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Abstract
Objective: To investigate the interrelationships among concerns regarding dental vis-
its, the status of regular dental visits, and periodontal health during the coronavirus 
disease 2019 (COVID- 19) pandemic.
Background: Continuous oral health care and regular dental visits are important for 
maintaining periodontal health. Due to the possibility of contracting COVID- 19, in-
dividuals have been reluctant to visit medical institutions. It is unclear how the peri-
odontal health of the Japanese population has been affected by the interruption of 
regular dental visits during the COVID- 19 pandemic and how concerns regarding den-
tal visits have affected attendance at regular dental visits.
Methods: This study included 199 Japanese office workers in one municipal office 
at Fukuoka Prefecture, Japan (average age = 42.6 years; age range = 19– 77 years; 
123 men and 76 women). Periodontitis was defined based on a full- mouth periodon-
tal examination. The status of regular dental visits during the COVID- 19 pandemic 
and concerns regarding dental visits were obtained via questionnaire. We tested the 
hypothesis that concerns regarding dental visits would indirectly affect periodontal 
health through the interruption of regular dental visits during the COVID- 19 pan-
demic. We used mediation analysis, in which concerns regarding dental visits (present 
or absent) were set as the exposure, periodontitis (present or absent) was set as the 
outcome, and the status of regular dental visits (continued during the COVID- 19 pan-
demic or not) was set as the mediator.
Results: Of the 199 study participants, 108 had a habit of attending regular dental 
visits. Of these, 31 (28.7%) discontinued regular dental visits during the COVID- 19 
pandemic. Compared to the individuals who continued regular dental visits, those 
who discontinued regular dental visits had a higher prevalence of periodontitis (49.4% 
vs 77.4%, p < 0.05) and concerns regarding dental visits (22.1% vs 64.5%, p < 0.05). 
Discontinuing regular dental visits significantly mediated the association between 
concerns regarding dental visits and periodontitis (natural indirect effect: odds 
ratio = 1.68, 95% confidence interval = 1.02– 2.79, proportion mediated = 64.3%).
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1  |  INTRODUC TION

Periodontitis is a chronic bacterial infection that results in inflam-
matory destruction of the connective tissue and bone supporting 
the teeth.1 In Japan, periodontitis is common, with an estimated 
prevalence of 49.4%,2 and is the leading cause of tooth loss in 
adults.3 Furthermore, periodontitis is associated with systemic 
diseases (such as diabetes mellitus, chronic kidney disease, and 
cardiovascular disease),4- 7 increased medical care costs,8 and mor-
tality.9 Regular dental care with plaque removal by dental profes-
sionals is an effective method of maintaining good periodontal 
health.10,11

The coronavirus disease 2019 (COVID- 19) pandemic has spread 
worldwide, with many cases occurring in Japan. People are reluctant 
to visit healthcare facilities due to concerns regarding contracting 
COVID- 19.12 According to a recent survey of 1000 men and women 
in their teens to their 70s conducted by the Japanese Association 
of Private Dental Schools,13 21.4% of those surveyed reported 
that they discontinued regular dental visits during the period from 
February to August 2020, indicating that many individuals missed 
opportunities to receive professional dental care.

It is unclear how the periodontal health of the Japanese popu-
lation has been affected by the interruption of regular dental visits 
during the COVID- 19 pandemic and how concerns regarding dental 
visits have affected attendance at regular dental visits. This cross- 
sectional study aimed to examine the interrelationships among con-
cerns regarding dental visits, the status of regular dental visits, and 
periodontal health among Japanese individuals during the pandemic. 
Our study hypothesis was that concerns regarding dental visits 
would indirectly affect periodontal health through the interruption 
of regular dental visits during the COVID- 19 pandemic.

2  |  MATERIAL S AND METHODS

2.1  |  Study design, setting, and population

The study population was composed of a cohort of workers in one 
municipal office at Fukuoka Prefecture, Japan. Individuals who 
participated in annual health checkups at the workplace between 
November 10, 2020, and November 19, 2020, were invited to par-
ticipate in the current study. In Japan, employees undergo periodi-
cal medical examinations at least once a year if their workplaces 
regularly employ 50 or more workers, as mandated by the Industrial 

Safety and Health Act. Our study, which involved the administra-
tion of a questionnaire and performance of a periodontal examina-
tion, was designed to be conducted during this periodical medical 
examination.

The inclusion criteria were as follows: at least 18 years of age and 
able to read and understand Japanese. The exclusion criteria were 
as follows: having fewer than 2 teeth and previous diagnosis of a 
severe or terminal disease, such as advanced heart failure, end- stage 
kidney disease, or advanced- stage cancer. This study was designed 
as a part of employee welfare efforts. No sample size calculation was 
performed prior to the study. We invited all the workers who met 
the criteria for inclusion in our study to participate.

All the study participants provided written informed consent 
prior to being included in the study. The present study was con-
ducted in full accordance with the ethics principles of the Declaration 
of Helsinki and was approved by the Ethics Committee of Kyushu 
Dental University (approval number: 19– 32).

2.2  |  Questionnaire

The status of regular dental visits during the COVID- 19 pandemic 
and concerns regarding dental visits were obtained via question-
naire. Regarding the status of regular dental visits during the 
COVID- 19 pandemic, study participants were asked the following 
question: “Did you visit dental clinics for regular checkups during 
the COVID- 19 pandemic between 1 March 2020 and the present 
[ie, 10 November 2020])?” The possible answers were as follows [1]: 
“I visited as I did before the pandemic, OR I postponed or discontin-
ued dental visits but have resumed them.” Participants who gave this 
response were categorized in the group that continued regular den-
tal visits. [2]: “I postponed or discontinued dental visits and am cur-
rently not attending them.” Participants who provided this response 
were categorized in the group that discontinued regular dental visits. 
[3]: “I do not attend regular dental visits.” Participants who provided 
this response were categorized in the group that did not attend reg-
ular dental visits. For simplicity and ease of interpreting the study 
results, the responses “I visited as I did before the pandemic” and 
“I postponed or discontinued dental visits but have resumed them” 
were combined and included in one category. We assumed that sep-
arate analyses on the effects of resuming regular dental visits were 
not possible due to limited sample size and study duration. Separate 
analyses of people who discontinued regular dental visits were pos-
sible with the clear definition of this category.

Conclusion: The study results showed that individuals who discontinued regular den-
tal visits during the COVID- 19 pandemic due to concerns regarding dental visits had 
relatively poor periodontal health.

K E Y W O R D S
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To assess concerns regarding dental visits, study participants 
were asked the following question: “Do you feel anxious about vis-
iting dental clinics?”. Responses were given on a 5- point scale, with 
1 indicating no anxiety, 2 indicating a little anxiety, 3 indicating neu-
tral, 4 indicating anxiety, and 5 indicating high anxiety. Participants 
with responses of 4 or 5 were categorized as those with concerns 
regarding dental visits. For simplicity and ease of interpretation of 
the study results and because of limited sample size, we converted 
the 5- point scale response into a dichotomized response (ie, having 
or not having concerns regarding dental visits).

Data on oral health behaviors, including toothbrushing frequency 
(≥2 times/day or <2 times/day) and interdental cleaning device use 
(yes or no), were obtained through the questionnaire.

2.3  |  Oral health examinations

Five calibrated dentists who were blinded to the questionnaire re-
sponses conducted the oral health examinations. They determined 
the number of teeth and the presence of dentures and recorded 
the probing pocket depth (PPD), gingival recession (GR), and 
bleeding on probing (BOP) at six sites on every tooth except the 
third molars. A graduated periodontal probe and a mouth mirror 
(Williams Colorvue™ Probe and HD Mirrors, Hu- Friedy Mfg. Co., 
LLC., Chicago, IL, USA) were used under sufficient artificial illumi-
nation. Then, clinical attachment loss (CAL) was calculated using 
the PPD and GR. Based on the Centers for Disease Control and 
Prevention (CDC) and the American Academy of Periodontology 
(AAP) case definition (CDC/AAP definition),14 moderate peri-
odontitis was defined as having ≥2 interproximal sites with a CAL 
≥4 mm (not on the same tooth) or ≥2 interproximal sites with a 
PPD ≥5 mm (not on the same tooth), and severe periodontitis was 
defined as having ≥2 interproximal sites with a CAL ≥6 mm (not on 
the same tooth) and ≥1 interproximal site with a PPD ≥5 mm. The 
moderate and severe forms of periodontitis were combined and 
used as the main outcome. In addition, the periodontal inflamed 
surface area (PISA) was calculated using the CAL, GR, and BOP. 
The PISA quantifies the amount of inflamed periodontal tissue in 
square millimeters.15

The prestudy calibration for the PPD and GR was conducted at 
Kyushu Dental University with volunteer patients. All examiners ob-
tained intraexaminer kappa values >0.8 for both the PPD and GR. 
In addition, 4 examiners obtained kappa values >0.8 compared to 
the gold standard value based on the results obtained by another 
examiner (M.U.). For the kappa calculations, PPD and GR values that 
were exactly equal to or with a difference of within 1 mm indicated 
agreement.

2.4  |  Health checkup records inquiries

Data on age, sex, smoking status (currently smoking or not), 
physician diagnosis of diabetes mellitus, use of insulin or other 

glucose- lowering drugs, body mass index (BMI), and serum gly-
cated hemoglobin A1c (HbA1c) levels were obtained from the 
health checkup records. Overweight was defined as a BMI ≥25 kg/
m2. Diabetes mellitus (DM) was defined according to the diagnosis 
made by a physician and/or the self- reported use of insulin or other 
glucose- lowering drugs and/or an HbA1c ≥6.5%.

2.5  |  Statistical analyses

First, we described the study population characteristics according 
to the status of regular dental visits during the COVID- 19 pandemic. 
The Shapiro- Wilk test was used to determine whether the continu-
ous variables were normally distributed. ANOVA, the Kruskal- Wallis 
test, and the chi- squared test were used, as appropriate. If the over-
all test was significant, post hoc comparisons were performed.

To assess the effect of the interruption of regular dental visits 
during the COVID- 19 pandemic on periodontal health, subsequent 
analyses were performed for the study participants who had a habit 
of attending regular dental visits (ie, the group that did not attend 
regular dental visits was excluded from the subsequent analyses).

Logistic regression analyses were performed to assess the asso-
ciations of periodontitis with concerns regarding dental visits, the 
status of regular dental visits, and other factors among the study 
participants who had a habit of attending regular dental visits.

We hypothesized that concerns regarding dental visits would in-
directly affect periodontal health through the interruption of regular 
dental visits during the COVID- 19 pandemic. We tested this hypoth-
esis by employing mediation analysis, in which concerns regarding 
dental visits (present or absent) were set as the exposure, periodon-
titis (present or absent) was set as the outcome, and the status of 
regular dental visits (continued during the COVID- 19 pandemic or 
not) was set as the mediator. The natural indirect effect (NIE), which 
is the effect of the exposure through the mediator, the natural di-
rect effect (NDE), which is the effect of the exposure not through 
the mediator, and the total effect (TE), which is the sum of the NIE 
and NDE, were estimated. A logistic regression model was fitted for 
the exposure- mediator and mediator- outcome relationships. The 
estimates are presented as odds ratios (ORs) with 95% confidence 
intervals (CIs). We performed bootstrapping based on 1000 replica-
tions to derive the CIs. Age, sex, toothbrushing frequency, interden-
tal cleaning device use, smoking status, overweight, and DM were 
considered potential confounders.

As a sensitivity analysis, another mediation analysis was per-
formed in which the PISA as a continuous variable was set as the out-
come instead of the dichotomized periodontitis variable. A logistic 
regression model was fitted for the exposure- mediator relationship, 
and a linear regression model was fitted for the mediator- outcome 
relationship. The estimates are presented as regression coefficients 
with 95% CIs.

The statistical software STATA version 16.1 (StataCorp, College 
Station, USA) was used for the analyses. The level of significance 
(two- tailed) was set at 0.05.
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3  |  RESULTS

3.1  |  Study population

Among the 215 individuals who underwent medical checkups and 
met the inclusion criteria, 199 (92.6%) agreed to participate in our 
study and completed the examinations. Therefore, the study pop-
ulation was composed of 199 adults (average age = 42.6 years; age 
range = 19– 77 years; 123 men and 76 women). As presented in 
Table 1, they were categorized into 3 groups: the group that con-
tinued regular dental visits (n = 77), the group that discontinued 
regular dental visits (n = 31), and the group that did not attend reg-
ular dental visits (n = 91). The group that continued regular dental 
visits had a lower prevalence of periodontitis, smaller PISA, and 
a greater proportion of individuals who used interdental clean-
ing devices than the other groups. The group that discontinued 
regular dental visits had higher prevalence of concern regarding 
dental visits and periodontitis and a larger PISA. The group that 
did not attend regular dental visits had a lower prevalence of con-
cern regarding dental visits, a larger PISA, and a higher proportion 
of individuals who did not use interdental cleaning devices. The 
group that did not attend regular dental visits was excluded from 
the subsequent analyses.

3.2  |  Association of periodontitis with concerns 
regarding dental visits, regular dental visit status, and 
other factors among the study participants who had a 
habit of attending regular dental visits

Among the individuals who had a habit of attending regular dental 
visits, 31 (28.7%) discontinued regular dental visits, 62 (prevalence 
rate = 57.4%) had periodontitis, and 37 (prevalence rate = 34.3%) 
had concerns regarding dental visits. Table 2 shows the results of 
logistic regression analyses. The discontinuation of regular dental 
visits during the COVID- 19 pandemic was associated with a higher 
OR for periodontitis (OR = 3.52, 95% CI = 1.36– 9.13). Concerns re-
garding dental visits nearly reached significance (OR = 2.30, 95% 
CI = 0.99– 5.35). Interdental device use was associated with a lower 
OR for periodontitis (OR = 0.22, 95% CI = 0.09– 0.56). Overweight 
was associated with a higher OR for periodontitis (OR = 5.00, 95% 
CI = 1.57– 15.91). Advancing age and current smoking were not asso-
ciated with periodontitis among this group (ie, the study participants 
who had a habit of attending regular dental visits).

3.3  |  Interrelationships among concerns regarding 
dental visits, the status of regular dental visits, and 
periodontal health

Table 3 shows the results of the mediation analysis. The discontinu-
ation of regular dental visits significantly mediated the association 
between concerns regarding dental visits and periodontitis (NIE: 

OR = 1.68, 95% CI = 1.02– 2.79, proportion mediated [PM] = 64.3%). 
The NDE and TE of concerns regarding dental visits on periodon-
titis were represented by ORs of 1.61 (95% CI = 0.60– 4.34) and 
2.72 (95% CI = 1.05– 7.02), respectively. We could not construct a 
multivariable model including DM due to the very low and biased 
prevalence of DM (0% in the non- periodontitis group and 4.8% in 
the periodontitis group: Table 2). Therefore, the model was adjusted 
for potential confounders except for DM (ie, age, sex, toothbrush-
ing frequency, interdental cleaning device use, smoking status, and 
overweight). We also performed a mediation analysis excluding the 
individuals with DM (n of analyzed population = 105) and obtained 
similar results (Table S1). In a sensitivity analysis using PISA as the 
outcome variable (Table S2), the NIE of concerns regarding den-
tal visits was represented by a regression coefficient of 36.7 (95% 
CI = 4.0– 102.3, PM = 48.5%). These results are consistent with 
those of the main analysis that used the dichotomized periodontitis 
variable as the outcome.

4  |  DISCUSSION

In this cross- sectional study involving Japanese men and women, we 
investigated the interrelationships among concerns regarding dental 
visits, the status of regular dental visits, and periodontal health dur-
ing the COVID- 19 pandemic. Among the study participants who had 
a habit of attending regular dental visits, 28.7% discontinued regular 
dental visits during the COVID- 19 pandemic. The discontinuation 
of regular dental visit was associated with a higher prevalence of 
periodontitis and a greater degree of periodontal inflammation, as 
indicated by a higher PISA. We also found that individuals with con-
cerns regarding dental visits were more likely to discontinue regular 
dental visits. Our mediation analysis revealed that concerns regard-
ing dental visits indirectly affected periodontal health through the 
interruption of regular dental visits during the COVID- 19 pandemic.

The lack of dental care utilization and oral health problems during 
the COVID- 19 pandemic in Japan have been reported recently. A 
cross- sectional study based on Internet survey data demonstrated 
that deteriorated socioeconomic conditions due to the COVID- 19 
pandemic were associated with dental pain and that association was 
mediated by the postponement of dental visits.16 The findings of our 
study are in agreement with those recent findings.

Periodontitis is an inflammatory disease caused by bacteria in 
dental plaque, which is a biofilm that accumulates on teeth adja-
cent to the gingiva. Sufficient plaque removal on a regular basis 
by dental professionals has been demonstrated to be an effective 
means of maintaining good periodontal health.10,11 Additionally, 
proper self- care skills are obtained through toothbrushing instruc-
tion (TBI) during the dental visit. Combined professional and self- 
performed plaque control is effective for controlling gingivitis.17 
Overall, one potential reason for the higher prevalence of peri-
odontitis among study participants who discontinued regular den-
tal visits was the loss of the opportunity to receive professional 
plaque control and TBI.
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The percentage of individuals who discontinued regular den-
tal visits in our study was 28.7% during the period from March 
1, to November 10, 2020, which was higher than that in the 
Internet survey conducted by the Japanese Association of Private 
Dental Schools (21.4% during the period from February to August 
2020).13 Differences in study population characteristics and the 
period in which the study was conducted may have contributed 
to this difference in the result. Other studies based on Internet 
surveys have been conducted in Japan. A study by Koyama et al.18 
reported that 17.2% of the study participants canceled dental 
visits during the period from April 7, to May 10, 2020. A study 
by Matsuyama et al.16 reported that 13.9% of study participants 
postponed dental visits between April and May 2020. The re-
searchers did not classify dental visits (regular or episodic dental 
visits) in these studies.

A study by Koyama et al.18 reported that 24.1% of the study par-
ticipants felt marked anxiety regarding dental visits. In our study, 
27.1% of the total study population (N = 199) had concerns regarding 
dental visits. We observed a significant association between concerns 
regarding dental visits and the discontinuation of regular dental vis-
its, which suggests that concerns regarding dental visits are a barrier 
to the utilization of dental services. Unfortunately, we did not obtain 
data regarding the factors that could relate to anxiety, such as psy-
chological health and socioeconomic status (SES). Further studies ex-
ploring the factors related to concerns regarding dental visits will be 
important. The results may help create strategies to reduce anxiety 
and promote safe dental service use during the COVID- 19 pandemic.

We observed the discontinuation of regular dental visits during 
the period from March 1, to November 10, 2020. However, a sig-
nificant change in periodontal tissues may not occur in such a short 
observation period (8 months). As shown in Table 1, when the analy-
sis was restricted to the severe form of periodontitis, no association 
was found between discontinuation of regular dental visits and peri-
odontitis prevalence. Therefore, the current findings may be mainly 
due to slight aggravation of periodontal health. The effect of a lon-
ger interruption of regular dental visits during the COVID- 19 pan-
demic on periodontal health should be investigated in future studies.

The prevalence of periodontitis in this study population was 
59.3%, which was higher than that reported in the Japan National 
Survey for Clinical Dental Status, Survey of Dental Diseases (SDD) 
2016 (ie, 49.4%). A periodontal assessment involving examinations 
of six sites on all teeth (full- mouth periodontal examination [FMPE]) 
was performed in our study. On the other hand, a partial- mouth 
periodontal examination was performed in the SDD, which could 
have contributed to the difference in periodontitis prevalence be-
tween our study and the national survey.

Advanced age and current smoking were not associated with 
periodontitis among the study participants who had a habit of at-
tending regular dental visits. The exact reason was unclear, but we 
can speculate several reasons. First, we restricted the analyzed 

Variables

Outcome = Periodontitis 
(1 = Present, 0 = Absent)

OR 95% CI

Attended regular dental visits during the COVID−19 pandemic 
(1 = Discontinued, 0 = Continued)

3.52 1.36– 9.13

Concerns regarding dental visits (1 = Yes, 0 = No) 2.30 0.99– 5.35

Toothbrushing ≥2 times/day (1 = Yes, 0 = No) 0.31 0.06– 1.52

Interdental cleaning device use (1 = Yes, 0 = No) 0.22 0.09– 0.56

Age (per one increase) 1.01 0.97– 1.05

Sex (1 = male, 0 = female) 1.48 0.69– 3.19

Current smoking (1 = Yes, 0 = No) 0.90 0.23– 3.55

Overweight (1 = Present, 0 = Absent) 5.00 1.57– 15.91

Diabetes mellitus (1 = Present, 0 = Absent)* – 

Abbreviations: CI, confidence interval; OR, odds ratio.
*All the study participants with diabetes mellitus (n = 3) had periodontitis. The OR could not be 
estimated.

TA B L E  2  Association of periodontitis 
with concerns regarding dental visits, the 
status of regular dental visits, and other 
factors among the study participants who 
had a habit of attending regular dental 
visits (N = 108)

TA B L E  3  Mediation of the association between concerns 
regarding dental visits and periodontitis by the status of regular 
dental visits during the COVID- 19 pandemic (N = 108)

Exposure = Concerns regarding 
dental visits (1 = Yes, 0 = No)

Outcome = Periodontitis 
(1 = Yes, 0 = No)

Mediator = Status of 
regular dental visits during 
the COVID−19 pandemic 
(1 = Discontinued, 
0 = Continued)

OR* 95% CI

Natural indirect effect 1.68 1.02– 2.79

Natural direct effect 1.61 0.60– 4.34

Total effect 2.72 1.05– 7.02

Proportion mediated 64.3%

Abbreviations: CI, confidence interval; OR, odds ratio.
*Adjusted for age, sex, toothbrushing frequency, interdental cleaning 
device use, smoking status, and overweight.
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population to those who had a habit of attending regular dental vis-
its. The effects of age and smoking on periodontal health may be 
decreased due to continuous periodontal maintenance. Second, the 
age range was limited because the analyzed population consisted 
of mainly middle- aged workers. Third, we could only categorize the 
participants as current smoker or not based on the available data. 
We did not find any association between smoking status and peri-
odontitis, potentially due to absence of data on the history, duration, 
and amount of smoking.

This study was conducted in one municipal office in Fukuoka 
Prefecture, Japan. The total number of people with COVID- 19 (from 
March 1, 2020, to November 10, 2020) in Fukuoka Prefecture was 
5307.19 From April 7, 2020, to May 14, 2020, Fukuoka was under a 
state of emergency in relation to COVID- 19. From August 5, 2020, 
to October 8, 2020, Fukuoka was affected by the “Fukuoka Corona 
Alert.” Prefectural residents were requested to adopt thorough 
measures to prevent infections and refrain from using restaurants 
with close contact among diners, restaurants that serve alcohol, and 
karaoke locations in which no infection prevention measures were 
being implemented. The closure of dental clinics was not mandated. 
It is not clear whether current findings can be applied to other areas 
in Japan. Further studies are needed to test the generalizability of 
our results because the study population mainly consisted of white- 
collar workers. Future studies are needed to determine whether the 
current study results are applicable to a broader population.

One of the strengths of this study is that we used data from a 
detailed periodontal assessment involving FMPE, which is con-
sidered the gold standard for the diagnosis of periodontitis in 
population- based studies.20 In this study, we used the CDC/AAP 
periodontitis case definition, which was specifically designed for 
population- based surveillance.14 It is the most frequently used defi-
nition and is considered the most appropriate definition for an epi-
demiological setting.21 A case definition has been proposed by the 
European Federation of Periodontology (EFP) and the AAP (EFP/
AAP definition).22 Information on tooth loss due to periodontitis and 
complex factors is required to conclusively determine the stage of 
periodontitis in the EFP/AAP definition. Therefore, we did not use 
the EFP/AAP definition in this study.

This study has several limitations. First, the study had an obser-
vational and cross- sectional design, limiting our ability to establish 
temporality. Obtaining periodontal health data immediately before 
the COVID- 19 pandemic and identifying variables based on changes 
in periodontal health would be an ideal study design. However, be-
cause data on periodontal health before the COVID- 19 pandemic 
are lacking, such an approach is not possible. Although we obtained 
novel findings based on medication analysis, further studies with a 
longitudinal design must be conducted to validate the results of the 
current study. Second, as with any multivariable analysis, residual 
confounding can occur due to unmeasured variables, such as SES, 
phycological stress, and systemic conditions/diseases other than 
overweight and DM. Finally, this study focused on regular dental 
visits. We did not examine how episodic dental care users were af-
fected during the COVID- 19 pandemic.

In summary, within the aforementioned limitations, our study 
of Japanese office workers demonstrates that individuals who dis-
continued regular dental visits during the COVID- 19 pandemic due 
to concerns regarding dental visits had relatively poor periodontal 
health.
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