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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%Cl: -0.50 to -0.15] and FPG values (-11.59 mg/dl; 95%Cl: -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.

Keywords: Blood glucose control; Periodontal diseases; HbA1c; Diabetes
Mellitus; Periodontal therapy; Overviews.

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 ¢ al., 2012). Chronic periodontitis may
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lead to the development of severe systemic disease
burden (Shangase ez al., 2013), and can affect general
health (Hung ef al., 2013). It has been reported that
chronic periodontitis is associated with several systemic
diseases such as rheumatoid arthritis (Chen ¢z a/., 2013)
and cardiovascular disease (Holtfreter ez a/., 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; Atich ¢z 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 ez al., 2000; Bergman ez 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 ez al., 1996; Taylor ¢z 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 ez /., 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.

Table 1. Electronic databases searched and search
strategies used in the systematic review.

Database Search strategy used Hits

((periodontitis [mesh] OR
periodontal disease OR
d periodontal therapy OR
periodontal treatment OR
periodontal intervention)
AND (“diabetes” OR
“diabetes mellitus” OR
“glycemic control” OR
“glycaemic control”))

MEDLINE searche
via Pubmed
(www.ncbi.nlm.

nih.gov/pubmed)

7015

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

periodontal treatment* OR
periodontal intervention*) 15

Cochrane Database
of Systematic
Reviews searched
via The Cochrane

:_\:vki/;?/\r/y and ((diabetes*) OR
) . (diabetes mellitus*) OR
thecochranelibrary. . "
(glycemic control*) OR
com) (¢l . *
glycaemic control*))
(periodontitis OR
periodontal disease OR
periodontal therapy OR
LILACS periodontal treatment OR

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

periodontal intervention) 493
AND (diabetes OR
diabetes mellitus OR
glycemic control OR
glycaemic control)

(ALL(“periodontitis* OR
periodontal disease* OR
periodontal therapy*
periodontal treatment* OR
periodontal intervention*”) 6837
AND ALL(diabetes* OR
diabetes mellitus* OR
“glycemic control*” OR
“glycaemic control*”))

SCOPUS
(www.scopus.com)

Total 14360




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 (HbAlc) 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 (FA.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 petiod), 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
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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

I3

“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) (YoHbAlc T2)
and its baseline value (T1) (%oHbA1c T1):
A% HbAlc = %HbAlc T2 - %HbAlc T1

If the standard deviation (S) of the differences was
not reported in the publication, we estimated it from
the following equation:

S =/ST12 + ST22 — 2rST1ST?2

where ris 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 = 0.5, as previously de-
scribed (Ioannidou ez 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 I statistic desctibing 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 I? statistic was
calculated as follows: 100% X (Q-df)/Q, where “Q”
is Cochrane heterogeneity statistic and df represents
the degrees of freedom. Conventionally, I* 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.



208  Journal of the International Academy of Periodontology (2020) 22/4

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 ez al., 1997).

The statistical analysis was performed using the SPSS
version 17.0 statistical package for Microsoft Windows
(SPSS, Chicago, 1L, USA) and R version 3.0.2 (The R
Foundation for Statistical Computing, Vienna, Austtia).

Risk of bias assessment of primary studies

The risk of bias of the included RCT's 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 ez a/., 2005; Teeuw
¢t al., 2010; Simpson ¢ al., 2010; Engebretson and Ko-
cher, 2013; Sgolastra ez al., 2013; Liew ez al., 2013; Wang
et al., 2014; Sun ez al., 2014; Simpson e# 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 e al.,
1997; Kiran ez al., 2005; Hong, 2005; Jones ¢z al., 2007,

Yun et al., 2007; Singh ez al., 2008; Katagiri ez al., 2009;
Sun et al., 2011; Koromantzos ¢z al., 2011; Li et al., 2011,
Mocintaghavi ef al., 2012; Chen ez al., 2012; Zhang et al.,
2013; Engebretson e al., 2013; Raman et al., 2014; Gay et
al., 2014), and a meta-analysis was conducted including
11 of them (Chen ez al., 2012; Kiran ez al., 2005; Jones e/
al., 2007; Singh e al., 2008; Sun ez al., 2011; Koromantzos
et al., 2011; Moeintaghavi ez al., 2012; Zhang et al., 2013;
Engebretson ¢7 al., 2013; Raman et al., 2014; Gay et al.,
2014), since 5 publications (Grossi ez al., 1997; Hong et
al., 2009; Yun ez al., 2007; Katagiri ef 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 HbAlc
levels before and after the treatment. Three of these
studies also (Teeuw ez al., 2010; Sgolastra ¢t al., 2013;
Sun ez al., 2014) used FPG to assess metabolic control.

In the second part of the study, we conducted a
meta-analysis of 11 RCTs (Chen ¢ a/., 2012; Kiran ez
al., 2005; Jones et al., 2007; Singh et al., 2008; Sun ¢t al.,
2011; Koromantzos et al., 2011; Moeintaghavi ez al.,
2012; Zhang et al., 2013; Engebretson e al., 2013; Ra-
man ez al., 2014; Gay ez al., 2014). The characteristics of
the included studies (number of patients, interventions,
follow-up period, outcome variable, mean age, results
of HbAlc 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 HbAlc
levels. Six of these studies (Chen ez al., 2012; Kiran ez al.,
2005; Singh ez al., 2008; Sun ez al., 2011; Moeintaghavi e/
al., 2012; Zhang et al., 2013) evaluated FPG in addition
to HbAlc.

The methodological quality of the included
meta-analyses

The methods used in the meta-analyses review were
assessed using the AMSTAR tool (Shea ez 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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Figure 1. Flow diagram of the search processes and results.

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 ez a/., 2007; Koro-
mantzos e/ al., 2011; Zhang et al., 2013; Engebretson e/
al., 2013; Gay et al., 2014) presented a low risk of bias; 6
studies (Chen ez al., 2012; Kiran ¢ al., 2005; Singh ez al.,
2008; Sun ez al., 2011; Moeintaghavi ez al., 2012; Raman e/
al.,2014) presented a moderate risk of bias; and 5 studies
(Grossi et al., 1997; Hong, 2005; Yun ez 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 (A) in HbAlc as the glycemic control parameter.
Eight meta-analyses (Janket ez al., 2005; Teeuw et al.,
2010; Simpson ez al., 2010; Engebretson ez al., 2013;
Sgolastra ez al., 2013; Liew ¢t al., 2013; Wang ¢t al., 2014;
Sun ez al., 2014) showed significant improvement in gly-
cemic control after periodontal treatment, as measured
by a significant decrease in HbAlclevels compared with
the untreated control group (Intervention-Control [I-
C] A 1.03% (11.3 mmol/mol) (Sun ez al., 2014); I-C A
-0.27% (3.0 mmol/mol) (Li ¢z al., 2015); I-C A -0.41%
(4.5 mmol/mol) (Liew ¢ al., 2013); I-C A 0.65% (7.1
mmol/mol) (Sgolastra ez al., 2013); I-C A -0.40% (4.4
mmol/mol) (Teeuw ez al., 2010); I-C A -0.41% (4.5
mmol/mol) (Simpson ez al., 2015); I-C A -0.36% (3.9
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Table 2. List of excluded papers with reasons for
exclusion.

First author Year Journal Iiiislz:ii(:
Wilson TG Jr. 1989  Diabetes Educ. Reason 1
Oliver RC. 1994 ] Periodontol.  Reason 1
Kinane DF. 1997 P(é:rordgﬁtigl. Reason 1
Gustke CJ. 1999 | 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 ] Periodontol.  Reason 1
Khader YS. 2006 Cc!n?pi)éllikc)iiiecins Reason 2
Alves C. 2007 Endo?rri?]cl)alr?vs\etab. Reason 1
Darré L. 2008 Diabetes Metab. Reason 3
Javed F. 2009 ] Periodontol.  Reason 2
Chavarry NG 2009 Oral HS:rl]tth Prev Reason 2
Lima-Costa KL. 2009  R. Periodontia  Reason 5
Phillips NM. 2012 Am ] Nurs. Reason 4
Corbella S. 2013 ] Diabetes Investig. Reason 3
Borgnakke WS. 2013 ] Clin Periodontol. Reason 3
Wang X. 2014 PLoS ONE Reason 3

2014 Curr Diabetes Rev. Reason 1
Diabetes Res Clin

Pushparani DS.

Atieh MA. 2014 Reason 2
Pract.

Llambés F. 2015 World ) Diabetes Reason 1

IE/\aurl—Obradors 2015 Odontology ~ Reason 3

Artese HP. 2015 PLoS ONE Reason 2

Es];eves-lea 2016 ) Periodontol.  Reason 3

Al-Hamoudi N. 2017 Photodiagnosis Reason 2
Photod

Hasuike A. 2017 MedOral Pathol o con3
Oral

Sanz M 2018 J Clin Periodontol Reason 1

De Morais EF 2018  Arch Oral Biol Reason 2

Li S 2018 ] Periodontal Res Reason 5

Garde S. 2019 Int ] Mol Sci Reason 2

Hsu YT. 2019 J Clin Peridontol Reason 2

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.

mmol/mol) (Engebretson ez al., 2013) and I-C A -0.40%
(4.4 mmol/mol) (Simpson e a/, 2010). Only two meta-
analyses showed a nonsignificant decrease in HbAlc
after periodontal treatment compared with the control
group (I-C A -0.23% (2.5 mmol/mol) (Wang ez al., 2014)
and I-C A -0.70% (7.7 mmol/mol) (Janket ez al., 2005).

Non-Surgical Periodontal treatment
intervention and FPG

Three studies (Teeuw ¢z al., 2010; Sgolastra ez al., 2013;
Sun ¢t 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 A 0.69 mg/dl (Sun et al., 2014) and I-C A 2.30 mg/
dl (Teeuw ez al., 2010). Only one study (Sgolastra ¢ al.,
2013) showed a significant decrease in FPG after peri-
odontal treatment compared with the control group (I-C
A 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 HbAlc, 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 HbAlc and FPG are summarized in Table 7.

Regarding the heterogeneity of the included studies,
we found high heterogeneity for HbAlc (I* = 83.2%)
and low heterogeneity for FPG (I* = 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 HbAlc 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%.



211

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

..... JBI[I9A0 Panuiuod ¢ ajqe]

papn[dul saIpnis G (Z107/S0/91

JudWIdE)S 0} uondadul 1Y} Woiy) SNdODS pue ‘(s1edhk g = pade)
(13OSNOD) a3pajmou| JO gaAA [S] 10311 OUIIS syuaiyed }npe uo PardNPUOD SAIPNIS pue D) pue 3ujues)d e
®OO® sjeu] Sunioday  “THVYNID ‘$109)47 JO SMIIASY JO s1oensqy Jo sajaqelp ¢ adA) yyim pasoudelp syuaned ‘Buiuesd  $z-z1L Yoo} [edl || 1/6G1 5 mm _mwwow\
JO spiepuelg aseqere(] ‘SMaINDY DNBWBISAS 4100} [eD1UBYDRW 10 ‘dYS [BU0I0D JudLIea }-Uuou -ueyoaW ‘dys 19 BISEI0SS
parepljosuoD) JO 9seqele(] dueIYD0D) 4aIsI3oY [el] UM duofe d¥yS [edrdinsuou Surredwod yeyy s | DY
[e21U1]D Pa||0AU0D BuRIYD0D INITAIW
SUOUDAIDIU| ‘papnjoul alom dn moj|o} Jo
dnosS A XHD + 41V
JO SMIINDY syiuow ¢ 1sea| Je yum dnoid yuawieas pakejop 1o €102
papn[aul sa1pnis 6 aAnoun(pe 689

DOOD  211eWIISAS 10} , i JuawWeal}-uou e jo unsisuod dnougd Joyesedwod e 9 -0f . L 1210 1ayooy| pue
soogpuey (2102/20-6002/0 L) INIIAIW yuMm ‘jeardins-uou Jo [ed13ins ‘Adesayy jeyuopotiad @cw_m\w_m ol #ol uos}aIqaduy
aueIyo0D) Jo 3unsIsSuod uonuIAIdUI ue paltedwod Jeys s, | DY Y IR0
JO SMIINDY }uol ok ) m\u<,_: "sywi| oN "dn moj|oy jo syyuow alv _

OOB®  ONeWwalsAg 10} pue wm_w@_\sgv_ *w M IS] \UOEN € 15e9| Je yum snnuopouad jo sisoudelp e yum -1 SApdun(pes STl/611L oLoc
’ THVYNID "ISVAWT “ANITAIWTTVILNID dA1 pue | adA idoad L ' d3dS + ‘Je 32 uosdwig
sjooqpueH "oreiS d sajaqelp ¢ adAy pue | adAy yum ajdoad yum s | Oy g4
SUBILOS) 1915139y sjel] s,dnoiny yyjeay auaI3AY [e10

[elO dUBIYO0D)
09D Wwawanoidw adengdue| ysijdug pue sUBWNH :S}HWIT "SYUOW
aleoyy|eaH Joy , i ¢ < 10y sem dn-moj|o} pue Juswiyeas) [eyuopollad q1v [eoido)
o®G®  aMmnsu| yong Popn[DUL SAIPMIS S (600Z/€0/LE-0961/10) 4, durateoas spiuopoitad yum syuaned onaqelp  9¢—g|  +ouaidAy  €81/661 . 0l0c
Areiqr sueayoo) ayy pue INITAINW /€19 MNa9 |
aY} pue anua) pue juawyeal) [eyuoporiad SuiAaledal spiuopoLad [e10 + d¥S
aueIyo0) yoing yum syuaned onagerp s DD pue s [ DY
adengdue| ysij3uj pue suewny :sywiy "s00¢
osyue( papnjoul saipnis G (S00Z/10 “Juawnealy jeuoponiad e sem 1ojo1pald ayy pue alv
wd®  Aq _ommw fujenb -0861) S[ElLL P3[[0AUOD) JO 1)SI3Y (|]oA9] OV LgH) |03U0D D1W2A|3 JO 2Inseaw e sem b7 [ed0| F |93 87C S00¢
6 LONEAILING [e1JUDD) BUBIYD0D) pue SMIIASY (INF])  SWODINO AIEpu0das IO AleWlid SYjuow g }sea| je lo uonediur  :ejo| ‘Je 19 1jue(
} HESLIPOW QUIDIPaN paseq aduapIAg ‘INITAIW  Jo Apnis ay) Jo uoneinp ‘epew o Aew saouadjul XHD F 43S
|[ESNED 9I9YM UOIUSAIIUI JO UONe3NSaAUl [eUISLIO
3avyo) (SP9Mm)
DUIPIAD saIpnys papnpul pouiad /1
a 10 Aypenb juawssassy 10 saquinu “(powad ypieas) ‘saseq ereq BLIDJLID uoIsndu| dn  Uonuanmduj N Apnis
Anjend -MO][04

‘sIsA|eue-eJow papn|dul ay) Jo solsLLIORIRYD) “E d]qeL



Journal of the International Academy of Periodontology (2020) 22/4

212

..... JE9]4OA0 PONUNUOD € d[Ce |

SUOIJUSAIR]U|

aden3due| ysij3ug :suwi *dn-moj|of JO SYIUOW ¢ 1Sed

JO SMAIARY  PapN|aul SaIPNIS 6 (S 10T/#0/10 03 uondaoul Je sonoiqnue J1Wd)sAs pue A1aAljep Snip mmmwm__mwm:m
DOB®  21IeWaISAS 1o} 113y} wiody) VY 1NID dUBIYD0D) pue [eD0] JO asn aAndUN(pe Jnoyym Juawyeasy [ejuoporidd -7 1 _ N m.w_m L L6y/SLS SLOT B39
jjooqpueH 92UBIDS JO R ISI “ISVEIWT ‘INITAIW [edi8uns-uou ‘spnuopotad yim pasoudelp Suo1SAL 1B
auelIyo0D) snyij[aw sajaqelp ¢ adAy yum ajdoad yum s |y 1A I#10
SUONUIAIRIU papn|aUI SAIPNIS 11 “(#10Z/Z /L€
JO SMIIAY 0} uondaoul J1ay} Woly) a3pajmouy| Jo gaA ) aiv
onewsysAg 10} pue DO1IZ “THVNID ‘SOVIIT TVYINID UL ON SIIIOPOLId JO SiSuSelp © Lim ve-cl saunipes 196/101L 1L < L0c
SO0 : , sajaqelp ¢ adA) pue | adA) yum ojdoad yim s | Oy dys + ‘Je 19 uosdwig
sooqpuep aueIyo0)) Y 4935189y sjetr] dnoun yieaH . suaiBAY €10
QUBIYO0) [BIO duBIY20] oY1 JSVEWT ‘INITAIW :
SuonUDAIN| w.mgwcm_ ys1jdug pue suewnH SHWIT
0 SMOIADY POPN[OUL SOIPMIS § “(ZL0Z/L0/LE sypuow ¢ Jsea| e 1oy sem dn-mojjoy
u_u_mEm A toL - SMOIASY SBLUSISAC 10 5SeqRIR pue juawyeal; [eyuoponiad ou uiniedal sdnoud 3 10T
DD B 00 ! cw } owmm—k\_ww o w__m Hewsy m\u_ qeied [onu0d pue ‘Adelay [erqoldiwinue aanoun(pe 9e~cl ddis 0%e/a9¢ ‘[e 39 ung
v_mcmw__ouoI 4200 94} pUe ISVEAWT "INITAIW INOYIM 10 YHM Juawiealy [eyuopotsad Suiniadal
4209 ‘spiuoportad yum syuaned dnageip yum s | Dy
"BLID}ID UOISN|oUl
SUONUBAIBIL| dY} 1oW Jey) 9SOy} 10} Paulelqo Uay} Sem 1xa}
: , -[|N} PUB SIIPNIS |[€ 1O} PRUIDS DIDM SJORIISqE pue
JO SMIINSY papnjaul saipnis ¢ (+107/L0 59 A (
[}1 "A[[enuew paydleas a1om SaIpNIs JUBAI|D. g1V aanounl ¥10¢
90D  dnewasis Jo) 0} uondadu 19 Woly) TV LNID dU} JO SISI| 2OUIDOY "JUDWDINSEIW D o L he L ‘e 19 Sue
oogpue SUEIYD0) DU PUE ISVAWT INITAIN i d AR o) be T dds [ 19 SHEM
v_mcS o s)nsaJ [eouawnu ajqesedwod Suipiroid saipnis
1200 pue saidesay) [eyuoporad jualayip jo uostiedwod
‘ad pue sayqelp ¢ 2dAy yum spalgns yum s | DY
adengue| ysi|3uy .
SUOUDAIDIU| sHWIT sypuow € Jo portad dn-mojjoy [ewiuiw e mWA>_ﬂ_Wc2m_wM
JO SMIINDY papn[aul saipnis 9 “(z10z/€0/1€ ‘sonjoiquiue d1Wa)sAs pue AiaAijap Snip B0 Jo asn E%E@ _w 5
o®B®  DIIRWDISAS 10J 03 uondadut 112y} woly) TVYINID aAnouUN(pe INoYIM 10 Ylim Juawiealy [eyuopordd  yz-71 N ommﬂ.@mdu_o /92/90C 2o .ms_%_.m_
sjoogpuey aueIyooD pue ISVINT ‘ANITAIW [ea1dins-uou ‘spizuopotiad yim pasoudelp ‘pjo N N / :
aueIyo0) s1eak 9| 1se9| 1e ‘sajaqelp ¢ 9dAl yum syusied mcw_m\w_m ol
:uonejndod s, 1Y Y IR0
Favin) (Sp9am)
0UIPIA saIpnys papnpoul poliad D/l
a1 30 Appenb jJuawssassy 10 saquanu “(popad yoeas) ‘saseq e BLI3JLID uoIsndu| dn  uonuansdyuj 2ed N Apms
Apjend -Mojjo4

..... panunuod ¢ a|qe



213

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

..... JBI[I9A0 PanuIuod ¢ a|qe]

GeCLF08'L VD (500<d) [6'£ F £°01 TL0F900 VD VN Dd4d c juswijeal} oN D) G1/0€

LLI'ELF 0L Vi [L'ZF 141 S9°0F99°0- VI O1LVIH dds 8007 '/ 12 yduig
. vy = e = s . 21ed [eludp 18|N3Y 1D
<d -v:

N <0 o_N.vm__mﬂm__.m VROV gpecseris ovan v sesuwgzioxed 08

+ dYS ‘I £00T o5’/ 19 S9UO[
(18¥°0=d) 6 LEF TTLV D (€€0°0=d) [07 F+'€l €81 FLEO VD DdA juswijeas} ON D

e T Of e A Ay ‘o T L A= con. o €87C5/96°GS € . ca/ee

85°0€ F96°¢-V (0000°0 =99-d) [¥'8 F ¥'6] £L£70F98°0-V I 21LVaH ddS -l G00T gc'[2 19 UBID
(sypuow)
(Ip/8w) D44 synsay [jow/joww] (%) dLVqH S}NsaY Q/D awonQ swi dn uonudIAIR)U| D/12ed N

° a8y ueapy ->>A.u__o“_ : ° Apnys Arewnid

‘sa1pn)s Arewnid papnjoul jo sansuoeIRY) ‘b dqel

"9]EWIIS DY) INOCE Ulepadun
AJ2A a1 9pA Ajienb moj AI9A = oood DJBWINSD DY) 23UBYD O} A[93[1] SI PUB 109449 JO dJBWIISA Y} Ul 9DUIPLU0D Ino uo Joedwi yuepodwi ue aney 0} A|y1] AI9A SI Y1easal
1_YUN4 :AJifenb Mo = o@D ‘o1eWINSD S} d3urYD ABW PUE J09)49 JO S)BLWIISS dY) Ul 9DUSPLUOD Ino uo Joedw Juepodwl ue ey 0} A[9¥1] SI YoIeasal Jaypn4 :Ajijenb
9JRISPOIN = oDD@ 10240 JO DJBWIISD AY) Ul DDUIPLUOD 1IN0 d3ueyd 0) A[@XIjun AIaA sI yoaeasas jayin4 :Ajjenb ysiy = ®@®@ ‘Suiuued joos pue 3uijeds =4ys ‘dnoid
[onuo) =) ‘dnoid uonuandul =| ‘suaned Jo sequinN = jed (N ‘sinuopouad dIUoIYD = 4D SHIUOPOLIdd = (Od ‘@iNjealiT YI[eaH palj]y % SulsinN 0} Xopu| dAliejnwnD)
= THVNID ‘$on0Iqnuy g1V ‘DuIPIXayIolyd :XHD ‘UIqojSowsay pajedA|D = | VqH ‘[el) [ED1Ul]D P9]|0QU0D Paziopuey =] )y ‘[l [EDIUl]D P9]|0Qu0) = | D

SUOIIUDAIRIU| a8en3due| ysij3ug :suwi *dn-moj|o} JO SYIUOW ¢ 1Sed
JO SMIINDY SDNI5UL SOIDNIS O * sunf o Je sonoiqnue J1WdlsAs pue A1aaljep Snip
arYarYas) 21}eWRISAS 10} Wcﬂ _cw@.\s % 1599 _omcm (019002 [€D0] JO 3sn dAndUN(pe JnoyIM Juaweasy [ejuoporiad -7 1 ddS c0v/0Ly e %hwmm
sjoogpuey [ 194) ISVAWT pue INIAIW [eo1dins-uou ‘spnuoporiad yum pasoudelp B39 utef
aueIyo0) snyijjow sajaqelp ¢ adAy :uoneindod s 1Dy
(Iavyon) (S9am)
0UIPIA saIpnys papnpoul poliad D/l
a1 30 Appenb jJuawssassy 10 saquanu “(popad yoeas) ‘saseq e BLI3JLID uoIsndu| L N Apms
Apjend -Mojjo4

..... panunuod ¢ a|qe



Journal of the International Academy of Periodontology (2020) 22/4

214

[B11) JO PUD PUE SUI[ISB( USIM]D( DUIDYIP =V

d|qereae JON =N ‘uiqojdowsay pajedA|n = o[ yqH ‘@s0on|3 ewse|d dunse} =nd4 {[0nuod) =) ‘uonuaasu| =| ‘duiuuejd Joous pue ui[eds =S DuUIpIXaYIo[yD =XHD

suondNAsu|

.|..|.-” u
WN SO T e YD ovs/sle VA ouaiBAy 10D 09/99 7107 2 30 AeD
d3S
suonoNAsy|
[SLFSSILELFSO- VD ) ) dLVqH ¢ auaIAy [ei0 D .
P ]o uewe
VN LT/ /61T 20 V] 9VS /LS sosuopzi0 Xty L ST ¥10T os'B 3 d
+d¥S il
U SN ) suondNISU|
: o)
N OO 6257095 YV gpuee  ewaiyeon £10¢
d¥S o JE 19 UOS}2Iga8UT
TT08EFO VD [F'ZF€0lTTOFE00 VD ) . NdA JusWIeal} ON| D
) — . [ . ‘1e 10 Sue
8'67€ F 90'¥S- Vi ZEFHIVEOFEL0- Vi L8V 09 5 van ¢ d¥S i1 €10C o /2 19 SUEHZ
€T/ 6V
08EF8/6 VD [(v'TTF 2T SOTFSTO VD ) DdA Juswieal} oN 1D 710t
BI9AO
68y FSLL- Vi [6TLF LGl LF L0 Vi ( ) 608 d1VqH ¢ d¥S il 8L/CC e ineySelupon
LE9Y F €19 VD 991 F £°€l TS L FHEOV D ) ) DdA Juswyean oN D
s ; ) ue ‘|8 19 U9
S0'YE 0070 VI (€61 801 O¥'L ¥ £0°0 VI CEINOBE 5pyqu IPUEE d¥s | s CLOT e 19 0
N [+'9 F 7] 65°0F 81°0-V D PES/96E SLVGH 9 pUE € Qme_mm“waM_.u 1102
[C£F8199°0F€L0- Vi .mw_m " ’ o JB 19 SOZJUBWOIOY|
0€/0¢€
TEVYFT6'L- VD [CLFSUTLI0OFVL0-VD ) ) DdA juswieal ON D
I~ — / . — R . . ‘e 1o un
€8'8F80'1T- VI [CFSSI8L'0F050 Vi CYE/LSS 5 van ¢ dS L102 v /8 19 UNS
S/ /18
(0Y)) (stpuoy
8
(Jp/8w) D44 synsay [Jow/joww] (%) 2LVqH S}nsay a8y ueay dwodnQ m.v\u”h%__m“ UonuaAIRJU| D/12ed N Apmys Asewiig

..... panunuod { d|qe



215

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

a|qeonddy JoN = ,¥N, ‘lomsue ] ued = ,0, {(UOp Jou A[1e3|d) ON =,-, {(QUOp A|1e3]d) SO\ = ,+,

Ll + + + + + + - + - + + 610 "[e 19 ute(
Ll + + + + + + + + + + + Gloz e w11
Ll + + + + + + + + + + + §10¢ ‘Je 30 uosduig
0l + 0 + + + + + + + + + ¥10¢ ‘[e 1o ung
Ll + + + + + + + + + + + 10T '[e 19 Buepp
oL o + + + + + + + + + + €10¢ ‘[8 1o Mal
6 + + + + + * * * i ) * 12yo0y| pue co&wﬁwwmw
Ll + + + + + + + + + + + €10¢ /e 19 eanse|ods
Ll + + + + + + + + + + + 0102 /e 12 uosdwis

6 o] + + + + + o] + + + + 010¢ /e 19 mno9 |
0l + + + + + + + - + + + S00T ‘[e 19 Wjue(
Sunjes pajess _omMMmem djeridoadde pasn  passasse sonsiid)OBIRYD SAIPNMYS  Snje)s Yyoideas y(Q/uoiddas ugisap Apmig

AVISWY spIpjuo) :o:.wu.__a:n_ SpOYRW  Ayend  Auend Apnys Jo)siT uonediqngd injesdy] dgedydng  wond v

"sIsAjeue-ejow papn|oul Yoea 104 eLd}D) YVISWY °S dqel



216  Journal of the International Academy of Periodontology (2020) 22/4

Table 6. Risks of Bias for the primary studies.

. . Incomplete . Other .

Primary study Sequence  Allocation A P Selective Risk
. Blinding outcome . sources .
generation concealment reporting . of bias
data of bias

Grossi et al.37 1997* Unclear Unclear High High Unclear High High
Kiran et al.*® 2005 Low Low High Low Unclear Low Moderate
Hong et al.** 2005* High High Unclear  Unclear Unclear High High
Jones et al.*° 2007 Low Low Low Low Low Low Low
Yun et al.*' 2007* Unclear Unclear High High Unclear Unclear High
Singh et al.*> 2008 Unclear High Low Low Low Low Moderate
Katagari et al.** 2009*  Unclear High High Low Unclear High High
Sun et al.** 2011 Unclear Unclear High Low Low Low Moderate
Koromantzos et al.**
2011 Low Unclear Low Low Low Low Low
Li et al.*2011* Unclear Unclear Unclear High Unclear High High
Chen et al."* 2012 Low Unclear Unclear High Low Low Moderate
Moeintaghavi et al.*” .
2012 8 Low Unclear High Low Unclear Low Moderate
Zhang et al.*® 2013 Low Low Low Low Low Low Low
Engebretson et al.*’

& Low Low Low Low Low Low Low
2013
Raman et al.>® 2014 Low Unclear Unclear Low Low Unclear ~ Moderate
Gay et al.>' 2014 Low Low Low Low Low Low Low
* Studies with high risk of bias are excluded from the meta-analysis

A B
Author Mean [95%Cl]
Author Mean [95%Cl]
Kiran etal. 2005 = -1.170[-2.000,-0.340]
Jones etal. 2007 —a—— -0.160[-0.544, 0.224]
Kiran etal. 2005 (aal -5.180[ -25.396, 15.036]

Singh etal. 2008 —— -0.710[-1.142,-0.278]

Sunetal. 2011 [ ] -0.360[-0.407 ,-0.313] Singh etal. 2008 L -5.900[ -13.715, 1.915]

Koromantzos etal. 2011 —a— -0.550 [-0.867 ,-0.233] SiFTEEL 201 . 13.460( 15307, 11.013]

Chen etal. 2012 —— -0.270[-0.824, 0.284] V i

Moeintaghavi etal. 2012 —_— -0.990 [-2.058, 0.078] Chen etal. 2012 o -6-130[ -22.080, 9.826)

ERITE LS ik IR oE g LaE) Moeintaghavi etal. 2012 e -27.280[ -54.219, -0.341]

Engebretson etal. 2013 HH 0.050[-0.063, 0.163]

Raman etal. 2014 —_— -0.200[-1.044, 0.644] Zhang etal. 2013 e e -54.060[-234.816, 126.696]

Gayetal 2014 —_—— -0.300[-0.9€5, 0.365]

RE Model - -0.323[-0501,-0.146] RE Model + -11.587[ -15.163, -8.011]

I T T T T T 1 I T T T 1
-2.500 -1.500 -0.500 0.500 -300.000 -100.000 100.000
Mean Difference Mean Difference

Figure 2. Forest plot of changes in A) HbA1c and B) FPG.
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Table 7. Results of the meta-analyses for HbATc and FPG.

HbA1c
[ [ "
Number of studies Patients /C WMD Standard = C195% — Cl95% p-value 12 p-value
error lower  upper (heterog.)
11 724/617 -0.32 0.09 -0.50 -0.15 -3.57 <0.001* 83.2%  <0.001
FPG
0, o, -
Number of studies Patients I/C ' WMD Standard €1 95% I 95% p-value 12 p-value
error lower  upper (heterog.)
6 288/194  -11.59 1.82 -15.16 -8.01 -6.35 <0.001* 10.3% 0.350
WMD= Weighted mean difference;
[2= percentage of between-studies variability to total
I/C= Intervention/Control
* Statistically significant
A B
Yi
i 2
Vi+ T
S ——
-2 . [ 005
i+ T L . I[l: 045
i . . ft 036
4
__________ ~ 056
-0.76
097
147
[ I T T I 1 [ T T T T T 1
0 1 2 3 4 5 0.0 01 02 03 0.4 05 06
x=1/v+e® x=1/{u+?

Figure 3. Galbraith plot of A) HbAT1c and B) FPG.

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 HbAlc
(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) HbAlc, 95%CI: -0.46 to -0.07) (Li ez al., 2015)
and [-0.36% (3.9 mmol/mol) HbAlc, 95%CI: -0.54 to
-0.19] (Engebretson ef 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 ez
al.,2015). Therefore, the present meta-analysis indicates
that periodontal treatment may reduce the levels of both

HbA1lc 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 HbAlc after a
minimum follow-up of three months, since analyses
of HbAlc corresponding to shorter periods of time is
clinically irrelevant (Mealey and Ocampo, 2007); 2) the
inclusion of only RCTSs 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 ez a/., 2014).
Taking into account the different etiopathogenic mecha-
nisms involved in the two types of diabetes (Standards
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of Medical Care in Diabetes, 2010), it is preferable to
examine the effect of periodontal treatment on each
type independently.

To determine the degree of heterogeneity of HbAlc
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 (I*=
20.9%) after excluding two studies (Zhang ¢f al., 2013;
Engebretson e7 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 e al., 2013 - and the low
deviation in the other - Zhang ¢ 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 HbAlc 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 PG 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 expeti-
enced a mean decrease in HbAlc levels of 0.32% (3.5

mmol/mol), and a mean dectrease 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 HbAlc 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 HbAlc,
reflects glucose metabolism over the preceding 1-3
months (Teeuw ¢ al., 2010). The HbATlc 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 HbAlc at the designated cutoff
point, greater cost, limited availability and imperfect
correlation with the average blood glucose in specific
individuals (Cowie ¢# al., 2010). Despite the numerous
reports in the scientific literature about the course of
periodontal disease in diabetic patients (Liew ez a/., 2013;
Wang ¢t 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 ez al., 2000).

Periodontal disease can be an early complication
of diabetes mellitus and diabetes is an important
health care problem (Lamster ¢f al., 2014; Loe, 1993).
Although periodontal disease is considered as the sixth

0.000
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Figure 4. Funnel plot of A) HbATc and B) FPG.




complication of diabetes in addition to retinopathy,
neuropathy, nephropathy, altered wound healing and
macrovascular diseases (Loe, 1993) some of the current
guidelines (American Diabetes Association, 2013;
Chambetlain ez 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 HbAlc and FPG levels.
On the contrary, Faggion, ez a/. (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 petiodontal treatment
was not effective on HbAlc 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 ez al., 2018) The
Huropean 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
HbAI1C of 0.27-0.48% after 3 months. Myllymaki ez
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—tesponse
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.
Moreovet, 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 errofs.

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

CONFLICT OF INTEREST

The authors report no conflict of interest related to the
present paper.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the help of Maria
Jesus Baeza, librarian of Arnau de Vilanova Hospital
(Valencia, Spain). No funding was received for this
review.

REFERENCES

Alves C, Andion J, Brandao M and Menezes R. Mecanis-
mos patogénicos da doenca periodontal associada ao
diabetes melito. Arguivos Brasileiros de Endocrinologia
& Metabologia 2007; 51:1050-1057

American Academy of Periodontology Task Force
Report on the Update to the 1999 Classification
of periodontal diseases and conditions. Journal of
Periodontology 2015; 86:835-838.

American Diabetes Association. Standards of medical
care in diabetes. Diabetes Care 2013; 36:11-66.



220 Journal of the International Academy of Periodontology (2020) 22/4

Artese HP, Foz AM, Rabelo Mde S, Gomes GH, Otlandi
M, Suvan ], ¢t al. Periodontal therapy and systemic
inflammation in type 2 diabetes mellitus: a meta-anal-
ysis. Public Library of Science One 2015; 10:e0128344.

Atieh MA, Faggion CM Jrand Seymour GJ. Cytokines in
patients with type 2 diabetes and chronic periodon-
titis: A systematic review and meta-analysis. Diabetes
Research Clinical Practice 2014; 104:38-45.

Begg CB and Mazumdar M. Operating characteristics of
a rank correlation test for publication bias. Biowmsetrics
1994; 50:1088-1101.

Bergman M. Pathophysiology of prediabetes and
treatment implications for the prevention of type 2
diabetes mellitus. Endocrine 2013; 43:504-513.

Borgnakke WS, Ylostalo PV, Taylor GW and Genco R].
Effect of periodontal disease on diabetes: systematic
review of epidemiologic observational evidence.
Journal of Clinical Periodontology 2013; 40:135-152.

Chamberlain JJ, Rhinehart AS, Shaefer CF Jr and Neu-
man A. Diagnosis and management of diabetes:
Synopsis of the 2016 American Diabetes Associa-
tion standards of medical care in diabetes. Annals of
Internal Medicine 2016; 164:542-552.

Chapple IL and Genco R. 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.
Journal of Clinical Periodontology 2013; 40:106-112.

Chavarry NG, Vettore MV, Sansone C and Sheiham
A. The relationship between diabetes mellitus and
destructive periodontal disease: a meta-analysis. Ora/
Health and Preventive Dentistry 2009; 7:107-127.

Chen HH, Chen DY, Lai KL, Chen YM, Chou Y], Chou
P, et al. Periodontitis and etanercept discontinuation
risk in anti-tumor necrosis factor-naive rheumatoid ar-
thritis patients: a nationwide population-based cohort
study. Journal of Clinical Rbenmatology 2013;19:432-438.

Chen L, Luo G, Xuan D, Wei B, Liu F, Li |, ef al. Effects
of non-surgical periodontal treatment on clinical
response, serum inflammatory parameters, and
metabolic control in patients with type 2 diabetes:
a randomized study. Journal of Periodontology 2012;
83:435-443.

Cohen J. Weighted kappa: nominal scale agreement with
provision for scaled disagreement or partial credit.
Psychological Bulletin Jonrnal 1968; 70: 213-220.

Consensus Report: Chronic Periodontitis. 1999 Interna-
tional Workshop for a Classification of Periodontal
Diseases and Conditions. Annals of Periodontology
1999; 4:38.

Cotbella S, Francetti L, Taschieri S, De Siena F and
Fabbro MD. Effect of periodontal treatment on
glycemic control of patients with diabetes: A sys-
tematic review and meta-analysis. Journal of Diabetes
Investigation 2013; 4:502-509.

Costa KLL, Montenegro Jr. RM and Régo RO. In-
fluéncia do tratamento periodontal sobre o con-
trole glicémico de diabéticos do tipo 2 — revisao
sistematica. Periodontia 2009; 19:11-19.

Cowie CC, Rust KF, Byrd-Holt DD, Gregg EW, Ford
ES, Geiss LS, ez al. Prevalence of diabetes and high
risk for diabetes using A1C criteria in the U.S. popu-
lation in 1988-2006. Dzabetes Care 2010; 33:562-568.

Darré L, Vergnes JN, Gourdy P and Sixou M. Efficacy
of periodontal treatment on glycaemic control in
diabetic patients: A meta-analysis of interventional
studies. Diabetes &> Metabolisnz 2008; 34:497-5006.

Egger M, Davey Smith G, Schneider M and Minder C.
Bias in meta-analysis detected by a simple, graphical
test. British Medical Journal 1997; 315:629-634.

Eke PI, Dye BA, Wei L, Thornton-Evans GO and
Genco R]. CDC Periodontal Disease Surveillance
workgroup. Prevalence of periodontitis in adults in
the United States: 2009 and 2010. Journal of Dental
Research 2012; 91:914-920.

Engebretson S and Kocher T. Evidence that periodontal
treatment improves diabetes outcomes: a systematic
review and meta-analysis. Journal of Clinical Periodontol-
0gy 2013; 40:153-163.

Engebretson SP, Hyman LG, Michalowicz BS, Schoe-
nfeld ER, Gelato MC, Hou W, ¢ a/. The effect of
nonsurgical periodontal therapy on hemoglobin Alc
levels in persons with type 2 diabetes and chronic
periodontitis: a randomized clinical trial. Journal of
the American Medical Association 2013; 310:2523-2532.

Esteves Lima RP, Cyrino RM, de Carvalho Dutra B,
Oliveira da Silveira |, Martins CC, Miranda Cota
LO, et al. Association between periodontitis and
gestational diabetes mellitus: Systematic review and
meta-analysis. Journal of Periodontology 2016; 87:48-57.

Faggion CM ]Jr, Cullinan MP and Atieh M. An over-
view of systematic reviews on the effectiveness of
periodontal treatment to improve glycaemic control.
Journal of Periodontal Research 2016; 51:716-725.

Gay IC, Tran DT, Cavender AC, Weltman R, Chang
J, Luckenbach E, ¢# al. The effect of periodontal
therapy on glycaemic control in a Hispanic popula-
tion with type 2 diabetes: a randomized controlled
trial. Journal of Clinical Periodontology 2014; 41:673-680.

Grossi SG, Skrepcinski FB, DeCaro T, Robertson DC,
Ho AW, Dunford RG, e al. Treatment of periodontal
disease in diabetics reduces glycated hemoglobin.
Journal of Periodontology 1997; 68:713-719.

Gustke CJ. Treatment of periodontitis in the diabetic
patient. A critical review. Journal of Clinical Periodontol-
0gy 1999; 26:133-137.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y,
Alonso-Coello P, ¢z al. GRADE: an emerging consensus
on rating quality of evidence and strength of recom-
mendations. British Medical Journal 2008; 336:924-926.



Higgins JP and Thompson SG. Quantifying heteroge-
neity in a meta-analysis. Statistics in Medicine 2002;
21:1539-1558.

Higgins JPT and Green S (Editors). Cochrane Hand-
book for Systematic Reviews of Interventions
Version 5.1.0 [updated March 2011]. The Cochrane
Collaboration, 2011. Available from www.cochrane-
handbook.org.

Holtfreter B, Albandar JM, Dietrich T, Dye BA, Eaton
KA, Eke P, ¢t al. Standards for reporting chronic
periodontitis prevalence and severity in epidemio-
logic studies: Proposed standatds from the Joint EU/
USA Periodontal Epidemiology Working Group.
Journal of Clinical Periodontology 2015; 42:407-412.

Holtfreter B, Empen K, Gliser S, Lorbeer R, Vélzke
H, Ewert R, ¢/ al. Periodontitis is associated with
endothelial dysfunction in a general population: a
cross-sectional study. Public Library of Science One
2013; 8:84603.

Hong, Y. The effect of periodontal therapy on glyco-
sylated hemoglobin in elderly patients with type 2
diabeties and periodontitis. Chinese Journal of Geriatries
2005; 24:438-440.

Hung HC, Willett W, Ascherio A, Rosner BA, Rimm E
and Joshipura KJ. Tooth loss and dietary intake. Journal
of the American Dental Association 2003;134:1185-1192.

loannidou E, Kao D, Chang N, Burleson | and Dongari-
Bagtzoglou A. Elevated serum interleukin-6 (IL-0) in
solid-organ transplant recipients is positively associ-
ated with tissue destruction and 1L-6 gene expression
in the periodontium. Journal of Periodontology 2000;
77:1871-1878.

Jain A, Gupta J, Bansal D, Sood S, Gupta S and Jain A.
Effect of scaling and root planing as monotherapy
on glycemic control in patients of Type 2 diabetes
with chronic periodontitis: A systematic review and
meta-analysis. Journal of Indian Society of Periodontology
2019;23:303-310.

Janket §J, Wightman A, Baird AE, Van Dyke TE and Jones
JA. Does periodontal treatment improve glycemic con-
trol in diabetic patients? A meta-analysis of intervention
studies. Journal of Dental Research 2005; 84:1154-1159.

Khader YS, Dauod AS, El-Qaderi SS, Alkafajei A and
Batayha WQ. Periodontal status of diabetics com-
pared with nondiabetics: a meta-analysis. Journal of
Diabetes and Its Complications 2006; 20:59-68.

Kinane DF and Chestnutt IG. Relationship of diabetes
to periodontitis. Current Opinion in Periodontology 1997
4:29-34.

Koromantzos PA, Makrilakis K, Dereka X, Katsilambros
N, Vrotsos IA and Madianos PN. A randomized, con-
trolled trial on the effect of non-surgical periodontal
therapy in patients with type 2 diabetes. Part I: effect
on periodontal status and glycaemic control. Journal
of Clinical Periodontology 2011; 38:142-147.

Ata-Ali et al.: Periodontal treatment improves glycemic control 221

Lamster 1B, Cheng B, Burkett S and Lalla E. Peri-
odontal findings in individuals with newly identified
pre-diabetes or diabetes mellitus. Journal of Clinical
Periodontology 2014; 41:1055-1060.

Lamster IB, Lalla E, Borgnakke WS and Taylor GW.
The relationship between oral health and diabetes
mellitus. Journal of the American Dental Association
2008; 139:19-24.

Li Q, Hao S, Fang J, Xie ], Kong XH and Yang JX. Effect
of non-surgical periodontal treatment on glycemic
control of patients with diabetes: a meta-analysis
of randomized controlled trials. Trials 2015; 16:291.

Mauri-Obradors H, Jané-Salas E, Sabater-Recolons
Mdel M, Vinas M and Loépez-Lopez J. Effect of
nonsurgical periodontal treatment on glycosylated
hemoglobin in diabetic patients: a systematic review.
Odontology 2015; 103:301-313.

Mealey BL, Oates TW and American Academy of
Periodontology. Diabetes mellitus and periodontal
diseases. Journal of Periodontology 2006; 77:1289-1303.

Mealey BL and Ocampo GL. Diabetes mellitus and peri-
odontal disease. Periodontology 2000 2007; 44:127-153.

Moeintaghavi A, Arab HR, Bozorgnia Y, Kianoush K
and Alizadeh M. Non-surgical periodontal therapy
affects metabolic control in diabetics: a randomized
controlled clinical trial. Australian Dental Jonrnal 2012;
57:31-37.

Moher D, Liberati A, Tetzlaff ], Altman DG and PRIS-
MA Group. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement.
Annals of Internal Medicine 2009; 151:264-269.

Morgan CL, Currie CJ] and Peters JR. Relationship be-
tween diabetes and mortality: a population study us-
ing record linkage. Diabetes Care 2000; 23:1103-1107.

Myllymiki V, Saxlin T, Knuuttila M, Rajala U, Keindnen-
Kiukaanniemi S, Anttila S and Ylostalo P. Association
between periodontal condition and the development
of type 2 diabetes mellitus-Results from a 15-year
tollow-up study. Journal of Clinical Periodontology 2018;
45:1276-1286.

Oliver RC and Tervonen T. Diabetes--a risk factor for
periodontitis in adults? Journal of Periodontology 1994;
65:530-538.

Phillips NM. Does treatment of periodontal disease im-
prove glycemic control in diabetes? American Journal
of Nursing 2012; 112:22.

Pushparani DS. Zinc and type 2 diabetes mellitus with
periodontitis — a systematic review. Current Diabetes
Reviews 2014; 10:397-401.

Raman RP, Taiyeb-Ali TB, Chan SP, Chinna K and
Vaithilingam RD. Effect of nonsurgical periodon-
tal therapy verses oral hygiene instructions on type
2 diabetes subjects with chronic periodontitis: a
randomised clinical trial. BioMed Central Oral Health
2014 14:79.



222 Journal of the International Academy of Periodontology (2020) 22/4

Rees TD. Periodontal management of the patient with
diabetes mellitus. Periodontology 2000 2000; 23:63-72.

Sanz M, Ceriello A, Buysschaert M, Chapple I, Demmer
RT, Graziani F, Herrera D, Jepsen S, Lione L, Madi-
anos P, Mathur M, Montanya E, Shapira L, Tonetti
M and Vegh D. Scientific evidence on the links be-
tween periodontal diseases and diabetes: Consensus
report and guidelines of the joint workshop on peri-
odontal diseases and diabetes by the International
Diabetes Federation and the European Federation
of Periodontology. Journal of Clinical Periodontology
2018; 45:138-149.

Sgolastra F, Severino M, Pietropaoli D, Gatto R and
Monaco A. Effectiveness of periodontal treatment
to improve metabolic control in patients with chronic
periodontitis and type 2 diabetes: a meta-analysis
of randomized clinical trials. Journal of Periodontology
2013; 84:958-973.

Shangase SL, Mohangi GU, Hassam-Essa S and Wood
NH. The association between periodontitis and
systemic health: an overview. South African Dental
Journal 2013; 68:10-12.

Shea BJ, Grimshaw JM, Wells GA, Boers M, Anders-
son N, Hamel C, ¢/ a/. Development of AMSTAR:
a measurement tool to assess the methodological
quality of systematic reviews. BioMed Central Medical
Research Methodology 2007; 15;7-10.

Simpson TC, Needleman I, Wild SH, Moles DR and
Mills EJ. Treatment of periodontal disease for glyce-
mic control in people with diabetes. Cochrane Database
of Systematic Reviews 2010;,CD004714.

Simpson TC, Weldon JC, Worthington HV, e7 al. Treat-
ment of periodontal disease for glycemic control in
people with diabetes mellitus. Cochrane Database of
Systematic Reviews 2015; 11:CD004714.

Singh S, Kumar V, Kumar S and Subbappa A. The ef-
fect of periodontal therapy on the improvement
of glycemic control in patients with type 2 diabetes
mellitus: A randomized controlled clinical trial.
International Journal of Diabetes in Developing Countries
2008; 28:38-44.

Standards of Medical Care in Diabetes-2016: Summary
of Revisions. Diabetes Care 2016; 39:4-5.

Sun QY, Feng M, Zhang MZ, Zhang YQ, Cao ME,
Bian LX, ¢z al. Effects of periodontal treatment on
glycemic control in type 2 diabetic patients: a meta-
analysis of randomized controlled trials. Chinese
Journal Physiology 2014; 57:305-314.

Sun WL, Chen LL, Zhang SZ, Wu YM, Ren YZ and
Qin GM. Inflammatory cytokines, adiponectin,
insulin resistance and metabolic control after peri-
odontal intervention in patients with type 2 diabetes
and chronic periodontitis. Infernal Medicine 2011;
50:1569-1574.

Taylor GW, Burt BA, Becker MP, Genco RJ, Shloss-
man M, Knowler WC, ¢ al. Severe periodontitis
and risk for poor glycemic control in patients with
non-insulin-dependent diabetes mellitus. Journal of
Periodontology 1996; 67:1085-1093.

Taylor GW, Manz MC and Borgnakke WS. Diabetes,
periodontal diseases, dental caries, and tooth loss:
a review of the literature. Compendinm of Continning
Education in Dentistry 2004; 25:79-84, 186-188, 190;
quiz 192.

Taylor GW. The effects of periodontal treatment on
diabetes. Journal of the American Dental Association
2003; 134:41-48.

Teeuw W], Gerdes VE and Loos BG. Effect of peri-
odontal treatment on glycemic control of diabetic
patients: a systematic review and meta-analysis.
Diabetes Care 2010; 33:421-427.

The R Project for Statistical Computing. (Home page on
the Internet). Available from: http://www.t-project.
org (Accessed March 11, 2016).

Wang TF, Jen IA, Chou C and Lei YP. Effects of peri-
odontal therapy on metabolic control in patients
with type 2 diabetes mellitus and periodontal disease:
a meta-analysis. Medicine (Baltimore) 2014; 93:292.

Wang X, Han X, Guo X, Luo X and Wang D. The effect
of periodontal treatment on hemoglobin alc levels
of diabetic patients: a systematic review and meta-
analysis. Public Library of Science One 2014;9:¢108412.

Wilson TG Jr. Periodontal diseases and diabetes. Diabetes
Educator 1989; 15:342-345.

Yun F, Firkova EI, Jun-Qi L and Xun H. Effect of non-
surgical periodontal therapy on patients with type 2
diabetes mellitus. Folia Medica (Plovdiv) 2007; 49:32-36.

Zhang H, Li C, Shang S and Luo Z. Scaling and root
planing with enhanced root planing on healthcare for
type 2 diabetes mellitus: A randomized controlled
clinical trial. Journal of Dental Sciences 2013; 8:272-280.



