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Abstract
Background Metabolic Syndrome (MetS) associated with cardiovascular diseases have been focused on
by researchers. Although various studies have investigated its relationship with the oral environment, the
effects of dental interventions for MetS remain unclear. The aim of this trial is to investigate whether
prosthetic or periodontal treatment combined with dietary and exercise advice can improve waist
circumference, a surrogate measure of the syndrome. The null hypothesis is that there will be no
difference in waist circumference between participants who receive prosthetic or periodontal treatment
combined with dietary and exercise advice and those who receive only dietary and exercise advice.
Methods This is a single-center, single-blinded, parallel, randomized controlled trial. Participants are
randomly allocated to an intervention group (dietary and exercise advice plus prosthetic or periodontal
treatment) or a control group (dietary and exercise advice only). Outcome measures include waist
circumference; blood pressure; serum triglyceride, serum HDL/LDL cholesterol, fasting blood glucose, and
HbA1c assessment using blood tests; Anthropometric measurements using bioelectrical impedance;
health-related quality of life assessment using MOS 36-Item Short-Form Health Survey; oral-health-related
quality of life assessment using Oral Health Impact Pro�le-14 and Geriatric Oral Health Assessment
Index; food and nutrient intake assessment using brief-type self-administered diet history questionnaire;
periodontal assessment using probing pocket depth and bleeding on probing. Objective masticatory
function assessment using a color-changeable chewing gum and a gummy jelly was conducted for the
participants who received prosthetic treatment. Outcome measures are to be implemented at three time
points: at baseline and at 1 and 3 months after intervention. Differences between two groups in each
assessment is compared using the Student’s t-test. Within group, the change between each assessment
time is compared using the Tukey’s test. Discussion This trial could help to establish a new preventive
method for the MetS that can be delivered by dental practitioners. Moreover, the �ndings are expected to
reinforce the contribution of dentistry to extending healthy life expectancy.

Background
The World Health Organization focused on the prevention of cardiovascular diseases in the World Health
Report 2002 [1]. In Japan, the Ministry of Health, Labor and Welfare has reported that over 50% of
mortality is caused by lifestyle-related diseases, including cardiovascular disease, diabetes mellitus, and
malignant neoplasia [2]. One cause of cardiovascular disease, metabolic syndrome (MetS), has recently
become a clinical focus. MetS is de�ned as a complex state of increasing waist circumference, blood
triglyceride levels, blood glucose levels, and blood pressure that occurs due to the accumulation of
visceral fat [3]. Early detection and treatment of MetS is considered important in the prevention and
progression of cardiovascular diseases.

Several studies have investigated the relationship between MetS and the oral environment. The
relationships between tooth loss and mortality in diabetes mellitus and arteriosclerotic disease have
already been reported. Nowjack-Raymer et al. [4] reported that reduced vegetable intake caused by tooth
loss. The reduction of vegetable and fruit intake was a risk factor for the onset of both cardiovascular
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disease and diabetes mellitus [5,6]. Moreover, cross-sectional research by Patel et al. [7] indicated that
patients with diabetes mellitus who were older than 50 years had more missing teeth than healthy peers
and were 2.25 times more likely to be edentulous. Schwahn et al. [8] also reported that having nine or
more unreplaced teeth was related to all-cause and cardiovascular mortality (rate ratios of 1.43 and 1.88,
respectively). Thus, tooth loss appears to be related to mortality in patients with cardiovascular disease
and diabetes mellitus.

In research by Zhu et al. [9], it was reported that the number of natural teeth was inversely associated with
body mass index, waist circumference, blood pressure, fasting plasma glucose, and insulin
concentration. In the same research, it was positively associated with high-density lipoprotein cholesterol
concentrations. This report therefore suggested an inverse association between the number of natural
teeth and the presence of MetS. Elsewhere, there have been several reports [10, 11] indicating a
signi�cant correlation between periodontitis and MetS, such as that by Kaye et al. [11] who reported a
relationship to disease progression.

In a randomized controlled trial, Bradbury et al. [12] revealed that new complete denture fabrication and
tailored dietary counseling could improve fruit and vegetable intake in edentulous elderly people. Other
randomized controlled trials [13, 14] have also shown that fabricating new complete dentures and giving
simple dietary advice by patient information lea�et can improve the quality of food and nutrient intake.
Although these suggest that combining prosthetic treatment with dietary advice can improve food and
nutrient intake, the effects on MetS have not been clari�ed. There are also con�icting reports about the
effect of non-surgical periodontal treatment on hemoglobin A1c (HbA1c) in type 2 diabetes mellitus. On
the one hand, Hayashi et al. [15] reported that non-surgical periodontal treatment could improve HbA1c,
but on the other hand, Mizuno et al. [16] reported that it did not. The effects on MetS are also unclear.

Treatments for MetS include diet therapy, kinesitherapy, and lifestyle improvements (e.g., smoking
cessation). However, little is known of the effect of dental interventions (e.g. prosthetic or periodontal
treatment) combined with dietary and exercise advice on MetS outcome measures like waist
circumference. We therefore aim to compare this outcome between an intervention group (dental
interventions plus diet and exercise advice) and a control group (diet and exercise advice only). Our null
hypothesis is that there will be no difference in waist circumference between the intervention and control
groups.

Methods/design
Trial design

We plan to conduct a single-centered, single-blinded, parallel, randomized controlled trial according to the
2010 Consolidated Standards of Reporting Trials (CONSORT) [17]. The trial protocol and informed
consent documents have been approved by the ethics committee of the Faculty of Dentistry, Tokyo
Medical and Dental University (TMDU), registry number D2016-028. This trial is also registered with the
University Hospital Medical Information Network Center (Unique Trial Number: UMIN000022753).
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All participants will be required to provide written informed consent before participating. They will then be
randomly allocated to the intervention group or the control group. If the control group participants require
prosthetic or periodontal treatment, it will be performed at the end of the trial.

Participants

This trial will be conducted among the staff and outpatients of the TMDU Hospital of Medicine and
Dentistry. We will recruit participants through recruitment documents and �yers. Recruitment documents
will be sent to all TMDU staff who undergo periodic health examination, and the responders will be
enrolled. These documents include a statement that participation is voluntary and not a requirement of
their daily work. Flyers will also be posted in the reception room of the TMDU Hospital of Medicine and
Dentistry, and responder will be enrolled. Contracted companies will be partially responsible for
overseeing participant recruitment. All participants need to meet the eligibility criteria.

Eligibility criteria

First, participants will undergo screening to check that they meet the inclusion criteria for the trial, which
will be conducted by an outcome examiner (MD). Next, we will record the participants’ ages, genders,
comorbidities, and medications. Oral examination and radiography will be performed to diagnose the
degree of periodontal disease and the presence (or number) of missing teeth. Preliminary treatment will
be given, as needed, for dental caries (including root canal treatment) before the intervention phase.

Each participant will be required to meet the following inclusion criteria: the Japanese waist
circumference requirement for MetS [18]; Eichner Index [19] B1–4, C1–3 and/or slight-to-moderate
periodontitis [20]; over 40 years old; no medication change for 3 months; and who provide written
informed consent. In addition, participants will be excluded if they meet the following criteria: regularly
receive dietary or exercise counseling (e.g., by a nutritionist); have any dietary restriction due to a health
problem; have no means to implement dietary change (e.g., institutionalized); medication has been
changed in the last 3 months; have serious heart disease, hypothyroidism or hyperthyroidism, severe liver
impairment, severe kidney impairment, or a severe psychiatric disorder; are undergoing cancer therapy;
have experienced signi�cant weight loss during the last 3 months; are pregnant; or are deemed ineligible
by the responsible persons in this trial (MK).

Interventions
Figure 1 shows the trial �ow diagram. After baseline evaluation, all participants will receive dietary and
exercise advice using the Total Fitness Analysis System (TFAS) [21]. Participants who have missing teeth
or periodontitis in the intervention group will then receive prosthetic or periodontal treatment.

Dietary and exercise advice

The TFAS is a web application that was developed by the Health Science and Physical Education
Department at TMDU. This application is a life management tool that assesses the balance of adequate
exercise, nutrition, and rest for undergraduate students in education. All participants will be asked to input
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their diet and exercise data per day for a week into the TFAS, the results will be analyzed, and the
participants will receive unique dietary and exercise advice on video. The advice sessions will last 30
minutes and be conducted by a specialist (TM).

Treatments in the intervention group

Fixed or removable dentures will be given to participants in the intervention group if they are missing
teeth. The technique used to create the �xed dentures involves preparation, impression, recording of jaw
relationships, and delivery of the new denture. For the removable dentures, the technique involves primary
and secondary impressions, recording of jaw relationships, trial insertions, and delivery of the new
denture. Participants who have periodontitis will also receive non-surgical treatment, including
periodontal examination, tooth brushing instruction, scaling, reexamination, and scaling and root
planning (and subsequent examination). All dental treatments will be completed within 3 months by four
dentists with over 6 years’ clinical experience each (MK, YK, MI, HS).

Outcome measures

Outcome measures will be assessed at baseline and at 1 and 3 months after the interventions by a single
dentist (MD). Figure 2 shows the schedule of enrollment, intervention, and assessments following SPIRIT
statement. Assessment of objective masticatory function [22, 23] will be conducted for participants who
receive prosthetic treatment. The outcome assessor will also check the completed questionnaires with
participants at the end of each assessment to avoid missing data.

Primary outcome measure

The primary outcome is the waist circumference based on the de�nition that visceral fat accumulation is
central to MetS [3] and that there is a reported correlation between visceral fat and waist circumference
[24]. Waist circumference will be measured at the navel in a standing position.

Secondary outcome measures

In addition to the primary outcome, various secondary outcomes will also be assessed. These include
blood pressure, various blood parameters, anthropometric measurements, health-related and oral-health-
related quality of life, food and nutrient intake, objective masticatory function, and periodontal state.

Blood pressure. Hypertension is a component of MetS, so blood pressure will be measured. The
sphygmomanometer will be level with the heart in a sitting posture.

Blood sample test. Hyperglycemia and dyslipidemia are also components of MetS. Therefore, we will
measure serum triglyceride, high-/low-density lipoprotein cholesterol, fasting blood glucose, and HbA1c.
All participants will be required to fast for more than 6 hours before collecting a 10 mL blood sample.

Anthropometric measurements. Weight and body composition will be assessed by bioelectrical
impedance (MC-780A; Tanita, Tokyo, Japan). Body composition will then be estimated by determining the
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body fat percentage and skeletal muscle mass.

Health-related quality of life. Health-related quality of life will be assessed using the valid and reliable
MOS Short-Form 36-Item Health Survey [25, 26]. This contains 36 questions that evaluate eight health
concepts: vitality, physical functioning, bodily pain, general health perceptions, physical role functioning,
emotional role functioning, social role functioning, and mental health. The lower a given score, the greater
the disability.

Oral health-related quality of life. This will be assessed using the Oral Health Impact Pro�le-14 (OHIP-14)
[27] and the Geriatric Oral Health Assessment Index (GOHAI) [28]. The OHIP-14 contains 14 questions and
seven conceptual subscales: functional limitation, pain, psychological discomfort, physical disability,
psychological disability, social disability, and handicap. Higher scores indicate lower oral health-related
quality of life. The GOHAI contains 12 questions and three conceptual subscales: functional,
psychosocial, and pain/discomfort. Higher scores indicate better oral health-related quality of life.

Food and nutrient intake. The brief-type self-administered diet history questionnaire [29, 30] will be used
to assess the frequency of intake of 75 food items during the previous month. The daily intake of
approximately 30 nutrients and 50 food items is then estimated. The validity and reliability of this
questionnaire have been established [29, 30].

Periodontal examination. Periodontal examination will involve assessment of probing pocket depth and
bleeding on probing [31].

Objective masticatory function. Participants who receive prosthetic treatment will undergo objective
assessment of masticatory function. Mixing ability will be measured using a chewing gum (Xylitol
Masticatory Performance Evaluating Gum; Lotte Co., Ltd., Tokyo, Japan) that gradually changes its color
from green (before mastication) to red during mastication [22]. Participant will chew the gum 60 times at
the rate of 1 chew per second. Mixing ability will be calculated based on a Masticatory Performance
Index (MPIG) provided with the color-changeable chewing gum, measured by colorimetry (CR-13; Konica-
Minolta Sensing, Tokyo, Japan) [32] and the color scale method [33]. Shearing ability will be measured by
a test gummy jelly (UHA Mikakuto Co., Ltd., Osaka, Japan) [23]. Participants will chew this gummy jelly
30 times with no restrictions and shearing ability will be measured by a visual scoring method [34].

Sample size estimation

The sample size has been estimated based on the need to �nd signi�cant data for the primary outcome,
waist circumference. We calculated that 80 participants (40 per group) will be required to achieve an 80%
power to detect a difference of 3.0 cm (SD: 5.0 cm) in waist circumference, with a two-sided alpha level
of 0.05. This is based on the assumption that abdominal circumferences are normally distributed [35].
Allowing for a 20% drop-out rate, we will recruit 100 participants (50 per group).

Randomization and blinding
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Eligible study participants are to be alternately and randomly assigned to either the dietary intervention
group or the control group. The randomization sequence has been established with block sizes of 10 and
an allocation ratio of 1:1 and will be concealed in opaque consecutively numbered envelopes, and all
randomization processes will be conducted by a dentist (MD). Clinicians cannot be blinded to the
allocated group, because the dental intervention will be conducted for the participants of the intervention
group only during the trial period. Participants can be blinded to their allocated group because this is not
essential to their treatment.

Statistical analysis

Differences between two groups at each assessment point will be compared by Student’s t-tests.
Changes within each group between the assessment points will be compared by Tukey’s test. Moreover,
sub-group analysis will be performed by the results of masticatory function and periodontal examination.

Discussion
Several randomized controlled trials have revealed that combining prosthetic treatment with dietary
advice could improve the intake of fruits, vegetables, and key nutrients in edentulous patients [12, 13, 14].
The reduced intakes of these dietary essentials was also shown to be associated with the onset of
lifestyle-related diseases, such as cardiovascular disease and diabetes mellitus [5, 6]. Moreover, it has
been reported that carbohydrate, protein, vitamin (A, C, E, and K), and mineral (calcium, zinc, and
magnesium) intakes are signi�cantly lower among patients with MetS than in health subjects [36].
Periodontitis is also known to be progressed by in�ammatory cytokines, such as tumor necrosis factor-α,
which are present in obesity. The lipopolysaccharide produced in periodontitis also increases levels of
tumor necrosis factor-α, interleukin-6, and C-reactive protein. Levels of these in�ammatory cytokine
worsen further in cases with comorbid diabetes mellitus, arteriosclerosis, and cardiovascular disease [37].
These reports suggest that combining prosthetic or periodontal treatment with dietary and exercise
advice could improve the outcomes of patients with MetS.

The primary outcome of this trial is the waist circumference after follow-up, which will be used as a
surrogate measure of change in MetS risk. Because of the known association with visceral fat
accumulation [3], it may be more appropriate to measure visceral fat levels precisely by computed
tomography (CT). However, CT not only increases radiation exposure but also may add little value over
waist circumference. It has been reported, for example, that the visceral fat levels on CT correlate with the
waist circumference [24]. Therefore, waist circumference should be an appropriate measure for
evaluating the primary outcome.

Another potential issue is that trial participants must meet the Japanese waist circumference requirement
for MetS, yet we will not consider other diagnostic variables on which visceral fat accumulation is based,
including serum triglyceride levels, serum glucose levels, or blood pressure [3]. Therefore, not all of the
included participants will have a diagnosis of MetS, which will be an important limitation. Given that the
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components of MetS are caused by visceral fat accumulation [3], however, a decrease in waist
circumference after our intervention may suggest its e�cacy for the prevention of MetS.

The outcome measures will be assessed at baseline and at 1 and 3 months after the interventions.
Although it may be preferable to investigate the long-term effects, such as those at 6 or 12 months, we
are concerned about the needs of providing prosthetic or periodontal treatment to the control group at the
end of trial. To investigate these long-term effects would require that participants in the control group not
receive necessary prosthetic or periodontal treatment for longer than can be ethically justi�ed. Therefore,
we will limit out outcome assessments to 3 months after treatment, at which time participants in the
control group will receive prosthetic or periodontal treatment. However, this will lead to problems of its
own, as discussed next.

All trial participants will be older than 40 years and will meet the Japanese waist circumference
requirement for MetS (male: ≥85, female: ≥90) [18]. In the Japanese Survey of Dental Diseases 2016
[38], it was reported that >30% of subjects older than 40 years had missing teeth and that >50% of
subjects older than 55 years had dental prostheses. The same survey also reported that >40% of subjects
older than 40 years had moderate periodontitis. Given these data, many participants in this trial may need
prosthetic and periodontal treatment, which will make it di�cult to complete treatment plans within the 3
month time frame that we have stipulated. Therefore, we plan to conduct either prosthetic treatment for
the participants with missing teeth or periodontal treatment for the participants without missing teeth, not
both, in this trial.

Finally, the dental interventions in this trial will be conducted by four dentists (general practitioners) who
each have at least 6 years’ clinical experience (MK, YK, MI, and HS). In Japan, periodontists and general
practitioners offer these non-surgical periodontal treatments. Therefore, it is appropriate that these
professionals deliver such treatment to participants who have periodontitis.

In conclusion, we expect to establish a new preventive method for MetS that can be delivered by dental
practitioners. Indeed, the dental consultation room may be an ideal setting to provide advice on diet or
exercise [39]. If we can show that combining dental interventions with diet and exercise advice is
effective, it may be possible to improve the outcomes of MetS, prevent cardiovascular disease, and
extend healthy life expectancy.

Trial Status
The protocol version number is the �rst version (March 11, 2019). Participant recruitment began form
December 3, 2016, and it will be completed in May 1, 2019, approximately. The baseline outcome
assessments, and interventions were ongoing at the time of submission (March 11, 2019).

List Of Abbreviations
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CONSORT, Consolidated Standards of Reporting Trials; CT, Computed tomography; GOHAI, Geriatric Oral
Health Assessment Index; HbA1c, Hemoglobin A1c; MetS, Metabolic Syndrome; OHIP-14, Oral Health
Impact Pro�le-14; MPIG, Masticatory Performance Index applicable to color-changeable chewing gum;
TFAS, Total Fitness Analysis System; TMDU, Tokyo Medical and Dental University; UMIN, University
Hospital Medical Information Network.
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Figure 1

Flow diagram of trial design
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Figure 2

Schedule of enrollment, intervention, and assessments
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