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A B S T R A C T

Objective: To investigate the effect of non-surgical periodontal therapy on insulin resistance and sensitivity
among individuals with borderline diabetes not receiving medications.
Methods: A crossover, randomized controlled trial was conducted among participants with borderline diabetes
diagnosed by a 75-g oral glucose tolerance test. Participants were randomly assigned to either an early or later
intervention group. The early intervention group underwent non-surgical periodontal therapy of scaling and root
planing during the first 6 months, followed by a 6-month non-intervention period. The order was reversed in the
later intervention group. Primary outcomes included: fasting or post-load serum glucose and insulin, body mass
index (BMI), HOMA-IR, HOMA-β, and Matsuda Index.
Results: Seventy-four participants were randomized, and 71 participants completed the trial. There were no
significant differences between groups in glucose and insulin concentrations during the intervention and non-
intervention periods. When analyzed within groups by median-split of bleeding on probing (BOP) levels before
intervention, the lower BOP group showed improved changes in BMI, HOMA-IR, HOMA-β, and Matsuda Index
(P < 0.05). Further, we observed a positive correlation between baseline BOP and change in BMI (P = 0.06).
Change in BMI was positively correlated with changes in HbA1c, HOMA-IR, and HOMA-β (P < 0.05), and
inversely correlated with change in Matsuda Index (P = 0.001).
Conclusions: Periodontal therapy had no significant effect on markers related to insulin and glucose metabolism
among individuals with borderline diabetes. However, participants with a lower BOP (%) showed significant
improvements in BMI, fasting serum insulin, HOMA-IR, HOMA-β and Matsuda Index.
Clinical significance: Among individuals diagnosed with borderline diabetes, those who had < 37% of a lower
BOP (%) showed potential improvements in BMI, fasting serum insulin, HOMA-IR, HOMA-β and Matsuda Index
following non-surgical periodontal therapy.

1. Introduction

While several observational studies have reported that periodontal
disease was associated with the prevalence of diabetes mellitus [1,2],
the results from clinical trials of non-surgical periodontal therapy
among patients with diabetes have been inconsistent. Some studies

showed an improvement in serum glucose or HbA1c [3,4] and insulin
resistance [5,6] associated with non-surgical periodontal therapy,
whereas other studies found no improvement in HbA1c levels [7,8].
However, previous clinical trials examined patients with type 2 diabetes
that were undergoing medical treatment, so that the effect of non-sur-
gical periodontal therapy could not be distinguished from that of the
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diabetes medication. Therefore, it is unclear what effect non-surgical
periodontal therapy has only glycemic control among individuals with
borderline diabetes, i.e., those that do not require medication.

Periodontal treatment is associated with changes in adipocytokines,
such as adiponectin and leptin [9,10]. However, few studies have ex-
amined body weight change [11] and its relation with the effects of

periodontal therapy on glycemic control. Therefore, to consider the
effect of body weight change, we investigated the effect of non-surgical
periodontal therapy on insulin resistance and sensitivity among in-
dividuals with borderline diabetes in a randomized controlled trial
(RCT).

Fig. 1. Study design.

Table 1
Baseline characteristics.

Early intervention group Later intervention group

Number of subjects 37 34
Age (years) 66.3 ± 7.5 66.9 ± 8.1
Male sex (%) 37.8 38.2
BMI (kg/m2) 23.3 ± 3.3 23.7 ± 3.0
HbA1c (%) 5.6 ± 0.3 5.7 ± 0.3
Fasting serum glucose (mmol/L)a 5.3 (4.9, 5.8) 5.3 (4.7, 5.9)
1-h serum glucose (mmol/L)a 9.5 (7.6, 12.0) 9.7 (7.9, 11.9)
2-h serum glucose (mmol/L)a 8.7 (7.6, 10.1) 8.9 (8.0, 9.9)
Fasting serum insulin (μU/mL)a 5.5 (3.3, 9.5) 5.7 (2.8, 11.3)
1-h serum insulin (μU/mL)a 46.5 (23.5, 92.2) 53.0 (27.1, 103.9)
2-h serum insulin (μU/mL)a 54.5 (32.1, 92.5) 65.9 (37.0, 117.7)
HOMA-IRa 1.3 (0.7, 2.3) 1.3 (0.6, 2.8)
HOMA-βa 62.6 (36.5, 107.5) 67.8 (40.1, 114.6)
Matsuda Indexa 5.6 (3.3, 9.6) 5.2 (2.7, 10.1)
Current drinker (%) 51.4 52.9
Current smoker (%) 8.1 2.9
Habitual exercise (%) 59.5 55.9
No. of teeth 24.4 ± 5.6 24.4 ± 4.5
No. of treated teeth 8.7 ± 5.7 6.8 ± 4.3
No. of untreated teeth 7.2 ± 4.5 8.7 ± 4.6
BOP (%) 31.5 ± 18.6 31.1 ± 15.6
Mean PPD (mm)a 3.32 (2.8, 3.9) 3.20 (2.9, 3.6)

a Variables are expressed as geometric mean.
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2. Subjects, materials and methods

2.1. Study design

This study was a crossover RCT. Ethical approval was obtained from
the Human Ethics Review Committee of the Ehime University Graduate
School of Medicine (approval number 1609015). Written informed
consent was obtained from all participants before the baseline ex-
amination, and this study conformed to the Declaration of Helsinki
guidelines. This study was registered at the University Hospital Medical
Information Network Center and has the identifier UMIN000014585.

2.2. Study participants

Participants included men and women aged 30–79 years with bor-
derline diabetes. Inclusion criteria were defined according to the cri-
teria of the Japan Diabetes Society (serum fasting glucose of
6.1–7.0 mmol/L [110–125 mg/dL] and/or 2-h postprandial glucose le-
vels of 7.8–11.1 mmol/L [140–199 mg/dL], as measured by the 75 g
oral glucose tolerance test [OGTT]). Participants (n = 924) were re-
cruited from the Toon Health Study from June to November in 2011
and 2012. Details of the Toon Health Study were previously reported
[12,13]. Exclusion criteria included: participants who were edentulous,
those who had already started medication for diabetes, and those who
did not agree to participate in this study.

2.3. Intervention

A dentist performed non-surgical periodontal therapy, including
scaling and root planing (SRP), under the appropriate treatment plan
according to oral conditions once during the first month of the study.
All participants were treated by the same dentist, and in a similar
manner. Hygienists instructed patients regarding gargling using anti-
plaque mouthwash [14,15] containing chlorhexidine gluconate. Any
non-preservable teeth were extracted during the intervention period. In
addition to dental therapy, the dentist and the dental hygienist pro-
vided dental health instructions to the study participants. To maintain
oral hygiene, participants also underwent professional mechanical
tooth cleaning once per month.

2.4. Outcomes

Study outcomes included both blood glucose and insulin levels in
accordance with the 75-g OGTT, HbA1c, homeostasis model assessment
index of insulin resistance (HOMA-IR), homeostasis model assessment
of β-cell function (HOMA-β), and Matsuda Index. Primary outcomes
were: HOMA-IR, HOMA-β and Matsuda Index; secondary outcomes
were: blood glucose and insulin levels. Probing pocket depth (PPD) and
bleeding on probing (BOP) were also evaluated as indices of oral con-
dition and periodontal therapy.

2.4.1. 75-g OGTT, insulin resistance, and insulin sensitivity
Overnight fasting blood samples were drawn from the antecubital

vein into vacuum tubes containing a serum separator gel (for glucose
and blood chemistry). These serum tubes were centrifuged immediately
at 3000 rpm (1670g) for 15 min, and the separated serum samples were
sent to the laboratory for analyses. Participants underwent an OGTT
and 1 h- and 2 h-postload glucose and insulin concentrations were
measured by standard laboratory methods. Serum glucose was mea-
sured by the hexokinase method (Sysmex, Kobe, Japan), using an au-
tomatic analyzer (7600-D; Hitachi Co., Tokyo, Japan). Insulin was
measured using the electrochemiluminescence method in ECLusys
(Roche Diagnostics, Tokyo, Japan). HbA1c was measured using the
latex immuno-agglutination method (Determiner hemoglobin A1c;
Kyowa Medex Co., Ltd., Tokyo, Japan), and presented in terms of the
National Glycohemoglobin Standardization Program value. The HOMA-
IR was calculated as fasting serum insulin (FSI) [μU/mL] × fasting
serum glucose (FSG) [mg/dL]/405. The HOMA-β was calculated as
360 × FSI [μU/mL] / (FSG [mg/dL]−63). The Matsuda Index, which
has been highly correlated with euglycemic insulin-clamp-derived in-
sulin sensitivity, was calculated as [10000/√((FSG × FSI) × (mean
OGTT glucose concentration × mean OGTT insulin concentration))].

2.4.2. Periodontal examination (full-mouth examination)
2.4.2.1. Probing pocket depth: PPD. PPD was measured at 6 points on a
tooth, by a dentist and a dental hygienist using an automated probe
with a constant force (20 g) at baseline and by the dentist at 6 months
and 12 months. The efforts of the dentist and the dental hygienist were

Table 2
Comparison of measurements between the early and later intervention groups
at baseline and at 6 months and 12 months.

Baseline 6 months 12 months

BMI (kg/m2)
Early intervention group (n = 37) 23.3 22.7 22.5
Later intervention group (n = 34) 23.7 23.4 23.3
P value 0.58 0.36 0.30

HbA1c (%)
Early intervention group (n = 37) 5.6 5.7 5.6
Later intervention group (n = 34) 5.7 5.7 5.7
P value 0.60 0.36 0.28

Fasting serum glucose (mmol/L)a

Early intervention group (n = 37) 5.3 5.3 5.4
Later intervention group (n = 34) 5.3 5.3 5.3
P value 0.66 0.98 0.71

1-h serum glucose (mmol/L)a

Early intervention group (n = 37) 9.5 10.6 10.4
Later intervention group (n = 34) 9.7 9.5 9.8
P value 0.78 0.02 0.25

2-h serum glucose (mmol/L)a

Early intervention group (n = 37) 8.7 8.0 8.0
Later intervention group (n = 34) 8.9 7.6 8.5
P value 0.43 0.29 0.31

Fasting serum insulin (μU/mL)a

Early intervention group (n = 37) 5.5 5.4 5.7
Later intervention group (n = 34) 5.7 5.7 6.0
P value 0.90 0.67 0.65

1-h serum insulin (μU/mL)a

Early intervention group (n = 37) 46.5 52.2 50.6
Later intervention group (n = 34) 53.0 51.3 55.4
P value 0.42 0.90 0.53

2-h serum insulin (μU/mL)a

Early intervention group (n = 37) 54.5 52.9 58.2
Later intervention group (n = 34) 65.9 59.2 73.3
P value 0.15 0.36 0.09

HOMA-IRa

Early intervention group (n = 37) 1.3 1.3 1.4
Later intervention group (n = 34) 1.3 1.3 1.4
P value 0.96 0.69 0.73

HOMA-βa

Early intervention group (n = 37) 62.6 61.3 63.2
Later intervention group (n = 34) 67.8 63.7 68.9
P value 0.53 0.73 0.46

Matsuda Indexa

Early intervention group (n = 37) 5.6 5.5 5.3
Later intervention group (n = 34) 5.2 5.4 4.9
P value 0.57 0.93 0.55

BOP (%)
Early intervention group (n = 37) 31.5 18.3 26.9
Later intervention group (n = 34) 31.1 43.0 19.5
P value 0.91 < 0.001 0.02

Mean PPD (mm)a

Early intervention group (n = 37) 3.32 2.70 2.90
Later intervention group (n = 34) 3.20 3.30 2.80
P value 0.29 < 0.001 0.08

Abbreviations: BMI = body mass index; BOP = bleeding on probing; HOMA-
IR = homeostatic model assessment of insulin resistance; HOMA-β = homeostatic
model assessment of β-cell function; PPD = probing pocket depth.
The continuous variables are expressed as mean.

a Variables are expressed as geometric mean.
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calibrated; and the kappa value for agreement of probing depth
between them was 0.88, which was considered a strongly positive
association, thereby assuring the quality of the calibration [12].

2.4.2.2. Bleeding on probing: BOP. BOP was evaluated at 4 points of
each tooth: the proximal, distal, buccal, and lingual sides. The total
number of the bleeding points divided by the total measuring points
was calculated and evaluated as oral inflammation. BOP (%) was
calculated as follows:

BOP (%) = (total number of bleeding points/total number of
teeth × 4) × 100.

2.4.3. Other measurements
Height in stocking feet and weight in light clothing were measured.

Body mass index (BMI) was calculated as weight (kg)/height (m)2. A
self-administrated questionnaire was used to assess smoking, alcohol
drinking, and exercise habits. We asked the participants about alcohol
habits (current/nondrinker) and smoking habits (current/nonsmoker).
Habitual physical activity status was defined as more than 30 min of
physical activity per day more than twice per week for more than
1 year, or more than 1 h of walking or equivalent physical activity per
day in daily life.

2.5. Sample size, randomization, and blinding

Sample size was determined by a power calculation based on pre-
vious reports regarding fasting and 2-h serum glucose levels after OGTT
stratified by the severity of periodontal status in a Japanese population
[16]. In the study, the mean difference in fasting serum glucose after

Table 3
Changes in each measurement during the intervention and non-intervention periods.

Intervention period (n = 71) Non-intervention period (n = 71) P value

BMI (kg/m2) −0.36 ± 0.81 −0.27 ± 0.65 0.50
HbA1c (%) 0.01 ± 0.21 0.01 ± 0.27 0.96
Fasting serum glucose (mmol/L) 0.01 ± 0.43 0.06 ± 0.45 0.61
1-h serum glucose (mmol/L) 0.65 ± 2.23 −0.18 ± 2.00 0.06
2-h serum glucose (mmol/L) 0.14 ± 2.03 −0.58 ± 2.28 0.12
Fasting serum insulin (μU/mL) 0.06 ± 2.16 0.05 ± 2.29 0.97
1-h serum insulin (μU/mL) 2.81 ± 28.9 −1.03 ± 29.9 0.51
2-h serum insulin (μU/mL) 6.63 ± 35.1 0.14 ± 29.6 0.31
HOMA-IR 0.04 ± 0.61 0.01 ± 0.61 0.78
HOMA-β −0.78 ± 24.0 0.22 ± 26.7 0.84
Matsuda Index −0.43 ± 2.85 −0.18 ± 3.89 0.73
BOP (%) −18.1 ± 16.1 10.2 ± 14.9 < 0.001
Mean PPD (mm) −0.60 ± 0.33 0.15 ± 0.27 < 0.001

Abbreviations: BMI = body mass index; BOP = bleeding on probing; HOMA-IR = homeostatic model assessment of insulin resistance; HOMA-β = homeostatic
model assessment of β-cell function; PPD = probing pocket depth.
Values are expressed as mean ± standard deviation.

Table 4
Changes in each measurement during the intervention period according to median-split BOP (%) prior to intervention.

BOP (%) prior to intervention P value

< 37% ≥ 37%

Number of subjects 36 35
BMI (kg/m2) −0.60 ± 0.88 −0.11 ± 0.65 0.01
HbA1c (%) 0.02 ± 0.19 −0.01 ± 0.23 0.61
Fasting serum glucose (mmol/L) −0.01 ± 0.48 0.03 ± 0.38 0.66
1-h serum glucose (mmol/L) 0.61 ± 2.54 0.70 ± 1.89 0.86
2-h serum glucose (mmol/L) −0.29 ± 1.77 0.58 ± 2.20 0.07
Fasting serum insulin (μU/mL) −0.57 ± 1.84 0.70 ± 2.31 0.01
1-h serum insulin (μU/mL) −0.27 ± 31.6 5.98 ± 25.9 0.37
2-h serum insulin (μU/mL) 4.60 ± 37.6 8.70 ± 32.7 0.62
HOMA-IR −0.12 ± 0.52 0.20 ± 0.65 0.03
HOMA-β −6.72 ± 27.2 5.33 ± 18.7 0.03
Matsuda Index 0.32 ± 2.14 −1.19 ± 3.29 0.03

Abbreviations: BMI = body mass index; BOP = bleeding on probing; HOMA-IR = homeostatic model assessment of insulin resistance; HOMA-β = homeostatic
model assessment of β-cell function.
Values are expressed as mean ± standard deviation.

Table 5
Pearson’s partial correlation coefficients of BOP (%) prior to intervention and
the change in BMI during intervention with the changes of each measurement
during the intervention period.

BOP (%) prior to intervention Change in BMI

ra P value ra P value

BMI 0.23 0.06 – –
HbA1c 0.01 0.92 0.26 0.03
Fasting serum glucose −0.08 0.54 0.16 0.19
1-h serum glucose 0.03 0.82 0.12 0.34
2-h serum glucose 0.33 0.005 0.23 0.06
Fasting serum insulin 0.16 0.18 0.48 < 0.001
1-h serum insulin −0.03 0.82 0.24 0.05
2-h serum insulin 0.12 0.32 0.36 0.002
HOMA-IR 0.12 0.32 0.45 < 0.001
HOMA-β 0.19 0.12 0.34 0.004
Matsuda Index −0.12 0.33 −0.32 0.007

Abbreviations: BMI = body mass index; BOP = bleeding on probing; HOMA-
IR = homeostatic model assessment of insulin resistance; HOMA-β = homeo-
static model assessment of β-cell function.

a Age- and sex-adjusted Pearson’s partial correlation coefficient.
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OGTT was 6 mg/dl for the non- to light-periodontal group (pocket
depth < 1.9 mm) and 20 mg/dl for the moderate-to heavy-periodontal
group (pocket depth ≥ 1.9 mm). As the average pocket depth in the
community was assumed to be approximately 3 mm, we presumed the
improvement in serum glucose level in the intervention group to be
approximately 9–10 mg/dL, which was larger than that observed in the
previous study. With a mean difference, standard deviation, sig-
nificance level, and number of study subjects of 9, 13, 0.05, and 34,
respectively, the power of this study was calculated to be 80.3%.

Study participants were randomized by the lottery method.
Allocation was carried out without information on the participants, and
independent of the dentist and the study researchers. Study participants
were randomized 1:1 into 2 groups: an early intervention group
(1–6 m), in which participants underwent periodontal treatment and
dental health instruction during the first sixth months from baseline,
and a later intervention group (7–12 m), in which participants under-
went the same intervention during the seventh to the twelfth month
from baseline.

All participants were informed of the study structure. Therefore, it
was ethically impossible to blind participants from the dental inter-
vention because they visited a dentist and were treated during the in-
tervention period.

2.6. Statistics

We compared mean values and prevalence rates of the baseline
characteristics for the early (n = 37) and later (n = 34) intervention
groups. Mean values at baseline, 6 months, and 12 months between the
two groups were compared by a t-test. We tested differences in BMI,
HbA1c, fasting and 1-h and 2-h postload glucose and insulin con-
centrations, HOMA-IR, HOMA-β, Matsuda Index, BOP (%), and mean
PPD between the intervention period (1–6 m in the early intervention
group plus 7–12 m in the later intervention group) and the non-inter-
vention period of each group, and differences were compared (i.e., after
intervention-before intervention) by a t-test. We further stratified the
participants by median pre-intervention values of BOP (< 37% and
≥37%), and compared changes in measurements within groups by a t-
test. We also calculated the age-and sex-adjusted Pearson’s partial
correlation coefficients of the BOP (%) before intervention and the BMI
change during the intervention with change of the measurements
during intervention. All statistical analyses were performed using SAS
version 9.4 software (SAS Institute Inc.). All P values were two-tailed,
and P values < 0.05 were regarded as statistically significant.

3. Results

The numbers of randomly assigned participants in the early and
later groups were n = 38 and n = 36, respectively. A couple that in-
sisted on participating together after allocation joined the same group.
Guidance for participation in the study was conducted in October of
2011 and 2012, and in January of 2012 and 2013. The first follow-up
examination (6-month follow-up) was held in April and July of 2012
and 2013, and the second follow-up examination (12-month follow-up)
was held in October of 2012 and 2013 and in January of 2013 and
2014. During the follow-up, one participant in the early intervention
group and two participants in the later intervention group dropped out
of the trial because for personal reasons. Therefore, we analyzed 37
subjects in the early intervention group (1–6 m) and 34 subjects in the
later intervention group (7–12 m) (Fig. 1).

Baseline characteristics of the early (n = 37) and later (n = 34)
intervention groups are shown in Table 1. Baseline glucose and insulin
concentrations were similar between the two groups. Oral health con-
ditions of BOP (%) and PPD were also similar.

Table 2 shows a comparison of the measurements between the early
and later intervention groups at baseline, 6 months, and 12 months.
There were no significant differences in primary outcomes, except for 1-

h serum glucose levels at 6 months. Regarding oral health conditions,
BOP (%) and mean PPD were significantly improved following the
periodontal therapy.

Table 3 shows the differences in each measurement between the
intervention and non-intervention periods. The BOP (%) and mean PPD
were significantly improved for the intervention period compared with
the non-intervention period (P < 0.001). However, the differences in
the other measurements were not statistically significant.

Table 4 shows changes in each measurement during the interven-
tion according to the median-split BOP (%) prior to intervention.
Compared to the higher BOP (%) group (≥ 37%, n = 35), the lower
BOP (%) group (< 37%, n = 36) showed significantly improved
changes in BMI (P = 0.01), fasting serum insulin (P = 0.01), HOMA-IR
(P = 0.03), HOMA-β (P = 0.03), and Matsuda Index (P = 0.03).

We calculated the age- and sex-adjusted Pearson’s partial correla-
tion coefficients of BOP (%) before the intervention and the change in
BMI during the intervention period with the changes of each mea-
surement during the intervention period (Table5). We observed a bor-
derline significant correlation between the BOP (%) before the inter-
vention and the change in BMI (r = 0.23, P = 0.06), and a significant
positive correlation between the BOP (%) before the intervention and
the change in the 2 h serum glucose levels (r = 0.33, P = 0.005). We
also observed that change in the BMI was positively correlated with
changes in the HbA1c (r = 0.26, P = 0.03), HOMA-IR (r = 0.45,
P < 0.001), HOMA-β (r = 0.34, P = 0.004), and serum insulin levels
(fasting (r = 0.48, P < 0.001), 1 h (r = 0.24, P = 0.05) and 2 h
(r = 0.36, P = 0.002)), and was inversely correlated with change in the
Matsuda Index (r =−0.32, P = 0.007).

4. Discussion

In this RCT, we found that periodontal therapy had no significant
effect on the markers related to insulin and glucose metabolism among
individuals with borderline diabetes who were not taking medication
for their diabetes. However, we found that the participants with a lower
BOP (%) showed significant improvements in their BMI, fasting serum
insulin, HOMA-IR, HOMA-β and Matsuda Index. The benefit in this
subgroup might be associated with weight reduction, since decrease in
BMI was positively correlated with favorable changes in markers re-
presenting insulin and glucose metabolism during the intervention.

SRP therapy for all participants was performed by the same dentist.
Both BOP (%) and mean PPD were improved following the interven-
tion, suggesting that the therapy was effective at treating periodontitis.
Non-preservable teeth were extracted during the intervention period.
The mean number of teeth extracted were 0.6 and 0.4 in the early and
later intervention groups, respectively. Treatment planning did not in-
fluence the outcomes.

Two meta-analyses examining the relationship of non-surgical per-
iodontal treatment, including SRP, with glycemic control among pa-
tients with type 2 diabetes showed reductions in HbA1c [3,4] and
fasting plasma glucose [4] levels. However, another meta-analysis as-
sessing SRP plus oral doxycycline showed no effect on the change of
HbA1c compared with control (SRP only) in patients with diabetes [8].
The different results may be explained by the severity of periodontal
disease in the respective study populations. The mean PPDs at baseline
in the successive studies were 2.24–2.67 mm [17–19], which were
lower than that of our participants and that of another large clinical
trial failing to show an improvement of HbA1c; in the latter trial, the
mean PPD was 3.3 mm. Oral high BOP levels indicate the presence of
inflammation and maintain the growth of periodontal bacteria, because
oral bleeding due to periodontitis increases hemoglobin concentrations
in gingival crevicular fluid, which in turn stimulates the secretion of
inflammatory cytokines such as TNF-α, IL-1β, IL-6, and IL-8 [20]. The
increase in inflammatory cytokines could impair the intracellular sig-
naling of insulin in relation to insulin resistance [21]. Considering the
inflammatory status in severe periodontal disease, the periodontal
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treatment may not have been sufficient to improve insulin resistance. In
that case, high oral BOP levels may mask the effect of the treatment,
which could account for the negative results observed in the present
study. Indeed, in this study, the mean value of the higher BOP group
after 6 months of intervention (23.1 ± 10.3%) was higher than that of
the lower BOP group prior to intervention (22.7 ± 10.5%). Thus, im-
proved changes in BMI, fasting serum insulin, HOMA-IR, HOMA-β, and
Matsuda Index were seen in the lower BOP group.

The reason for the reduction in body weight among participants
with a lower BOP in the present study is not clear. One potential reason
is that obesity may be linked to oral bacteria [22]. Dental treatment in
the present study was associated with weight loss, and was anticipated
to have favorable effects on oral bacteria, both of which could have
activated adipocytokines [23,24].

Several trials showed that periodontal treatment was associated
with improvement of adipocytokines [9,10]. Another potential reason
is related to lifestyle changes. As participants in this study were un-
blended, and dental health instruction was provided by a dentist and a
dental hygienist, the intervention could have increased motivation for
lifestyle change among the study participants, especially in those with
lower BOP (%) that may have exhibited higher health consciousness.

Several systematic reviews have suggested that obesity is a risk
factor for the development of periodontitis [25–27], and another review
article has suggested a bidirectional relationship between the metabolic
syndrome (including obesity) and periodontitis, mediated by circu-
lating cytokines and oxidative stress [28]. In addition, in another study
which demonstrated no effects of periodontal intervention on glycemic
control, other risk factors were more frequent, i.e., smoking, poor oral
hygiene, hormonal changes in women, medication, and stress [29].
Likewise, individuals with a higher BOP (%) appear to have had more
risk factors in the present study.

The strength of this study was that we performed full-mouth dental
examinations and evaluated BOP levels using scores of 0–4 per tooth for
all teeth. Since two examiners carried out the dental examinations with
probes designed to apply pressure at a weight of 20 g, variations of
measurements between examiners were minimized (kappa value; 0.88).
In addition, a 75 g OGTT was performed to assess the pre- and postload
serum glucose and insulin levels, which enabled us to assess insulin
sensitivity and resistance by calculating Matsuda Index and HOMA-IR,
respectively.

The present study has several limitations. First, we did not assess the
counts of bacteria, including P. gingivalis, which needs heme iron to live
in the human body and is strongly related to bacterial pathogenicity in
the mouth [30]; and we did not measure cytokines such as TNF-α and
IL-6 during the intervention. These factors may affect how periodontal
treatment changes glucose metabolism [31,32]. Second, our subjects
were more health-conscious compared with general individuals. In fact,
the percentage of current smokers was lower than that in the National
Health and Nutrition Survey in Japan in 2011 (8.1% in the early in-
tervention group and 2.9% in the later intervention group versus 32.4%
in the Survey) [33]. A healthy lifestyle, even during the non-interven-
tion periods, could have reduced differences in oral conditions between
the intervention and control periods. Third, although a single dentist
treated participants to avoid any bias in treatment planning among
dentists, the dental therapy was not standardized; therefore, planning
varied by periodontal conditions and related disease levels. Accord-
ingly, generalization of dental therapy was limited.

5. Conclusion

Periodontal therapy had no significant effect on markers related to
insulin and glucose metabolism among individuals with borderline
diabetes. However, participants with a lower BOP (%) showed sig-
nificant improvements in BMI, fasting serum insulin, HOMA-IR, HOMA-
β and Matsuda Index. Although the effect is limited to those who had
relatively better oral conditions, the dental therapy, in accordance with

dental health guidance, could contribute to improved glucose meta-
bolism.
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