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on periodontal pathogens

and glycemic control in patients
with type 2 diabetes mellitus
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Periodontitis is known to be associated with type 2 diabetes mellitus (T2DM), and gargling with
mouthwash is known to reduce the incidence of periodontitis by inhibiting periodontal pathogens.
However, the effects of mouthwash on oral and systemic conditions in patients with T2DM remain
unknown. In this study, we investigated the effects of gargling with mouthwash on the number of red
complex species, including Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia,
and HbA1c levels in patients with T2DM. Patients were instructed to gargle with water for 6 months,
followed by gargling with mouthwash containing chlorhexidine gluconate for the subsequent

6 months. At each clinic visit, saliva was collected and bacterial DNA was extracted to detect red
complex species using the polymerase chain reaction technique. The HbAlc level was determined
using a blood sample. The number of red complex species significantly decreased in younger or

male patients who gargled with mouthwash. Furthermore, HbA1c levels significantly decreased in
younger patients or patients with higher HbAlc levels who gargled with mouthwash. These results
suggest that gargling with mouthwash reduces the number of red complex species and improves the
hyperglycemic status in patients with T2DM, especially younger patients.

Periodontitis is a chronic inflammatory infectious disease caused by periodontopathic bacteria'. Clinical char-
acteristics of periodontitis include the destruction of periodontal tissue and alveolar bone, which commonly
leads to tooth loss in adults®®. Periodontopathic bacterial species in the oral cavity are categorized according to
their virulence. Red complex species including Porphyromonas gingivalis, Treponema denticola, and Tannerella
forsythia are particularly virulent bacteria that play a major role in the progression of periodontitis"**.

To inhibit periodontal pathogens, routine checkups and cleaning by dental professionals and daily self-care
are important®’. Of the various self-care products available, mouthwash is one of the easiest to use for those
who want to improve their oral hygiene®. Mouthwash containing chlorhexidine gluconate is known to have
antimicrobial effects on P. gingivalis®.

Periodontitis is also related to the development or progression of systemic diseases'*'. In fact, a bidirec-
tional relationship between periodontitis and type 2 diabetes mellitus (T2DM) has been reported'*-'%. Patients
with T2DM are more susceptible to severe periodontitis than subjects without diabetes, and inflammatory
periodontitis aggravates hyperglycemia, leading to inadequate glycemic control'. Periodontitis and diabetes
mellitus both affect many people worldwide. As the number of patients increases, the cost of medical care
increases proportionally, and the number of patients who suffer social consequences, such as work restrictions
due to treatment, also increases. Therefore, simple and innovative treatments are needed to reduce the number
of people affected by both diseases®*?!.
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Recently, it has been reported that patients with T2DM treated for periodontitis have reduced periodonto-
pathic bacteria and improved glycemic control**~**. Patients with T2DM complicated by periodontitis have more
red complex species, and poor glycemic control is thought to be associated with increased levels of red complex
species in the oral cavity?®. However, the effects of mouthwash on oral and systemic conditions in patients with
T2DM remain unknown.

In this study, we investigated the effects of gargling with mouthwash on the numbers of red complex species,

including P. gingivalis, T. denticola, and T. forsythia, and HbA1c levels in patients with T2DM.

Results
Study design
The flowchart of patient selection is shown in Fig. 1. This study started with 350 patients diagnosed with T2DM,
and 224 were recruited by excluding those who met the exclusion criteria (total number of periodontal bac-
teria <6, HbAlc <6.5%, BMI > 30.0 kg/m?) (Fig. 1). Subsequently, we excluded patients who dropped out and
patients with missing data, resulting in a cohort of 173 patients. The characteristics of the 173 patients are shown
in Table 1.

The study design is shown in Fig. 2. Patients were instructed to gargle with water three times a day for
6 months, followed by gargling three times a day with mouthwash for the next 6 months. During this experi-
mental period, saliva specimens were collected 6-12 times, every 1-2 months at each visit to the clinic. Bacte-
rial DNA was extracted from the saliva samples to detect the three red complex species (Fig. 2A). Additionally,
HbA c levels were determined by blood samples during the visit (Fig. 2B). In a remarkably effective case shown
in Fig. 2, all red complex species were detected at the beginning of gargling with water and were not decreased at
the end of gargling with water. After this time, the number of red complex species decreased during the 6 months
of gargling with mouthwash and none were detected at the end of gargling with mouthwash. The HbA1lc level
increased slightly after gargling with water for 6 months, but decreased markedly after gargling with mouthwash
for 6 months.

Patients (n = 350)

245 males, 105 females
Average age: 65.1 years
(range: 34-85 years)

Excluded (n = 126)

Exclusion criteria:

- —— 1) Number of periodontopathic
bacterial species < 6

2) HbA1c < 6.5%

3) BMI = 30.0 kg/m?

Enrolled (n = 224)

158 males, 66 females
Average age: 65.8 years
(range: 34-84 years)

Excluded (n = 31)
— = = = P Patients who refused to participate or
dropped out during the study

Enrolled (n = 193)

133 males, 60 females
Average age: 65.8 years
(range: 34-84 years)

Excluded (n = 20)
Missing data

-—==>

Enrolled (n = 173)

115 males, 58 females
Average age: 66.5 years
(range: 34—84 years)

Figure 1. Flowchart of patient selection. BMI body mass index.
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Patients (n=173)

Sex

Male 115 (66)

Female 48 (34)

Age (years) 66.9+0.79 [68]
HbA1c levels (%) 7.36+£0.07 [7.4]
Duration of T2DM (years) 13.46+0.64 [13]
BMI (kg/m?) 23.66+0.23

Table 1. Characteristics of the patients. Values are n (%) or mean + standard error of the mean [median].
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Figure 2. The time course of a remarkably effective case in this study. Chronological changes in the number

of major periodontopathic bacterial species and red complex species (A) and HbAlc level (B). Time points for
analysis were the start of water gargling, the end of water gargling, the start of mouthwash gargling, and the end
of mouthwash gargling.

Comparison of the number of red complex species as a function of gargling frequency

Patients who gargled once a day or less (n=12) showed no significant reduction in the number of red complex
species after either water gargling or mouthwash gargling (Fig. 3A, Table 2). Patients who gargled twice a day
(n=80) or three times a day (n==81) showed no decrease in the number of red complexes when gargling with
water, but gargling with mouthwash significantly decreased the number of red complex bacteria (P<0.001)
(Fig. 3B and C, Table 2).

Comparison of the number of red complex species and HbAlc levels

Because the number of red complex species did not decrease in patients who gargled once a day or less, we
focused on the 161 patients who gargled two or three times a day. Gargling with mouthwash significantly
decreased the number of red complex species (P <0.0001), while gargling with water did not (Fig. 4A, Table 3).
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Figure 3. Comparison of the number of red complex species as a function of gargling frequency. Significant
differences were observed using analysis of variance with Bonferroni correction (***P<0.001).

Gargling frequency

Zero to one time (n=12) Two times (n=380) Three times (n=81)
Baseline 2.75+0.13 2.49+0.08 2.54+0.07
After 6 months 2.58+0.14 2.45+0.07*%* 2.48+0.084**
After 12 months 2.25+0.27 1.99 £0.12%%* 1.91£0.12%%*

Table 2. Number of red complex species as a function of gargling frequency. Values are mean + standard error
of the mean. ***P<0.001 compared with baseline.

HbAlc levels decreased after gargling with water and increased after gargling with mouthwash (Fig. 4B, Table 3).
HbA1c levels fluctuate seasonally?”*, and gargling with water and with mouthwash took place in different
seasons. We checked the past HbAlc data in 161 patients and collected 9200 points-data in total which ranged
from 0 to 8 (average 4.76) years (Fig. 4C, Table 4), which confirmed that gargling with water corresponded with
the seasonal improvement period and gargling with mouthwash corresponded with the exacerbation period. To
exclude this seasonal variation, we subtracted the average of past HbAlc values of the same months as measured
in the study for each patient and analyzed the relationship with other factors from that point onwards. After
this conversion, neither water gargling nor mouthwash gargling led to a significant reduction in HbAlc levels
(Fig. 4D, Table 5).

Changes in the number of red complex species as a function of clinical factors

To investigate the factors contributing to changes in the number of red complex species after gargling with
water or mouthwash, we classified patients based on five clinical factors: age, baseline HbAlc levels, sex, disease
duration, and baseline body mass index (BMI). After dividing the patients into two groups based on the median
age (<68 years, n=_83;>69 years, n=78), there was no significant difference in the change in the number of red
complex species between the two groups after gargling with water (Fig. 5A, Table 6). However, the number of
red complex species was significantly lower in the <68 years group than in the > 69 years group after gargling
with mouthwash (P <0.05). Similarly, after dividing the patients into two groups based on the median baseline
HbA1lc levels (<7.4%, n=92;27.5%, n=69), there was no significant difference in the change in the number of
red complex species between the two groups after gargling with either water or mouthwash (Fig. 5B, Table 6).
When examining sex differences (males, n=105; females, n =56), there was no significant difference in the change
in the number of red complex species between the two groups after gargling with water. However, the number
of red complex species was significantly lower in males than in females after gargling with mouthwash (P <0.05)
(Fig. 5C, Table 6). After dividing the patients into two groups based on the median disease duration (<13 years,
n=_87;> 14 years, n=74), no significant difference was observed in the number of red complex species between
the two groups after gargling with either water or mouthwash (Fig. 5D, Table 6). Finally, when patients were
divided by baseline BMI into normal (<25.0 kg/m* n=110) and overweight (>25.0 kg/m? n=51) groups, no
significant difference was observed in the number of red complex species between the two groups after gargling
with either water or mouthwash (Fig. 5E, Table 6).
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Figure 4. Comparison of the number of red complex species and HbAlc levels. (A) Number of red complex
species. (B) HbAlc levels. (C) Seasonal variation of HbAlc levels. (D) HbA1c levels after excluding seasonal
variation. Significant differences were observed using analysis of variance with Bonferroni correction (**P<0.01,
**P<0.001).

Number of red complex species HbAc levels (%)
Baseline 2.49+0.05 7.50+0.06
After 6 months 2.40+0.05** 7.35+£0.07**
After 12 months 1.92+0.08** 7.54+0.07"

Table 3. Number of red complex species and HbAIc levels. Values are mean + standard error of the mean.
P <0.001 compared with baseline. """P<0.001 compared with after 6 months.

Changes in the HbA1c levels as a function of clinical factors

Changes in HbA1c levels were analyzed using a similar approach to that used to analyze changes in the number
of red complex species in relation to each clinical factor. When classified by age, there was no significant dif-
ference in the change in the number of red complex species between the two groups after gargling with water.
However, HbA1c levels were significantly lower in the <68 years group than in the > 69 years group after gargling
with mouthwash (P <0.05) (Fig. 6A, Table 7). Similarly, when classified by baseline HbA1c levels, there was no
significant difference in the change in the number of red complex species between the two groups after gargling
with water. However, the HbA1c levels were significantly lower in the >7.5% group than in the <7.4% group
after gargling with mouthwash (P <0.05) (Fig. 6B, Table 7). There was no significant difference in the change in
the number of red complex species in relation to sex, disease duration, or BMI after gargling with either water
or mouthwash (Fig. 6C-E, Table 7).
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HbAlclevels (%)
January 7.23+0.05
February 7.29+0.05
March 7.27+0.05
April 7.29+0.05
May 7.19+0.05
June 7.15£0.05
July 7.12+0.05
August 7.13+0.05
September | 7.16+0.06
October 7.18+0.05
November | 7.16+0.05
December 7.20£0.05

Table 4. Seasonal variation in HbAlc levels. Values are mean + standard error of the mean.

Adjusted HbA1c levels (%)
Baseline 0.21+0.04
After 6 months 0.25£0.05
After 12 months | 0.22+0.04

Table 5. Adjusted HbAlc levels. Values are mean + standard error of the mean.

Discussion

T2DM is a metabolic disease characterized by chronic hyperglycemia caused by various degrees of inadequate
B-cell insulin secretion and/or insulin resistance®. Patients with T2DM are at risk of developing complications
because of long-term exposure to chronic hyperglycemia®*-*2. T2DM and periodontitis are now considered to
be closely related because poor glycemic control leads to both an increased risk of alveolar bone loss and more
severe progression of periodontitis*. Periodontitis and DM are mechanistically linked through an increase in
pro-inflammatory mediators such as interleukin (IL)-1b, tumor necrosis factor, IL-6, and oxidative stress®?,
Because the incidence of periodontal disease is higher in patients with T2DM than in healthy individuals®, we
decided to investigate the effect of mouthwash on major periodontopathic bacterial species and glycemic control
in patients with T2DM.

Mouthwash is a self-care product that can be used easily without invasion of periodontal tissues®. Mouth-
wash containing chlorhexidine gluconate has antimicrobial effects on P. gingivalis®. Exposure to chlorhexidine
gluconate induces detachment of red complex bacteria from the biofilm and decreased levels of living bacteria®.
Mouthwash with 0.12% chlorhexidine gluconate is the recommended gargle after surgical procedures”. However,
the gargle used in this study was developed with a lower concentration of chlorhexidine gluconate (0.00056%)
and intended for daily use.

More than 90% of the patients in our study were able to gargle twice or three times per day, and gargling
with mouthwash at these frequencies significantly reduced the number of red complex species in their oral cav-
ity. Gargling with mouthwash containing chlorhexidine gluconate twice daily for 2 weeks has been reported to
reduce dental plaque and gingival bleeding compared with gargling with water. This finding, together with the
findings of our study, suggest that gargling with mouthwash containing chlorhexidine gluconate at least twice
per day can help inhibit periodontal disease and causative bacteria. Notably, the number of red complex species
was not inhibited by gargling with water for as long as 6 months, indicating that gargling with water alone does
not reduce red complex species, and that the antimicrobial effects of chlorhexidine gluconate are required to
inhibit red complex species.

Professional periodontal treatments such as scaling, root planing, and antimicrobial therapy can reduce the
number of red complex species and improve the glycemic control of patients with T2DM?**-*, In addition, profes-
sional care with oral hygiene instructions results in good glycemic control of T2DM?. However, few reports have
investigated the effects of self-care alone, including gargling, on the number of red complex species and HbAlc
levels in patients with T2DM. We therefore evaluated the effects of gargling on these elements.

First, the changes in the number of red complex species and HbA1c levels after gargling with water or mouth-
wash were analyzed. The number of red complex species was not significantly reduced by gargling with water,
but it was significantly reduced by gargling with mouthwash. However, HbA1c levels did not change significantly
after gargling with either water or mouthwash. Although the case demonstrated in Fig. 2 was prominent and
some cases did not so respond, we expect to be able to provide easily effective oral care for patients with diabetes
if we can determine the ideal precondition.

In addition to seasonal variation as discussed earlier, several clinical factors such as age, sex, BMI, and disease
duration influence the feasibility of treatment and the subsequent control of T2DM*~*. We therefore analyzed
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Figure 5. Comparison of changes in the number of red complex species as a function of clinical factors. (A)
Age, (B) baseline HbA ¢ level, (C) sex, (D) disease duration, and (E) baseline BMI. Significant differences were
observed using Student’s t-test (*P<0.05).

the effects of five clinical factors: age, baseline HbAlc levels, sex, disease duration, and baseline BMI on the
relationship between gargling and the change in HbAlc levels*-*.

We initially analyzed the changes in the number of red complex species and HbAlc levels by age when gar-
gling with water and mouthwash. Interestingly, the number of red complex species and HbAlc levels were signifi-
cantly lower in younger patients (<68 years) than in older patients (> 69 years) after gargling with mouthwash.
It has been reported that older individuals accumulate more biofilm than younger individuals**-*%, and older
patients with T2DM might have difficulty controlling their blood glucose level because of increased systemic
inflammation with aging®*. These facts suggest that improvement of the oral environment through gargling
with mouthwash could be attained in younger patients with T2DM.
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‘ Water gargling ‘ Mouthwash gargling
Age (years)
<68 —0.01£0.08 -0.66+0.12
=69 -0.16£0.09 -0.32+£0.11*
HbAIc levels (%)
<7.4 -0.12+£0.08 -0.58+0.12
275 -0.04£0.09 -0.37£0.11
Sex
Male —-0.08+0.08 -0.63+0.11
Female -0.11+0.10 -0.24£0.137
Duration of T2DM (years)
<13 —-0.06+0.08 -0.47+0.11
>14 -0.14£0.09 -0.51+£0.13
BMI (kg/m?)
Normal —-0.09+0.08 -0.52+0.11
Overweight —-0.11+0.10 —-0.41+0.13

Table 6. Changes in the number of red complex species as a function of clinical factors. Values are
mean * standard error of the mean. *P<0.05 compared with age <68 years. TP<0.05 compared with male sex
in the mouthwash gargling group.

We conducted similar analyses based on baseline HbA1c levels, which revealed no significant changes in the
number of red complex species between the higher (=7.5%) group and the lower (<7.4%) group after gargling
with either water or mouthwash. However, HbA1c levels were significantly lower in the higher group than in the
lower group after gargling with mouthwash. In this study, the physicians were blinded to the PCR results until the
completion of sample collection, and were free to adjust therapeutic agents as needed to improve glycemic control
throughout the study. This strategy might have influenced the decrease in HbAlc levels in the higher group.

When we examined sex differences, only males showed a significant decrease in the number of red complex
species while gargling with mouthwash. However, HbA1c values did not change markedly between males and
females while gargling with either water or mouthwash. P, gingivalis is more abundant in the subgingival peri-
odontal pockets of females than males*’. Therefore, the volume and/or distribution of periodontopathic bacteria
might attenuate the power of gargling with mouthwash from inhibiting red complex species in female patients.

This study has certain limitations. First, we only detected periodontopathic bacteria present in the oral
cavity by PCR methods, and accurate counts or semi-quantification of bacteria were not performed. If semi-
quantification or measurement of red complex bacteria could be performed, analyzing the correlation with
changes in HbAlc levels would be possible. Second, this study was performed in an internal medicine clinic,
and oral data such as periodontal pocket depth could not be collected. Third, we were unable to collect saliva at
the same time in each patient and to strictly standardize the oral environment before saliva sampling, such as
eating, drinking, or cleaning the mouth. The study period coincided with the middle of the COVID-19 pandemic
and all patients wore masks. Checking the oral cavity of patients with T2DM who were highly susceptible to
infection was difficult, even for a short time in a clinic visited by patients with many types of diseases. Finally,
individual patients exhibited various patterns in the change of red complex species and glycemic control while
gargling with mouthwash. One patient had a marked reduction in red complex species and a clear improvement
in HbAlc levels. Another patient showed no changes in red complex species or HbAlc levels. These inconsist-
encies could be related to individual differences in factors, such as other systemic disease, medications, and the
dental or periodontal status. Therefore, further studies should be planned, taking into account various patient
factors to determine the effect of mouthwash gargling on the amount of red complex species and HbA1c levels
in patients with T2DM.

In summary, T2DM patients can decrease red complex species by gargling with mouthwash two or three times
a day, leading to possible improvement in glycemic control, especially in younger patients.

Materials and methods

Ethical approval

This study was conducted in full adherence to the Declaration of Helsinki. The study protocol was approved by
the Ethics Committee of Osaka University Graduate School of Dentistry (Approval Number: R2-E16-2, approval
date: November 6, 2020). Prior to sample collection, all subjects were informed of the study protocol, and pro-
vided written informed consent. This trial was registered with the University Hospital Medical Information
Network Center (UMIN000049454). The study is reported in line with the STROBE statement (Supplementary
table S1).

Recruitment and selection of patients
The inclusion criteria for the study were patients with T2DM who regularly visited Itoh Internal Medicine Clinic
(Toyonaka, Osaka, Japan), those who were not suffering from dementia, and those who were younger than
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Figure 6. Comparison of changes in the HbA1c levels as a function of clinical factors. (A) Age, (B) baseline
HbAIc level, (C) sex, (D) disease duration, and (E) baseline BMLI. Significant differences were observed using
Student’s t-test (*P<0.05).

85 years old. The exclusion criteria were (1) <6 species of periodontal pathogens, (2) HbAlc levels < 6.5%, and
(3) a BMI230.0 kg/m?. A diagnosis of T2DM was made on the basis of the criteria described in “Diagnosis and
classification of diabetes mellitus™*®. The patients were recruited from November 2020 to January 2021. There-
fore, 350 patients with T2DM (245 males, 105 females; age: 34-85 years; mean age: 65.1 years) were initially
enrolled in the study (Fig. 1). Saliva was collected from the 350 patients. A total of 224 patients (158 males, 66
females; age: 34-84 years; mean age: 65.8 years) who did not meet the exclusion criteria were selected for the
study. Patients who did not give consent to continue the study or dropped out during the study were excluded.
Finally, 193 subjects (133 males, 60 females; age: 34-84 years; mean age: 65.8 years) completed the study from
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‘ Water gargling ‘ Mouthwash gargling
Age (years)
<68 0.03+0.06 —-0.06+0.07
=269 —0.04+0.05 0.15+0.05*
HbAIc levels (%)
<7.4 0.02+0.04 0.12+0.05
275 -0.02+0.08 -0.05+0.08"
Sex
Male -0.03+£0.05 0.05+0.06
Female 0.06+0.06 0.04+0.08
Duration of T2DM (years)
<13 0.00+0.06 0.06+0.07
>14 0.00+0.05 0.02+0.05
BMI (kg/m?)
Normal 0.05+0.06 0.04+0.05
Overweight -0.03+0.07 0.04+0.10

Table 7. Changes in HbA1c levels as a function of clinical factors. Values are mean + standard error of
the mean (%). *P<0.05 compared with age <68 years. TP<0.05 compared with HbA1c levels<7.4% in the
mouthwash gargling group.

January 2021 to June 2022. Of these, 20 patients with missing data were excluded. Data from the remaining 173
patients (115 males, 58 females; age: 34-84 years; mean age: 66.5 years) were analyzed.

Study design

One hundred seventy-three patients were instructed to gargle with water three times a day for 6 months, followed
by gargling three times a day with mouthwash for the next 6 months. During this experimental period, saliva
specimens and blood samples were collected 6-12 times, every 1-2 months at each visit to the clinic. Bacterial
DNA was extracted from the saliva samples to detect the three red complex species. Additionally, HbAlc levels
were determined from blood samples.

Methods of gargling with tap water or mouthwash

For the first 6 months, the patients were instructed to gargle with 25 mL water for 30 s three times a day (morn-
ing, afternoon, and night). For the next 6 months, they were instructed to gargle with mouthwash in the same
manner. The mouthwash used in this study was ConCool F (Weltec Corp., Osaka, Japan), which contains 0.05%
chlorhexidine gluconate. When gargling with the mouthwash, the patients were asked to dilute it to approximately
0.00056% (10 drops in 25 mL tap water for each gargle).

Sample collection

Saliva specimens and blood samples were obtained 6-12 times at routine visits to the clinic every 1 or 2 months.
HbA c levels were determined using HPLC (ADAMS Alc HA-8182, Arkray Inc., Kyoto, Japan) immediately
after blood samples were collected at the clinic. Clinical factors including age, sex, disease duration, and BMI
were collected from patients’ medical records.

Detection of periodontopathic bacterial species

The distribution of 10 periodontopathic bacterial species was determined using previously developed PCR-based
methods*»*’. The primers used in this study are shown in Table 8°'~>>. Bacterial DNA was extracted from each
oral specimen using Gentra Puregene Yeast/Bact. Kit B (Qiagen, Hilden, Germany). PCR analysis was then
performed using a universal primer set targeting 16S rRNA genes to confirm that the bacterial DNA was suc-
cessfully extracted. Subsequently, periodontopathic bacterial species were determined using respective specific
primer sets. Amplification reactions were performed with 1 pl of template solution and Ex Taq DNA Polymerase
(Takara Bio Inc., Otsu, Japan) in a total volume of 20 ul with the following cycling parameters, as described
previously™: initial denaturation at 95 °C for 4 min; 30 cycles of 95 °C for 30 s, 60 °C for 30 s, and 72 °C for 30 s;
and final extension at 72 °C for 7 min. Amplification reactions were performed in an iCycler thermal cycler (Bio-
Rad Laboratories Inc., Hercules, CA, USA). The resulting products were separated by electrophoresis on a 1.5%
agarose gel-Tris—acetate-EDTA buffer. The gels were stained with 0.5 pg/ml ethidium bromide and photographed
under ultraviolet illumination using FAS-V (Nippon Genetics Co, Ltd., Tokyo, Japan).

Statistical analysis

The sample size was calculated using the G* Power program, version 3.1.9.7°°. A value of 0.5 (Cohen’s d) was
used for the sample size calculation to achieve > 80% power with a significance level of 5%. As a result, 51 or more
patients were required for comparison between the subdivided groups. Statistical analyses were performed by
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Purpose Sequence (5’-3’) Size (bp) | References
Universal primer (positive control)
PA AGA GTT TGA TCC TGG CTC AG 315 50
PD GTA TTA CCG CGG CTG CTG
Detection of periodontitis-related species

CCG CAT ACACTT GTATTATTG CAT GAT A | 267 50
Porphyromonas gingivalis

AAG AAGTTT ACA ATC CTT AGG ACT GTCT

AAG GCG GTA GAG CCG CTC A 311 3
Treponema denticola

AGC CGC TGT CGA AAA GCC CA

GCG TAT GTA ACC TGC CCG CA 641 52
Tannerella forsythia

TGC TTC AGT GTC AGT TAT ACCT

AGA GTT TGA TCC TGG CTC AG 185 53
Capnocytophaga ochracea

GAT GCC GTC CCT ATA TAC TAT GGG G

AGA GTT TGA TCC TGG CTC AG 185 53
Capnocytophaga sputigena

GAT GCC GCT CCT ATA TAC CAT TAG G

TTT GTT GGG GAG TAA AGC GGG 575 53
Prevotella intermedia

TCA ACA TCT CTG TAT CCT GCG T

ATG AAA CAA AGG TTT TCC GGT AAG 804 52
Prevotella nigrescens

CCC ACG TCT CTG TGG GCT GCG A

TTT CGG AGC GTA AACTCCTTT TC 598 52
Campylobact er rectus

TTT CTG CAA GCA GAC ACT CTT

CTA GGT ATT GCG AAACAATTITG 262 54
Aggregatibacter actinomycetemcomitans

CCT GAA ATT AAG CTG GTA ATC

CTA ATA CCG CAT ACGTCCTAA G 688 52
Eikenella corrodens

CTA CTA AGC AAT CAAGTT GCCC

Table 8. Primers used in this study.

using GraphPad Prism 9 (GraphPad Software Inc., La Jolla, CA, USA). Comparisons between the two groups
were performed by using the chi-square test or Student’s t-test. Intergroup differences were estimated using
analysis of variance with Bonferroni correction. Differences were considered statistically significant at P<0.05.

Data availability

The data are available from the corresponding author upon reasonable request.

Received: 15 August 2023; Accepted: 29 January 2024
Published online: 02 February 2024

References

1.

10.
11.
12.
. Sanz, M. et al. Periodontitis and cardiovascular diseases: Consensus report. J. Clin. Periodontol. 47, 268-288 (2020).
14.

15.

Socransky, S. S., Haffajee, A. D., Cugini, M. A., Smith, C. & Kent, R. L. Microbial complexes in subgingival plaque. J. Clin. Peri-
odontol. 25, 134-144 (1998).

. Socransky, S. S. & Haffaiee, A. D. Dental biofilms: Difficult therapeutic targets. Periodontology 2000(28), 12-55 (2002).
. Kwon, T. H., Lamster, I. B. & Levin, L. Current concepts in the management of periodontitis. Int. Dent. J. 71, 462-476 (2021).
. Haffajee, A. D. & Socransky, S. S. Microbial etiological agents of destructive periodontal diseases. Periodontology 2000(5), 78-111

(1994).

. Ji, S., Choi, Y. S. & Choi, Y. Bacterial invasion and persistence: Critical events in the pathogenesis of periodontitis?. J. Periodontal.

Res. 50, 570585 (2015).

. Saito, A. et al. Assessment of oral self-care in patients with periodontitis: A pilot study in a dental school clinic in Japan. BMC Oral

Health 29, 27 (2009).

. van der Maarel-Wierink, C. D., Vanobbergen, J. N. O., Bronkhorst, E. M., Schols, ]. M. G. A. & de Baat, C. Oral health care and

aspiration pneumonia in frail older people: A systematic literature review. Gerodontology 30, 3-9 (2013).

. Field, E. A., Nind, D., Varga, E. & Martin, M. V. The effect of chlorhexidine irrigation on the incidence of dry socket: A pilot study.

Br. J. Oral. Maxillofac. Surg. 26, 395-401 (1998).

. Nomura, R. et al. Inhibitory effect of a mouth rinse formulated with chlorhexidine gluconate, ethanol, and green tea extract against

major oral bacterial species. J. Oral Sci. 62, 206-211 (2020).

Bourgeois, D., Gongalves, L. S., Lima-Jounior, J. C. & Carrouel, E. Editorial: The oral microbiome is a key factor in oral and systemic
health. Front. Microbiol. 13, 855668 (2022).

Gare, J. et al. Periodontal conditions and pathogens associated with pre-eclampsia: A scoping review. Int. J. Environ. Res. Public
Health 18, 7194 (2021).

Isola, G. et al. Periodontal health and disease in the context of systemic diseases. Mediators Inframm. 2023, 9720947 (2023).

Mealey, B. L. & Oates, T. W. American Academy of Periodontology. Diabetes mellitus and periodontal diseases. J. Periodontol. 77,
1289-1303 (2006).

Novak, M. ], Potter, R. M., Blodgett, . & Ebersole, J. L. Periodontal disease in Hispanic Americans with type-2 diabetes. J. Peri-
odontol. 79, 629-636 (2008).

Scientific Reports |  (2024) 14:2777 | https://doi.org/10.1038/s41598-024-53213-x nature portfolio



www.nature.com/scientificreports/

16. Jimenez, M., Hu, E B., Marino, M., Li, Y. & Joshipura, K. J. Type 2 diabetes mellitus and 20 year incidence of periodontitis and
tooth loss. Diabetes Res. Clin. Pract. 98, 494-500 (2012).

17. Borgnakke, W. S., Ylostalo, P. V., Taylor, G. W. & Genco, R. J. Effect of periodontal disease on diabetes: Systematic review of epi-
demiologic observational evidence. J. Clin. Periodontol. 40, S135-152 (2013).

18. Chapple, I. L., Genco, R., Working group 2 of joint EFP/AAP workshop. Working group 2 of joint EFP/AAP workshop Diabetes
and periodontal diseases: Consensus report of the Joint EFP/AAP Workshop on Periodontitis and Systemic Diseases. J. Periodontol.
84, S106-112 (2013).

19. Nascimento, G. G., Leite, E R. M., Vestergaard, P., Scheutz, F. & Lopez, R. Does diabetes increase the risk of periodontitis? A
systematic review and meta-regression analysis of longitudinal prospective studies. Acta Diabetol. 55, 653-667 (2018).

20. Eke, P. L. et al. Risk indicators for periodontitis in US adults: NHANES 2009 to 2012. J. Periodontol. 87, 1174-1185 (2016).

21. Harreiter, J. & Roden, M. Diabetes mellitus—Definition, classification, diagnosis, screening and prevention (update 2019). Wien.
Klin. Wochenschr. 131, 6-15 (2019).

22. Munenaga, Y., Hiroshima Study Group, Yamashina, T., Tanaka, J. & Nishimura, F. Improvement of glycated hemoglobin in Japa-
nese subjects with type 2 diabetes by resolution of periodontal inflammation using adjunct topical antibiotics: Results from the
Hiroshima Study. Diabetes Res. Clin. Pract. 100, 53-60 (2013).

23. Figueiredo, L. C. et al. Full-mouth scaling and root planing in type 2 diabetic subjects: One-year microbiological outcomes. Aust.
Dent. J. 59, 490-496 (2014).

24. DiAiuto, F. et al. Systemic effects of periodontitis treatment in patients with type 2 diabetes: A 12 month, single-centre, investigator-
masked, randomised trial. Lancet Diabetes Endocrinol. 6, 954-965 (2018).

25. Mauri-Obradors, E. et al. Benefits of non-surgical periodontal treatment in patients with type 2 diabetes mellitus and chronic
periodontitis: A randomized controlled trial. J. Clin. Periodontol. 45, 345-353 (2018).

26. Aemaimanan, P., Amimanan, P. & Taweechaisupapong, S. Quantification of key periodontal pathogens in insulin-dependent type
2 diabetic and non-diabetic patients with generalized chronic periodontitis. Anaerobe 22, 64-68 (2013).

27. Higgins, T. et al. Seasonal variation in hemoglobin Alc: Is it the same in both hemispheres?. J. Diabetes Sci. Technol. 3, 668-671
(2009).

28. Sakura, H., Tanaka, Y. & Iwamoto, Y. Seasonal fluctuations of glycated hemoglobin levels in Japanese diabetic patients. Diabetes
Res. Clin. Pract. 88, 65-70 (2010).

29. Galicia-Garcia, U. et al. Pathophysiology of type 2 diabetes mellitus. Int. J. Mol. Sci. 21, 6275 (2020).

30. Damanik, J. & Yunir, E. Type 2 diabetes mellitus and cognitive impairment. Acta Med. Indones. 53, 213-220 (2021).

31. Zheng, Y, Ley, S. H. & Hu, E. B. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nat. Rev.
Endocrinol. 14, 88-98 (2018).

32. Faselis, C. et al. Microvascular complications of type 2 diabetes mellitus. Curr. Vasc. Pharmacol. 18, 117-124 (2020).

33. Taylor, G. W, Burt, B. A, Becker, M. P. & Genco, R. J. Glycemic control and alveolar bone loss progression in type 2 diabetes. Ann.
Periodontol. 3, 30-39 (1998).

34. Luong, A. B. et al. Periodontitis and diabetes mellitus co-morbidity: A molecular dialogue. J. Oral Biosci. 63, 360-369 (2021).

35. Nelson, R. G. et al. Periodontal disease and NIDDM in Pima Indians. Diabetes Care 13, 836-840 (1990).

36. Tanaka, T. & Horie, T. Development of an in vitro biofilm formation model for screening anti-periodontal disease agents. Am. J.
Dent. 35, 323-328 (2022).

37. Lang, N. P, Schild, U. & Bragger, U. Effect of chlorhexidine (0.12%) rinses on periodontal tissue healing after tooth extraction. (I).
Clinical parameters. J. Clin. Periodontol. 21, 415-421 (1994).

38. Maruniak, J. et al. The effect of 3 mouthrinses on plaque and gingivitis development. J. Clin. Periodontol. 19, 19-23 (1992).

39. Bellary, S., Kyrou, L, Brown, J. E. & Bailey, C. J. Type 2 diabetes mellitus in older adults: clinical considerations and management.
Nat. Rev. Endocrinol. 17, 534-548 (2021).

40. Halim, M. & Halim, A. The effects of inflammation, aging and oxidative stress on the pathogenesis of diabetes mellitus (type 2
diabetes). Diabetes Metab. Syndr. 13, 1165-1172 (2019).

41. Ciarambino, T. et al. Influence of gender in diabetes mellitus and its complication. Int. J. Mol. Sci. 23, 8850 (2022).

42. Kautzky-Willer, A., Harreiter, J. & Pacini, G. Sex and gender differences in risk, pathophysiology and complications of type 2
diabetes mellitus. Endocr. Rev. 37, 278-316 (2016).

43. Ozawa, H. et al. Maximum body mass index before onset of type 2 diabetes is independently associated with advanced diabetic
complications. BMJ Open Diabetes Res. Care 9, 002466 (2021).

44. Fransson, C., Berglundh, T. & Lindhe, J. The effect of age on the development of gingivitis. Clinical, microbiological and histological
findings. J. Clin. Periodontol. 23, 379-385 (1996).

45. Fransson, C., Mooney, J., Kinane, D. E. & Berglundh, T. Differences in the inflammatory response in young and old human subjects
during the course of experimental gingivitis. J. Clin. Periodontol. 26, 453-460 (1999).

46. Holm-Pedersen, P., Agerbaek, N. & Theilade, E. Experimental gingivitis in young and elderly individuals. J. Clin. Periodontol. 26,
14-24 (1975).

47. Benn, A. M. L. et al. Associations of sex, oral hygiene and smoking with oral species in distinct habitats at age 32 years. Eur. J. Oral
Sci. 130, €12829 (2022).

48. ElSayed, N. A. et al. 2. Classification and diagnosis of diabetes: Standards of care in diabetes—2023. Diabetes Care 46, S19-S40
(2023).

49. Yamasaki, Y. et al. Distribution of periodontopathic bacterial species in dogs and their owners. Arch. Oral. Biol. 57, 1183-1188
(2012).

50. Nomura, R. et al. Distribution of periodontopathic bacterial species between saliva and tonsils. Odontology 111, 719-727 (2023).

51. Kato, Y. et al. Molecular detection of human periodontal pathogens in oral swab specimens from dogs in Japan. J. Vet. Dent. 28,
84-89 (2011).

52. Watanabe, K. & Frommel, T. O. Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans and Treponema denticola detec-
tion in oral plaque samples using the polymerase chain reaction. J. Clin. Periodontol. 23, 212-219 (1996).

53. Ashimoto, A., Chen, C., Bakker, I. & Slots, J. Polymerase chain reaction detection of 8 putative periodontal pathogens in subgingival
plaque of gingivitis and advanced periodontitis lesions. Oral Microbiol. Immunol. 11, 266-273 (1996).

54. Conrads, G. et al. PCR reaction and dot-blot hybridization to monitor the distribution of oral pathogens within plaque samples
of periodontally healthy individuals. J. Periodontol. 67, 994-1003 (1996).

55. Kuboniwa, M. et al. Quantitative detection of periodontal pathogens using real-time polymerase chain reaction with TagMan
probes. Oral Microbiol. Immunol. 19, 168-176 (2004).

56. Faul, E, Erdfelder, E., Lang, A.-G. & Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 39, 175-191 (2007).

Acknowledgements

We thank Ms. Rewa Yanagisawa for technical support with molecular analyses, Ms. Airi Takeda, and staff at Itoh
Internal Medicine Clinic for technical support with sampling. We also thank Helen Jeays, BDSc AE, from Edanz
(https://jp.edanz.com/ac) for editing a draft of this manuscript.

Scientific Reports |  (2024) 14:2777 | https://doi.org/10.1038/s41598-024-53213-x nature portfolio


https://jp.edanz.com/ac

www.nature.com/scientificreports/

Author contributions

S.M.,R.N,,N.I, and K.N. designed the study. S.M., ET., Y.S. M.Ok., M.T., M.Oc., M.K,, and Y.M. performed the
experiments. S.M., R.O., RN, and K.N. performed the data interpretation. Y.I. and N.I. recruited and treated
patients, and collected clinical data. S.M. wrote the paper under the supervision of R.N., N.I., and K.N. All authors
read and approved the final manuscript.

Funding
This work was supported by the Fund for Scientific Promotion of Weltec Corp., Osaka, Japan.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-53213-x.

Correspondence and requests for materials should be addressed to S.M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:2777 | https://doi.org/10.1038/s41598-024-53213-x nature portfolio


https://doi.org/10.1038/s41598-024-53213-x
https://doi.org/10.1038/s41598-024-53213-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effects of mouthwash on periodontal pathogens and glycemic control in patients with type 2 diabetes mellitus
	Results
	Study design
	Comparison of the number of red complex species as a function of gargling frequency
	Comparison of the number of red complex species and HbA1c levels
	Changes in the number of red complex species as a function of clinical factors
	Changes in the HbA1c levels as a function of clinical factors

	Discussion
	Materials and methods
	Ethical approval
	Recruitment and selection of patients
	Study design
	Methods of gargling with tap water or mouthwash
	Sample collection
	Detection of periodontopathic bacterial species
	Statistical analysis

	References
	Acknowledgements


