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ABSTRACT

Introduction: The question of whether peri-
odontal therapy is an effective strategy for achiev-
ingglycemic control inpeoplewith type2diabetes
mellitus (T2DM) and periodontitis continues to be
open to debate. To clarify this issue, we conducted
a systematic review andmeta-analysis.
Methods: A systematic literature search of ran-
domized controlled trials (RCTs) was carried out

by searching four electronic databases and four
journals up to April 2020. RCTs that evaluated
the effect of periodontal therapy on glycemic
control in people with T2DM were included.
Results: A total of 23 RCTs were included in
this systematic review and meta-analysis. We
found that after 3 and 6 months, periodontal
therapy could significantly reduce glycosylated
hemoglobin (HbA1c) level (3-month: weighted
mean difference [WMD] - 0.514, 95% confi-
dence interval [CI] - 0.730, - 0.298, p = 0.000;
6-month: WMD - 0.548, 95% CI - 0.859,
- 0.238, p = 0.000). However, huge hetero-
geneity existed. Further analyses on 11 poten-
tial sources of heterogeneity found that baseline
HbA1c of the included studies was the most
significant factor causing heterogeneity. The
benefit of periodontal therapy on glycemic
control was much more obvious in studies with
a higher baseline HbA1c level than in those
with a lower baseline HbA1c level.
Conclusions: Periodontal therapy significantly
contributed to glycemic control in T2DM
patients, especially in patients with higher
baseline HbA1c level.

Keywords: Blood glucose; Diabetes mellitus,
type 2; Meta-analysis; Periodontitis; Scaling
and root planing; Systematic review
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Key Summary Points

Why carry out this study?

Patients with diabetes have a two- to
threefold higher risk for developing
chronic periodontitis.

Periodontitis causes systematic
inflammation which in turn may have an
adverse effect on the glycemic control of
patients with diabetes.

We hypothesize that periodontal
treatment may contribute to the
suppression of systemic inflammation and
have a hypoglycemic effect in patients
with diabetes.

What was learned from the study?

Our analysis reveals a significant benefit of
periodontal treatment on glycemic
control in people with type 2 diabetes
mellitus (T2DM) and periodontitis.

The clinical benefit was mainly found in
studies with a high baseline glycosylated
hemoglobin (HbA1c) level; studies that
included patients with good glycemic
control at baseline seemed not to benefit
from the periodontal treatment.

Patients suffering from T2DM should self-
check their own oral hygiene and
periodontal status and receive routine
periodontal therapy at least once a year,
especially patients with poor glycemic
control.

Future randomized controlled studies on
this topic should investigate where the
threshold of baseline HbA1c lies that
maximizes the benefits of periodontal
therapy on glycemic control.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to:https://doi.org/10.6084/
m9.figshare.13526639.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is considered
to be a major public health problem, with about
425 million adults suffering from T2DM
worldwide. According to the statistics published
in 2017 by International Diabetes Federation,
this number may reach 700 million in 2045.
Periodontitis (PD) is a major dental disease,
with a global prevalence of about 40–75%
according to the World Health Organization. As
the world’s population ages, periodontal disease
will become an even more important health
care issue. There is a bidirectional relationship
between T2DM and PD [1]. Patients with dia-
betes have a two- to threefold higher risk of
developing chronic PD than their non-diabetic
counterparts [2], and those who also have ele-
vated glycosylated hemoglobin (HbA1c) have a
significantly higher prevalence of PD and suffer
more from tooth loss [3, 4]. Studies have con-
firmed that acute and chronic inflammations
may lead to elevated HbA1c levels, which indi-
cates that PD may have an adverse effect on the
glycemic control of patients with diabetes [5].

Periodontal therapy may contribute to a
reduction in systemic inflammation and better
glycemic control of patients with diabetes.
Based on this hypothesis, numerous small
sample-sized randomized clinical trials (RCTs)
have been conducted. Systematic reviews of
these RCTs arrived at the conclusion that peri-
odontal therapy results in better glycemic con-
trol [6–8]. In 2013, the Diabetes and Periodontal
Therapy Trial (DPTT) [9] was conducted to
assess whether periodontal therapy influences
glycemic control. A total of 514 patients with
T2DM were enrolled in the DPTT, and the
conclusion of the authors was that periodontal
therapy did not improve glycemic control in
patients with T2DM. Subsequently, in 2015, the
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Cochrane Library published a systematic review
which included the DPTT [10] and drew the
conclusion that the evidence for periodontal
therapy improving glycemic control is of low
quality and that the mean reduction in HbA1c
was only 0.29%. This conclusion was not in
agreement with the previous meta-analysis.
However, D’Aiuto et al. recently published a
well-designed RCT which included 264 partici-
pants and found that intensive periodontal
therapy significantly reduced HbA1c level
(- 0.6%) in T2DM patients [11]. This study
complicated an already divergent story.

With the aim to clarify whether periodontal
therapy could benefit T2DM patients in terms of
glycemic control, we have re-evaluated the
published RCTs on this topic by mean of a
meta-analysis and explored the factors that
might influence the treatment benefit of peri-
odontal therapy on glycemic control.

METHODS

The protocol of the present systematic review
was registered in PROSPERO
(CRD42018089993). All procedures were carried
out following this protocol and in accordance
with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)
statements [12]. Two authors independently
performed study selection, quality assessment
and data extraction. Any disagreements were
resolved by consensus discussion.

Data Sources and Literature Search

The searching strategy was a combination of
electronic and manual searches. The following
electronic databases were searched without
language limitation up to April 2020: MEDLINE,
EMBASE, Chinese BioMedical Literature Data-
base and China National Knowledge Infras-
tructure. MeSH terms with free text words were
combined when conducting the electronic
searches. The MeSH terms used in the electronic
searches for PD were: ‘‘periodontal diseases’’ and
‘‘periodontitis’’; the free text words were ‘‘(peri-
odont$ or gingivitis or gingiva$ or gum$).mp.’’.
The MeSH term used in the electronic searches

for T2DM was ‘‘diabetes mellitus, type 2’’; free
text words were ‘‘[(type 2) adj4 (DM or diabet$)
or T2DM or DMT2 or NIDDM or T2D].mp.’’. The
MeSH terms used for Periodontal therapy were
‘‘dental scaling,’’ ‘‘periodontal debridement,’’
‘‘root planing’’ and ‘‘subgingival curettage’’; free
text words were ‘‘(scaling or debridement) or
(root planing) or curettage or SRP or (scaling
and root planing).mp.’’.

The titles and abstracts were initially scan-
ned to identify any eligible studies. The full
texts of the possibly eligible studies were
obtained for final judgment. Manual searches
were made, including the reference lists of
included studies, of the following journals:
Journal of Periodontology, Journal of Periodontology
Research, Journal of Clinical Periodontology and
Journal of Dental Research.

Study Selection

Inclusion criteria For inclusion in the meta-anal-
ysis the study design had to be that of a RCT
that investigated whether periodontal therapy
would help control the HbA1c level. Partici-
pants should be clinically diagnosed with PD
and T2DM. The intervention group should
undergo periodontal therapy. Periodontal ther-
apy should include scaling and root planing
(SRP). SRP combined with periodontal surgery,
extraction of teeth beyond repair (‘‘hopeless
teeth’’), oral hygiene instruction, local or sys-
tematic use of antibiotics, routine rinsing with
mouthwash, among others, were also regarded
as periodontal therapy. The control group
should not receive SRP. Studies in which the
control group received supragingival scaling or
extraction of hopeless teeth were also included.
The outcome was required to be HbA1c level.
Both change in HbA1c (DHbA1c, preferred) or
endpoint HbA1c level (absolute HbA1c level)
were included. Studies should also report the
mean periodontal probing depth (PPD) at
baseline and at the end of follow-up (for eval-
uating the impact of baseline PD severity and
periodontal therapy responses with metabolic
control). The follow-up period was required to
be 3 and/or 6 months or longer.
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Exclusion criteria Non-randomized controlled
trials would be excluded. Studies that included
persons with type 1 diabetes or pre-diabetes
would be excluded. Studies whose intervention
did not include SRP would be excluded. Studies
whose control group received potential SRP-
based periodontal therapy, such as routine
dental care, or who received antibiotics would
be excluded. Studies with insufficient data or
unavailable data would be excluded. Studies
comparing different types of periodontal ther-
apy, such as comparing SRP ? doxycycline
versus SRP alone, would be disregarded. Studies
that did not report mean PPD would be
excluded.

Methodological Quality Assessment
and Data Extraction

The modified Jadad scoring system (scoring
from 0 to 7) was utilized [13]. The score in this
system is based on four criteria: ‘‘randomiza-
tion,’’ ‘‘concealment of allocation,’’ ‘‘double
blinding’’ and ‘‘withdraws and dropouts.’’ A
Jadad score of\ 4 is regarded as highly biased.
The extracted data included investigator; basic
characteristics of study, including country,
mean age, gender and follow-up period; base-
line information, including mean HbA1c level,
duration of T2DM and mean PPD; inclusion and
exclusion criteria of the original study; inter-
ventions of treatment group and control group;
and T2DM treatment modification during the
study.

Data Analysis

The software STATA version 14.0 (StataCorp
LLC, College Station, TX, USA) was utilized for
meta-analysis. The weighted mean difference
(WMD) with 95% confidence interval (CI) was
utilized for pooling the data. Only follow-up
results for the same time period would be
pooled. The significance was determined by
two-sided a value with a cutoff p value of 0.05.
All meta-analyses were performed using the
random-effects model. Cochran’s Q test and I2

static were used for detecting statistical hetero-
geneity among studies. Low heterogeneity was

assumed at p[0.10 and I2\50%; otherwise,
high heterogeneity was assumed. To investigate
possible sources of heterogeneity, meta-regres-
sion analysis and subgroup analysis were per-
formed. The variables for meta-regression and
subgroup analysis included sample size, Jadad
scores, baseline HbA1c of intervention group,
whether DHbA1c was taken as outcome, whe-
ther intervention group received periodontal
surgery/extraction of hopeless teeth, whether
control group received supragingival scaling/
extraction of hopeless teeth and whether the
study was published in Chinese. The influence
test was applied by deleting every single study
in turn to test whether the results were stable.
The publication bias would be detected by
Egger’s test and Begg’s test if a meta-analysis
included more than ten studies [14]; we con-
sidered that no publication bias existed when
both test results satisfied p[ 0.05.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Results of Search and Characteristics
of Included Studies

The search of the four electronic database
identified 463 studies; manual searching iden-
tified 14 studies. A total of 307 studies were
retained from the primary searches after the
removal of duplicate studies. After title and
abstract selection, 30 publications were retained
for full-text review. After full-text evaluation, a
total of 23 RCTs [9, 11, 15–35] were included in
the present study. Figure 1 shows the PRISMA
diagram of the study selection process. The
studies included in the meta-analysis are sum-
marized in Table 1. In brief, among the included
RCTs, 11 studies were considered to have low
bias (Jadad C 4); six studies included more than
100 participants; the intervention group in
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eight studies received periodontal surgery or
extraction of hopeless teeth in addition to SRP;
the intervention group in five studies received
antibiotics; the control group in five studies
received supra-gingival scaling or extraction of
hopeless teeth; 18 studies reported a change in
T2DM treatment during the RCT; and six stud-
ies were published in Chinese. Among these 23
RCTs, 19 and ten RCTs reported the HbA1c
change after periodontal therapy with a follow-
up period of 3 and 6 months, respectively. The
meta-analyses and further analyses were con-
ducted according to the follow-up period.

Results of Pooled Data

Meta-analysis of 3-Month Follow-Up Data
A total of 19 RCTs with 1660 participants were
included in the meta-analysis of results from

the 3-month follow-ups. Of these 1660 partici-
pants, 896 received periodontal therapy, and
764 served as controls. Among these 19 studies,
one study [22] performed a subgroup analyses;
consequently, a total of 20 comparisons were
included in the meta-analysis. Pooled results
showed periodontal therapy decreased the
HbA1c level by 0.514% (WMD - 0.514, 95% CI
- 0.730, - 0.298; p = 0.000, Fig. 2a). Influence
analysis demonstrated that the pooled results
were stable (Electronic Supplementary Material
[ESM] Fig. 1a). No significant publication bias
was detected (Begg = 0.206, Egger = 0.126).
However, the result sshowed significant
heterogeneity (p = 0.000; I2 = 88.0%).

Meta-analysis of 6-Month Follow-Up Data
A total of ten RCTs (11 comparisons) with 1441
participants were included in the meta-analysis

Fig. 1 Flow chart of study selection. SRP Scaling and root planing
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of results from the 6-month follow-ups. Of
these 1441 participants, 749 received peri-
odontal therapy, and 692 served as controls.
Pooled results showed that periodontal therapy
decreased the HbA1c level by 0.548%
(WMD - 0.548, 95% CI - 0.859, - 0.238;
p = 0.000; Fig. 2b). No publication bias was
detected (Begg = 0.815; Egger = 0.930). Influ-
ence analysis found that Kuar et al.’s study [22]
had a significant impact on the width of the
95% confidence interval. Deleting this study
partially decreased the effect size
(WMD - 0.430, 95% CI - 0.676, - 0.184;
p = 0.000) and heterogeneity (p = 0.000;
I2 = 79.1%), but did not change the significance
of the meta-analysis, indicating that the pooled
result was relative stable (ESM Fig. 1b). Similar
to the results of the 3-month follow-ups, sig-
nificant heterogeneity (p = 0.000; I2 = 88.2%)
existed among the included studies.

Results of Meta-regression Analyses

Since a very significant heterogeneity was found
among included the included studies during
both the 3- and 6-month follow-up periods, we
performed meta-regression and subgroup anal-
yses on 11 candidate factors that possibly cause
heterogeneity with the aim to explore the
source of this heterogeneity. As shown in

Table 2, among the 11 covariates tested, base-
line HbA1c level was the most significant
covariate that could explain between-study
heterogeneity. Specifically, studies with a
higher baseline HbA1c level obtained a greater
reduction in HbA1c after periodontal therapy
(Fig. 3). Baseline HbA1c level explained 90.05
and 80.90% of between-study heterogeneity in
the 3- and 6-month follow-up results, respec-
tively. Based on these results, we performed the
subgroup analysis (Fig. 4).

Subgroup Analysis of 3-Month Follow-Up
Data

Baseline HbA1c Level < 8%
This subanalysis included 13 studies (7 were
highly biased) with 1198 participants (662 and
536 in the intervention group and control
group, respectively), with a lower baseline
HbA1c level (\8%),. Periodontal therapy
offered a limited but statistically significant
benefit in terms of HbA1c reduction
(WMD - 0.178, 95%CI - 0.267, - 0.090;
p = 0.000). No heterogeneity was detected
(p = 0.292; I2 = 15.5%). No significant publica-
tion bias was detected (Begg = 0.537; Egger =
0.075). Influence analysis (ESM Fig. 2a) showed
that deleting Telgi et al.’s study [31] resulted in
a reduction of effect size (WMD - 0.133, 95%

Fig. 2 Meta-analyses of the impact of periodontal therapy on glycemic control. a 3-month follow-up results, b 6-month
follow-up results. CI Confidence interval, WMD weighted mean difference
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Table 2 Results of subgroup analysis and meta-regression

Subgroup analysis
(heterogeneity explained and
p valuea)

Category NOC Pooled results Heterogeneity

WMD (95% CI) p value I2 p value

3-month follow-up

Total – 20 - 0.514 (- 0.730, - 0.298) 0.000 88.0% 0.000

Baseline HbA1c (%)

(90.95%; p = 0.000)

\ 8 12 - 0.178 (- 0.267, - 0.090) 0.000 15.5% 0.292

8–9 3 - 0.929 (- 1.278, - 0.581) 0.000 45.1% 0.162

C 9 5 - 1.179 (- 1.379, - 0.979) 0.000 0.0% 0.572

Baseline PPD (mm)

(10.47%; p = 0.219)

\ 3 9 - 0.266 (- 0.440, - 0.092) 0.003 36.8% 0.124

3–4 5 - 0.510 (- 1.129, 0.110) 0.107 93.5% 0.000

C 4 6 - 0.755 (- 1.139, - 0.371) 0.000 87.7% 0.000

Reduction of PPD after

periodontal therapy (mm)

(35.29%; p = 0.015)

\ 0.5 8 - 0.312 (- 0.560, - 0.064) 0.014 64.5% 0.006

0.5–1 9 - 0.475 (- 0.814, - 0.137) 0.006 92.1% 0.000

C 1 3 - 1.120 (- 1.404, - 0.836) 0.000 0.0% 0.933

Jadad score (- 4.99%;

p = 0.696)

C 4 9 - 0.471 (- 0.835, - 0.107) 0.011 90.5% 0.000

\ 4 11 - 0.554 (- 0.843, - 0.264) 0.000 85.9% 0.000

Sample size (14.04%;

p = 0.091)

C 100 3 0.008 (- 0.158, 0.175) 0.922 0.0% 0.653

\ 100 17 - 0.584 (- 0.816, - 0.351) 0.000 87.8% 0.000

DHbA1c as outcome

(0.06%; p = 0.325)

Yes 9 - 0.415 (- 0.700, - 0.131) 0.004 93.4% 0.000

No 11 - 0.640 (- 0.946, - 0.334) 0.000 56.0% 0.012

Treatment group received

periodontal surgery or tooth

extraction (- 6.37%;

p = 0.738)

Yes 5 - 0.499 (- 0.759, - 0.239) 0.000 0.0% 0.693

No 15 - 0.497 (- 0.746, - 0.249) 0.000 91.0% 0.000

Treatment group received

antibiotics (20.09%;

p = 0.106)

Yes 3 - 0.956 (- 1.205, - 0.707) 0.000 42.1% 0.178

No 17 - 0.420 (- 0.620, - 0.221) 0.000 80.9% 0.000

Control group received

supragingival scaling or tooth

extraction (- 6.04%;

p = 0.877)

Yes 3 - 0.509 (- 0.894, - 0.124) 0.010 0.0% 0.812

No 17 - 0.522 (- 0.756, - 0.287) 0.000 89.8% 0.000

Reported no significant

change in T2DM treatment

during trial (- 7.28%;

p = 0.914)

Yes 15 - 0.508 (- 0.759, - 0.256) 0.000 86.9% 0.000

No 5 - 0.538 (- 0.988, - 0.087) 0.019 88.2% 0.000
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Table 2 continued

Subgroup analysis
(heterogeneity explained and
p valuea)

Category NOC Pooled results Heterogeneity

WMD (95% CI) p value I2 p value

Published in Chinese

(1.89%; p = 0.383)

Yes 4 - 0.708 (- 1.241, - 0.176) 0.000 72.8% 0.000

No 16 - 0.464 (- 0.697, - 0.231) 0.009 88.7% 0.012

6-month follow-up

Total – 11 - 0.548 (- 0.859, - 0.238) 0.000 88.1% 0.000

Baseline HbA1c (%)

(80.90%; p = 0.001)

(85.62%; p = 0.002)b

\ 8 7 - 0.205 (- 0.389, - 0.021) 0.029 41.5% 0.114

8–9 1 - 0.600 (- 0.900, - 0.300) 0.000 – –

C 9 3 - 1.199 (- 1.675, - 0.723) 0.000 80.3% 0.006

C 9b 2 - 0.953 (- 1.200, - 0.706) 0.000 0.0% 0.906

Baseline PPD (mm)

(11.67%; p = 0.172)

\ 3 4 - 0.309 (- 0.490, - 0.128) 0.001 0.0% 0.982

3–4 5 - 0.560 (- 1.143, 0.023) 0.060 93.9% 0.000

C 4 2 - 0.953 (- 1.200, - 0.706) 0.000 0.0% 0.906

Reduction of PPD after

periodontal therapy (mm)

(27.88%; p = 0.075)

\ 0.5 4 - 0.034 (- 0.222, 0.154) 0.722 0.0% 0.399

0.5–1 5 - 0.634 (- 1.119, - 0.149) 0.010 91.3% 0.000

C 1 2 - 0.953 (- 1.200, - 0.706) 0.000 0.0% 0.906

Jadad score (11.44%;

p = 0.168)

C 4 6 - 0.323 (- 0.623, - 0.023) 0.035 66.9% 0.010

\ 4 5 - 0.786 (- 1.315, - 0.257) 0.004 92.8% 0.000

Sample size (- 8.78%;

p = 0.621)

C 100 4 - 0.440 (- 0.943, 0.062) 0.086 89.5% 0.000

\ 100 7 - 0.613 (- 1.047, - 0.178) 0.006 88.5% 0.000

DHbA1c as outcome

(- 10.10%; p = 0.746)

Yes 4 - 0.487 (- 1.107, 0.133) 0.124 36.2% 0.152

No 7 - 0.653 (- 0.861, - 0.445) 0.000 95.1% 0.000

Treatment group received

periodontal surgery or tooth

extraction (- 13.38%;

p = 0.920)

Yes 1 - 0.600 (- 0.900, - 0.300) 0.000 – –

No 10 - 0.542 (- 0.890, - 0.195) 0.002 89.3% 0.000

Treatment group received

antibiotics (- 12.83%;

p = 0.886)

Yes 2 - 0.497 (- 1.369, 0.375) 0.002 92.5% 0.000

No 9 - 0.560 (- 0.917, - 0.203) 0.264 88.8% 0.000

Control group received

supragingival scaling or tooth

extraction (- 11.89%;

p = 0.809)

Yes 3 - 0.548 (- 0.782, - 0.314) 0.006 91.6% 0.000

No 8 - 0.573 (- 0.979, - 0.167) 0.000 0.0% 0.640
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CI - 0.216, - 0.050; p = 0.002), whereas delet-
ing Engebretson et al.’s study [9] increased
effect size (WMD - 0.220, 95% CI - 0.300,
- 0.14; p = 0.000); however, all results were
significant, indicating that the pooled result
was relatively stable.

Baseline HbA1c Level Between 8 and 9%
This subanalysis included three studies (1 was
highly biased) with 158 participants (81 and 77

in the intervention group and control group,
respectively), with a baseline HbA1c between 8
and 9%. Periodontal therapy was able to pro-
vide a decrease in HbA1c of 0.929%
(WMD - 0.929, 95%CI - 1.278, - 0.581;
p = 0.000). No significant heterogeneity was
detected (p = 0.162; I2 = 45.1%). Influence
analysis showed that deleting Makaky et al.’s
study [25] increased the width of the 95% con-
fidence interval, but the WMD did not change
significantly and was still significant

Table 2 continued

Subgroup analysis
(heterogeneity explained and
p valuea)

Category NOC Pooled results Heterogeneity

WMD (95% CI) p value I2 p value

Reported no significant

change in T2DM treatment

during trial (- 8.19%;

p = 0.642)

Yes 10 - 0.571 (- 0.901, - 0.241) 0.001 89.4% 0.000

No 1 - 0.280 (- 0.869, 0.309) 0.351 – –

Published in Chinese

(- 2.68%; p = 0.445)

Yes 3 - 0.471 (- 0.840, - 0.101) 0.013 53.3% 0.118

No 8 - 0.801 (- 1.152, - 0.450) 0.000 89.4% 0.000

CI Confidence inteval, NOC number of comparisons, WMD weighted mean difference
a Calculated by single variable meta-regression
b Calculated after deleting Kaur et al.’s [22] study

Fig. 3 Single variable meta-regression on the relationship between baseline glycosylated hemoglobin (HbA1c) level and post-
treatment HbA1c change. a 3-month follow-up results, b 6-months follow-up results
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(WMD - 0.983, 95% CI - 1.904, - 0.061;
p = 0.037), indicating that the pooled result was
relative stable (ESM Fig. 2b).

Baseline HbA1c Level ‡ 9%
This subanalysis included five studies (4 were
highly biased) with 304 participants (153 and
151 in the intervention group and control
group, respectively). The result indicated that
periodontal therapy was able to provide an even
more significant benefit in terms of glycemic
control for the poorly controlled T2DM patients
(WMD - 1.179, 95% CI - 1.379, - 0.979;
p = 0.000). No significant heterogeneity was
detected (p = 0.572; I2 = 0.0%). Influence anal-
ysis showed that the pooled result was
stable (ESM Fig. 2c).

Subgroup Analysis of 6-Month Follow-Up
Data

Baseline HbA1c Level < 8%
This subanalysis included eight studies (3 were
highly biased) with 945 patients (499 and 446 in
the intervention group and control group,
respectively), with a baeline HbA1c of\ 8. The
pooled results showed that periodontal therapy
was able to provide a decrease in HbA1c of
0.215% (WMD - 0.215, 95% CI - 0.374,
- 0.056; p = 0.000). No heterogeneity was
detected (p = 0.149; I2 = 34.9%). Influence

analysis (ESM Fig. 3a) showed that the pooled
result was stable. Deleting Engebretson et al.’s
study [9] had no impact on the significance of
the pooled results, but did increase effect size
and decrease the width of the 95% confidence
interval (WMD - 0.334, 95% CI - 0.472,
- 0.196; p = 0.000).

Baseline HbA1c Level Between 8 and 9%
This subanalysis included only one study [11]
with 264 patients (133 and 131 in the inter-
vention group and control group, respectively)
that reported both 6- and 12-month follow-up
results. For the 12-month follow-up result, a
significant reduction of HbA1c was observed
(WMD - 0.6, 95% CI - 0.9, - 0.3; p = 0.000).
Since only one study was included, no other
analysis was performed.

Baseline HbA1c Level ‡ 9%
This subanalysis included three studies (2 were
highly biased) with 232 patients (117 and 115 in
the intervention group and control group,
respectively), with baseline HbA1c of [ 9%.
Periodontal therapy was able to achieve a very
significant reduction of HbA1c level
(WMD - 1.199, 95% CI - 1.675, - 0.723;
p = 0.006). Significant heterogeneity was detec-
ted (p = 0.006; I2 = 80.3%). Deleting Kaur et al.’s
study [22] was able to significantly reduce the
heterogeneity (p = 0.906; I2 = 0.0%), indicating

Fig. 4 Subgroup analysis based on baseline HbA1c level. a 3-month follow-up results, b 6-months follow-up results
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that Kaur et al.’s study is the source of hetero-
geneity. Deleting this study did not influence
the significance of the pooled result and had
only had a little impact on the effect size
(WMD - 0.953, 95% CI - 1.200, - 0.706;
p = 0.000), indicating that the results were
stable (ESM Fig. 3b). However, due to there
being only three studies were included, the
reason why Kaur et al.’s study influenced the
heterogeneity remains unclear, although it may
be due to the other two studies being published
in Chinese.

Subgroup Analyses of Other Covariates

In addition to analyzing the baseline HbA1c
level, we also performed subgroup analysis on
the other ten covariates (Table 2). Subgroup
analysis based on these covariates still showed
significant heterogeneity, indicating they were
not the major source of between-study
heterogeneity.

Reduction of PPD after periodontal therapy,
which is a reflection of the responses of infec-
tive periodontal tissue to treatment, could also
explain the heterogeneity at a certain level (3
months: 35.29%; 6 months: 27.88%). Accord-
ingly, our results indicate that studies with a
higher PPD reduction also showed a greater
decrease in HbA1c level (ESM Fig. 4). Baseline
PPD level may also reflect active signs of gingi-
val inflammation in PD. As shown in Table 2,
studies with a higher baseline PPD tended to
show a more obvious reduction in HbA1c level
(ESM Fig. 5). However, baseline PPD level could
only explain around 10% of the between-study
heterogeneity. Another possible explanation for
the correlation between baseline PPD level and
HbA1c reduction may be the correlation
between baseline PPD level and baseline HbA1c
level.

We also analyzed the added value of peri-
odontal surgery/tooth extraction or antibiotics
when providing periodontal therapy. Our
results show that additional periodontal sur-
gery/tooth extraction did not influence the
pooled results. Regarding the use of antibiotics,
in the 3-month follow-up subanalysis we found
that studies which used antibiotics showed a

more obvious reduction in HbA1c compared to
those in which antibiotics were not used
(- 0.956 vs. - 0.420), whereas in the 3-month
follow-up results there were no significant dif-
ferences (- 0.497 vs. - 0.560). These results
indicate that the added value of antibiotics
requires further investigation. Regarding the
control group, pooled results suggest that in
studies in which supragingival scaling/tooth
extraction was selected as the control interven-
tion, this intervention did not affect the HbA1c
reduction compared to studies whose control
group received oral hygiene instruction/no
intervention.

T2DM treatment, including medication,
insulin and lifestyle management, is the most
important factor that influences glycemic con-
trol and one which may have a profound short-
term influence on HbA1c levels. Among the
studies included in this meta-analysis, 18 stud-
ies reported that there were no significant
changes in T2DM treatment, whereas five
studies did not describe this aspect of the study.
Regarding the 3-month follow-up results, the
subgroup analyses found that there were no
significant differences between the studies that
reported a change in T2DM treatment and those
that did not.

We also separately analyzed those studies
that took DHbA1c value or absolute endpoint
HbA1c value as the outcome and found that, in
some cases, the studies using DHbA1c value as
the outcome, which is considered to be a more
accurate index, had a smaller effect size. Jadad
score and sample size are two covariates that
were closely related to the reliability and quality
of the original evidence. Subgroup analysis
provided the information that studies with a
higher Jadad score and larger sample size tended
to obtain a smaller effect size. Since we included
articles published in Chinese, we also did a
subgroup analysis for language and found the
language in which the study was published did
not influence the significance of pooled results.

DISCUSSION

Inflammation of periodontal tissue leads to
local vascular proliferation, the release of
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proinflammatory factors, abnormal glucolipid
metabolism and insulin resistance. A very
recent review showed that periodontal therapy
was capable of reducing the level of serum
inflammatory factors, which in turn might
benefit the glycemic control [36]. Glycemic
control is a critical aspect of the comprehensive
therapy regimen of patients with diabetes. It is
crucial to regulate the level of blood glucose at
an appropriate degree in order to prevent the
development of diabetes-related complications,
such as micro- and macroangiopathy and cen-
tral and peripheral nervous system lesions.
According to the UK Prospective Diabetes Study
(UKPDS) [37], a 1% reduction in the HbA1c
level of diabetes patients leads to a 35% decrease
of the risk for diabetic microangiopathy, and
this correlation is considered to be linear; with
respect to the whole study population, a 0.2%
reduction of the mean of HbA1c resulted in a
10% decrease in mortality. In addition to the
UKPDS study, both the DCCT/EDIC study [38]
and the Steno-2 study [39] have shown that
reductions in HbA1c contribute to a decreased
risk of diabetic nephropathy, retinopathy and
neuropathy. To date, there is no evidence that
quantifies the ‘‘threshold’’ of HbA1c reduction
for these benefits; thus it is expected that any,
even minor, reduction in HbA1c lowers the risk
of diabetic complications. These results show
that even a limited reduction in the HbA1c level
significantly benefits diabetes patients.

We found that periodontal therapy had a
significantly beneficial effect on glycemic con-
trol and that this clinical benefit was nearly all
contributed by participants with a high baseline
HbA1c level. In our meta-analyses, periodontal
therapy was of limited clinical significance in
studies where the baseline HbA1c level was \
8%, with only about a 0.2% reduction in HbA1c
in the pooled results. In comparison, the
reduction in HbA1c was nearly 1% in those
studies in which the baseline HbA1c level was[
8%. The difference in the effect of periodontal
therapy on glycemic control may possibly be
explained by the fact that patients with poor
glycemic control suffer an excessive inflamma-
tion reaction due to angiopathy and poor
healing, with periodontal therapy consequently
resulting in a more significant reduction of

serum inflammatory factors as well as a possible
remission of glucolipid metabolism and insulin
resistance. These results may suggest how peri-
odontal therapy can be applied in the clinical
setting to control the HbA1c level of diabetes
patients by indicating the ‘‘threshold’’ of base-
line HbA1c level that would provide the most
benefit.

Recent relevant studies also support our
results. Nishioka et al. [40] found that for indi-
viduals with borderline diabetes (baseline
HbA1c 5.6%), periodontal therapy had no sig-
nificant effect on markers related to insulin and
glucose metabolism. Quintero et al. [41] found
that periodontal therapy had the greatest
impact on HbA1c reduction in patients with an
HbA1c[ 9%, no matter how the SRP was done,
namely in multiple sessions quadrant-by-quad-
rant or within 24 h (one stage). Koromantzos
et al. [42] used a multivariate linear regression
analysis model, with change in HbA1c from
baseline to the 6-month follow-up visit as the
dependent variable and baseline HbA1c level,
group, use of oral hypoglycemic agents, insulin
change, age, gender, body mass index and
smoking status as the independent variables,
and showed that only periodontal treatment
and baseline HbA1c level significantly and
independently predicted the variance in HbA1c
decline over 6 months. Taken together, not
only our study results but also those from the
recent relevant studies support the possible
benefits of periodontal therapy for poorly con-
trolled T2DM patients, rather than the well-
controlled ones, in terms of glycemic control.

We also found that reduction of PPD after
periodontal therapy and baseline PPD level of
the included studies might influence the pooled
results. However, factors related to PPD were
not the major source of heterogeneity. The
studies included in this meta-analysis also per-
formed regression analysis on the relationship
between PPD and HbA1c reduction. Engebret-
son et al. [9] performed a post hoc subgroup
comparison of treatment groups by response
tertiles (PPD reduction) and also found no sig-
nificant between-group differences in change in
HbA1c levels at any point. D’Aiuto et al. [11]
found that between-group differences in HbA1c
were correlated with PPD (R = 0.2; Spearman-
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rank correlation test, p = 0�0074; b coefficient
0.28, 95% CI 0�08, 0�48); however, Moein-
taghavi et al. [28] applied logistic regression
analysis and found that periodontal therapy
was associated with a decrease in HbA1c,
regardless of pre-treatment pocket depth
(p = 0.005). The above results suggest that
future studies on this topic should focus on the
impact of baseline PPD and PPD reduction on
the effect of periodontal therapy on glycemic
control.

T2DM management (drugs, insulin and life-
style management) and T2DM comorbidities
(nephropathy, ocular complication, foot ulcer,
peripheral neuropathy, cardiovascular diseases,
among others) are widely acknowledged to
impact the HbAc1 level. In terms of T2DM
management, among the 23 RCTs included in
this meta-analysis, 18 reported that there were
no significant changes in T2DM treatment,
while five studies did not describe this issue.
The subgroup analyses found that there were no
significant differences between the studies
which reported T2DM treatment change and
those that did not. In terms of T2DM comor-
bidities, none of the included studies reported
how T2DM comorbidities influence the effect of
periodontal treatment on HbA1c control. Also,
there was no direct evidence proving that peri-
odontal therapy had an impact on the inci-
dence of T2DM comorbidities. Six included
studies reported that there was a significant
change in the serum lipid profile (related to
cardiovascular disease) after periodontal treat-
ment [9, 11, 16, 23, 28, 29, 33]. D’Aiuto et al.
reported that periodontal therapy improved
kidney function and vascular function and
lowered the estimated cardiovascular disease
risk [11]. Future trials on this topic should focus
on these two aspects.

Many meta-analyses have been performed
on this topic. However, to our knowledge, the
present meta-analysis is the most comprehen-
sive and in-depth study on this topic to date.
Another very recent meta-analysis [43] on this
topic only included nine RCTs, with the authors
concluding that SRP is effective in reducing
HbA1c; their pooled result was - 0.56%
(p\ 0.01), which is similar to our results. There
are several differences between the systematic

review by Simpson et al. [10] on this same topic
based on the Cochrane database and the present
work. Simpson et al. [10] included 14 studies
but only performed one subgroup analysis for
antimicrobics. In contrast, we included a total
of 23 studies and performed 11 subgroup anal-
yses based on the covariates. We also performed
other analyses, including an analysis on the
influence of test and meta-regression to avoid
bias, which provided sufficient information to
draw conclusions.

There are several limitations to the present
meta-analysis. The DPTT study [6] actually
involved participants with a high HbA1c level
(C 8%: 195/514) but the authors did not report
stratified results. Based on information from
other DPTT-related reports [44, 45], it is likely
that the treatment benefit was not associated
with the baseline HbA1c level as the authors
performed the subgroup analysis on other
indexes, and it is highly unlikely that they
would ignore important information on HbA1c
level. The authors of another well-designed RCT
[11] also did not report a correlation between
baseline HbA1c and HbA1c reduction after
periodontal therapy. In the present study, only
Kaur et al.’s study [22] specifically investigated
the relationship between baseline HbA1c level
and the effect of periodontal therapy on gly-
cemic control. These authors arrived at the
same conclusion as we did based on our meta-
analysis. However, the 6-month follow-up
results, including those from Kaur et al.’s study,
cause instability and high heterogeneity of the
meta-analyses. This indicates that there must be
a sufficient number of well-designed RCTs that
are sufficiently similar and include results
directly related to the baseline HbA1c, so that
the subsequent systematic review and meta-
analysis can correctly deduce the results for
pooling with other studies. Also, the method-
ological quality of the included studies aimed at
a high baseline HbA1c level was relatively low
and the sample sizes were small, thus making
the pooled results less convincible.

Our present study has primarily demon-
strated that periodontal therapy significantly
contributed to the glycemic control of T2DM
patients, especially in patients with a higher
baseline HbA1c level. Regarding the clinical
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implications, we recommend that general
practitioners, endocrinologists and patients
with T2DM focus much more on all aspects of
oral hygiene and periodontal status. Gum
bleeding/redness/swelling, tooth loosening and
bad breath are common symptoms of peri-
odontitis. We recommend that general practi-
tioners and endocrinologists should consider a
brief oral examination of patients with T2DM at
each visit, focusing on the above periodontitis-
related symptoms; this is particularly relevant
for the patients with poor glycemic control. We
recommend that patients suffering from T2DM
should self-check their own oral hygiene and
periodontal status and receive routine peri-
odontal therapy at least once a year.

CONCLUSIONS

In conclusion, periodontal therapy might be
effective for reducing the HbA1c level of patients
with diabetes. The effects of periodontal therapy
significantly rely on the HbA1c level prior to
periodontal therapy. Our results also indicate
that future studies should perform subgroup
analysis based on baseline HbA1c level to inves-
tigate how different baseline HbA1c levels affect
the extent to which periodontal therapy can
reduce the HbA1c level and to identify where the
‘‘threshold’’ of baseline HbA1c level is that max-
imizes the benefits of periodontal therapy.
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