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ABSTRACT

Objective: The authors’ aim in this systematic review was to verify the scientific evidence for difference of
oxidative stress biomarkers in individuals with type 2 diabetes mellitus with and without periodontitis. Material
and Methods: Observational studies, baseline data of prospective and interventional studies were searched on
the following databases: Virtual Health Library, Web of Science, PubMed, Embase, Scopus, Cochrane Library,
Opengrey and Google Scholar. The electronic search was performed in June 01, 2020 until May 17, 2024 with
alerts until June 01, 2024. The quality assessment and the certainty of the evidence of the included studies were
evaluated through Fowkes and Fulton’s checklist and GRADEpro Guideline Development Tool. Results: Of 988
relevant articles, the authors included 9 studies for the final analysis. Among those studies, 4 cross-sectional, 3
case-control, and 2 interventional studies were included. The analysis of non-randomized clinical trials properly
reported most of the criteria analyzed in Summary questions (Bias, Confounding and Chance) as present in 3
studies. In six studies confounding factors were no detected. Due to the variation in the study results and clinical/
methodological heterogeneity, a meta-analysis was not appropriate. The studies reported high concentrations of
oxidizing agents and low antioxidants levels in individuals with type 2 diabetes mellitus and periodontitis when
compared to with no periodontitis. Conclusion: Considering the few studies found, the methodological flaws,
few markers studied and absence homogeneity in the evaluation of redox balance markers, as well as, the very
low certainty of the evidence among included studies, it was not possible to determine whether there are or not
differences in the oxidative stress levels in individuals with type 2 diabetes with and without periodontitis, and
therefore, further prospective observational and interventional studies are recommended.

KEYWORDS

Diabetes mellitus non-insulin dependent; Periodontitis; Periodontal diseases; Oxidative stress; Antioxidants;
Free radicals.

Braz Dent Sci 2024 Apr/June;27 (2): e4163 1

@ O, This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in
BY any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5839-5218
https://orcid.org/0000-0002-2589-7366
https://orcid.org/0000-0001-7029-0347
https://orcid.org/0000-0001-7108-1117
https://orcid.org/0000-0003-1026-9401
https://orcid.org/0000-0002-2284-3581
https://orcid.org/0000-0002-4500-4350
https://orcid.org/0000-0002-0293-5147

Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?
Systematic review

Lobdo WJM et al.

RESUMO

Objetivo: O objetivo dos autores nesta revisdo sistematica foi verificar a evidéncia cientifica para a diferenca
de biomarcadores de estresse oxidativo em individuos com diabetes mellitus tipo 2 com e sem periodontite.
Material e Métodos: estudos observacionais, dados de base de estudos prospectivos e intervencionistas foram
pesquisados nas seguintes bases de dados: Biblioteca Virtual em Saide, Web of Science, PubMed, Embase, Scopus,
Cochrane Library, Opengrey e Google Scholar. A busca eletrénica foi realizada no periodo de 01 de junho de
2020 até 17 de maio de 2024, com alertas até 01 de junho de 2024. A avaliacdo da qualidade e a certeza da
evidéncia dos estudos incluidos foi realizada através da lista de checagem Fowkes and Fulton’s e da Ferramenta
de desenvolvimento de diretrizes GRADEpro. Resultados: Dos 988 artigos relevantes, os autores incluiram 9
estudos para a andlise final. Entre esses estudos, foram incluidos 4 estudos transversais, 3 de caso-controle e 2
de intervencdo. A andlise dos ensaios clinicos ndo randomizados relatou adequadamente a maioria dos critérios
analisados nas questdes resumo (Viés, Confundimento e Resultados ao caso) presentes em 3 estudos. Fatores de
confusdo ndo foram detectados em seis estudos. Devido a variacdo nos resultados do estudo e a heterogeneidade
clinica/metodolégica, ndo foi possivel realizar uma meta-andlise. Os estudos relataram altas concentracoes de
agentes oxidantes e baixos niveis de antioxidantes em individuos com diabetes mellitus tipo 2 e periodontite
quando comparados a individuos sem periodontite. Conclusdo: Considerando os poucos estudos encontrados, as
falhas metodolégicas, poucos marcadores estudados e auséncia de homogeneidade na avaliacdo dos marcadores
do balanco redox, bem como a baixissima certeza da evidéncia entre os estudos incluidos, ndo foi possivel
determinar se hd diferencas nos niveis de estresse oxidativo em individuos com diabetes tipo 2 associado e ndo
a periodontite e, portanto, outras observacdes prospectivas e estudos de intervencao sdo recomendados.

PALAVRAS-CHAVE

Diabetes mellitus ndo insulino-dependente; Periodontite; Doencas periodontais; Estresse oxidativo; Antioxidantes;
Radicais livres.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a
significant risk factor for periodontitis and
glycemic imbalance is the determining factor
for bone loss that increases the risk and
severity of periodontal disease [1]. The altered
immunological response in T2DM influences
periodontal diseases by altering the inflammatory
responses, and periodontal wound healing.
Additionally, it promotes the accumulation of
advanced glycation end products (AGEs) that
induce high levels of pro-inflammatory cytokines,
and causes oxidative stress (OS) [2].

oxidative damage [7,8] and lower levels of
antioxidants [9,10] were found in patients with
periodontitis compared to periodontally healthy
individuals. The periodontal inflammatory
condition can be explained by the local
and systemic concentrations of some OS
biomarkers [8].

Periodontitis and T2DM are diseases with
characteristics of chronic inflammation and a
permanent increase in OS [1,8]. However, no
systematic review has assessed the level of OS
biomarkers in type 2 diabetic individuals with and
without periodontitis. Therefore, the aim of this
systematic review was to answer the following
question: Is there a difference in the level of
OS in individuals with T2DM with and without

Oxidative stress occurs when, due to a higher
concentration of reactive oxygen species (ROS)

or a decrease in a.ntioxidar.lt capacity, Fhere isa periodontitis?
lack of homeostasis [3]. This can occur in several
systemic conditions. According to the literature,

METHODS

the tissue destruction that occurs in periodontal
diseases can be caused by the high production of
ROS by inflammatory cells, leading to oxidative
stress [4,5].

Registration and protocol

This review was registered in the PROSPERO

The increase in ROS of local and systemic
forms found in these pathologies can significantly
affect the functioning pattern of several tissues
and is closely related to the comorbidities
associated with T2DM [4-6]. The increase in

database under the protocol (https://www.crd.
york.ac.uk/PROSPERO) ID: CRD42020190010,
on August 7%, 2020 and was reported in accordance
with the PRISMA checklist of systematic reviews
and meta-analyses [11].
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Eligibility criteria

The eligibility criteria were defined based on
the PECO research strategy as follows:

1. Participants (P): T2DM individuals of
both genders and without distinction
in age and ethnicity. Studies including
individuals with the following conditions
were excluded: chronic kidney disease,
malignant neoplasms, AIDS (Acquired
Immunodeficiency Syndrome), pregnant
or lactating women, immunosuppression
by medication, autoimmune diseases,
evidence of other systemic diseases ASA
III and IV, smokers or former-smokers for
less than twenty years, users of orthodontic
appliances, history of use of steroidal or
non-steroidal anti-inflammatory drugs in
the last three months prior to the study
and during research, use of antibiotics in
the last six months prior to the study and
during research, as well as individuals who
underwent supra and subgingival scaling
and/or periodontal surgery in the last 6
months before the investigation.

2. Exposure (E): Presence of Periodontitis.
Selection criteria established: Probing
depth (PD) > 4mm, Clinical attachment
level (CAL) > 4mm, presence of biofilm
and bleeding on probing (BOP) > 10%.
The examination should be performed by
calibrated examiners, performing a full-
mouth periodontal examination (six sites per
tooth), using the North Carolina periodontal
probe.

3. Comparison (C): Absence of Periodontitis.
Selection criteria established: PD < 3mm, CAL <
3mm, little or no biofilm, and BOP <10%.
The examination should be performed by one
or more calibrated examiners, performing
a full-mouth periodontal examination (six
sites per tooth), using the North Carolina
periodontal probe.

4. Outcome (0O): OS levels for different
parameters, such as AGEs, calcium, catalase
(CAT), glutathione reductase (GRd), iron,
magnesium, malondialdehyde (MDA),
nitric oxide (NO), oxidative stress index
(OSI), protein carbonyl (Protein CO),
small molecular antioxidant capacity
(SMACQC), superoxide dismutase (SOD),
total antioxidant capacity (TAC), total
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oxidant status (TOS), vitamin C, zinc. If the
outcomes of interest were not measured or
not reported the studies were considered
ineligible.

Information sources

A systematic search of the literature was
conducted on the following electronic databases:
MEDLINE using the PubMed, Scopus, Embase,
Web of Science, Cochrane Library and Virtual
Health Library (VHL). Other sources were
consulted through OpenGrey and Google Scholar.
The electronic search was initially performed in
June 2020, and database alerts with the search
strategy were created in each database and were
set to retrieve newly published articles until May
17, 2024.

Literature search strategy

The search strategy included Medical Subject
Headings (MeSH) terms, entry terms, free terms
and keywords related to the aim of this review.
No restrictions were placed on publication date
or language. The strategy was developed using
the boolean operators AND/OR, Medical Subject
Headings (MeSH) terms, keywords, and other
free terms related to “Diabetes mellitus, non-
insulin dependent”; “Periodontitis, Periodontal
diseases”; and “Oxidative stress, Antioxidants,
Free radicals, Oxidants”. The strategy was first
idealized for Pubmed search engine use and
then, adapted to each database according to
their syntaxes rules. Specific search strategies
were developed for each database (Appendix
1) with no restrictions on language or date.
In addition, filters regarding VHL (virtual health
library) database to LILACS and BBO collections
were applied. A manual search was carried out
among the selected articles. Experts in the field
were identified in the Scopus database by the
“Analyze results tool” and contacted for ongoing
studies or unpublished results regarding the
focused question, using e-mail contact for up to
five attempts. The search strategy was organized
and carried out by an expert librarian (D.M.).

Articles from Google Scholar covered the
first 100 matches and were then manually
processed to check if possible eligible papers were
missed from the main database search engines.
When necessary, articles published in languages
other than English, Spanish, and Portuguese
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were translated using the Google® Translate
Tool [12].

Selection process

Observational studies and baseline data
of prospective/interventional studies, with the
variables of interest, were included. Reviews, case
reports, case series, expert opinions, and animal
studies were excluded.

The retrieved articles were exported to
Endnote® Web [13] to list, organize and remove
duplicates. Authors and co-authors of studies that
were not retrieved in the full text were contacted
by e-mail up to five attempts, from June 2020 to
May 17, 2024.

All titles, abstracts, and full-text reading of
the articles were independently analyzed by two
reviewers (W.J.M.L. and C.C.M.) to determine
whether they met the eligibility criteria. Whenever
differences occurred between them, a consensus
should be reached. When a study of interest had
no abstract available, the study had its full text
assessed for eligibility decision. At this stage,
articles that did not meet the eligibility criteria
were excluded. Next, selected articles were read
in full. If a study had a sample overlapping with
other studies and the same methodology criteria
assessed, the least complete study was excluded.
Whenever the two reviewers were unsure about
the inclusion/exclusion of any publication, a
discussion with a third reviewer (L.C.M.) was
taken to solve any disagreement. After full-text
examination were registered the reasons for
exclusion of articles.

Data collection process/ data items

Data extraction regarding authors, year
and country of the study, characteristics of
participants (sample size, sample age, and T2DM
duration in years), exposure (diagnostic criteria
for periodontitis), body fluid collected (serum,
saliva, and gingival crevicular fluid), assessment
methods to oxidative stress parameters and
statistics outcomes of interest (inferential and
descriptive data) were extracted independently
by 2 researchers (W.J.M.L. and C.C.M.).
Any differences between the two examiners were
solved by a third investigator (L.C.M.).

When missing data were detected, the
corresponding author was contacted through
electronic mail for up five consecutive weeks.

Is there a difference in the oxidative stress levels between
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In case there were no return from the authors to
identify data in graphs, It was used the digital
program WebPlotDigitizer online [14] to identify
data in graphs from authors who did not respond
to emails. Another author confirmed the accuracy
of extracted data.

Quality assessment

The internal validity of the included studies
was evaluated according to adaptations of Fowkes
and Fulton’s [15] critical appraisal of published
research guidelines (Appendix 2).

Effect measure

Due to the variability of the sample size
between the studies, an adaptation was performed
to determine the central value and variance of
the samples. For outcomes, mean and standard
deviation were used.

Synthesis methods and certainty of evidence
assessment

Narrative syntheses were conducted for the
results reported on each oxidative stress parameter.
The certainty of evidence was determined using
the Grading of Recommendations, Assessment,
Development, and Evaluation Pro software
(GRADEpro Guideline Development Tool) for the
synthesized results on each OS parameter [16].
The risk of bias, inconsistency, indirectness,
suspicion of publication bias, presence of a large
effect, dose-response gradient, and plausible
confounders were the items considered to rate
the overall certainty of evidence [17,18]. All the
judgments were adapted to qualify the evidence
synthesized in a narrative way [19].

RESULTS

Study selection

A total of 988 studies were identified and
retrieved: 956 from the database search, 8 from
the alerts, and 24 from other sources. The main
databases used as sources for studies were VHL
(n=282) and PubMed (n=239), followed by Web
of Science (n=192), Embase (n=83), Scopus
(n=72), Cochrane Library (n=50), opengrey
(n=0), and additional records identified through
Google Scholar (n=24). The 295 duplicated
titles/abstracts were eliminated through EndNote
Software, and 76 through manual exclusion.

4
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All titles and abstracts (n=617) were analyzed
and 585 were excluded according to the study
criteria, resulting in 32 remaining studies,
which were assessed for eligibility. Twenty-three
were excluded due to the following reasons:
absence of group T2DM without Periodontitis
(n=21), research participants with more than
one systemic disease (n=1), and an article that
contained a part of an included study in this
systematic review (n=1) (Appendix 3).

Regarding the records identified by other
resources, the first one hundred matches from the
35700 results in Google Scholar were selected for
the study, and none were recorded in Opengrey.
There were found 36 duplicate records, which
were manually removed, and another 64 records
were excluded after title/abstract reading. Alerts
were set by June 01, 2024 in Databases, and
eight articles were retrieved. However, they did
not meet the inclusion criteria for eligibility.
Study selection process is shown in the flowchart

Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?
Systematic review

(Figure 1). Nine articles were screened for the
final analysis.

Study characteristics

The included studies were conducted
in institutions such as universities, clinical
centers, or hospitals in three different
countries (Table I). Among those studies,
4cross-sectional[21,25,27,28],3case-control[23,24,26]
and 2 interventional [20,22] studies were
included. In all studies, low levels of antioxidants
were evaluated as primary outcome. Studies
varied greatly regarding age, ranging from
20 years [23] to 71 years [20].

Periodontal parameters, plaque index
(PI), BOP, PD, and CAL, were reported for
periodontitis diagnosis, represented as mean
and standard deviation [20-25,27] or by mean
percentage [26,28]. The patients in the included
studies had chronic periodontitis, according to

) | )

Records identified from
other sources:

Open Grey (n =0)

Google scholar (n = 24)

Database alerts (n = 8)

'

Records removed before
screening:

Total Duplicate records (n

=29)

Absence of group T2DM without ¢

Records excluded by
Title/abstract (n = 3)

summary study of a larger ¢

= Records removed before
£ Records identified from: screening:
s Databases (n = 988)
g > Duplicate records (n=371)
=
3
=
o
Recoidssarsened Records excluded after
(n=617) —» | reading of titles and
abstracts
* (n=585)
Reports sought for Reports not retrieved
g retrieval (n = 32) g 0 z 0)
: !
s Reports excluded:
Reports  assessed  for
eligibility (n=32) Periodontitis (n =21)
research participants with more
than one systemic change (n=1)
included (n=1)
—
—
E
E
<
= v
Total studies included in
review (n=9)
e

Reports not retrivied (n = 0)

v

Reports assessed for
eligibility (n = 0)

.

Reports excluded (n = 32)

Figure 1. Flowchart diagram of literature search according to Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA)

guidelines, published in 2020.

Braz Dent Sci 2024 Apr/June;27 (2): e4163



Systematic review

‘alemijos auljuo 1az11161q10|dgepA Aq pauleiqo ejep | ‘uoijoeal uleyd aselswAjod swi|
-|eay eAneyuUeNy) YD db ‘sniuopolay 4 poyrew suoxa|dwor) ulejeyiyd|osaid-o poyrew DJDO ‘perodel JoN YN ‘poyrsw jousydoulweAdoidoyns-N-|Adoid-N-ozeApLAd :gdyd-oaiN ‘uiqojbowsy peiedk|o
2\yYqH ‘Aessy Juaquosounwiwi payull-swAzu] 1yS|73 ‘s|enplaipul siipuopoliad yum snyijjew seyaqelp ¢ adA| d + INQZL ‘S|enpiaipul snyijjew se1aqelp g adA| :NQzl poyrew suizedpAyAusydoniuip - ‘'z :HING
"(1p/Bw 0OZ= 1581 8douele|0) 8500N|6 [RJO pUR %9'G< S[@As| OLyqH Tp/Bw 97|< @soon|b Buiise) uoneziuebiO YijesH PJUOAA @Y1 JO eSO 8yl Uo paseq pasoubelp aiem dnoib seisqelp eyl ul syusied ||y :@10N

Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?

‘7780 ‘LF9/ oL wEA%M_._Mw“ oads (@s¥ues|y) sso|
€€7F806 o'LF9L L 13ewojoydoiyoads) JuswyPeRE [ed1uID
8pIXQ 2UHN
(@s#uesi) *sBnup o1wedA|BodAy
Buigoud uo Buipss|g elo/ulnsul Jo asop
(asFues) B[S L B ey S/9FELLS .
xapul anbe|q Kay] 'siesk g ises) d+ WAzl Sld+Wacl elpu|
eAljeg uoiuaAIRIU| .
(poyiow (gsFues|y) U2 ey SRR /[1z] (8107) |2 30 eyre]
7S°0¥7/1'T 9'1F61'T ou3awojoydosyoads) yadep Buiqolg 2dA3 yum pesoubeip
apAyapjeipuojely ) usaq sARY p|noys
Sous oy3 jo syolgns oy
9%0€ 1589 18 Ul wwg
SHCESBIRECLRE RS 1/'8¥8'9S ‘WATL Ol ‘Wazl
|e21UID YHUM Y399}
07 Uey} aIoj -
'soaInIp pue
$19320|g-¢ ‘siopqiyul
Y6 0FLLT G8'0%66'L (VSI13) [Auogres uieouq %) __ CEDEIES
Buiqoud uo Buipss|g SeLOJeWRYUIRUY
: : ‘sBnip o1wedA|BodAy
|eJo Jo asop uo [P
wn.isg aq pjnoys Aay] [euondas-sso1y  /[0Z] (1L0T) ‘[e 32 US|y
(%) xopur anbeyq SYLFOZ :dtWaTL £¥9S d + WAZL 0Z 'd + WazL
L'00LF9°ZSY VLLLF7ETS (evusdsBULN IWEYD) (ww) yidep Buigoiq
Kyioedes juepixoiue 'SaYS 9 3ses)
e Ul wwy < syayood
SInosjo J[BwS = 691725 ‘WAzl 78S INAZL 0Z ‘Wazl

|eauopouiad yum
4199} 9| UeY} SIOJ -

Lobao WJM et al.

'S8IPNIS PaPN|OUI ¢ 8y} JO UOIID8||0D elep pue ajdwes sy} Jo soisieldeley?) - | d|qeL

Braz Dent Sci 2024 Apr/June;27 (2): e4163



Systematic review

Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?

€8'LEF8'90L 8'GFTLSL
(SdVd-01N) 2uiz
wniag
1 99'1%766'0 } 85°€¥5T'L (PoYyIsW HANQ) D UlwenA
(Poyrsw
6007070 8L'0FrT'L ou3awojoydosydads) eAlleg

Ayuoeded juepixonue |e3o]

Lobao WJM et al.

(ww) sso|
juswyoene [ealul|d
(wwy) yadep Buiqoly

'syoslqns
ay3 ||e ul y199] OZ JO

UOIIPUOD 3Y1 Y3Im
jueipenb yoes ui
Y1091 7 1S3 18 ‘W
G ddpuewue <
VO Yim s8iis sy
40 %0€ UeY3 810 -
(%)

Buiqoud uo Buipss|g
(%) xopu1 anbeyq

(%) Wwiyz sso|
juswydeRe [edluld
(%) Wy
< yadep Buiqoig

(ww) sso|
Juswydee |ed)

D

(ww) yadep Buiqouy

‘Buiqoud
Uo pajq 1ey) W 4
JOoVD Joww <
ad Yum saus 400y
2I0W 10 OM] YHM
Y1991 | Uey) aIo| -

"alemyjos auljuo 1az11B1gI0|dgep Aq pauleiqo elep | ‘uoioeal uieyd esesswAjod swi|

-|leay aAleIURNY) YD ‘snnuopolay d ‘poyraw suoxa|dwor) ulejeyiydjoseiD-o poyraw D40 ‘periodel 10N YN ‘poyrsw jousydoulweAdoidoyns-N-|Adoid-N-ozeApLAd :Sqyd-0aIN ‘uiqojbowsy peiedk|o
DLYqH ‘Aessy 1ueguosounwiw| payull-swAzul yS|73 'sjenplaipul sizipuopoLiad yum sniijjew seraqgelp g edA] id + |AdZL ‘S[enplAlpul sniljjaw se1eqelp 7 adA| (NQzL ‘Poyrew suizelpAyjAusydoniuip - ‘'z :HANG
"(Ip/Bw 00z< 1581 8douRIB|0} ©500N|6 [RIO PUR %Q'G< S|eA8| | \YqH Tp/Bw 97|< 8soon|b Bunsed) uoieziuebiO YijesH plHOAA 843 JO eleId 8y uo paseq pasoubelp siem dnoib seyeqelp ayj ul syusiied ||y ;830N

LEOL

d+
FLrYY 4+ WACL 05k *Wael

sieak
G 1sed ayj 1ses) je
104 '}$9} 92URID|0}
8s0on|6 |eJo jo
suesw Aq ueidisAyd
e Aq pesoubelig

[£2]

|euonoas-ssol)  (£L0Z) ‘[e 3@ luey edysng

C00L * 9C°9¥ -INdzL 0§l :Wdel

0€ ‘d *WdzL
elpy|

Adesayy uijnsur sieak G9-Ot [opuod-ased  /[zz] (€10T) '[e 3@ ejehpusy
10/pue sjusbe

o1wadA|6odAy |eso

Aue Jspun jou alem
sjusned asay|

‘pawiioul
ou sem INdel 104 0€ ‘WaclL
sisoubBelp jo swi|

“panunuoy) - | d|qeL

Braz Dent Sci 2024 Apr/June;27 (2): e4163



Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?

Lobao WJM et al.

Systematic review

€C°0%¢6'0

€8°1EF8'90L

LW0FStL

L6'OvF6vLL

LOTF6LLL

(4azAjeueoine

8C°0%10° -lwes) wnisaubel
8'GY¥T/SL
(SdVd-01iN) 2uiz
r'0¥95'L
(3] 3usbeas ahp
anjg |ApIAX yum ‘wu 0zg
10 8duequOsqy) wnisaubey
o (Poyrsw
€C0C¥ES9L |ApuAdip sAeswey) uol|
98'0¥65'8 (0dD0) wnidje)

wniag

wniag

(€ pue
2'L'0) waishs
Xapul uonalusley
(epueg
'L '0) Yadep Buigoid
(e pueg
‘L '0) xapul |eAlbulc)
"Xapul UoIjUS}BI
pue xepul anbed
‘xapul |eAlbulb

:9se3s1p |euoporiad

03 (£961) 991 j0
uol3edlISse|d ay3
pasn -ussaud yroen

07 Uey} aIoj -

(ww) sso|
juswyoeRIe [edulD

(ww) yadep Buiqouy

'syoslqns
ay3 ||e ul Y3991 07
O uonIpuod 8y}
Yum juespenb yoea
ul y1e9] 7 1ses)
e ‘ww g 2 (ad)
yadsp Buiqoud pue
wwe 2 (VD) [2A9)
JuswyoeIe [BDIUlfD
Yam salis ay3 Jo
%0€ Ueyy SIo -

"alemyjos auljuo 1az11161q10|dgap Aq pauleiqo elep | ‘uoiioeal uieyd esesewAjod swi|
-|eay aAleIURNY) YD b ‘shluopolad d ‘poyraw suoxa|dwo)) ulejeyiyd|osaiD-o poyraw DdDO ‘periodel 10N YN ‘poyrsw jousydoulweAdoidoyns-N-|Adoid-N-ozeApLAd :Sqyd-0iN ‘uiqojbowsy pe1edk|o
DLYqH ‘Aessy jusguosounwiw| payull-swAzug yS|73 ‘sjenplaipul sipipuoporiad yum sniijjew seyagelp g odA| id + NJZL ‘S[enplalpul sniljjaw se1eqelp 7 adA| (NQzL ‘Poyrew suizelpAyjAusydoniuip - ‘7 :HANG
‘(Ip/Bw 0Oz< 1581 8douelIs|0} 8500N|6 [RJO PUR %Q'G< S|eA8| | \YqH Tp/Bw 97|< 8soon|b Bunsed) uoneziuebiQ YijeaH plHoaA 843 JO elie1ud 8yl uo paseq pasoubelp siem dnoib sereqelp sy ul syusiied ||y ;210N

‘pawiiojul
10U sem |NJZL 4o}
sisoubelp jo awi|

sieak 09-GZ

sieak
G 1sed ay3 ises) je
104 ‘}s8} 80URID|0}
@soon|6 |eJo jo
suesw Aq ueiisAyd
e Aq pesoubelg

LEOLFCY VY
d + NdCL

C0'0LF9T9Y -WNaZL

UOIJUBAISIU elpy| /
: ' ezl (9100) e 30 Aneys

leuondes-ssoiy  [gz] (5L07) tuey edysng

“panunuoy) - | d|qeL

Braz Dent Sci 2024 Apr/June;27 (2): e4163



Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?
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1999 AAP Classification [29]. The minimum
number of teeth of the research participants
in the included studies ranged from 10 [27] to
20 functional teeth [20,22,24].

Data on T2DM duration was introduced
in years and expressed in mean and
standard deviation. Most studies included
participants diagnosed with T2DM for at least
5 years [20,21,23,25,28]. A study included
participants with a minimum of 8 years of
diagnosis for T2DM [27], other with participants
at least 6 months of diagnosis [24], while two
studies [22,26] did not report on this data.

The OS biomarkers were analyzed
in more than one body fluid, including
serum [21-23,25,27], saliva [20,23,26] and
gingival fluid (GF) [24], and were expressed in
mean and standard deviation, through different
methods, comparing gold-standard or not.
None of those studies directly cross-compared
biomarkers findings between those body fluids.

Among the OS biomarkers studied a large
number of antioxidants were evaluated such
as SMAC [28], TAC [24,26], vitamin C [25],
zinc [21,25], calcium [21], magnesium [21,22],
CAT, SOD and GRd [23]. In addition, two oxidant
agents were evaluated: NO [20] and iron [21].
Furthermore, biomarkers of cell damage due to
OS were also evaluated, such as Protein CO [28],
AGEs [27], MDA [20,23], TOS and OSI [24].

Only one study [23] evaluated the same
biomarkers (MDA, SOD, CAT, and GRd) in blood
and saliva, although no comparisons between
findings from both fluids were compared, as
mentioned before.

Quality assessment

For the quality assessment, the included
studies were classified according to the risk of bias,
confounding factors, and chance. Susceptibility to
bias and results occurred by chance were observed
in all analyzed studies [20-28]. Confounding
factors were observed in 3 out of the 9 analyzed
studies (Table IT) [21,25,28]. According with the
criteria used, there was no sound study.

Results of individual studies and synthesis

Some of the included studies demonstrated
a significant correlation between high levels
of oxidizing compounds and individuals with
T2DM and periodontitis [20,21,27,28]. On the

Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?
Systematic review

other hand, other studies presented a decrease
in the levels of antioxidants in T2DM with
periodontitis, when compared to T2DM without
periodontitis [21-28]. Overall, the studies have
shown that individuals with T2DM presented high
OS levels, which are greater when associated with
periodontitis.

Oxtdants

In individuals with T2DM and periodontitis,
Protein CO levels were higher compared with those
without periodontitis. The same result of high levels
was expressed for free radical damage markers
(MDA, TOS, and OSI) in T2DM with periodontitis
individuals when compared to T2DM individuals
without periodontitis [20,23,24]. In T2DM with
periodontitis individuals, the NO levels were
higher than in T2DM without periodontitis [20].
Pushpa Rani [27] shown that elevated calcium
and iron levels may be a contributing factor in
many inflammatory conditions in T2DM with
periodontitis individuals.

Antioxidants

The included literature demonstrated that
Some antioxidants (SMAC, TAC, Vitamin C, Zinc,
Magnesium, CAT, SOD, and GRd) were detected
in low concentrations in individuals with T2DM
with no periodontitis. Additionally, those levels
were even lower in individuals with T2DM with
periodontitis [21-26,28].

Due to the variation in the study results and
clinical/methodological heterogeneity, a meta-
analysis was not appropriate.

Certainty of evidence

The certainty of the evidence was rated as
very low for all the syntheses. The risk of bias
affected the evidence because the included studies
had important methodological limitations that
could have altered the results. The evidence on
the outcomes of MDA and TAC was inconsistent
since there was variation in the reported effects
by the studies. The item imprecision was also
affected due to the reduced number of individuals
included in the syntheses (less than the threshold
of 400 recommended by GRADE) (Table III).
The certainty of the evidence for the outcomes
that included a single study (SMAC, Protein
carbonyl, NO, Vitamin C, Zinc, Ca, Iron, AGEs,
SOD, CAT, GRd, TOS, OSI) was lowered due
to the risk of bias and impression (insufficient
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Table Il - Assessment of the certainty of evidence (GRADE)

Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?
Systematic review

Malondialdehyde

) ) : : : e0O00

* a b ©
2 Observational Serious' Serious' Not serious Serious' None VERY LOW

Total antioxidant capacity

: ) : : : ®000

a b c
2 Observational Serious' Serious! Not serious Serious! None VERY LOW

Magnesium

: ) . ) ) 000

* a C
2 Observational Serious' Not serious Not serious Serious' None VERY LOW

* Baseline data from intervention studies were considered. a. The certainty of the evidence was downgraded in one level because the
studies had important methodological limitations and it is likely that they may have altered the results. b. The certainty of the evidence was
downgraded by one level because the studies reported different effects. c. The certainty of the evidence was downgraded by one level due to
the reduced number of individuals considered in the synthesis (less than the threshold of 400 recommended by GRADE).

number of individuals). Publication bias was
considered unsuspected, and since the evidence
was affected by some of the previously mentioned
criteria, no item was considered to raise the
certainty. The judgments issued for the evaluation
of the certainty of the evidence for the outcomes
involving more than one study are presented in
Table II.

DISCUSSION

This systematic review aimed to synthesize
the scientific evidence of studies on the association
of OS biomarkers in individuals with T2DM
with and without periodontitis. This systematic
review was based on 9 not-sound studies and
indicates that high levels of oxidizing agents and
low concentration of antioxidants in T2DM are
related with the presence of periodontitis when
compared to individuals without periodontitis.
This is the first systematic review with quality
assessment on this topic.

After filing in PROSPERO, studies selection,
and full reading, it was observed that some
studies had diagnostic criteria for periodontitis of
CAL >3mm [27,28] and, if they were excluded,
some important data would be missing for the
systematic review. So we decided to include
them, considering that the registration of the
present study was made based on the APP
classification [29]. According to the actual
Classification of Periodontal Diseases and
Conditions [30], taking into consideration CAL,
periodontitis is characterized by: CAL >3mm in
interproximal areas of at least 2 non-adjacent

teeth or in buccal or lingual/palatal, without it
being due to: 1) traumatic gingival recession;
2) dental caries extending to the cervical area
of the tooth; 3) presence of insertion loss on the
distal face of a second molar and associated with
poor positioning or extraction of the third molar;
4) endoperiodontal lesion draining through the
marginal periodontium; or 5) occurrence of
vertical root fracture. Thus, this parameter had
to be changed for articles selection.

Data show that patients with T2DM and
periodontitis have impaired glycemic status and
exhibit significantly lowered B-cell function and
higher levels of HbA1lc and fasting glucose than
matched patients without periodontitis [20].
Those chronic inflammatory conditions are
generally thought to be associated with increased
OS with phagocytes, particularly neutrophils.
Those cells are implicated in periodontal disease
pathogenesis as they induce the generation
of an oxidative burst during phagocytosis
and killing [26]. On the other hand, ROS are
associated with microvascular complications of
T2DM. It is also known that severe periodontal
disease can lead to endothelial dysfunction,
which justify the assessment of effect of coexisting
T2DM and periodontitis on the levels of OS
markers [20].

Periodontitis increases plasma biomarkers
of OS as evidenced by the finding of reduced
SMAC combined with increased levels of protein
CO, which is a marker of protein oxidation.
In the co-occurrence of T2DM and periodontitis,
there is higher alterations in levels of these OS

14
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biomarkers. This suggests signs of enhanced OS
in serum of T2DM with periodontitis individuals,
showing that periodontitis has a negative effect
on the already compromised oxidative status of
T2DM patients [28]. Vincent et al. [26] shown
high levels of TOS in T2DM with periodontitis
group when compared to periodontitis without
T2DM encouraging the aforementioned data.

Role of nitric oxide system in T2DM is few
studied and controversial to scientifics research,
demonstrating higher level, low level, or no
change. In chronic inflammatory processes, where
activity of PMNs, macrophages, and endothelial
cells is elevated, such as in periodontitis, the
expression of iNOS is increased. The positive
relationship between iNOS, inflammatory
cytokines and other mediators reveals an immune-
activated state due higher NO production. Thus,
it might be higher in individuals with T2DM and
chronic periodontitis when compared to without
periodontitis cells [20].

MDA is the major and commonly
studied product of polyunsaturated fatty acid
peroxidation that is shown to rise following OS.
Glycated collagen has been shown a role in lipid
glycoxidation compared to normal collagen that
results in increased MDA in serum and tissues
of diabetic subjects [20]. In T2DM individuals
with periodontitis, MDA was reported to be
higher when compared to individuals without
periodontitis [23].

It was reported that TAC levels in GCF was
lower in patients with T2DM and periodontitis,
compared to individual with only T2DM.
The decrease in TAC levels reported could be
attributed to elevated ROS levels that must be
neutralize causing depletion of antioxidants,
in addition to presence hyperglycemia, which
is the primary cause of inflammation in T2DM
individuals [24]. In another study, the comparison
of the TAC in saliva revealed lower antioxidant
levels in T2DM with periodontitis compared to
non-diabetic individuals with periodontitis [26].

Excessive glucose levels induce free radical
production and enhance OS by increased
formation of AGEs. These pathologic mechanisms
in T2DM with the preexisting periodontal
disease could be responsible for exacerbated
periodontal destruction seen in diabetics [24].
Takeda et al. [24] reported that AGEs were
significantly related to periodontal deterioration
associated with T2DM, showing that their level

Is there a difference in the oxidative stress levels between
type 2 diabetic individuals with and without periodontitis?
Systematic review

may be a suitable biomarker to reflect periodontal
status in those patients.

Micronutrients are regulated by homeostatic
processes and function as antioxidant in the
control of damage caused by ROS [31]. Calcium
and iron play an essential role in regeneration,
for coping with OS and for an adequate immune
response, but dysregulation these micronutrients
(high levels) in the serum may promote the
development and progression of oxidative
stress [32]. It has been reported that the mean
calcium level in T2DM with periodontitis
individuals was significantly higher when
compared to systemically and periodontally
healthy individuals. It was also demonstrated
that an increased serum iron levels in T2DM with
periodontitis can act as pro-oxidant agents, which
are responsible for the formation of ROS [28].

Additionally, it was reported that T2DM
with periodontitis had lower zinc levels
than those individuals with T2DM without
periodontitis [21,25]. Zinc deficiency promotes
the activation of N-methyl-D-aspartate (NMDA)
receptors, which increase the intracellular
concentration of calcium. In conditions where
zinc is deficient, the NADPH oxidase enzymes
and nitric oxide synthase are activated, favoring
the production of reactive species of oxygen and
nitrogen [33].

Being an essential dietary nutrient, vitamin
C is important for many enzyme reactions.
It is an electron donor, and this property might
account for all its known functions, such as water-
soluble antioxidant in humans and protects from
oxidative damage under conditions of increasing
oxygen concentrations and apoptosis [34].
Pushpa Rani et al. suggests that decreased
vitamin C levels are associated with an increased
risk for the development of oxidative stress
in type 2 diabetes mellitus with periodontitis,
considering that the antioxidant activity of
ascorbic acid involves transfer of hydrogen rather
than an electron [25].

Magnesium it is a cofactor of several
antioxidant enzymes, including SOD, one of
the most important antioxidant enzymes [35]
and it has been demonstrated that magnesium
supplement has a beneficial effect on
periodontitis [36]. Furthermore, low magnesium
levels may favor the onset and progression of
T2DM, frequently seen in these patients [21,37].
Pushpa Rani [28]demonstrated that magnesium

Braz Dent Sci 2024 Apr/June;27 (2): e4163
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mean levels in T2DM without periodontitis and
non-T2DM with periodontitis individuals were
greater than the ones found for T2DM with
periodontitis individuals and those findings were
corroborated in another investigation [22].

The enzyme SOD is a key antioxidant
that catalyzes the dismutation of superoxide
(0,), generating hydrogen peroxide (H,0,).
The products CAT, GRd and GPx accelerate
H,0, reduction in water [38]. Trivedi et al.
demonstrated that SOD, CAT and GRd activities
were higher in T2DM with periodontitis group
compared with T2DM without periodontitis
group. In periodontitis, SOD, CAT and GRd levels
are low due antioxidant depletion, to ongoing
free radical activity and destruction of protective
antioxidant species [23].

Clinical investigations must always focus on
correct matching for gender, age, and periodontal
status to reduce potential confounding
factors. Latha et al. [20], Pendyala et al. [26],
Takeda et al. [27] and Trivedi et al. [25] follow
these restrictions and the distribution of age and
gender was similar between groups, suggesting
that they were well matched. Thus, their results
might present greater validity and relatively
fewer confounding factors.

The analysis of non-randomized clinical trials
properly reported most of the criteria analyzed
in Summary questions (Bias, Confounding
and Chance) as present in 3 studies. In six
studies [20,22-24,26,27] confounding factors
were no detected. Shetty et al. [23] defined their
study as a randomized clinical trial, but it has
four groups (i.e., T2DM with periodontitis,
T2DM without Periodontitis, non-T2DM with
periodontitis, and systemically and periodontally
healthy) with distinct interventions (scaling and
root planning, and oral hygiene instructions),
and there is no random allocation of groups/
treatment. In summary, their results are
inconsistent and the evidence regarding OS
biomarkers, T2DM and periodontitis relationship
is lacking strong evidence.

Of the nine included studies, three assessed
biomarkers in saliva and this suggests its
potential relevance as an important alternative
biological fluid [20,23,26]. Included studies in
this systematic review are following the expected
direction of the association, that there is difference
in OS levels between T2DM individuals with and
without periodontitis. These studies reported the
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relationship between high levels of oxidizing
compounds or decrease of antioxidants in T2DM
with periodontitis individuals, when compared
to T2DM without periodontitis individuals.
Therefore, these data suggest that periodontitis
has a negative influence on OS in T2DM and
recognize that an early diagnosis of periodontitis
may be important for prevention of a negative
impact on the OS biomarkers.

However, considering the few studies found,
the methodological flaws, few markers studied
and absence homogeneity in the evaluation of
redox balance markers, as well as, the very low
certainty of the evidence among included studies,
ie there was no sound studies included in this
systematic review, these results should be viewed
with caution. Therefore, it was not possible to
determine whether there are or not differences
in the oxidative stress levels in individuals with
T2DM associated with periodontitis and further
prospective observational and interventional
studies are recommended.
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Appendix 1. Electronic database and search strategy

(Diabetes Mellitus[Mesh] OR Diabetes Mellitus[Tiab] OR Diabetes Mellitus, Type 2[Mesh] OR Diabetes
Mellitus Non Insulin Dependent[Tiab] OR Diabetes Mellitus Stable[Tiab] OR NIDDM|[Tiab] OR MODY|[Tiab]
OR Maturity Onset Diabetes[Tiab] OR Type 2 Diabetes[Tiab] OR Diabetes Type 2[Tiab]) AND (Periodontal
Diseases[Mesh] OR Periodontal Disease*[Tiab] OR PeriodontitisfMesh] OR Periodont*[Tiab] OR Aggres-
sive Periodontitis[Mesh] OR Aggressive Periodont*[Tiab] OR Chronic PeriodontitisfMesh] OR Chronic
Periodont*[Tiab]) AND (Oxidative Stress[Mesh] OR Oxidative Stress*[Tiab] OR Antioxidants[Mesh]

OR Antioxidant*[Tiab] OR Antioxidant effect*[Tiab] OR Free radicals[Mesh] OR Free radicals[Tiab] OR
Oxidants[Mesh] OR Oxidant*[Tiab] OR Oxidizing Agents[Tiab])

TITLE-ABS-KEY(("Diabetes Mellitus" OR "Diabetes Mellitus, Type 2" OR "Diabetes Mellitus Non Insulin Dependent" OR
"Diabetes Mellitus Stable" OR NIDDM OR MODY OR "Maturity Onset Diabetes" OR "Type 2 Diabetes" OR "Diabetes
Type 2") AND (Periodontal Disease* OR Periodont* OR Aggressive Periodont* OR Chronic Periodont*) AND (Oxidative
Stress* OR Antioxidant* OR Antioxidant effect* OR "Free radicals" OR Oxidant* OR "Oxidizing Agents"))

(("Diabetes Mellitus" OR "Diabetes Mellitus, Type 2" OR "Diabetes Mellitus Non Insulin Dependent" OR "Diabetes
WEB OF Mellitus Stable" OR NIDDM OR MODY OR "Maturity Onset Diabetes" OR "Type 2 Diabetes" OR "Diabetes Type 2") AND
SCIENCE (Periodontal Disease* OR Periodont* OR Aggressive Periodont* OR Chronic Periodont*) AND (Oxidative Stress* OR
Antioxidant* OR Antioxidant effect* OR "Free radicals" OR Oxidant* OR "Oxidizing Agents"))

MEDLINE

SCOPUS

#1 MeSH descriptor: [Diabetes Mellitus] explode all trees
#2 "Diabetes Mellitus"
#3 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees

#4 ("Diabetes Mellitus Non Insulin Dependent" OR "Diabetes Mellitus Stable" OR NIDDM OR MODY OR "Maturity Onset
Diabetes" OR "Type 2 Diabetes" OR "Diabetes Type 2")

#5 #1 OR #2 OR #3 OR #4
#6 MeSH descriptor: [Periodontal Diseases] explode all trees
#7 Periodontal disease*
#8 MeSH descriptor: [Periodontitis] explode all trees
#9 Periodont*
#10 MeSH descriptor: [Aggressive Periodontitis] explode all trees
#11 Aggressive Periodont*
COCHRANE #12 MeSH descriptor: [Chronic Periodontitis] explode all trees
#13 Chronic Periodont*
#14 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13
#15 MeSH descriptor: [Oxidative Stress] explode all trees
#16 Oxidative Stress*
#17 MeSH descriptor: [Antioxidants] explode all trees
#18 (Antioxidant* OR Antioxidant effect*)
#19 MeSH descriptor: [Free Radicals] explode all trees
#20 "Free radicals"
#21 MeSH descriptor: [Oxidants] explode all trees
#22 (Oxidant* OR "Oxidizing Agents")
#23 #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22
#24 #5 AND #14 AND #23
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Appendix 1. Continued...

tw:(tw:((tw:((mh: "Diabetes Mellitus" OR mh: "Diabetes Mellitus, Type 2" OR "Diabetes Mellitus Tipo 2" OR "Diabetes
Mellitus Non Insulin Dependent" OR "Diabetes Mellitus ndo dependente de insulina" OR "Diabetes Mellitus Stable" OR
"Diabetes Mellitus estavel" OR niddm OR dmndi OR mody OR "Maturity Onset Diabetes" OR "Diabetes com inicio na
maturidade" OR "Type 2 Diabetes" OR "Diabetes tipo 2" OR "Diabetes Type 2" OR "Tipo 2 Diabetes") )) AND (tw:((mh:
"Periodontal Diseases" OR "doencas periodontais" OR "periodontal disease" OR "periodontal diseases" OR "doenca
periodontal" OR "doencas periodontais" OR mh: periodontitis OR periodontite OR periodontitis OR periodontite OR
mh: "Aggressive Periodontitis" OR "Periodontite Agressiva" OR "Aggressive Periodontitis" OR "Periodontite Agressiva"
OR mh: "Chronic Periodontitis" OR "Periodontite Crénica" OR "Chronic Periodontitis" OR "Periodontite Crénica") ))
AND (tw:((mh: "Oxidative Stress" OR "Estresse Oxidativo" OR oxidative stress* OR "Estresse Oxidativo" OR "Estresses
oxidativos" OR mh: antioxidants OR antioxidantes OR antioxidant OR antioxidants OR antioxidante OR "antioxidant
effect" OR "Antioxidants effects" OR "Efeito antioxidante" OR "Efeitos antioxidantes" OR mh: "Free radicals" OR
"Radicais livres" OR "Free radicals" OR "Radicais livres" OR mh: oxidants OR oxidantes OR oxidants OR oxidant OR
oxidante* OR "Oxidizing Agents" OR " agentes oxidantes")))) AND ( db:("LILACS" OR "BBQ"))) AND ( type:("article"))

LILACS and
BBO

(diabetes mellitus'ti,ab,kw OR 'diabetes mellitus, type 2"ti,ab,kw OR 'diabetes mellitus non insulin dependent'ti,ab,kw
OR 'diabetes mellitus stable"ti,ab,kw OR niddm:ti,ab,kw OR mody:ti,ab,kw OR 'maturity onset diabetes"ti,ab,kw OR
'type 2 diabetes"ti,ab,kw OR 'diabetes type 2"ti,ab,kw) AND (‘periodontal disease*:ti,ab,kw OR periodont*:ti,ab,kw

OR 'aggressive periodont*:ti,ab,kw OR 'chronic periodont*:ti,ab,kw) AND (‘oxidative stress*'ti,ab,kw OR
antioxidant*:ti,ab,kw OR ‘antioxidant effect*ti,ab,kw OR 'free radicals"ti,ab,kw OR oxidant*:ti,ab,kw OR 'oxidizing
agents"ti,ab,kw)

EMBASE

Periodontitis and Diabetes and Antioxidants
Periodontitis and Diabetes and Free radicals
Periodontitis and Diabetes and Oxidants
Periodontitis and Diabetes and Oxidative Stress
Periodont* and Diabetes and Antioxidants
Periodont* and Diabetes and Free radicals
OPEN GREY  Periodont* and Diabetes and Oxidants

Periodont* and Diabetes and Antioxidants
Periodont* and Diabetes and Oxidative Stress
Periodont* and Diabetes and Antioxidant*
Periodont* and Diabetes and Oxidative Stress*
Periodontitis and Diabetes and Antioxidant*
Periodontitis and Diabetes and Oxidative Stress*

GOOGLE Periodontitis and diabetes type 2 and oxidative stress

SCHOLAR Periodontite e diabetes tipo 2 e estresse oxidativo
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Appendix 2. Criteria’s adopted to risk of bias classification (adapted from Fowkes

and Fulton [15])

Prevalence -
Cross-sectional

Prognosis -

Cohort
Study design

appropriate to
objective?

Treatment -
Controlled trial

Cause - Cohort,
case-control,
cross-sectiona

Source of
sample

Sampling
method

Sample size

Study sample
representative?

Inclusion/
exclusion
criteria

Non-
respondents

Definition of
controls

Source of
controls
Control group
acceptable?
Matching/
randomization
Comparable
characteristics

Validity
Reproducibility
Quality of

measurements and

e Blindness

Quality control

NA — Not applied.
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0 - if the study, or part of study, included in the present systematic review reported oxidative stress in type 2
diabetics with periodontitis and had a cross-sectional design

0 - if the study, or part of study, included in the present systematic review reported oxidative stress in type 2
diabetics with periodontitis and had a Cohort design

0 - if the study, or part of study, included in the present systematic review evaluate some type of treatment
related periodontitis or type 2 diabetes mellitus and measurement oxidative stress levels and had a controlled
trial design

0 - if the study, or part of study, included in the present systematic review evaluate some type of relationship
/ association / risk reported of oxidative stress alteration in type 2 diabetics with periodontitis had a cross-
sectional, case-control or cohort design, respectively.

0) case group was obtained from various referral hospital (multicentre).

+) case group was composed of individuals from a reference center or referral hospital.

0) probabilistic sampling (simple random, stratified, blocks).

+) did not use any type of randomization, but authors of the present systematic review judged that could not

(

(

(++) case group was obtained from unspecified locations.

(

(

influence in outcome evaluation, as all eligible participants from a specific site/place were included.

(++) did not use any type of randomization, but authors of the present systematic review judged that could
influence in outcome evaluation by using a convenience sample.

(0) sample size calculation was described considering all variables and study groups.

(+) did not perform sample size calculation but had a representative sample, using a sample size equal or higher
than 97 subjects (median of samples from included studies).

(++) did not mention such sample size calculation or representative sample, using a sample size lower than 97
subjects (median of samples from included studies).

(0) Selection criteria properly established. Periodontitis: PBS= 4mm, NCI= 4mm, presence of biofilm, bleeding on
probing (> 10%) and presence of suppuration. Examination performed by a single calibrated examiner or more
than one (calibrated), who underwent a complete periodontal examination (in the six sites of the teeth present),
using a standard probe for the diagnosis of periodontitis (North Carolina 15mm).

(+)Selection criteria established, but some criteria were not considered (do not mention one of the criteria for
diagnosing periodontitis previously shown or the examiner is not calibrated).

(++) Selection criteria loosely established or absence of two or more periodontitis selection criteria.

N. A. - the authors of the present systematic review judged that the non-respondent's rate could not influence in
outcome evaluation.

(0) Selection criteria properly established. Absence of periodontitis: PBS< 3mm, NCl< 3mm, little or no biofilm, no
or little bleeding on probing (<10%) and no suppuration. Examination performed by a single calibrated examiner
or more than one calibrated, who underwent a complete periodontal examination (at the six sites of the teeth
present), using a standard probe for the diagnosis of periodontitis (North Carolina 15mm).

(+) Selection criteria established, but some criteria were not considered (do not mention one of the criteria for
periodontal health shown previously).

++) Selection criteria loosely established. Absence of two or more selection criteria for periodontal health.
0) control group was obtained from various referral hospital (multicentre).

(
(
(+) control group was composed of individuals from a reference center or referral hospital.
(++) control group was obtained from unspecified locations.

(

0) group control was paired according to gender, age and duration of diabetes.

+) only matched by two of the criteria mentioned above.

(
(++) control group was not paired.study mentioned that case and control groups were matching for sex, age and
general health.

0) There is no difference between the groups regarding age, gender and duration of diabetes.
+) the groups are different only in relation to two criteria.

++) the groups are different in relation to age or duration of diabetes.

(
(
(
(0) Use of the gold standard method for determining the biomarker
(+) adequate test, but it is not the gold standard.

(++) Test not suitable.

(

0) An experienced and calibrated evaluator and that there was acceptable reproducibility in the measurement
of oxidative stress markers.

+) a trained evaluator, but the study's reproducibility analysis was not performed.

++) an uncalibrated evaluator, but the study was not reproducible or was not even mentioned in the study.

(
(
(0) Researcher who collected and analyzed samples were blinded to the study group.
(+) Researcher who collected or analyzed the samples was blinded to the study group.
(++) There was no blinding in any phase of the study.

(

0) Adequate acquisition, processing and storage of samples. Adequate description of the parameters used to
measure oxidative stress.

(+) one of the points described above was neglected or not mentioned.

(++) two or more points described above were neglected or not mentioned.
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Appendix 2. Continued...

Compliance NA (question did not apply to study methodology)
Dropouts NA (question did not apply to study methodology)
Deaths NA (question did not apply to study methodology)
Completeness? o o o
Missing data (0) The study reports the number of missing data (up to 30%) and the reasons. (or the absence of missing data).
(+) the number of missing data is reported without explaining the reasons (with up to 30% of the missing data).

(++) nothing is specified or there was a loss greater than 30%.

Extraneous NA (question did not apply to study methodology)

treatments
Contamination  NA (question did not apply to study methodology)
Changes over  NA (question did not apply to study methodology)

time
Confounding  (0) Presence of comorbidities: chronic kidney disease, high blood pressure, dyslipidemia, obesity and
Distorting influences? factors immunosuppressed by medication. Other metabolic changes. Age and gender. Duration of diabetes.
(+) was assigned when 1 or 2 of these characteristics were present

(+4) if there were 3 or more.

Distortion (0) Stratified data analysis was performed, or regression analysis considering possible confounding factors. Or,
reduced by there was no need due to the absence of confounding factors.
analysis

(+) adjustment of the analyzes was performed only in relation to some confounding factors.
(++) there were confounding factors, but this was not considered in the analyzes.

Bias - Are Yes / No
the results
erroneously

biased in

a certain

direction?

Confounding  Yes / No
- Are there
any serious
confounding
or other
distorting
influences?

Chance - Is Yes / No
it likely that
the results
occurred by
chance?

Summary Questions

NA — Not applied.
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Appendix 3. Studies excluded and reason of the exclusion
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