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Introduction

Oral diseases, especially periodontal disease, 
are associated with various systemic diseases. 
The association, for example, between 
periodontal disease and diabetes mellitus, 
has been well-evidenced. Diabetes mellitus 
is a metabolic disease caused by abnormal 
glucose metabolism and it is known to 
affect many patients in Japan.1 Periodontal 

disease has been widely recognised as a 
major complication of diabetes mellitus 
and many epidemiological studies have 
shown that diabetic patients have a higher 
tendency to develop periodontal disease. In 
addition, periodontal dental treatment in 
diabetic patients with periodontal disease 
improves the control of the diabetes mellitus, 
suggesting that there is a bidirectional 
relationship.2 Moreover, it has been reported 
that periodontal disease is associated with 
various other systemic diseases, such as 
heart disease, chronic kidney disease, 
and hypertension, although some of these 
associations have insufficient evidence.3,4,5,6,7

The Japan COVID-19 and Society Internet 
Survey (JACSIS) was a survey of the actual 
conditions of residents’ lives, health and 
social and economic activities, including 
the issue of COVID-19. The purpose of 
this survey was to provide information to 

plan and implement realistic measures for 
socioeconomic relief and health promotion 
for ‘protecting and promoting health and 
social activities’. This survey took a sample 
that matched the population distribution 
of Japan. The aspects evaluated included 
items related to consultations and medical 
conditions for various medical diseases, 
including oral diseases. These data clarify the 
general health status of the Japanese people.

Due to measures imposed to mitigate 
SARS-CoV-2 infection, social activities were 
restricted in Japan, and as a result, various 
health concerns have surfaced. With regard 
to these restrictions, problems of refraining 
from dental treatment have also arisen. Since 
it is known that oral problems affect various 
medical diseases, the effects of restrictions on 
visits for dental treatment on exacerbations 
of various systemic medical diseases were 
examined using JACSIS data (n = 28,175).

Discontinuation of dental treatment 
is a risk factor for the exacerbation of 
diabetes mellitus, hypertensive conditions, 
asthma, cardiocerebrovascular disease and 
hyperlipidemia.

Dental check-ups and treatment could prevent 
worsening of systemic diseases.

Understanding the relationship between 
oral health and systemic health could provide 
meaningful insights for medical-dental 
collaboration.

Key points
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Materials and methods

Study participants and setting
A cross-sectional study was conducted by 
analysing data from the JACSIS study. The 
ethics committee of Osaka International 
Cancer Institute approved the study protocol 
(approval number: 20084). From 27 September 
2021 to 30 October 2021, questionnaires were 
distributed to 33,081 candidates who were 
selected from the panellists of a Japanese 
internet research company (Rakuten Insight, 
Inc) to represent the Japanese population 
regarding age, sex and residential prefecture 
using a simple random sampling procedure. 
All participants provided web-based informed 
consent at registration. Respondents who 
had provided invalid responses to the 
questionnaire were excluded and the data of 
27,185 respondents (age range: 15–79 years; 
49.7% male) were included in the analysis.

Patients currently undergoing treatment 
for diabetes mellitus, hypertension, asthma, 
cardiocerebrovascular disease, hyperlipidemia, 
atopic dermatitis, and mental illness, such 
as depression, were picked from the total 
participants. Then, whether their systemic 
disease worsened was examined. For instance, 
Figure  1 shows the participant extraction 
process for diabetes mellitus.

From all 28,175 participants, 1,999 people 
with current diabetes mellitus were picked 
up. Of these 1,999 people, those who had 
not received medical treatment because of 
their neglected disease were excluded. The 

1,802 people who were currently receiving 
medical treatment were picked up and of the 
1,802 people currently with diabetes mellitus, 
those who had interrupted and discontinued 
diabetes treatment in the last two months were 
excluded. Thus, 1,719 people who were able to 
continue diabetes treatment were picked up. 
These 1,719 people were analysed as the final 
verified subjects.

Then, whether their diabetes mellitus 
exacerbated between those who continued 
dental treatment and those who discontinued 
was examined epidemiologically. Th e survey 
asked the questions below regarding the 
underlying two behaviours:
1. Has your systemic disease condition 

worsened in the last two months?
2. Have you been able to have dental treatment 

within the last two months?

The answers for question one were ‘yes, my 
disease condition worsened’ or ‘no, my disease 
condition has not worsened’. The answers for 
question two were ‘yes, I have continued the 
dental treatment’, ‘no, I discontinued the dental 
treatment’ and ‘N/A (this question does not 
apply)’.

Subjects with hypertension, asthma, 
cardiocerebrovascular disease, hyperlipidemia, 
atopic dermatitis, and mental illness, such as 
depression, were extracted in the same manner 
as above. Of these final verified subjects, the 
exacerbation of each systemic disease condition 
was compared between those who continued 
to receive dental treatment and those who 

discontinued dental treatment. The outcome 
index used in this study was the respondents’ 
exacerbation of each systemic disease condition. 
If an individual chose the answer ‘my disease 
condition has worsened in the past two months’, 
that individual was assigned to the exacerbation 
group, and this was used as the primary 
outcome variable. Next, explanatory variables 
were added. Model 1 was an initial crude model 
that examined the presence or absence of dental 
treatment as a univariate. Model 2 added 
age, sex, smoking and living alone or not as 
socioeconomic factors. Factors such as owning 
a home, educational background and income 
were added as economic factors in Model 3.

To compare the two groups, the Mann-
Whitney U test and the chi-squared test were 
used for continuous variables and categorical 
variables, respectively. Data were collected 
and analysed with a combination of software 
packages (Microsoft Excel [Microsoft, 
Redmond, WA, USA], SigmaPlot [Systat 
Software, Palo Alto, CA, USA] and EZR 
[Saitama Medical Centre and Jichi Medical 
University, Saitama, Japan]). Results are 
reported as means ± standard deviation, unless 
otherwise indicated.

All procedures performed in this study were 
in accordance with the Ethical Guidelines 
for Medical and Health Research Involving 
Human Subjects of the Ministry of Health, 
Labour and Welfare, Government of Japan, 
and with the 1964 Helsinki Declaration and 
its later amendments.

Results

The final validated subjects examined in 
this study had diabetes mellitus (n = 1,719), 
hypertension (n = 5,130), asthma (n = 677), 
cardiocerebrovascular disease (n=833), 
hyperlipidemia (n = 2,998), atopic dermatitis 
(n = 792), and mental illness, such as depression 
(n=1,638). As shown in Table 1, 50–60% of 
patients with each disease had continued to 
receive dental treatment and 4–8% of them 
had discontinued dental treatment. The 
percentage of patients with worsening of their 
disease condition was higher in the group 
who discontinued dental treatment than in 
those who continued dental treatment for 
all diseases. The proportion of those with 
exacerbated conditions was high in atopic 
dermatitis and mental illness, accounting for 
more than 20%, whereas less than 5% of those 
with hypertension and hyperlipidemia showed 
exacerbation of the condition.

Suffering from diabetes mellitus
(n = 1,999) 

Receiving medical treatment
(n = 1,802) 

Continuing medical treatment
(n = 1,719) 

Continuing dental treatment
(n = 1,043) 

Neglecting the disease
(n = 197) 

Discontinuing medical treatment
(n = 83) 

Discontinuing dental treatment
(n = 88) 

All participants
(n = 28, 175) 

Fig. 1  The participant extraction process for diabetes mellitus is shown
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For diabetes mellitus, there were 
1,719 final verified subjects (average age: 
61.2 ± 14.8 years; 1,241 men, 478 women). Of 
these final verified subjects, 88 discontinued 
dental treatment in the last two months 

and 1,043 continued to receive dental 
treatment. There were 588 individuals who 
had no prior dental treatment. Of those 
who discontinued dental treatment, 16/88 
(18.2%) had worsening diabetes mellitus, 

whereas 58/1,043 (5.6%) of those who 
continued dental treatment had worsening 
diabetes mellitus. Univariate analysis with 
Model 1 showed a significant difference 
(p  <0.0001), suggesting that discontinuing 

Identifier
Diabetes 
mellitus
(n = 1,719)

Hypertension
(n = 5,130)

Asthma
(n = 677)

Cardiocerebro- 
vascular disease
(n = 883)

Hyperlipidemia
(n = 2,988)

Atopic 
dermatitis
(n = 792)

Mental illness, such 
as depression
(n = 1,638)

Dental treatment (past two months)

Continue 1,043 (60.7%) 3,126 (60.9%) 381 (56.3%) 538 (60.9%) 1,814 (60.5%) 437 (55.2%) 875 (53.4%)

Discontinue 88 (5.1%) 211 (4.1%) 54 (8.0%) 63 (7.1%) 153 (5.1%) 45 (5.7%) 127 (7.8%)

N/A 588 (34.2%) 1,793 (35.0%) 242 (35.7%) 282 (31.9%) 1,031 (34.4) 310 (39.1%) 636 (38.8%)

Disease condition

Exacerbation 95 (5.5%) 143 (2.8%) 95 (14.0%) 76 (8.6%) 86 (2.9%) 189 (23.9%) 390 (23.8%)

Non-exacerbation 1,624 (94.5%) 4,987 (97.2%) 582 (86.0%) 807 (91.4%) 2,912 (97.1%) 603 (76.1%) 1,248 (76.2%)

Age (Y) (mean ± SD) 60.2 ± 14.8 63.7 ± 12.7 50.1 ± 17.3 57.1 ± 18.3 61.9 ± 13.2 63.7 ± 12.7 44.7 ± 14.6

Sex

Male 1,241 (72.2%) 3,098 (60.4%) 333 (49.2%) 617 (69.9%) 1,588 (53.0%) 424 (53.5%) 810 (49.5%)

Female 478 (27.8%) 2,032 (39.6%) 344 (50.8%) 266 (30.1%) 1,410 (47.0%) 368 (46.5%) 828 (50.5%)

Smoking

Never smoker 573 (33.3%) 2,228 (43.4%) 303 (44.8%) 308 (34.9%) 1,451 (48.4) 415 (52.4%) 798 (48.7%)

Smoker (current/former) 1,146 (66.7%) 2,902 (56.6%) 374 (55.2%) 575 (65.1%) 1,547 (51.6) 377 (47.6%) 840 (51.3%)

Living alone

Yes 334 (19.4%) 940 (18.3%) 162 (23.9%) 193 (21.9%) 599 (20.0%) 191 (24.1%) 425 (25.9%)

No 1,385 (80.6%) 4,190 (81.7%) 515 (76.1%) 690 (78.1%) 2,399 (80.0%) 601 (75.9%) 1,213 (74.1%)

Homeowner

Yes 1,361 (79.2%) 4,239 (82.6%) 463 (68.4%) 654 (74.1%) 2,439 (81.4%) 496 (62.6%) 987 (60.3%)

No 358 (20.8%) 891 (17.4%) 214 (31.6%) 229 (25.9%) 559 (18.6%) 296 (37.4%) 651 (39.7%)

Education attainment

Less than high school 52 (3.0%) 114 (2.2%) 12 (1.8%) 21 (2.4%) 50 (1.7%) 6 (0.8%) 37 (2.3%)

High school 577 (33.6%) 1,747 (34.1%) 193 (28.5%) 299 (33.9%) 911 (30.4%) 185 (23.4%) 454 (27.7%)

Technical college 281 (16.3%) 953 (18.6%) 148 (21.9%) 134 (15.2%) 622 (20.7%) 167 (21.1%) 340 (20.8%)

University or more 799 (46.5%) 2,292 (44.7%) 312 (46.1%) 414 (46.9%) 1,391 (46.4%) 418 (52.8%) 787 (48.0%)

Missing 10 (0.6%) 24 (0.5%) 12 (1.8%) 15 (1.7%) 24 (0.8%) 16 (2.0%) 20 (1.2%)

Income (JPY)

<2,000,000 177 (10.3%) 504 (9.8) 76 (11.2%) 124 (14.0%) 307 (10.2% 77 (9.7%) 273 (16.7%)

2–4,000,000 431 (25.1%) 1,416 (27.6%) 151 (22.3%) 203 (23.0%) 761 (25.4%) 146 (18.4%) 325 (19.8%)

4–6,000,000 347 (20.2%) 980 (19.1%) 132 (19.5%) 190 (21.5%) 574 (19.1%) 150 (18.9%) 246 (15.0%)

6–8,000,000 195 (11.3%) 534 (10.4%) 77 (11.4%) 93 (10.5%) 316 (10.5%) 107 (13.5%) 178 (10.9%)

8–10,000,000 106 (6.2%) 321 (6.3% 48 (7.1%) 61 (6.9%) 209 (7.0%) 73 (9.2%) 128 (7.8%)

10,000,000 135 (7.9%) 371 (7.2%) 63 (9.3%) 66 (7.5%) 278 (9.3%) 89 (11.2%) 103 (6.3%)

Missing 328 (19.1%) 1,004 (19.6%) 130 (19.2%) 146 (16.5%) 553 (18.4%) 150 (18.9%) 385 (23.5%)

Table 1  Summary of participants who completed the survey
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dental treatment significantly affected the 
worsening of diabetes mellitus. The results 
of Models 2 and 3 (the multivariate analyses 
with socioeconomic factors added) are shown 
in  Table  2 and the online Supplementary 
Information, respectively. In all Models, 1, 
2 and 3, the presence or absence of dental 
treatment was a significant factor in the 
exacerbation of diabetes mellitus.

A similar analysis showed that 17/211 (8.1%) 
of those with hypertension who discontinued 
dental treatment had worsening of their 
hypertension condition, and of those who 
continued dental treatment, 76/3.126 (2.4%) 
had exacerbated hypertension. Univariate 
and multivariate analyses showed significant 
differences, suggesting that discontinuing 
dental treatment significantly affected the 
exacerbation of hypertensive conditions in 
Models 1, 2 and 3 (Table 2). The presence or 
absence of dental treatment was a significant 
factor related to the condition of hypertension.

Asthma, cardiocerebrovascular disease and 
hyperlipidemia were similarly examined in a 
similar manner. Significant differences were 
also observed in all models. The absence of 
dental treatment was a significant factor in 
the exacerbation of each disease. Conversely, 
in atopic dermatitis and mental illness, 
no significant difference was observed in 
all Models.

Discussion

This is the first epidemiological study to suggest 
that the discontinuation of dental treatment is 
a risk factor for worsening of various systemic 
diseases in Japan. This study showed whether 
discontinuation of dental treatment was related 
to worsening of seven systemic diseases within 
one research survey, showing the importance 
of continuation of dental treatment.

The outcome index used in the present 
study was exacerbation of systemic disease. 
Participants diagnosed with each systemic 
disease were assigned to the exacerbation and 
non-exacerbation groups and this was used as 
the primary outcome variable. Explanatory 
variables were added and analysed with 
socioeconomic factors. The observation period 
was from 27 September 2021 to 29 October 
2021, which corresponded to the period of 
the fifth domestic COVID-19 pandemic surge 
in Japan.

In recent years, various reports have 
suggested that oral disease adversely affects 
systemic health, and that oral disease is strongly 

related to the health of the whole body has been 
found to be a reliable observation. Much useful 
information about the effects of periodontal 
disease on various systemic diseases, including 
diabetes mellitus, has permeated through the 
entire medical community. In addition, the 
relationship between oral disease and systemic 
diseases other than diabetes mellitus has also 
been reported, although the evidence is not 
yet clear.

Periodontal disease and systematic 
disease
There have been various reports of the 
relationships between periodontal disease and 
systemic diseases. A cross-sectional study of 
adult Japanese people showed that individual 
components of metabolic syndrome, including 
obesity, hypertension, lipid abnormalities 
and hyperglycaemia, were associated with 
periodontal diseases.8 A significant correlation 
has been reported between the severity of 
periodontal disease and the deterioration of 
hemoglobin A1c (HbA1c), and its subanalysis 
showed that this association was more 
pronounced in subjects with high-sensitivity 
C-reactive protein (CRP) levels >1.0  mg/L. 
It has been suggested that the inflammatory 
reaction due to periodontal disease could be 
involved in the deterioration of HbA1c.9,10

The relationship between periodontal 
disease and coronary artery disease is currently 
receiving a great deal of attention. The leading 
cause of death in Japan is malignant neoplasm 

and the second and the fourth causes are 
heart disease and cerebrovascular disease, 
respectively. Cardiocerebrovascular diseases 
together account for about 25% of the total 
number of deaths in Japan each year. Recently, 
it has been reported that the enhancement of 
the systemic inflammatory response due to 
periodontal disease is involved in the onset 
and progression of vascular disorders.11 
Histologically, Porphyromonas gingivalis has 
been shown to invade vascular endothelial 
cells12 and arteriosclerosis and periodontal 
diseases have common pathologies, such as 
elevations of inflammatory cytokines and 
CRP.13,14,15

Cariogenic bacteria and systemic disease
A study of the molecular basis linking 
Streptococcus mutans, which is a major 
cariogenic bacterium, to arteriosclerosis, has 
been reported. In a study that investigated 
the presence of oral bacteria in human 
atherosclerotic plaques using the polymerase 
chain reaction method, the detection rate of 
S. mutans was 74%.16 Another study also showed 
that S. mutans was detected in atherosclerotic 
plaques of 23% of young patients and 44% of 
elderly patients.17 In addition, it was confirmed 
that arterial endothelial cells invaded by oral 
streptococci produced an inflammatory 
cytokine (interleukin-6).18 These studies 
showed the relationship between metabolic 
syndrome, including hypertension and 
hyperlipidemia, and dental caries.

Disease
Proportion worsening Model 1

p-value
Model 2
p-value

Model 3
p-value

Upper: discontinued dental treatment (%)
Bottom: continued dental treatment (%)

Diabetes mellitus 16/88 (18.2%)
58/1043 (5.6%) p <0.0001† p <0.0001† p = 0.0006†

Hypertension 17/211 (8.1%)
76/3126 (2.4%) p <0.0001† p = 0.0007† p = 0.0003†

Asthma 15/54 (27.8%)
44/381 (11.5%) p = 0.0026** p = 0.0170* p = 0.0094**

Cardiocerebrovascular 
disease

19/63 (30.2%)
41/538 (7.6%) p <0.0001† p = 0.0023** p = 0.0007†

Hyperlipidemia 14/153 (9.2%)
48/1814 (2.6%) p = 0.0002† p = 0.0071** p = 0.0036**

Atopic dermatitis 14/45 (31.3%)
108/437 (24.7%) p = 0.3690 p = 0.2310 p = 0.3670

Mental illness, such as 
depression

35/127 (27.6%)
224/875 (25.6%) p = 0.6650 p = 0.4740 p = 0.4770

Key:
* = significant difference <0.05
** = significant difference <0.01
† = significant difference <0.001

Table 2  Rate of worsening of each systemic disease by presence/absence of dental treatment
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As mentioned above, it has been reported 
that the two major oral diseases, dental caries 
and periodontitis, are related to various lifestyle 
diseases in various studies. Thus, this makes 
the result of the present research, indicating 
that the discontinuation of dental treatment 
is a risk factor for worsening of diabetes 
mellitus, hypertension, hyperlipidemia and 
cardiocerebrovascular disease, to be believable. 
On the other hand, there are a few reports 
showing that periodontitis is related to asthma. 
The number of reports is very small compared to 
those reporting the relationships among diabetes 
mellitus, hypertension, hyperlipidemia, and 
cardiovascular and cerebrovascular disorders.19,20 
Interestingly, the present results showed that 
the discontinuation of dental treatment was 
significantly related to exacerbation of asthma. 
We consider this is an important epidemiological 
result showing the relationship between dental 
treatment and asthma. Furthermore, there is a 
report showing no positive association between 
atopic dermatitis and periodontitis.21 The present 
study also showed no positive association 
between discontinuation of dental treatment 
and exacerbation of atopic dermatitis. Moreover, 
no positive association between discontinuation 
of dental treatment and exacerbation of mental 
illness, such as depression, was similarly shown.

The present study has limitations. Firstly, 
given the cross-sectional study design, the 
temporality between variables is not guaranteed. 
It is difficult to elucidate the causal relationship 
between the discontinuation of dental treatment 
and worsening of systemic diseases. Secondly, 
although participants were recruited to represent 
the Japanese population in terms of age, sex 
and residential prefecture, the respondents of 
a web-based survey might not fully represent 
the Japanese population, using self-reported 
information. The survey was developed to 
cover broad topics rather than focusing on 
dental health-related issues, which led to some 
difficulties. The observation period was from 
27 September 2021 to 29 October 2021, which 
corresponded to the period of the third, fourth 
and fifth domestic COVID-19 pandemic surges 
in Japan. We could not capture the perfect data 
of all the participants at the time of the survey. 
Thus, the association between oral health and 
systemic health might be underestimated. 
In the general population, it is difficult to set 
up prospective studies of situations in which 
dental treatment is interrupted. The present 
study showed a very important result because 
it verified how people’s health deteriorates due 
to the social activity restriction in the presence 

of COVID-19 infection, when oral dental 
care was not available. This study showed that 
discontinuing dental treatment worsened several 
systemic diseases. The key concept underlying 
the integrated common risk approach is that 
the promotion of general health by controlling 
a small number of risk factors may have a major 
impact on a large number of diseases at a lower 
cost and greater efficacy and effectiveness than 
disease-specific approaches.22 Specific dental 
check-ups and treatment could be demonstrated 
to be effective for the early detection and 
treatment of oral diseases. Therefore, dental 
treatment could prevent worsening of systemic 
diseases. The present epidemiological study 
showed the relationship between oral health and 
systemic health, and this is believed to provide 
meaningful insights regarding future medical-
dental collaboration in Japan.

Conclusion

The presence or absence of dental treatment 
was a significant factor in the exacerbation 
of diabetes mellitus, hypertensive conditions, 
asthma, cardiocerebrovascular disease and 
hyperlipidemia. The present epidemiological 
study showed the relationship between oral 
health and systemic health, which can provide 
meaningful insights regarding future medical-
dental collaboration in Japan.
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