necessarily imply a causal relationship. In addi-
tion to the factors that we analysed herein, other fac-
tors influence the association between periodontal 
disease and general health. Therefore, long-term fol-
low-up studies are needed to establish causal relation-
ships. This study included a limited group of corporate 
employees that included only 10.6% women; therefore, 

our findings were biased towards men. Thus, long-term 
follow-up studies involving a larger female cohort are 
needed to fully determine causal relationships.

Conclusions
This cross-sectional study introduced dental examina-
tions into the regular health check program for employ-
ees of Hitachi Ltd., and identified an association between 
periodontal disease and elevated risk of NCDs, especially 
obesity, diabetes, IGT, COPD, ASCVD. In addition, our 
results revealed that changes in occlusal force varied with 
age, and that future health issues could be accurately pre-
dicted from the results of routine dental examinations. 
Including dental examinations in compulsory corporate 
health checks facilitates the early detection of periodon-
tal disease as well as therapeutic interventions. Closer 
medical-dental collaborations are important, and these 
should help to build a comprehensive regional healthcare 
system that maintains and promotes general health.
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