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Abstract

Purpose The aim of this updated systematic review and meta-analysis was the association between hyperglycemia and
periodontitis.

Methods We searched PubMed/MEDLINE, Web of Science, and Scopus until March 2021. The key search words were
based on "periodontitis" and "hyperglycemia." We included cohort, case—control, and cross-sectional studies, restricted
to publications in English. The quality assessment of included studies and data extraction were done by two independent
reviewers. Meta-analysis was performed for cross-sectional studies using the random-effects model.

Results The literature search yielded 340 studies, and finally, 19 and 11 studies were included in systematic review and
meta-analysis, respectively. The total sample size of the eligible studies in the meta-analysis was 38,896 participants, of
whom 33% were male with a mean age of 51.20 & 14.0 years. According to a random-effect meta-analysis in cross-sectional
studies, the pooled odds ratio (OR) for the association between hyperglycemia and periodontal indices was statistically sig-
nificant (OR: 1.50, 95%CI: 1.11, 1.90). There was evidence of publication bias (coefficient: —3.53, p-value =0.014) which,
after imputing missing studies, the pooled OR of the association between hyperglycemia and periodontitis change to 1.55
(95%CI: 1.20, 1.90).

Conclusion Results of the present study show that hyperglycemia was positively associated with periodontitis. However,
more cohort and prospective longitudinal studies should be conducted to find the exact association. Overall, it seems the
management of hyperglycemia could be considered as a preventive strategy for periodontitis.
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Introduction

Periodontitis is a chronic inflammatory disease that can
accumulate during a lifetime. There is an increased preva-
lence of periodontitis in the aging population as they keep
their teeth [1, 2]. In 2010, 10.8% (743 million) people
worldwide were affected by severe periodontitis, with the
maximum prevalence at the age of 40 [3]. National Health
and Nutrition Examination Survey in 2009-2014 reported a
higher prevalence of periodontitis among dentate US adults
with the age of 30-79 years than previous studies. Also, it
was established that 42.2% of dentate US individuals older
than 30 years had some category of periodontitis, including
7.9% with severe periodontitis and 34.4% with non-severe
periodontitis [2]. Periodontitis is also the sixth major com-
plication of diabetes [4]. It is generally accepted that the
cause of most chronic diseases such as diabetes and meta-
bolic syndrome is a pro-inflammatory state derived from
excessive calorie intake, over nutrition, and chronic inflam-
matory dysfunctions [5]. This pro-inflammatory state leads
to an increase in inflammatory mediators such as tumor
necrosis factor-alpha (TNF-a) and oxidative stress, which
causes impairment in several crucial biological mechanisms
[6]. It seems that hyperglycemia has the most common rela-
tionship to periodontal disease. The chronic hyperglycemia
state resulting in increased oxidative stress in the periodon-
tium, and it causes elevated levels of inflammatory media-
tors. These mediators finally lead to the destruction of the
crestal alveolar bone and cause periodontitis [7, 8]. Due to
the prevalence of periodontitis and the importance of moni-
toring, this study aims to collect and summarize all evidence
of the association between hyperglycemia and periodontitis
based on clinical periodontal examinations.

Methods

This systematic review and meta-analysis were done accord-
ing to the PRISMA guideline [9]. To assess the association
between hyperglycemia with periodontitis, we conducted a
systematic review in all related studies which were searched
from comprehensive international databases of PubMed and
NLM Gateway (for MEDLINE), Web of Science, and Sco-
pus up to March 2021.

Search strategy

The main bases for the development of search strategies
were extracted from “periodontitis” or “hyperglycemia,”
and all related terms were included according to this main
strategy. The databases were searched by two reviewers
independently (Supplementary 1).

@ Springer

Eligibility criteria and selection study

All observational studies (cross-sectional, case—control, and
cohort) that investigated the association between hypergly-
cemia with periodontitis were considered eligible. Studies
that were conducted on non-human-subjects, those with
duplicate citations, and the non-generalized studies that were
limited to sub-group populations were excluded. In the case
of multiple publications from the same study, the study with
the most comprehensive sample size was included.

After removing duplicate studies, two independent
reviewers examined titles and abstracts as well as full texts
for relevance. Disagreement between these reviewers was
resolved by a third reviewer.

The data was extracted through a checklist which included
the following items; information of study; demographic and
bibliographic characteristics; methodological information;
definition of hyperglycemia and periodontitis, and results
of each study.

Quality assessment

Quality assessment was assessed using the Newcas-
tle-Ottawa quality assessment scale by study design (cross-
sectional, case—control, and cohort study) [10]. Two review-
ers independently evaluated quality assessment and any
disagreement resolved by a third reviewer.

Statistical analysis

Meta-analysis was performed for studies that reported odds
ratio (OR) and 95% confidence interval (CI) as a measure
of the association between hyperglycemia and periodon-
titis. Due to the small number of cohort and case—control
studies in the healthy population, meta-analysis was per-
formed only in cross-sectional studies. Chi-square-based Q
test and I-square statistics were used to assess the heteroge-
neity among studies. I-squared values, 0%, 25%, and 75%
showed low, moderate, and high heterogeneity, respectively.
If heterogeneity were statistically significant (P-value <0.1)
[11], the random-effect meta-analysis model was used (using
the Der-Simonian and Laird method) to find the associa-
tion between hyperglycemia and periodontitis. Subgroup
analyses were done with quality assessment, hyperglycemia
definition (fasting blood sugar (FBS) and Glycated hemo-
globin (HbAlc)), and dental indices (periodontal disease
(PD), and clinical attachment loss (CAL)). Publication bias
was estimated by Egger’s test and the result of this test was
considered to be statistically significant at P <0.1. Publica-
tion bias was presented schematically using a funnel plot.
When potential publication bias existed, the trim and fill
correction method was used to impute missing studies and
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correct publication bias. Sensitivity analysis was performed
to identify the effectiveness of exclusion of each study on the
pooled effect size. We undertook a meta-regression analy-
sis to detect the source of heterogeneity. All analyses were
conducted using Stata 11 (version 11; StataCorp, College
Station, Texas).

Results
Search strategy

The literature search yielded 340 studies, and after the
screening, 19 and 11 studies were included in systematic
review and meta-analysis, respectively. Figure 1 summarizes
the screening process of the studies. No studies were added
during the examination references list of relevant studies.

Qualitative synthesis
The main characteristics of included studies and their

quality score are shown in Table 1. Of 19 studies that met
the eligibility criteria in the systematic review, 11 were

cross-sectional study, 4 case—control, and 2 cohorts which
one study reported beta coefficient and one other had not
eligible dental indices.

The total sample size of the eligible studies in the system-
atic review was 41,300, of whom 25% of participants were
male with a mean age of 50.0+13.0 years. The total sample
size of the eligible studies in the meta-analysis was 38,896
participants, of whom 33% were male with a mean age of
51.20+14.0 years. Periodontal indices and hyperglycemia
were measured by using different methods. By type of Com-
munity Periodontal Index (CPI), four studies [12-15] used
CPI >3 mm, and two studies used CPI>4 mm [16, 17]. By
type of CAL periodontal index, 4 studies used CAL >3 mm
[12-15], 3 used CAL >4 mm [18-20], one studies used
CAL>5 mm [21] and 5 studies used CAL>6 mm [18, 19,
21-23]. By type of PD periodontal index, 6 studies used
PD>4 mm [14, 17, 18, 20, 23, 24], 4 used PD>5 mm [19,
21-23], 2 studies used PD >2 mm [25, 26], and 1 study
PD >6 mm [24]. Also, by type of hyperglycemia based
on HbAlc, 4 studies used HbAlc>6% [22, 23, 27, 28],
one study used HbAlc>7.5% [29] and one study used
HbA1lc>8% [26]. By type of hyperglycemia based on high
FBS, 6 studies used FBS > 110 mg/d [12-14, 18, 25, 30] and

Fig.1 PRISMA flowchart of
the study selection process - Records identified t.hrough database Additional records identified

ks searching through other sources

s (n=332) (n=8)

5

=

A A 4
Records after duplicates removed
(n =240)

'O

o0

g v

8

3] Records screened | Records excluded

@ (n=240 ) > (n=186)
— i
( ) Full-text articles assessed Full-text .articles excluded,

o with reasons
for eligibility —

z (n=>54) (0 =26)

S No data

=

m No Compilation and

overlapping report
—— Studies included in Ineligible language report
qualitative synthesis
(n=19)

z l

[}

E

E Studies included in

quantitative synthesis
(meta-analysis)

N

(n=11)

@ Springer



Journal of Diabetes & Metabolic Disorders (2021) 20:1327-1336

1330

199 JO

Joquinu Juasaid pue 00°SS
Kouonbaiy Surysniq SIIUOPOLId]
1003 “ayeIul [0Yoo[e (PL'T-0T'0) (epod < 6L'LE SN [s1l
6  ‘SMqey Sunjows 03y SH'T 0 ww eI PAWOOI>Sdd %S'LE 8LI'L [euondas-ssor) -nuoporrad oN - uonendod [EIOUSY  BAIOY ‘[TOT UOMI]
onbeyd 1ejusp pue
»&MU »ﬁOﬁQE:wﬁOo AWleowmvv ww WN dd ypm
[oyoore ﬁﬁ@ﬁr_ wC— (SN RS (0] ‘ww 9<1IVO
{ows “[9A3] [eUon (18'¢-LT0) ‘ww ¢<dd [61] 9oue1ry
6  -eonpa ‘19pudsg ‘ofy 88°0 YO WM ‘Ww HITVD [PAWITI>SHd  %6'HS SsT [UONO3S-55010) vL-6¢ uonendod [eouany  ‘01(g ‘MImSueg
[c1]
syqey Surjous (96'1 uedef
8 pue “Iopuds 98y 01 €8°0) LT'T YO €<1dO orr<sdd  %»L9c 0L0°T [BUONDIS-SSOIT 0L-0r uonendod [eroudn ‘6T “eureAysny
LT0=4S ‘vL'0=9 dd d8eroAy swoIp
Suysniq :woou br0=4s ‘c7=9 VO a8eroay -uA£s orjoqelow
Jo Kouonbaiy ‘Fur . INOYIIM SUOSId]
S[OWS ‘aWOIUI ‘uoT) 9¢=ds‘6'L=4 ww e <dd 60IF19F  owoIpuks o1j0q [0g] uepIor
8 -2oNpo ‘19puas a3y Se=4dS‘08=9 ww ¢ < TV PAWOIT<SEd  %6'SE 9¢1 [BUONDIS-SSOID 0 CIFE8y -LIoW YIM sjuaned ‘800 “TopeUy
[012183[0YP [210) (007-0L°0) ~
puE ‘uonesIpow 0L'T -0 ww €TV
Sutramor-prdif (06'¢-0€'1) [sz] ueder
6  ‘smels Sunjows 08y 0C'C 40 ww z<dd 01T <sdd %0 ¥8¢ [BUONOIS-SSOID) 881 FL'6¢ uonendod uowop ‘L00T ‘Plezewiyg
(8L'2-86°0)
S9'1 4O ww 6 0<ID
@ov-LED)
AR (0} ww g <Id
(€6c-11'D) syuoned onoq
08’1 4O ww g <Id ISd -BIP PI[[ONUOdUN) [62]
(€105 D) :dno13 jonuo) sjuoned Tyoerey| ‘0107
9 10puds pue ‘a3y 6v'C MO ww g <10 %S L<OIVAH  %01'8¢ I+1 :dnoid ase) [BUONDIS-SSOID) 6V 6F €T 6F  OnegeIp pa[jonuo) IIMUR], USOZIR
S[OAQ] 2509N[T
WNIdS [BWLIOUqY
(oz'e S[OAJ] 2500N[3 [91]
9 B -98°1) 9’ *40 SY<IdD Ip/3w OZI <Sdd - 06501 [BUONO9S-SSOIT) - Wnids [BWION  [9®BIST “T00T ‘[ 233
94
0S¢ (ww G 0y :dnois onuo) [onuod Ayyfesy  [L1] eMIRL, ‘S00T
9 B -86'0)98'1 MO ¥<dd) ‘Ww I 1dD %6<PIVAH  %89'67 S8 :dnoig ase) [onuos—aser) S'LS 1uened dnaqeIq ‘Sueny) uog-nyg
€' L-1¥D) (ww z)
FGTL-LLT) (ww ¢ <) :dnoi3 jonuo) [0nuod AYJ[Bd  BISAUOPU] ‘T10T
L B 85'¢ M0 TV pue (Ww ) Ad %S9<OIVAH  %SL'TE 10T :dnois ase) [onuoo—ase) €OIFI1L0S uened onaqerq ‘ojuesng LpUSH
1 spnuopo  erwedA[S1adAy oz1s s Fuedy Anunoo
(6 SIOpUNOJuU0)) 9%G66) 971s 109q -11ad jo uonmyaq jouonmuyaqg  %ORIN oidwreg u3isop Apm§ a3y 100lqns ApmS  ‘IeoA ‘sioyine ISILj
$AI0938
Aiend) s3urpurg SonIsLIRlORIRYD 2Insodxo pue awoAnQ sonsteeIRyd ApmS 1

SOIPN)S PAPN[OUT AY) JO SONSLIAORIRYD) | d|qel

pringer

Qs



1331

Journal of Diabetes & Metabolic Disorders (2021) 20:1327-1336

Sunyows

pue ‘suonIpuod
[e1ouad ‘Kyotuylo
‘orer awooul 0)

(s dQuo)ww < dd
(q100) Swres

Ky1on0d ‘uoneonpa (£ T-+8°0) 9} UO JOU SIS OM]) wuncowomkwm
JO sIBAA ‘x9S 93y €' O wuw § < TVD ou 10 PN
Sunyows (1998213 10O f %9
PUE ‘SUOTIPUOD 9)IS QUO) W < (I spnuoporiad
[e1oud3d ‘Kyoruy)e (108213 QIRIOPOIN
‘O1jeI QUIOOUT 0} 10 )00} duIes 9y} uo €Ts
Ky1on0d ‘uoneonpa WS- JOU SIS snnuoporad [81]1 VSN
6 Jo s1eak *xas 93y 9D IL'T *40 oM ww 9<IV)  IPBSOTT<Sdd %079 LLYET [BUONOIS-SSOID) ar0Adg  uoneqndod [ersusn ‘800z ‘omrv. 4 S1
jusunean) [e) AOOMIMO : jasiees m N 1—<U uﬂ@ﬁﬁ& mﬁ
-uoporrad jo K101s1y 9L'1 4O ww $2dd -nuoporiad INOYIIA
‘Sunjows ‘uonEONpo ) 897091 ww 9 TvV) oned [€2] spueproyoN
L “Kyd1uy’d ‘a5e xog (€Lz 40 ww ¢2ad BSIO<OIVAH  %LT'8Y €le [onuos—oase) - shnuopoLad ‘L10T ‘T pueulipg - 1
1991 o} AO I ?
mo uODESE nm—dmum |©wOv 88T AA 1991 JO 'ON
Suryjows ‘uoneonpa (90'7-9¢°0) [8¢] ueder ‘510
L ‘awoout “I9puan 98°0 *¥Y wuw ¢ 2TV %9<OIVAH  %SS°68 STl Hoyop 6L uonendod Apropi  ‘Dyesem[ Louesely ¢
(%01 <dod
pue ww < dd) P
(6¥'9 SONuopoLIad /3w 001 <SP swoIp
Mﬁﬁnwshn_ (100} JO o} N~Ov 880 IO 9I9A9G/)BISPOIN -A9[ DdA -uks Jrjoqejawx
Kouanbaij pue ‘[oAd] Ip INOYIIM SUOSIO]
uoneonpa ‘uonduwns 96°'S wur < TV /8w o1 < S[Q QWOIPUAS d1[0q [07] uemre],
8 -U0J [OYOJ[E Xas 9Ty 01 GC'0) [§'] *YO  SHIUOPOLId] 2I0ADS A 4Ddd %Yy scl [BUOIO9S-SSOIT) 9L—G¢  -BIoW PIM sjusled ‘10T ‘unyeueyy, ¢l
[oyoo[e pue
‘uzoyed ouepuane
[euap ‘Kousnbaiy (ET°1-T€0) _ “Jowt
Surysniq q1oo) 09°0 *¥d w9 <ad ['9<sad
‘[oA2] enbeyd ‘uon (81'1-0L°0) J/1owu [l pueruig
8 -eanpo ‘a8e “1opuan 160 -9 ww < dd 19<Sdd  %T6¢ 00T [eUONO3S-SSOID) ¥9010¢  uonendod ferouen ‘010C ‘uauowly, ]
Ansnuop
JISIA ‘ORIl POOJ
9S1010X9 ‘Aouanbaiy
Surysniq ‘smyejs
Sunjows ‘uoneonpa (+8°T-1L°0) wu 9 2TV [cz] ueder
6 ‘dwoout “I9puan (42 (0) Jo ww ¢<ad %09<2IVAH %YLy 1474 [eUONO3S-5S017) 08<  uonendod Aproprg ‘10T ‘emeSeutN 0T
i) SIINUOPO eruooA[S10dAy QZIS ds Fuedy Anunoo
(6 SIopuUNoyuo)) %66) 971 109q -112d jo uonmyaq Jjouonmuyag  %9MRIN ordwreg u3isop Apms By 100lqns Apmg  “‘reoA ‘sioyine ISInj
$91008
Aiend) sSurpury SoNSLI)oRIRYD 2InsodXd pue awodNQ sonstaloereyd Apms I

(ponunuoo) | sjqey

pringer

a's



Journal of Diabetes & Metabolic Disorders (2021) 20:1327-1336

1332

(S0

-1put onberd ;4 YS1oY 15910 JB[OAATE DV ‘SOOIPU] [BIUOPOLID] ANUNWIWIOD) [4)) ‘SSO[ Judwyoreye [eowr)) 7y ‘ydop Suiqoid @4 ‘Qwoipuks orjoqeiow Siapy 1593 asoon(3 ewse(d Junse Dg.4

(ogv
—L6'0)S0'C MO (Ww ¢/'70197°7) Ad 2509n[3-7
(8T°9-0%'1)
967 M0 (Ww /70 97'7) Ad %08 <°IVIH
(90°¢ juoned sn
—Z1'T)8E'T 0 WU G601 9.7 (Ad 9s0on[3-4 -nuoporad moyim
Sunjows pue (9T'8-8L'T) Juaned [9T] euryd
L ‘TING ‘10pud3 93y €8'¢ 70 WW 56 01 9.7 (Ad %0'8<OIVIH  %¥0°€9 4 [onuod—asen 68-9¢ snnuopoLad ‘010T 'WYD T 61
(zee
01€8°0) 0’1 *40 SIS Jo %05 <1d
ww ¢ dd Y
Ais Tewrxoxdiayur
[<JIoww 9TV
‘SISIA oLt Pl Sous et
[e1uap ‘Surgsniq 01 74°0) 98°0 *40 -1xoxdiour 72
1100) ‘9SBISIp 1Ieay SSO[ 1100) | < 10
pasouserp jo £10)s1y ww ¢ < TV SIS
‘Kderay) ouourioy (L1 Z Io ww ¢ 2 HOV Ip usmwom [12]l vSn
8 ‘Sunjowss 98y 01 $G°0) 96°0 MO ‘ssop ooy /Sw o1 < S9A %0 LS9 [euonoas-sso1)  SIeAK 6/ 01 OS Tesnedousunsoq ‘Y107 “QMUONET 8T
©T¢D0TEO  (Wwy<dd) €<IdD $'$<OIVAH
[BAIIUT 9OUIPYUOD
‘IO "Nqey Sunjours gy ler]
pueE ‘puds 08y (LD 6T M0 (W H<dd) €<IdD  AworrIsgd %818 8LY'T [eUONDIS-SSOID (34 soakordwa ynpy  uedef ‘600C BIIOWN LT
JySrom
Apoq Ayyresy pue SI0W 10
SIPAMUDMRABUL - (¢-p ) ) ([ 24O oUQ 0N BUISSI
<189 ‘9S10IAX? JIqey 1I04o) [v1]
8 Supjows Iopuds 08y  (['T 0D T YO (Wwy<dd) €<IdD PAWOIIISad  %0'1L €20°1 aATadsonay €LE soakordwa ynpy  uedef ‘010g ‘BHON 9T
i) SIIIIUOPO eruooA[S1odAy E7AN ds Fued\. Anunoo
(6 SIopunojuo)) %G66) 971 109q -11ad jo uonmyaq Jjouonmuygag  %9MRIN ordwreg u3isop Apms rAvg 100lqns Apmg  “‘reoA ‘sioyine ISInj
$91008
Aiend) s3urpurg SonsLIRloRIRYD 2Insodxo pue awoAnQ sonsteeIRyYd ApMS I

(ponunuoo) | sjqey

pringer

Qs



Journal of Diabetes & Metabolic Disorders (2021) 20:1327-1336

1333

one studies used FBS > 126 mg/dl [19]. The studies were
published between 2001 and 2017 years, and most were con-
ducted in Asian countries. Sixteen studies reported adjusted
OR at least for two confounders; the most commonly con-
founding factors were age, gender and smoking status. In
2 cohort studies, effect measure were ranged between 0.86
(95%CI: 0.36-2.06) and 1.88 (95%CI: 0.86- 4.10). In 4
case—control studies, OR and confidence interval was ranged
between 1.76 (1.03-3.00) and 4.20 (2.41-7.30).

Quality assessment

The results of the qualitative assessment showed that 15
studies had a high quality, and the remains had a moder-
ate quality. Also, no low-quality studies were observed. The
quality scores ranged from 6 to 9.

Quantitative synthesis

The results of the meta-analyses on the association between
hyperglycemia and periodontitis according to quality
assessment, hyperglycemia, assessed periodontal indices,
and hyperglycemia-periodontal indices in cross-sectional
studies are shown in Table 2 and Fig. 2. Significant het-
erogeneity was observed among the included studies
(I-squared =84.1%, P <0.001). There was a significant asso-
ciation between hyperglycemia and periodontal indices (OR:
1.50; 95% CI: 1.11, 1.90). By type of periodontal index,
hyperglycemia has a significant association with PD (OR:

Study
ID

By hyperglycemia definition !
FBS —
HbA1c ——

By dental index

PD

CAL —
PD/CAL

By hyperglycemia - dental index

FBS-PD

FBS-CAL —
FBS-PD/CAL 1
HbA1c-PD

Overall (I-squared = 47.2%, p = 0.056)

wo}gy* -

NOTE: Weights are from random effects analysi
T T T
01 2 3

Fig.2 Forest plot of the association between hyperglycemia and peri-
odontitis according to the definition of hyperglycemia, dental indices,
and hyperglycemia & dental indices in the cross-sectional studies

1.66; 95% CI: 1.06, 2.26) but not with CAL (OR: 1.07; 95%
CI: 0.53, 1.61) and PD/CAL (OR: 1.19; 95% CI: 0.92, 1.45).

According to hyperglycemia definition, we don’t found
any significant association between FBS with PD (OR: 1.62;
95% CI: 0.95, 2.28), CAL (OR: 1.07; 95% CI: 0.53, 1.61),

Table 2 Meta-analysis of the association between hyperglycemia and periodontitis in cross-sectional studies according to study characteristics

Overall periodontitis risk No point Sample size Pooled OR (95% CI) Heterogeneity assessment
Model I-squared % Q test P-value of
heterogene-
ity
By Quality assessment
Moderate 2 11,660 1.85 (0.68, 3.00) Random 85.90 7.08 0.008
High 15 46,800 1.44 (1.02, 1.87) Random 86.50 106.81 <0.001
By hyperglycemia definition
FBS 15 55,755 1.47 (1.04, 1.89) Random 87.60 112.06 <0.001
HbAlc 2 2,712 1.87 (1.38, 2.36) Fixed 0.00 0.90 0.343
By dental indices
PD 9 28,602 1.66 (1.06, 2.26) Random 92.00 104.76 <0.001
CAL 3 1,365 1.07 (0.53, 1.61) Fixed 0.00 0.98 0.612
PD/CAL 5 28,500 1.19 (0.92, 1.45) Fixed 0.00 3.62 0.460
By hyperglycemia—dental indices
FBS-PD 8 26,120 1.62 (0.95, 2.28) Random 93.10 101.85 <0.001
FBS-CAL 3 1,365 1.07 (0.53, 1.61) Fixed 0.00 0.98 0.612
FBS-PD/CAL 4 28,264 1.18 (0.86, 1.50) Fixed 12.50 3.43 0.330
HbAlc-PD 2 2,712 1.87 (1.39,2.37) Fixed 0.00 0.90 0.343

@ Springer



1334

Journal of Diabetes & Metabolic Disorders (2021) 20:1327-1336

and PD/CAL (OR: 1.18; 95% CI: 0.86, 1.50). There was
also a significant association between HbAlc and PD (OR:
1.87; 95% CI: 1.39, 2.37). By quality assessment, studies
with high quality had a significant association (OR: 1.44;
95% CI: 1.02, 1.87) than those with moderate quality (OR:
1.85; 95% CI: 0.68, 3.00).

Publication bias

There was evidence of publication bias (coefficient=-3.53,
p-value=0.014) (Fig. 3). Trim-and-fill analysis indicated
that if missing studies are included in the analysis, the
pooled OR of the association between hyperglycemia and
periodontitis change from 1.50 (95%CI: 1.11, 1.90) to 1.55
(95%CI: 1.20, 1.90).

Meta-regression

Based on the results of the meta-regression analysis, none of
the covariates, including sample size, quality score, hyper-
glycemia definition, and dental indices affect the observed
heterogeneity (p-value > 0.10).

Sensitivity analysis

The sensitivity analysis result was demonstrated that
the pooled results were robust, and excluding each study
couldn’t be affected on the pooled estimate.

Discussion

In the present systematic review and meta-analysis, we
aimed to assess the association between hyperglycemia
and periodontitis indices. To the best of our knowledge,
up to now, it is the first comprehensive systematic review
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Fig. 3 Funnel plot of the association between hyperglycemia and per-
iodontitis in cross-sectional studies
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run on this topic. All observational studies included in
this systematic review revealed the associations between
high levels of plasma glucose and periodontitis. Based on
findings, hyperglycemia was associated with periodontitis.
This association was significant regardless of the type of
indicators, and definition of diabetes.

Considering the increasing trends of diabetes, MetS,
and other metabolic risk factors, attention to the role of
these potential risk factors in the incidence or progression
of other comorbidities has become an interesting field of
research [8, 31]. In this regard, there is some evidence on
the association between hyperglycemia and periodontal
diseases. This assumption explains that increased levels
of plasma glucose could be a risk factor for periodontitis
[32]. Our results are consistent with the previous evidence;
that reveals a potential association between hyperglycemia
and periodontitis [8, 16, 31-33]. Previous study revealed
that regarding the chronic immune system activation in
patients with diabetes, leukocytes and pro-inflammatory
markers may be increased [34]. Moreover, the advanced
glycated end products (AGEs) as a consequence of hyper-
glycemia, can increase the inflammatory processes which
induce apoptosis [35]. The chronically increased level
of plasma glucose and inflammation could be increas-
ing oxidative stress in the periodontium that could lead
to elevated levels of inflammatory mediators. Following
these procedures destruction of the crestal alveolar bone
lead to periodontitis [8, 16, 36].

The methodological quality of included papers was mod-
erate and high. In cross-sectional studies, the sample size
was mostly representative of the general population. The
exposure was assessed through a defined standard measure-
ment tool. In case—control studies, the same procedures for
setting the case and controls were conducted, and exposure
was evaluated through the secure data. The criteria for the
detection of periodontitis is the critical determinant. The
clinical assessment is the gold-standard method of detec-
tion of periodontitis progression [31]. The variation of find-
ings may be rooted in different methodological and practical
approaches in the selection of periodontal indices, sampling
frames, and technical procedures of detection [37, 38].

Scientific experiments have shown that the promotion of
general health and detection and treatment of many risk fac-
tors such as high plasma glucose could increase oral health
and decrease oral diseases [31, 39]. Some of them even
emphasized the bidirectional association between diabetes
and inflammatory periodontal disease [40]. Considering
the discussed results, as a practical implication of research;
increasing the awareness about the importance of the con-
trol of plasma glucose and management of diabetes must be
added to health programs to reduce adverse health outcomes
of many oral diseases [31, 39].
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Compare with the parallel studies, the present study ben-
efited from many estrangements. It is the first comprehen-
sive systematic review and meta-analysis on the association
of hyperglycemia and periodontitis which all available data
were searched from international databases. We revealed
the gaps of evidence in this field for future complementary
researches.

There is some limitation in this study that should be con-
sidered. First, it is a secondary study and the quality and
representativeness of our data were dependent on the accu-
racy of the data extracted from the primary studies. Sec-
ond, according to the cross-sectional nature, it is difficult to
establish whether PD causes hyperglycemia or hyperglyce-
mia favors the incidence of PD. Third, because there were
few case—control and cohort studies and heterogeneity of
presented results, we could not analyze the sub-groups of
sex, age, ethnicity, and other practical specifications. Forth,
the adjustments of confounders were different in included
primary studies; therefore, many other factors, such as the
type of treatment and medication or supplement intakes that
could influence the association between hyperglycemia and
PD, have not been adjusted. Fifth, many potential co-factors
of such as oral health, smoking, alcohol consumption, job
description, and socio-economic class were not controlled.

Conclusion

The practical findings of the present study suggest an asso-
ciation between hyperglycemia and periodontitis. Thus, pre-
vention and control of hyperglycemia could be considered
as a preventive strategy for periodontitis. This approach
also could be a helpful method in usual tactic protocols in
patients with periodontitis.
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