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INTRODUCTION

The prevalence of  periodontal disease in adults over 65 
years examined in the 2009-2010 United States National 
Health and Nutrition Examination Survey (NHANES) 
was 70.1% (Eke et al., 2012). Chronic periodontitis may 
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ABSTRACT

Aims: Periodontal treatment is reported to be associated with an improved periodontal 
condition in diabetic patients. Therefore, a comprehensive review of meta-analyses was 
conducted to evaluate whether periodontal treatment can improve glycemic control in 
patients with type 2 diabetes. 

Materials and methods: The search on electronic databases included PubMed-Medline, 
Cochrane Library, Scopus, and LILACS databases. The methodological quality of the 
systematic reviews was evaluated using AMSTAR, and primary studies were performed 
in accordance with PRISMA guidelines. The weighted mean difference (WMD) was 
calculated, nested in a random-effects model with corresponding Z scores, p-values, 
and 95% confidence intervals. 

Results: A total of 11 meta-analyses were included, and a meta-analysis of 11 primary 
studies comprising a total of 1341 participants was carried out. All the studies evaluated 
glycosylated hemoglobin (Hb1Ac), and 6 of the 11 publications evaluated fasting plasma 
glucose (FPG). The AMSTAR scores ranged between 9 and 11, with a median of 10.3. 
Statistically significant reductions were observed in HbA1c values [-0.32% (3.5 mmol/
mol); 95%CI: -0.50 to -0.15] and FPG values (-11.59 mg/dl; 95%CI: -15.16 to -8.01). 

Conclusions: The review of currently available clinical studies concludes that periodontal 
treatment is associated with improved glycemic control in patients with type 2 diabetes. 
New guidelines, including periodontal treatment as a routine public health measure to 
improve glycemic control in diabetic patients, would be of great value.
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lead to the development of  severe systemic disease 
burden (Shangase et al., 2013), and can affect general 
health (Hung et al., 2013). It has been reported that 
chronic periodontitis is associated with several systemic 
diseases such as rheumatoid arthritis (Chen et al., 2013) 
and cardiovascular disease (Holtfreter et al., 20130). Over 
the last 20 years, a series of  studies have reported on 
the bidirectional association between periodontal disease 
and diabetes, and indicated that patients with diabetes 
have an increased risk of  developing periodontal disease 
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and that periodontal disease is more severe in patients 
with diabetes (Mealey and Oates, 2006; Atieh et al., 2014). 

Diabetes mellitus is a metabolic disorder characterized 
by chronic hyperglycemia and disturbed carbohydrate, 
fat, and protein metabolism caused by defective insulin 
secretion, action, or both. The disease is now considered 
a global epidemic. In 2014, it is estimated that 346 million 
people are affected worldwide, and the World Health Or-
ganization (WHO) predicts that this figure will increase 
to 439 million - almost 10% of  all adults - by the year 
2030 (World Health Organization, 2015).

Diabetes-associated medical complications have sig-
nificant adverse effects on a patients’ quality of  life, in 
addition to healthcare costs. Many factors contribute to 
the onset of  diabetes and its associated medical compli-
cations, including genetics, diet, lifestyle, age, and obesity 
(Morgan et al., 2000; Bergman et al., 2013). It is therefore 
biologically plausible that non-resolving chronic inflam-
mation secondary to periodontal disease may have an 
impact on beta-cell function, insulin resistance, and con-
sequently, glycemic control and diabetes-related medical 
complications (Chapple and Genco, 2013). Previous 
studies also indicated that diabetic patients with severe 
periodontal disease are 6 times more likely to have poor 
glycemic control (Taylor et al., 1996; Taylor et al., 2004).

Although periodontal treatment may improve 
periodontal and inflammatory status in diabetic patients, 
consensus evidence of  improved glycemic control is 
lacking (Chen et al., 2012). The existing evidence is 
conflicting and appears to be insufficient to establish 
a firm clinical recommendation. Therefore, a compre-
hensive review of  meta-analyses should address some 
significant drawbacks between periodontal treatment 
and diabetes. The present study sought to conduct a 
systematic overview of  meta-analysis to determine 
whether periodontal therapy can improve blood glucose 
levels in patients with type 2 diabetes.

MATERIALS AND METHODS

Overview of Strategy
In the first part of  this study, we conducted an overview 
of  meta-analyses that investigated the effect of  peri-
odontal treatment on blood glucose levels in patients 
with type 2 diabetes. In the second part of  the study, we 
performed a meta-analysis of  primary studies investigat-
ing the same issue. A written study protocol was pre-
pared in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) 
statement (Moher et al., 2009) and the Cochrane Collabo-
ration methodology and the available methodological 
guidelines were applied throughout the study (Higgins 
and Green, 2011).

Data sources and searches
We searched the PubMed-MEDLINE, Cochrane 
Library, Scopus, and LILACS databases from their in-
ception dates up to September 30th, 2019. The specific 
search strategies are shown in Table 1. The search was 
completed with a review of  the references cited in the 
selected articles to identify additional studies not found 
in the initial search. This, in turn, was supplemented by 
a manual search in relevant journals. Any obscure or 
missing data were obtained by contacting the authors. 
The electronic search included all articles, with no re-
strictions in terms of  year of  publication or language. 

Database                                                                                         Search strategy used                                                                                                          Hits    

MEDLINE searched 
via Pubmed 
(www.ncbi.nlm.
nih.gov/pubmed)

((periodontitis [mesh] OR 
periodontal disease OR 
periodontal therapy OR 

periodontal treatment OR 
periodontal intervention) 

AND (“diabetes” OR 
“diabetes mellitus” OR 
“glycemic control” OR 
“glycaemic control”)) 

7015

Cochrane Database 
of Systematic 
Reviews searched 
via The Cochrane 
Library
(www.
thecochranelibrary.
com)

(periodontitis* OR 
periodontal disease* OR 
periodontal therapy* OR 

periodontal treatment* OR 
periodontal intervention*) 

and ((diabetes*) OR 
(diabetes mellitus*) OR 
(glycemic control*) OR 
(glycaemic control*))

15

LILACS 
(http://lilacs.
bvsalud.org/es)

(periodontitis OR 
periodontal disease OR 
periodontal therapy OR 

periodontal treatment OR 
periodontal intervention) 

AND (diabetes OR 
diabetes mellitus OR 
glycemic control OR 
glycaemic control)

493

SCOPUS 
(www.scopus.com)

(ALL(“periodontitis* OR 
periodontal disease* OR 

periodontal therapy* 
periodontal treatment* OR 
periodontal intervention*”) 

AND ALL(diabetes* OR 
diabetes mellitus* OR 

“glycemic control*” OR 
“glycaemic control*”))

6837

Total 14360

Table 1. Electronic databases searched and search 
strategies used in the systematic review. 
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Study selection of systematic reviews
Two criteria were considered for further evaluation of  
abstracts: 1) the study is defined as an overview of  meta-
analysis, and: 2) the study investigates the association 
between non-surgical periodontal therapy and glycemic 
control in patients with type 2 diabetes. Guidelines and 
systematic reviews without meta-analyses were excluded. 
Subsequently, full texts of  all relevant abstracts were 
obtained and screened to identify systematic reviews 
of  interest-based on: 1) the use of  at least one medical 
database (e.g., MEDLINE; 2) the inclusion of  at least 
one primary study; 3) the inclusion of  patients with 
type 2 diabetes subjected to periodontal treatment; 
and 4) an outcome variable defined as blood glucose 
level measured as glycated hemoglobin (HbA1c) and/
or fasting plasma glucose (FPG), analyzed before and 
after periodontal treatment. All the articles selected 
in the electronic and manual searches were evaluated 
independently by two authors (F.A.A. and J.A.A.), in 
accordance with the established inclusion criteria. Any 
disagreement between the two review authors was re-
solved by a third one (JAS). 

Inclusion and exclusion criteria for primary 
studies
The studies from the included meta-analyses were con-
sidered for inclusion according to the following criteria: 
1) the include studies are randomized controlled trials 
(RCTs); 2) a follow-up period of  at least three months; 
and 3) studies in which the control group consisted of  
patients not subjected to any periodontal treatment. 
Observational, retrospective, nonrandomized primary 
studies, unpublished dissertations and conference papers 
were excluded. In relation to studies involving both type 
1 and type 2 diabetic patients, we only included the pub-
lications in which the data exclusively referred to type 
2 diabetics could be extracted to be integrated within 
the quantitative analysis. Studies pooling or combining 
the results of  both type 1 and type 2 diabetic patients 
were excluded. 

Data extraction and quality assessment
For each meta-analysis included in the study, two re-
viewers independently extracted the data, including the 
number of  patients, interventions, follow-up period, 
inclusion criteria, databases (search period), number of  
included studies, method of  assessment of  quality and 
quality of  the evidence. The same authors independently 
assessed the included reviews for methodological quality 
using the Assessment of  Multiple Systematic Reviews 
(AMSTAR) Instrument. The AMSTAR was chosen 
because of  its reported inter-rater reliability, construct 
validity and feasibility. An eleven-item questionnaire is 
designed to elicit responses of  “Yes”, “No”, “Cannot 
answer”, or “Not applicable”. The response “Cannot 

answer” is chosen when an item is relevant but not de-
scribed. The response “Not applicable” is chosen when 
an item is not relevant. Based on the results of  the criti-
cal appraisal, reviews were divided into three categories: 
“lower” (score 0-3), “middle” (score 4-7), and “upper” 
(score 8-11). These categories reflect the existence of  
“major”, “moderate”, and “minor or no methodological 
limitations” in the included reviews, respectively.

The decisions made for each review were indepen-
dently reassessed using the Grades of  Recommendation, 
Assessment, Development, and Evaluation (GRADE) 
system criteria (Guyatt et al., 2008). The GRADE 
identifies five key elements (risk of  bias, inconsistency, 
indirectness, imprecision and publication bias) that may 
influence the quality of  evidence. These components 
were assessed and combined to define the quality of  
evidence for each outcome of  interest as high, moderate, 
low, or very low. The level of  agreement between the 
two reviewers was assessed based on the Cohen kappa 
statistic (Cohen, 1968). 

Data synthesis and analysis of primary studies
A meta-analysis of  RCTs was conducted in which the 
intervention group received periodontal treatment and 
the control group received no treatment. The primary 
outcome was the difference between the mean of  the 
parameter at the end of  follow-up (T2) (%HbA1c T2) 
and its baseline value (T1) (%HbA1c T1): 

∆% HbA1c = %HbA1c T2 - %HbA1c T1
If  the standard deviation (S) of  the differences was 

not reported in the publication, we estimated it from 
the following equation:
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where r is the correlation between the baseline and end 
of  follow-up values, and S T1 and S T2 are the standard 
deviations of  the baseline and end of  follow-up values, 
respectively. We assumed that r = 0.5, as previously de-
scribed (Ioannidou et al., 2006). For each meta-analysis, 
the weighted mean difference (WMD) was calculated 
and nested in a random-effects model with correspond-
ing Z scores, p-values, and 95% confidence intervals 
(95%CI). Also, a test for heterogeneity was performed. 
For this test, the I2 statistic describing the percentage 
of  the total variation across studies that is attributable 
to heterogeneity rather than chance was used to as-
sess between-studies heterogeneity. The I2 statistic was 
calculated as follows: 100% × (Q-df)/Q, where “Q” 
is Cochrane heterogeneity statistic and df  represents 
the degrees of  freedom. Conventionally, I2 values of  
25%, 50%, and 75% indicate low, moderate and great 
heterogeneity, respectively (Higgins and Thompson, 
2002). Forest plots afford a weighted compilation of  all 
the effect sizes reported by each study, and also provide 
an indication of  the heterogeneity between studies. 
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Furthermore, the heterogeneity was complemented 
by the Galbraith plot. Potential publication bias was 
evaluated by visual inspection of  the funnel plots. It 
was quantitatively assessed using the rank correlation 
of  Begg’s test (Begg and Mazumdar, 1994) and Egger’s 
test (Egger et al., 1997).

The statistical analysis was performed using the SPSS 
version 17.0 statistical package for Microsoft Windows 
(SPSS, Chicago, IL, USA) and R version 3.0.2 (The R 
Foundation for Statistical Computing, Vienna, Austria).

Risk of bias assessment of primary studies
The risk of  bias of  the included RCTs was independently 
assessed by the two reviewers using the Cochrane Col-
laboration tool for assessing the risk of  bias of  RCTs 
(Higgins and Green, 2011). The criteria included: se-
quence generation; allocation sequence concealment; 
blinding; incomplete outcome data; selective outcome 
reporting and other sources of  bias. Those RCTs with 
inadequate random sequence generation, allocation con-
cealment or reporting bias were considered as studies 
with a high risk of  bias. When sufficient information 
was not provided on these different domains of  bias to 
allow definite judgment, the risk of  bias was considered 
unclear. In contrast, when a study was free of  such 
bias, the risk of  bias was considered as low. According 
to the Cochrane Handbook for Systematic Reviews of  
Interventions version 5.1.0, studies with a high risk of  
bias are not considered for quantitative analysis (Higgins 
and Green, 2011). The level of  agreement between the 
two reviewers was assessed based on the Cohen kappa 
statistic (Cohen, 1968).

RESULTS 

Search results
The electronic search procedure and excluded articles 
are outlined in Figure 1. The combinations of  search 
terms resulted in a list of  14,360 titles. After eliminating 
duplicate articles, a total of  9861 articles were reviewed. 
In turn, 7875 articles were excluded based on the evalu-
ation of  the title and abstract, leaving 1986 articles to 
be assessed for eligibility. Of  these 42 publications, 31 
were excluded (the reasons for exclusion are specified 
in Table 2). 

A total of  11 meta-analyses (Janket et al., 2005; Teeuw 
et al., 2010; Simpson et al., 2010; Engebretson and Ko-
cher, 2013; Sgolastra et al., 2013; Liew et al., 2013; Wang 
et al., 2014; Sun et al., 2014; Simpson et al., 2015; Li et 
al., 2015; Jain et al. 2019) were included in the review. 
These 11 meta-analyses comprised a total of  27 primary 
studies (Figure 1). 

Sixteen studies were finally included (Grossi et al., 
1997; Kiran et al., 2005; Hong, 2005; Jones et al., 2007; 

Yun et al., 2007; Singh et al., 2008; Katagiri et al., 2009; 
Sun et al., 2011; Koromantzos et al., 2011; Li et al., 2011; 
Moeintaghavi et al., 2012; Chen et al., 2012; Zhang et al., 
2013; Engebretson et al., 2013; Raman et al., 2014; Gay et 
al., 2014), and a meta-analysis was conducted including 
11 of  them (Chen et al., 2012; Kiran et al., 2005; Jones et 
al., 2007; Singh et al., 2008; Sun et al., 2011; Koromantzos 
et al., 2011; Moeintaghavi et al., 2012; Zhang et al., 2013; 
Engebretson et al., 2013; Raman et al., 2014; Gay et al., 
2014), since 5 publications (Grossi et al., 1997; Hong et 
al., 2009; Yun et al., 2007; Katagiri et al., 2009; Li et al., 
2011) presented a high risk of  bias and were therefore 
excluded.

Study characteristics
The characteristics of  the 11 included meta-analyses 
(number of  patients, interventions, follow-up period, 
inclusion criteria, databases [search period], number of  
included studies, assessment quality and quality of  the 
evidence [GRADE]) are summarized in Table 3. All the 
included studies analyzed glycemic control after peri-
odontal treatment by evaluating the difference in HbA1c 
levels before and after the treatment. Three of  these 
studies also (Teeuw et al., 2010; Sgolastra et al., 2013; 
Sun et al., 2014) used FPG to assess metabolic control.

In the second part of  the study, we conducted a 
meta-analysis of  11 RCTs (Chen et al., 2012; Kiran et 
al., 2005; Jones et al., 2007; Singh et al., 2008; Sun et al., 
2011; Koromantzos et al., 2011; Moeintaghavi et al., 
2012; Zhang et al., 2013; Engebretson et al., 2013; Ra-
man et al., 2014; Gay et al., 2014). The characteristics of  
the included studies (number of  patients, interventions, 
follow-up period, outcome variable, mean age, results 
of  HbA1c as a percentage and mmol/mol and results 
of  FPG in mg/dl) are summarized in Table 4. All the 
included RCTs have analyzed glycemic control after peri-
odontal treatment, based on the difference in HbA1c 
levels. Six of  these studies (Chen et al., 2012; Kiran et al., 
2005; Singh et al., 2008; Sun et al., 2011; Moeintaghavi et 
al., 2012; Zhang et al., 2013) evaluated FPG in addition 
to HbA1c. 

The methodological quality of the included 
meta-analyses
The methods used in the meta-analyses review were 
assessed using the AMSTAR tool (Shea et al., 2007). 
None of  the ten included meta-analyses presented 
methodological limitations (score ≥ 8). The AMSTAR 
scores ranged between 9 and 11, with a median of  10.3 
(Table 5). All the included meta-analyses have satisfied 5 
of  the 11 criteria: “A priori design”, “Study characteris-
tics”, “Quality assessed”, “Quality used” and “Methods 
appropriate”. The agreement between the reviewers 
referred to quality assessment was 0.92 based on the 
kappa statistic.
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Risk of bias assessment of the primary studies
The risk of  bias of  the included primary studies is 
summarized in Table 6. Following the application of  
the inclusion criteria, a total of  16 primary studies were 
included. Five of  these studies (Jones et al., 2007; Koro-
mantzos et al., 2011; Zhang et al., 2013; Engebretson et 
al., 2013; Gay et al., 2014) presented a low risk of  bias; 6 
studies (Chen et al., 2012; Kiran et al., 2005; Singh et al., 
2008; Sun et al., 2011; Moeintaghavi et al., 2012; Raman et 
al., 2014) presented a moderate risk of  bias; and 5 studies 
(Grossi et al., 1997; Hong, 2005; Yun et al., 2007; Katagiri 
et al., 2009; Li et al., 2011) presented a high risk of  bias. 
The five studies with a high risk of  bias were excluded 
from the quantitative analysis, leaving a final total of  
11 studies for the analysis. The agreement between the 
reviewers referred the risk of  bias assessment, based on 
the kappa statistic, was 0.90.

Periodontal treatment intervention and HbA1c 
level
All the included meta-analyses reported absolute varia-
tions (∆) in HbA1c as the glycemic control parameter. 
Eight meta-analyses (Janket et al., 2005; Teeuw et al., 
2010; Simpson et al., 2010; Engebretson et al., 2013; 
Sgolastra et al., 2013; Liew et al., 2013; Wang et al., 2014; 
Sun et al., 2014) showed significant improvement in gly-
cemic control after periodontal treatment, as measured 
by a significant decrease in HbA1c levels compared with 
the untreated control group (Intervention-Control [I-
C] ∆ 1.03% (11.3 mmol/mol) (Sun et al., 2014); I-C ∆ 
-0.27% (3.0 mmol/mol) (Li et al., 2015); I-C ∆ -0.41% 
(4.5 mmol/mol) (Liew et al., 2013); I-C ∆ 0.65% (7.1 
mmol/mol) (Sgolastra et al., 2013); I-C ∆ -0.40% (4.4 
mmol/mol) (Teeuw et al., 2010); I-C ∆ -0.41% (4.5 
mmol/mol) (Simpson et al., 2015); I-C ∆ -0.36% (3.9 

Figure 1. Flow diagram of the search processes and results.
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mmol/mol) (Engebretson et al., 2013) and I-C ∆ -0.40% 
(4.4 mmol/mol) (Simpson et al, 2010). Only two meta-
analyses showed a nonsignificant decrease in HbA1c 
after periodontal treatment compared with the control 
group (I-C ∆ -0.23% (2.5 mmol/mol) (Wang et al., 2014) 
and I-C ∆ -0.70% (7.7 mmol/mol) (Janket et al., 2005). 

Non-Surgical Periodontal treatment 
intervention and FPG
Three studies (Teeuw et al., 2010; Sgolastra et al., 2013; 
Sun et al., 2014) reported the variation in FPG as gly-
cemic control parameter, and two of  them showed 
a nonsignificant decrease in FPG after non-surgical 
periodontal treatment compared with the control group 
(I-C ∆ 0.69 mg/dl (Sun et al., 2014) and I-C ∆ 2.30 mg/
dl (Teeuw et al., 2010). Only one study (Sgolastra et al., 
2013) showed a significant decrease in FPG after peri-
odontal treatment compared with the control group (I-C 
∆ 9.04 mg/dl).

A Meta-analysis of the primary studies
The results of  the meta-analysis are shown in Figure 2. 
The 11 RCTs included in the meta-analysis comprised a 
total of  1341 participants (724 in the intervention group 
and 617 in the control group). The 11 studies analyzed 
glycemic control after non-surgical periodontal treat-
ment, based on the difference in HbA1c, and recorded 
statistically significant results [-0.32% (3.5 mmol/mol); 
95%CI: -0.501 to -0.146; p<0.001]. Of  these studies, 6 
analyzed glycemic control after scaling and root planning 
based on the differences in FPG, and likewise recorded 
statistically significant results (-11.59 mg/dl; 95%CI: 
-15.16 to -8.01; p<0.001). The results of  the meta-
analysis for HbA1c and FPG are summarized in Table 7.

Regarding the heterogeneity of  the included studies, 
we found high heterogeneity for HbA1c (I2 = 83.2%) 
and low heterogeneity for FPG (I2 = 10.3%). Despite 
these observations, the Galbraith plot showed that the 
studies are distributed around the adjusted regression 
line – all within the corresponding 95% confidence 
limits (Figure 3). 

The results of  Begg’s test with continuity correction 
and Egger’s test confirmed that there was no evidence 
of  publication bias for both HbA1 and FPG. The p 
value for HbA1c was 0.542 for the Begg’s test, versus 
0.089 for the Egger’s test. In turn, the result of  FPG 
was 0.719 for the Begg’s test and 0.937 for the Egger’s 
test. Figure 4 shows the funnel plot of  the studies that 
analyzed Hb1Ac and FPG.

The statistical power was calculated to identify a 
mean effect size (Cohen d) of  0.2 for the Hb1Ac, and 
(Cohen d) of  0.35 for FPG) as being statistically signifi-
cant, with a 95% confidence level. The statistical power 
of  the study was 95%.

First author Year Journal Reason for 
exclusion

Wilson TG Jr. 1989 Diabetes Educ. Reason 1
Oliver RC. 1994 J Periodontol. Reason 1

Kinane DF. 1997 Curr Opin 
Periodontol. Reason 1

Gustke CJ. 1999 J Clin Periodontol. Reason 1
Rees TD. 2000 Periodontol 2000 Reason 1
Matthews DC. 2002 J Can Dent Assoc. Reason 1
Taylor GW. 2003 J Am Dent Assoc. Reason 1
Mealey BL. 2006 J Periodontol. Reason 1

Khader YS. 2006 J Diabetes 
Complications Reason 2

Alves C. 2007 Arq Bras 
Endocrinol Metab. Reason 1

Darré L. 2008 Diabetes Metab. Reason 3
Javed F. 2009 J Periodontol. Reason 2

Chávarry NG 2009 Oral Health Prev 
Dent Reason 2

Lima-Costa KL. 2009 R. Periodontia Reason 5
Phillips NM. 2012 Am J Nurs. Reason 4
Corbella S. 2013 J Diabetes Investig. Reason 3
Borgnakke WS. 2013 J Clin Periodontol. Reason 3
Wang X. 2014 PLoS ONE Reason 3
Pushparani DS. 2014 Curr Diabetes Rev. Reason 1

Atieh MA. 2014 Diabetes Res Clin 
Pract. Reason 2

Llambés F. 2015 World J Diabetes Reason 1
Mauri-Obradors 
E. 2015 Odontology Reason 3

Artese HP. 2015 PLoS ONE Reason 2
Esteves-Lima 
RP. 2016 J Periodontol. Reason 3

Al-Hamoudi N. 2017 Photodiagnosis 
Photod Reason 2

Hasuike A. 2017 Med Oral Pathol 
Oral Reason 3

Sanz M 2018 J Clin Periodontol Reason 1
De Morais EF 2018 Arch Oral Biol Reason 2
Li S 2018 J Periodontal Res Reason 5
Garde S. 2019 Int J Mol Sci Reason 2
Hsu YT. 2019 J Clin Peridontol Reason 2

Table 2. List of excluded papers with reasons for 
exclusion.

Reason 1: Not a systematic review; Reason 2:  
Unrelated to glycaemic control and periodontal 
disease; Reason 3: Not type 2 diabetes Mellitus; 
Reason 4: Results published in another study; Reason 
5: Systematic review but without meta-analysis.
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Primary study Sequence 
generation

Allocation 
concealment Blinding

Incomplete 
outcome 

data

Selective 
reporting

Other 
sources
of bias

Risk
of bias

Grossi et al.37 1997* Unclear Unclear High High Unclear High High

Kiran et al.38 2005  Low Low High Low Unclear Low Moderate

Hong et al.39 2005* High High Unclear Unclear Unclear High High

Jones et al.40 2007 Low Low Low Low Low Low Low

Yun et al.41 2007* Unclear Unclear High High Unclear Unclear High

Singh et al.42 2008 Unclear High Low Low Low Low Moderate

Katagari et al.43 2009* Unclear High High Low Unclear High High

Sun et al.44 2011 Unclear Unclear High Low Low Low Moderate

Koromantzos et al.45 
2011 Low Unclear Low Low Low Low Low

Li et al.46 2011* Unclear Unclear Unclear High Unclear High High

Chen et al.16 2012 Low Unclear Unclear High Low Low Moderate

Moeintaghavi et al.47 
2012 Low Unclear High Low Unclear Low Moderate

Zhang et al.48 2013 Low Low Low Low Low Low Low

Engebretson et al.49 
2013 Low Low Low Low Low Low Low

Raman et al.50 2014 Low Unclear Unclear Low Low Unclear Moderate

Gay et al.51 2014 Low Low Low Low Low Low Low

* Studies with high risk of bias are excluded from the meta-analysis

Table 6. Risks of Bias for the primary studies.

Figure 2. Forest plot of changes in A) HbA1c and B) FPG.
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DISCUSSION

The present review offers solid and interesting meth-
odological evidence to date on the positive influence of  
periodontal treatment on the general health of  type 2 
diabetic patients by improving glycemic control after a 
follow-up period of  at least three months. The moder-
ate effect size of  -0.32% (3.5 mmol/mol) for HbA1c 
(95%CI: -0.50 to -0.15) observed among all 11 studies 
remains statistically significant, which is consistent with 
the two recent systematic reviews [-0.27% (3.0 mmol/
mol) HbA1c, 95%CI: -0.46 to -0.07) (Li et al., 2015) 
and [-0.36% (3.9 mmol/mol) HbA1c, 95%CI: -0.54 to 
-0.19] (Engebretson et al., 2013). The moderate effect 
size of  -11.59 mg/dl for FPG (95%CI: -15.16 to -8.01) 
observed among all the six studies remains statistically 
significant, which is consistent with the other clinical 
study (-13.16 mg/dl FPG, CI: -15.30 to -11.01) (Sun et 
al., 2015). Therefore, the present meta-analysis indicates 
that periodontal treatment may reduce the levels of  both 

HbA1c and FPG. We believe that the inclusion criteria 
applied to the available studies led to better understand-
ing of  the effect of  periodontal treatment on diabetic 
patients, due to the following reasons: 1) the inclusion 
of  studies that analyzed differences in HbA1c after a 
minimum follow-up of  three months, since analyses 
of  HbA1c corresponding to shorter periods of  time is 
clinically irrelevant (Mealey and Ocampo, 2007); 2) the 
inclusion of  only RCTs with no periodontal treatment in 
the control group; 3) calculation of  the weighted mean 
difference instead of  the standardized mean difference, 
in order to avoid overestimation of  the total effect of  
periodontal treatment; and 4) the inclusion of  patients 
with only type 2 diabetes, since some studies (Darré 
et al., 2008; Wang et al., 2014) analyzed the effect of  
periodontal treatment on glycemic control in patients 
with both type 1 and type 2 diabetes (Wang et al., 2014). 
Taking into account the different etiopathogenic mecha-
nisms involved in the two types of  diabetes (Standards 

HbA1c

Number of studies Patients I/C WMD Standard 
error

CI 95% 
lower 

CI 95% 
upper Z p-value I2 p-value 

(heterog.)
11 724/617 -0.32 0.09 -0.50 -0.15 -3.57 <0.001* 83.2% <0.001

FPG

Number of studies Patients I/C WMD Standard 
error

CI 95% 
lower 

CI 95% 
upper Z p-value I2 p-value 

(heterog.)
6                                                          288/194 -11.59 1.82 -15.16 -8.01 -6.35 <0.001* 10.3% 0.350

WMD= Weighted mean difference;
I2= percentage of between-studies variability to total
I/C= Intervention/Control
* Statistically significant

Table 7. Results of the meta-analyses for HbA1c and FPG.

Figure 3. Galbraith plot of A) HbA1c and B) FPG.
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of  Medical Care in Diabetes, 2016), it is preferable to 
examine the effect of  periodontal treatment on each 
type independently.

To determine the degree of  heterogeneity of  HbA1c 
at which the reliability of  the results obtained could be 
affected, a sensitivity analysis was conducted. The analy-
sis revealed a significant decrease in heterogeneity (I2= 
20.9%) after excluding two studies (Zhang et al., 2013; 
Engebretson et al., 2013), nevertheless, the same effect 
of  treatment was observed (p<0.001). The inclusion of  
these two studies in the meta-analysis was necessary due 
to their precision and strength (considering the sample 
size in one case - Engebretson et al., 2013 - and the low 
deviation in the other - Zhang et al., 2013). However, it 
has been shown that these two studies induce hetero-
geneity, and that their exclusion does not modify the 
results obtained – thus indicating excellent reliability of  
the meta-analysis. A funnel plot served as a visual means 
for assessing any disproportionate representation of  
the results according to strength and precision. Regard-
ing the HbA1c results, supplementary Figure 4 shows 
slight asymmetry which could be attributed to studies 
with a high standard error (scantly precise due to small 
sample size or high variability). The zone in which the 
asymmetry is noted (at lower right area of  the figure) 
corresponds to studies in which periodontal treatment 
exerted no influence on glycemic control. Moreover, 
one study in which FPG was considered as an outcome 
was noted in the lower zone of  the figure. This could 
be explained by the signicant standard deviation for 
FPG in the study. 

In this overview, we found that patients with type 
2 diabetes subjected to periodontal treatment experi-
enced a mean decrease in HbA1c levels of  0.32% (3.5 

mmol/mol), and a mean decrease in FPG of  11.59 mg/
dl. Taking into consideration that the development of  
diabetes-related medical complications is a multifactorial 
phenomenon, it is important from a clinical perspective 
to maintain good periodontal health, as it may positively 
contribute to the maintenance of  blood glucose level 
within the normal range. Interestingly, improvement 
in glucose metabolism following periodontal therapy 
was more frequently observed for HbA1c than for 
FPG. This observation could be explained by the fact 
that FPG reflects the current blood glucose level at the 
time when the test was performed, while the HbA1c, 
reflects glucose metabolism over the preceding 1-3 
months (Teeuw et al., 2010). The HbA1c test has sev-
eral advantages over the FPG test, such as being more 
convenient (fasting is not required), has more pre-test 
stability, and less day-to-day perturbations during stress 
and illness. However, these advantages may be offset by 
the lower sensitivity of  HbA1c at the designated cutoff  
point, greater cost, limited availability and imperfect 
correlation with the average blood glucose in specific 
individuals (Cowie et al., 2010). Despite the numerous 
reports in the scientific literature about the course of  
periodontal disease in diabetic patients (Liew et al., 2013; 
Wang et al., 2014; Sun et al., 2014), evaluation of  the ac-
cumulated research should be done with caution, since 
considerable diversity of  populations, varying definitions 
of  the parameters under investigation, or small numbers 
of  study subjects may have an impact upon the results 

(Mealey et al., 2006).
Periodontal disease can be an early complication 

of  diabetes mellitus and diabetes is an important 
health care problem (Lamster et al., 2014; Löe, 1993). 
Although periodontal disease is considered as the sixth 

Figure 4. Funnel plot of A) HbA1c and B) FPG.



Ata-Ali et al.: Periodontal treatment improves glycemic control     219

complication of  diabetes in addition to retinopathy, 
neuropathy, nephropathy, altered wound healing and 
macrovascular diseases (Löe, 1993) some of  the current 
guidelines (American Diabetes Association, 2013; 
Chamberlain et al., 2016) do not contemplate periodontal 
treatment in their diabetes management protocol. This 
review has shown that periodontal treatment improves 
glycemic control in patients with type 2 diabetes through 
significant reductions in both HbA1c and FPG levels. 
On the contrary, Faggion, et al. (2016) in a recent review 
of  systematic reviews stated that their study did not 
support the notion that periodontal treatment may 
improve glycemic control. This finding was based on 
the assumption that the impact of  periodontal treatment 
was not effective on HbA1c reduction when the follow-
up was longer than 6 months. Finally, this contrast could 
also be attributed to the different approaches used in our 
study design, which evaluated the effects of  periodontal 
treatment in patients with type 2 diabetes. In the last 
consensus reached in this subject (Sanz et al., 2018) The 
European Federation of  Periodontology (EFP) and the 
International Diabetes Federation (IDF) concluded 
that periodontal therapy is safe and effective in people 
with diabetes, and it is associated with reductions in 
HbA1C of  0.27–0.48% after 3 months. Myllymäki et 
al. (2018) in a large longitudinal study with 395 patients 
suggest that periodontal condition appears to predict the 
development of  type 2 diabetes in an exposure–response 
manner. This result is in agreement with the results of  
this meta-analysis.

As in any meta-analysis, the strength of  the cur-
rent study is largely determined by the study design 
and quality and number of  the included studies. In 
this regard, the inclusion of  studies with a randomized 
controlled design provides a comprehensive overview 
of  the evidence on the topic addressed by our study. 
Moreover, to strengthen the results and minimize bias, 
we excluded all studies with a high risk of  bias from 
the quantitative analysis. Nevertheless, randomization 
and the inclusion of  a non-periodontal treatment group 
were the most important quality factors for our review. 
Further strengths of  the study were the fact that we car-
ried out a meta-analysis of  RCTs rated as having a high 
level of  evidence and conducted a systematic search of  
different international medical databases with the aim 
of  minimizing publication bias. Moreover, no restric-
tions referred to language or publication date were set 
to ensure inclusion of  as many data as possible from 
appropriate studies. Two reviewers independently chose, 
extracted and evaluated data quality to reduce bias and 
transcription errors.

This overview also has certain limitations. Firstly 
there was heterogeneity in the HbA1c parameter (I2 = 
83.2%). Despite this heterogeneity, the Galbraith plot 
indicated that the studies are distributed within the 

confidence limits. To determine the extent to which 
the heterogeneity affects the global results obtained, we 
performed a stratified analysis, extracting each of  the 
studies individually and examining how they influenced 
the global result. Another limitation is the fact that we 
accepted the reference to “periodontal disease” of  each 
of  the included studies. The prevalence of  periodontal 
disease varies in different populations around the globe. 
Furthermore, prevalence estimates are influenced by the 
methodology used, including measurement techniques, 
case definitions, and periodontal examination protocols, 
as well as by differences in oral health status. Conse-
quently, comparisons between populations are severely 
hampered, and inferences regarding global variations in 
prevalence are difficult to establish. To overcome these 
limitations, standardized principles have recently been 
proposed for reporting the prevalence and severity of  
periodontal diseases in future epidemiological studies 
(Holtfreter et al., 2015). 

CONCLUSIONS 

The current overview ratifies previous meta-analyses 
presenting that non-surgical periodontal therapy was 
favorable and can improve HbA1c and FPG levels of  
periodontally diseased patients with type 2 diabetes to a 
greater extent than in non-intervention control subjects. 
Therefore, it could be suggested to include periodontal 
evaluation in the prevention and management protocol 
of  diabetic patients, which contributes to the reduction 
of  the medical complications associated with hypergly-
cemia, at least, in type 2 diabetes.
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