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Poor glycemic control impairs oral health G

in children with type 1 diabetes mellitus -
a systematic review and meta-analysis
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Abstract

Objective There are more than one million children and adolescents living with type 1 diabetes mellitus, and their
number is steadily increasing. Diabetes affects oral health through numerous channels, including hyposalivation,
immune suppression, and the inflammatory effect of glycation end-products. However, patients with type 1 diabetes
must follow a strict sugar free diet that is proven to be carioprotective. Therefore, the aim of this systematic review
and meta-analysis is to investigate whether children with type 1 diabetes have a difference in Decayed, Missing,
Filled Teeth index (DMFT), salivary function, and periodontal status than children without diabetes, with an emphasis
on glycemic control.

Materials and Methods PubMed, Embase and Cochrane libraries were screened for articles, using predefined
search keys without any language or date restrictions. Two independent authors performed the selection procedure,
extracted data from the eligible articles, carried out a manual search of the reference lists, and assessed the risk of bias
using the Newcastle-Ottawa scale. Meta-analysis was performed in R using the random-effects model. Effect sizes
were mean differences; subgroup analysis was performed on glycemic control.

Results 33 studies satisfied the eligibility criteria. 22 studies did not show a significant difference regarding the DMFT
index between the diabetes and non-diabetes groups; six studies found that children living with diabetes had higher
DMFT scores, compared to five studies that found significantly lower scores. Meta-analysis found no statistically sig-
nificant differences in plaque, gingival, and calculus indexes, however it found significant differences in pooled DMFT
indexes, and salivary flow rate. Subgroup analysis on glycemic control using DMFT values found significant differences
in children with good and poor glycemic control with results of 0.26 (C195%=-0.50; 1.03) and 1.46 (CI95%=0.57; 2.35),
respectively.

Conclusions Children with poor glycemic control face higher risk of developing caries compared to good con-
trol and non-diabetes children. Regular dental check-ups and strict control of glycemic levels are highly advised
for children living with type 1 diabetes, further emphasizing the importance of cooperation between dentists
and diabetologists.
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Introduction

Diabetes Mellitus (DM) is a disorder that is caused by
either the lack of insulin secretion or the insufficient
effect of the hormone [1], that leads to a chronically
increased blood glucose level, which harms human
health in several ways [2].

DM has four main types: type 1 is caused by an auto-
immune response against the beta-cells of the pan-
creas; type 2 can develop on a multifactorial basis,
mainly by an unhealthy lifestyle with the addition of
bad diet and obesity; gestational diabetes develops and
usually recedes within the gestational period; and lastly
secondary diabetes that is either caused by certain
medications or other illnesses [3]. There is still some
uncertainty on the exact reason behind the develop-
ment of type 1 DM; numerous causes are mentioned in
the current literature including genetic (HLA proteins)
and nongenetic factors (viral infections such as Cox-
sackievirus B) [4, 5].

It was estimated that the number of people affected
by DM to be at 536,3 million in 2021, and projected to
reach 783 million by 2045 [6]. A significant portion of the
affected individuals consists of children and adolescents
and approximately 1.2 million of them have type 1 DM
[6]. According to Chobot et al., the incidence of type 1
DM increased from 5.36 to 22.74 per 100 000 capita in
24 years’ time [7]. Several studies showed that there is a
consistent increase in the number of affected children,
approximately 3%, per year [8].

Hyperglycemia is the main cause of the clinical symp-
toms: elevated blood sugar levels can cause polyuria,
weight loss despite heightened appetite, blurred vision,
excessive thirst, constant tiredness and diabetic ketoaci-
dosis [9]. Diagnosis relies on symptoms alongside an oral
glucose tolerance test (OGTT), although evaluating met-
abolic control can also be achieved through measuring
the HbA1lc level; furthermore, the presence of autoanti-
bodies associated with diabetes can be examined [10].

Dental caries is widespread all around the world [11].
Facilitated by biofilms and various factors, leads to local-
ized demineralization of teeth [12]. Additionally, there
were studies that reported on the harmful effects of DM
on oral health, namely higher caries rate in children with
type 1 DM, significantly higher plaque accumulation,
gingivitis and calculus deposition [13-15].

According to Nederfors, salivary dysfunctions can be
classified into three main groups: xerostomia, hypos-
alivation and changes in the composition of saliva [16].
Xerostomia is known to be the subjective complaint of
oral dryness [17], whereas hyposalivation means the
decrease in salivary outflow, that can be objectively
measured [18]. Hyposalivation can go together with
xerostomia, but that’s not always the case — on the
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other hand, sometimes xerostomia is present without
real salivary gland dysfunction [19].

DM is considered to cause lower salivary flow rate
[2], which can also induce harmful complications such
as caries [20] and oral candidiasis [21]. Hyposalivation,
poor immune defense, and high blood sugar levels are
the main risk factors of developing oral candidiasis [21,
22]. A suppressed immune system does not only make
the human body susceptible to infections [22], but it
also has a negative effect on wound healing [23].

DM has a bidirectional relationship with periodon-
tal health, namely because DM promotes periodon-
tal inflammation through various pathophysiological
pathways that influence immune cells, collagen and
lipid metabolism [11, 12, 24], while periodontitis can
have serious adverse effects on glycemic control [25].
High blood sugar levels can lead to the formation of
advanced glycation end-products, which enhance the
production of inflammatory cytokines. In this manner
the speed of periodontal bone resorption increases rap-
idly [26].

There is still debate on the overall effect of type 1 DM
on oral health; on one hand, lower salivary functions and
higher salivary glucose levels shift the oral environment
towards a more cariogenic milieu, on the other hand
patients with DM should follow a strict sugar-free diet,
that has a serious carioprotective effect [27]. The relation-
ship between type 2 DM and oral health is more certain,
however, the impact of type 1 DM is still contradictory.
There is data in the literature that type 1 DM decreases
[28], or has no significant effect on caries prevalence [29],
and also that it increases calculus and gingival indices
[30].

There is no previous analysis in the literature that
investigates the effect of different glycemic controls on
oral health in children with type 1 DM. Therefore, we
decided to investigate the effect of type 1 DM and glyce-
mic control on caries prevalence, salivary flow rate and
periodontal indices.

Materials and methods

This review was created according to the standards of
the PRISMA® (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) Statement. The PICO (P,
population/patient/problem; I, intervention; C, compari-
son; O, outcome) question we investigated in this review
was formed according to the rules of PRISMA®:

“Do children (P) living with Type 1 Diabetes Mellitus
(I), compared to healthy children (C), have worse caries
and periodontal indexes? (O)

The protocol of the review was preregistered on PROS-
PERO (CRD42023449223).
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Inclusion and exclusion criteria

Studies were included, if they (1) were cross-sectional
and case-control studies; (2) included patients under
the age of 19; (3) included only type 1 DM. Studies were
excluded if they (1) did not report on any of the prede-
fined outcomes; (2) were about other fields of dentistry;
(3) were animal studies; (4) were inadequate article types,
such as notes, reviews, letters, conference abstracts or
randomized controlled studies; (5) had high risk of bias.

Information sources, search strategy and the selection
process

An extensive search strategy was employed to identify
eligible studies through the following electronic data-
bases: Pubmed, Cochrane Library, and Embase. The com-
plete search key used was the following: ((diabetes OR
DM OR diabetes mellitus OR diabetic) AND (type 1 OR
type-1 OR type one OR insulin dependent OR IDDM))
AND (children OR child) AND (caries OR decay OR oral
health status OR DMF OR gingival index OR calculus
index OR salivary flow rate OR plaque index). The key-
words were linked with the help of Boolean operators.
The databases were screened on May 30, 2024-.

The results were exported to Endnote [31]. After
duplicate removal, which was done with the help of the
automatic duplicate finder in Endnote, two calibrated
independent authors searched for articles according to
the predefined inclusion and exclusion criteria with the
help of Rayyan.ai [32], where the title and abstract selec-
tion was conducted. Disagreements were solved by con-
sensus. If no consensus was achieved a third reviewer
helped with the decision. The final pool of included
studies was decided upon completing the full-text selec-
tion procedure under similar conditions. Agreements
between the reviewers were calculated by Cohen’s Kappa.
A manual search of the included papers reference list was
conducted using the online Citation chaser tool [33].

Quality assessment and data extraction

The quality assessment of the included studies was done
by the same two independent reviewers based on the
guidelines of the Newcastle-Ottawa scale for case-control
and cross-sectional studies.

Two authors have extracted the necessary data inde-
pendently using Excel (Microsoft) forms. The follow-
ing data were extracted: first, the year the article was
published; second, the names of the authors; and third,
the title of the study. The number and type of different
case and control groups were recorded, the parameters
they examined, the number of the examined children in
their respective groups, ages, and sex distributions were
recorded. Data on Decayed, Missing due to caries, and
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Filled Teeth (DMFT) index (categorical outcomes) and
the parameters of the saliva, including salivary flow rate
(continuous outcomes) and the quantity of the saliva
(continuous outcomes were recorded). Some studies
recorded the results of the Oral Hygiene Index-Simplified
(OHI-S), the Plaque Index (PI) (Silness-Loe), the Calcu-
lus Index (CI) (Greene and Vermilion), and the Gingival
Index (GI) (Loe-Silness) which were also extracted.

The results and conclusions of each study were sum-
marized to make the comparison more easily manageable
and the results straightforwardly accessible.

Publication bias and certainty of evidence
Publication bias was assessed by funnel plots when at
least 10 studies were available.

Certainty of evidence was assessed by one reviewer
with the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) tool.

Data Synthesis and Analysis

For the analysis, a random-effects model was chosen
based on the assumption of significant between-study
heterogeneity. The predefined included outcomes were
all continuous, therefore the effect size measure was
the difference between the means (MD) with 95% CI. A
result that didn’t contain the null value was considered
statistically significant. Subgroup analysis was performed
based on the glycemic control of the patients; differen-
tiation was made between well-, and poorly controlled
patients based on their HbAlc values; for standardiza-
tion purposes patients with lower than 7,5-8% HbAlc
were allocated to the well-controlled, and higher than
7,5-8% were allocated to the poorly controlled group.
Furthermore, between-study heterogeneity was calcu-
lated with the I2 statistics. Descriptive statistics were
used to show the results of the meta-analysis with forest
plots. Subgroup analyses were performed using the gly-
cemic control data of the patient groups. All statistical
analyses were carried out with R (version 4.3.0) using the
meta (version 6.2.1) package for basic meta-analysis cal-
culations and plots.

Results

Result of the systematic search and quality assessment
From the systematic search 1723 articles were retrieved,
after the duplication removal 1499 articles were assessed
by title and abstract selection (k=0.81). Conducting the
full text selection, 34 eligible articles were identified for
further analysis (k=1). The databases were screened on
May 30, 2024. No additional eligible studies were found
at the manual searches of the reference lists. The detailed
selection procedure can be found in Fig. 1.
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Identification of studies via databases and registers

Records identified from:
Databases (n = 3):
«  Medline (n = 879)

« Embase (n=731)
« CENTRAL (n=113)

Records removed before screening:

Duplicate records removed with
automatic tool (n = 224)

Records screened

(n = 1499)

Records excluded

(n = 1452)

Reports sought for retrieval

(n=47)

Reports not retrieved

Non-retrieved/unsuccessful
communication with authors (n = 0)

Reports assessed for eligibility

(n=47)

Reports excluded (n = 14):
No healthy control (n = 8)

Wrong population (n = 6)

| —

Studies included in systematic-
review and meta-analysis (n =
34)

Fig. 1 Prisma flowchart (2020), detailed explanation of the selection procedure
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For the included studies it was required to have trans-
parent inclusion and exclusion criteria, measurements
of outcomes, adequate statistical analysis and consistent
reporting of outcomes. To increase the certainty of the
evidence, studies with low to moderate risk of bias (above
a score of five) were included, whereas studies with high
risk (below a score of five) were excluded from further
analysis. The risk of bias assessment of studies is shown
in Table 1.

The study of Al-Mutari et al. has received high risk of
bias due to the contradictions in the abstract and in the
full text of the article. They had conflicting outcomes in
the Results section compared to the conclusion in the
main text [34].

General aspects of the included studies

All in all, the included articles were from 14 countries.
There were five studies from India [35-39], four from
Iran [27, 40-42],two from Saudi Arabia [43, 44], two
from Egypt [45, 46], two from Greece [47, 48], one from
Kuwait [14], one from The United States [49] one from
Poland [50], one from Portugal [51], one from Monte-
negro [52], one from Kosovo [53], one from Turkey [54],
one from Brazil [55], one from Iraq [56], one from Libya
[57], one from Sweden [58], one from Belgium [29], one
from Romania [59], one from Italy [60], one from Hong
Kong [61], one from Finland [62], one from Lithuania
[63] and one from Hungary [64].

The youngest child in the cohort was two-year-olds,
while the oldest one was eighteen years old. Altogether,
5048 children were examined: 2547 children living with
type 1 DM and 2501 non-DM children.

The included articles analyzed the oral health of chil-
dren with DM in comparison with their sex and age-
matched controls without DM. The parameters under
investigation included the following: DMFT, DMES
(Decayed, Missing due to caries, and Filled Surface),
dmft (decayed, missing, and filled primary teeth) indexes,
ICDAS (International Caries Detection and Assessment
System), stimulated or unstimulated salivary flow rate,
buffer capacity, viscosity and glucose level of the saliva,
CI, PI, GI (Table 2).

Glycemic control

Several articles differentiated between the quality of gly-
cemic control. Ten study divided the DM study group
into further groups according to their metabolic control
[27, 29, 40, 46-48, 50, 59, 60, 63]; five articles defined
good glycemic control (GGC) and poor glycemic control
(PGCQ) [47, 48, 50, 60, 63]. Whereas five articles included
a third group called intermediate glycemic control (IGC)
[27, 40, 46, 29, 59]. The HbAlc values used to define the
sub-groups are shown in Table 3.
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Seven articles examined the buffer capacity in rela-
tion to the prevalence of caries [14, 44, 47, 48, 52, 53, 63],
two reported significantly worse buffer capacity in chil-
dren living with DM [43, 53], and one of these two have
reported significantly higher scores on DMFT index [53].
From the three article reporting no significant differences
between the study and the control group with respect
to buffer capacity, two did not find a significant differ-
ence concerning the DMFT index either [48, 63] and one
found significantly higher DMFT [14]. Two articles have
reported higher buffer capacity, though not significantly
higher values, while there was no significant difference
between the DMFT indexes either [47, 52] (Table 4).

Caries indexes

The included studies exhibited a high degree of heteroge-
neity with respect to the analysis of DMFT index, which
stands for the number of decayed, missing due to caries,
and filled teeth [65].

Twenty-two studies did not find statistically signifi-
cant differences between the study group and the control
group [27, 29, 38, 41-44, 46-52, 54, 55, 57, 59-62, 64].
There were six studies revealing higher DMFT values
in the DM groups [14, 35, 40, 45, 53, 56]; and five stud-
ies found that children living with type 1 DM had lower
DMEFT values, which means a better caries prevalence
[36, 37, 39, 58, 63].

All those studies that found the DMFT index sig-
nificantly worse revealed poorer results in many other
aspects, such as higher PI and GI [45], lower buffer
capacity and salivary flow rate [53].

Interestingly, the study conducted by Elheeny et al.
reported higher DMFT index in the DM group, even
though they brushed their teeth significantly more [45].
Babu et al. reported that the DMFT index was higher
in children with DM, however their GI was comparable
[35]. The study of Geetha et al. disclosed that the DMFT
index in children with DM was significantly lower, while
their CI were significantly higher [36]. One other study
stated that the study group had better DMFS and PI
indexes despite having a lower salivary flow rate and a
higher salivary glucose level [37].

All the other studies revealed that there was no statis-
tically significant difference between the study and con-
trol groups regarding the DMFT or DMES indexes. From
these 22 articles, twelve showed a higher DMFT value
in DM groups, but these differences were not significant
[27, 38, 44, 46, 29, 42, 49, 51, 55, 57, 62, 64], and there
were five studies in which children with DM had better
DMFT values than healthy controls [41, 43, 52, 54, 61].
The remaining five articles did not report on the compar-
ison of healthy and DM individuals, only comparing the
groups divided by metabolic control [47, 48, 50, 59, 60].



Page 6 of 19

:748

(2024) 24

Triebl et al. BMC Oral Health

~ O 0 o ™~ 0 M~ ™~ 00 0 0 ! O ™M o0 o

0 0 WO 00 M~

1 0 0 o 0 0 O O

O

[67]) wnibj2g ‘010z “Is|abe

[29] puejui4 ‘2661 ‘O Bunfjuems
[£9] e1UBNUIIT '900T T BUSRIPNIS
[¥€] eigesy 1pNes ‘020z ‘HeINA-Y
[ov] ues;'Z10Z "d yBapes

[6€] eIpUI ‘L LOT 1Y

[cy] uel| ‘910z ‘nofhejey

[8¥] @929 ‘0z0t "3 "edded

[0S] puejod ‘0z0T "IN ‘Psuoyded
[65] eluBWIOY ‘6107 "V 'SOIESI
[8S] USpPamS ‘G/61 ‘UOSSIe

[£€] _Ipu| ‘7207 “Y '931ysnfuepy
[09] Aley ‘210 S '1e

[£T] Uel| ‘610 “S ‘ueiwey

[19] Buoy BUOH /10T 4 'V 'llewss|
[¥S] ANINL'0Z0T "V "L 'ueds|

[8€] e1pul %0z 'nlesepuinon

[6¥]
$911S PANUN BYL ‘986 | 120D

[o€] eIpul ‘6107 *S B985
[€£6]0A0SOY "810C "7 12424
[9%]1dAB3 ‘7 10T "eh=¥al-13
[S¥]1dAB3 ‘0207 “H 'V "V ‘Ausay3

[¢g) 016
-SURIUOW ‘1707 " D1noxpuni@

[1] [eBn1Iog '8LOT 2Py ‘0Y|a0D
[L¥] uel| "y 10z N1sseg

[¥9] A1ebuny ‘zz0z “q 'teAueg
[S€] eIpU| '8LOT "D "1 M 'Nqeg

[£] 829919 ‘6107 "V "elzieqeg
[v¥] BIGRIY 1PNeS ‘2207 'V °S "HIssY
[£8] eAQ 10T ‘wersyly

[95] bel| ‘6107 1wy

[€v]

BIqelY IPNeS ‘Lz0Z "H 'V Upeg-ly
[SS] l1zeig ‘T LOT ‘sanY

[1] wemny} ‘900z "eredity

9103s |ejo)

ajel
asuodsaiuoN

uswujeyadse Jo
poylaw swes

ainsodxa jo
JUBWUIRLIDISY

awodno

S|0J1U0d pue sased
Jo Ajiqesedwod

S|043u0D JO
uonuyaq

$]043U0D JO
[IIJFETES

sosed jo
mmw:w>_umu:®mw‘_awm_

uoniuysp ased
91enbapy

uold3|3s

1eak
‘loyine 1sii4

SIPNIS [RUOIIISS-SSOID /|0JIUOI-3SLD 10J 38D BMRIIO-[ISLIMIN 241 BUISN S3IPNIS PapN|dUl 243 JO JUSWISSISSe Seig Jo sy | ajqeL



Page 7 of 19

(2024) 24:748

Triebl et al. BMC Oral Health

9DUBJaYIP JuedYIU
-Bis Ajjeonsnels ou :o

9DUSIYIP 1ULdYIU
-BIs Ajleonsieis ou:D

9DUSIYIP 1ULdYIU
-Bis Ajjeonsnels ou :jo

uaIpjiyd e ui Ay
->eded bunayng ybiy
:Ayoeded bunayng
|ewlIou

9184 MO AseAljes

NG Ul Jamo| Appued
-ylubis Ajjeonsies
:Auoeded bunayng
9DUIBYIP uedLIUBIS
Aj|eonsiiels ou

:91eJ4 MO AseAljes

9DUBIIYIP 1ULD
-LIubIs A||edisinels ou
:Ayoeded bulayng
9oURIaYIP 1UBDLIUDIS
Ajjeonsneis ou

9181 MO AJeAljes

€90%7/0°0 /687500

€00
PP '600°0 :L4NG

S00<

6100

PYWp 'S0 14Nd

1200

1000

1890

71'0Wop €70 14N

0 >

2dUIBYIP JuedYIUDIS
Aj[eonsnels ou 1 4Ng
WQ ul

19yb1y Apuedylubis
Ajleansners 1 4Na
2dU3IRYIP uedYIUbIS
Ajjeansiels ou ing
W@ Ul Jamo| yap

2dUaJRyIp uedYIubIS
A||BD11S13R1S OU SHING

naul

Jamoy Ajpuedyiubis
A|[e21151181S “Ywp
ERlVEICTI] oRIVIRINIVSN
AJ[eansiels ou ;| 4Ng

92URJaYyIp uedYIUbIS
AJ[eo1snels ou 1 NG
waul

19yb1y Apuesyubis
Ajjednsnels : JNa
sdnoib ay3 usamiag
ERIVEICTIeRIVIRIMIVISIS
A||eonsiels ou ;1 4g

ERIVEICTIeRIVIRINIVSI

A||eD11S13e1S OU “Yap
ERIVEICTIeRIVIRINIVSI
AJjeansie1s ou ;] 4Ng

waut
19yb1y Apuesyubis
Ajleansiers 1 4Na

$9 1532w
601 S9]PW)

plo sieak gL —¢ €/l=u

o 1s9jew
€ S9lPWIDy

plo sieah g1-9 08=Uu

67 1solew
| :S9]ewd)

Sp|o sJeak G| —9 0/=U

61 1solew
77 'S3jeway
or=u

Sy ofew
G Dlewdy
0L=u

Sp|o-sJeak 71-9

Splo-s1eak G1—01

Sp|o-siesk €1-01 or=u
09 :S9lew
08 :Soeuay
Sp|o-s1eak 71-9 orl=u
61 oW
7€ 9euwsy

Sp|o-s1eak g1 —9 1G=U

Splo-S1edk G1—7 |

96 :S3]eW
Y01 Sojewsay
00Z=U ApNiS |[BUONDIS-SSOID

2 isaew
8¢ 1S9jeWy
08=U Apnis [euoi1das-ss01d

L€ [sojew
P 'S9]eWd)
y/=U Apnis [eUO1D5-5501D

8| s9ew
7T S9|PWdy
or=u

S 2w
G7 2|ewsy
0/=U Apnis [euoi1das-ssold

ApN1s |011U0D-358D

OF=U ApN1S |[eUOIIDIS-SS0ID
26 9w
/€ :9]euwd)

69=U ApN1S [PUOIIDIS-SSOID

67 2eW
72 9wy
LG=U Apnis [euod3s-55010

€G=U ApN3s [PUOIIDS-SSOID

[#9] Arebuny
'720T "Q "1eAueg

[sel eipul
'810C "9 71 'Nqeg

VAZEEET)
‘6107 "V "elZieqeg

[P¥] eigely
IPNes ‘7z0T 'Y 'S Missy
[£8]

eAQ ‘10T ‘Welsyiy

[95] beuj ‘610z 1wy

[€¥] e1gely Ipnes
"120C "H 'V Ipeg-y

I1Zeig ‘10T ‘oA

1]
Hemny| ‘900¢ ‘eredy

S9W0D}NO0 |ejuopoliad

sawod1no Kienljes

(LdwaQ) anjea-d

S9W0d1No sale)

siuedpied jo aby  dnoub josuo)

dnoib W@ ubisap Apnis

A1unod
‘1eak ‘1oyiny

sJo1oweled paulwexs pue solislaldeieyd diseqg T ajqel



Page 8 of 19

(2024) 24:748

Triebl et al. BMC Oral Health

0€ :2ewW 0€ :2eW
9DUIBYIP JUBDYIU 2dUIBYIP uedYIUbIS O 9wy o€ 9w} [8€] elpu|
-Bis Ajjleonsnels ou ;o $050  AJ[ednsiels ou ( JNg sp|o-sieak 0| ¥ 99=U 99=u  Apn1s |0JIUOD-35D 'v707 ‘nfelepuinon
Of :2ew /69w
9oUIaYIP 1UBdLIU 9oUJIaYIP UBDLIUDIS Of 91w} AC|IEN [6%] S9181S Payiun
-Bis Ajjeonsnels ou :|o AJ[e213s13e1s ou NG Sp|o-sieak g |-G 08=uU 691 =U ApNIS [PUONDIIS-SSOID 3] ‘986 42U19109)
NG ul
W@ urJaybiy Apued 1amo| Appuedyiubis [o€]
-yiubis Ajjesnsiess ;o 8000 Ajjeansneis 1 4Na plo-siesk G101 SLL=U S/L=u  Apnis|01uod-35eD  EIPU| ‘6107 S "eYyid9n
NG Ul JaMmo|
Ajpueoyiubis Ajjesnsi
-e35 1318l MOy Alenl|es
N Ul Jamoj Ajpuedyiu NG Ul
-Bis A|jeonsnes 13ybiy Apuedyiubis [£4]
:Ayoeded bunayng 1000 Ajjeonsiels ;1 4Ng plo siesh G101 08=u 08=U  Apnis |0JUOD-3SED  OAOSOY ‘8107 7 '1Z1io4
NG Ul Jaybry Apued
-ylubis Ajjeansness ;o 8z 9w | 2w
NG urJaybiy Apued 2dUIYIp uedYIUbIS 77 :9rway 67 2]eWa)j [oy]
-LIubIs Aj|esnsiels :|d G680  Ajleonsiels ou S4NG Sp|o-s1eak 6—9 05=u 0S=u Apnis joiuod-ased  1dAB3 ‘7107 ‘eANRl-13
NG Ul Jaybry Apued
-yiubis Ajjeonsiess id NQ Ul 8L =ew 901 -olew
NG Ul Jaybry Apued 19ybIy Auesylubis 0| :9PW) 9l | :9PWd) [S+] 1dABT
-yiubis Ajjeonsiess | L0000 Ajjeonsneis 1 4Na plosieak -8 =y Ccg=u  Apnis|onuod-ased ‘070z “H 'Y 'V ‘Ausayjg
NG Ut ybry :Ayoeded
Bupayng Qg ul Jlamoy /¥ s9eWw 8y soew
Ajpuesyiubis Ajjesnsh 9oUIaYIP UBdLIUBIS € SIBWD)  6E :S9PWD) [2G] 01bauUSUON
-B1S :91eJ MO} AIBAI|ES 9980  AJednsnels ou | 4Ng Spjo sieak G1-01 06=U /8=U ApN1S |[eUOIIDIS-SS0ID ‘| 70T "IN dIAoNR1N[d
NG Ut 1aybry Apued
-ylubis Ajjesnsnels ;|4 2DUIIYIP UL 61 soeW g1 s9ew
NG Ul Jaybiy Apued  -yiubis Ajjednsiels ou 2oURIayIp 1uedLIuUbIS SYIUOW 1IN0y pue Q| 'S9eWR) 8| SIBWay [15] |ebnyiog
-yiubis Ajjeonsiels ;D :91e) Moy AIeAljesS GO0<  AJeonsielsou:i {Ng  Sleak €| jo abe ueawl 9c=u Q€=U ApPN1S |[RUOIIDIS-SSOID ‘80T DPIsY ‘0Y|a0D)
¢l 2eW €| 2ew
2dUIYIP uedYIUDIS Q1| :9lewd) Q1 :9/euwd)
€60 Ajeonsnels ou 4NGg Spjo-sieak / |-/ le=u L€=u Apnis [BUOIDS-SSOID  [| 4] UBl| ‘4107 Isseg
A1uno>
SSWODIN0 [RJUOPOLIdd  SBWO0INO KieAljes (14WQ) onjea-d sdwodno sare)  syuedpiuied joaby dnoub jonyuod  dnoib Qg ubisap Apnis ‘1eak ‘1oyiny

(panunuod) g ajqey



Page 9 of 19

(2024) 24:748

Triebl et al. BMC Oral Health

W@ ursaybiy
Ajpueoyiubis Ajjesnsiels 7€ 9ew € 9ew
1|5 9oUIaHIp JuedYIUbIS 9DUIBYIP uedYIUbIS of 9wy of :9]ewWaj [e¥)
A||ea13s1els ou :d 8510 Ajeonsneis ou: 4Ng Sp|o-sleak g1 -G 0g8=u 08=U  Apnis |013U0D>-358D uel| ‘910z ‘nofejey
9DUIBYIP UL
-yiubis Ajjeonsieis ou
9184 MO AseAljes
9dUIaYIp 1UedYIUBIS 0C :Sajew Of :Sajew
AJ[BD11S13R1S OU :AY 2dUIRYIP uedYIUbIS 0€ :S9eWR) 09 :S9|eWd) [8¥] 939219
-d>eded bulayng GO0<  Ajeonsnels ou: 4Ng plosieak g1—01 0s=u 00L=U Apnis |BUOIID3S-SSOID ‘020z "3 'eddey
2DUIYIP JULD
-ylubis Ajjeonsiels ou g 71 :sojewl 9z sajew
9DUIYIP ULdYIU 2dUIRYIP JuedYIUbIS €| :S9leWd) T S9JPWIR) [05] puejod
-Bis Ajjeonsiels ou ;o 810 AJeonsiels ou 1 4Nd plosiesh g1-01 GZ=u 05=u  Apnis |0/U0D-3seD ‘070 "IN ‘DSsuoyded
Q-uou pue [65] elupwioy
- W@ ulepwis 1 4NQ p|o sieak /| -S Gl=u Gl=u  Apnis |01}U0D-358D ‘6107 "V ‘SOJeSaN
INQ Ul J1amo| [85] usp
100 Ajpuedyiubis :54Q spjo-sieak 9| -6 ce=u €e=U ApNisS[eUONDSS-SSOID  -IMS ‘G/6 | ‘UOSSIBA
INQ Ul oMol NQ Ul
NG uliamol Apued  Apuedyiubis Ajjednsi 1amoy Apueduiubis [£€] eipu)
-JIubIs A||eo1nsieis 4 -eis :91ed Moy AleAljes S00< AJ[eansiels : 4ng plo sieak 91-7 1| ovr=u OF=U ApPN1S [RUOIDIS-SSOID ‘220 Y ‘@aiysnfuepy
99 :s3jeW €€ :sojewl
9oUIaYIP uedYIUBIS 0/ :S9PW3)  GE iS3|ewWa)
S00<  Ajjeonsiels ou Syad| plo sieak 71— 9gL=u 89=u  Apnisjonuodased  [09] Ajel /10T "S 1€
£t S9jew £t S9jew
9dUIBYIP ueDYIUDIS /G S9BWIR) /G 1S9ewWay a
$59°0  Ajjednsiels ou ] JANQg p|o sledk 1 -6 00L=u 00L=U Apnis |[BUOIIDIS-SSOID  URI| ‘6107 “S ‘UBIULIEY
9DOUIYIP JULdYIU 2dUIYIP JuRDYIUDIS
-Bis Ajjeonsnels ou:D A||21S13R1S OU “YuIp /1 S9jew 9| :S9jew
90UI2YIP 1UBdYIU 9oURIaYIp 1uedLIUBIS p|o sleak 9| :Sojeway 9| :Sojewdy [19] buoy buoH
-Bis Ajjeonsnels ou :o 990 WP HH014NG  Ajlednsieis ou 34Ng yF 7| 29be ueaw €=u 7€=U  Apnis |0AU0d-35eD /10T "4V ‘[1lews|
$|0J1U0D Ul oW
Kjaueoyiubis Ajjed
-[3S13B1S :S91IRD IS
SdUBIBYIP JUBDYIUDIS
A||ea1saels ou ing
‘NG Ul JMO] :JUIp 0€ s9ew $7 s9eW
NG Ul 1amo| Ajpued 887°0  9oUJaIp uedyubls 07 'S9eWd) Q7 :Saleway [#G] AN
-ylubis Ajjeonsness 4 SJUP /0 4NG Ajleonsiels ou i NG p|o sieak €1-9 0s=u 05=u  Apnis |0J}U0D-35eD ‘020 "V "L'ueds|
A1unod
SSWODIN0 [RJUOPOLIdd  SBWODINO KieAljes (14WQ) onjea-d sdwodno saue)  syuedpiuied joaby dnoiub jonyuod  dnoib Qg ubisap Apnis ‘1eak ‘1oyiny

(panunuod) g ajqey



Page 10 of 19

(2024) 24:748

Triebl et al. BMC Oral Health

WIA1SAS JUBUSSISSY PUe UOI1IR13( SalIeD) [euOleUISIU|
SYaD| ‘xapu| anbeyd 4 ‘xapuj snindjed D ‘Xxapu| [eAIBUID [D ‘@2e4INng paj|i4 pue ‘satied 03 anp Buissi|y ‘pakedsq SN ‘Yival pa||i4 pue ‘saiied 03 anp Bulissiy ‘pakedaq LINa ‘SNH|IBIN S233GeId W :SUOIDIAJIGQY

9oURJIaYIP UBDLIUBIS

AJ[B211S13R1S OU “YWp 87 :9ewW 6¢ 9w
9oURJIaYIP UBDLIUBIS 7T 2euwsy €7 :2ewsy [67] wnib
LT0YWP SE0LAING  Ajlednsness ou [4Nd splo-sieak 91 ¢ 05=Uu ¢G=U Apnis [BUONDSS-SS0ID -129 ‘010 Y1s|obeL
SDUIBYIP JUBD
-yiubis Aj|eansneis ou
19181 MO A1eAljes SdUIBYIP JuBDYIUDIS
2dUJRYIP JuedYIUbIS A]|BD13S1381S OU SN 6€ :9ew 6€ Dew
AJ[BD13S1381S OU A1 9DUBJaYIP JuedYIUb)S O :9]ewd) O :9]ewd) [29] puejui4
-deded bunayng AJ[B213s1381S OU NG spjo-sieak g -2 | G8=u G8=U Apnis [BUONDSS-SSOID ‘7661 ‘0 bunljuems
Waui
1amoy Ajpuedyiubis [€9] eluenyi
Aj[eonsnels ;Ss4nNg Sp|o-s1eaA G101 89=U 89=u ApNis [PUOIIDIS-SSOID '900¢ ‘r dUaIPNIS
NG Ul 1aybry Apued
-LIubls Ajjesnsneis ;|4
90UIRYIP UBDYIU
-Bis Ajjeonsnels ou ;D WQ ul 9| :Sojew 9| :S9jew
NG Ul 1aybry Apued 19ybIy Apuedyubis p|o € :S9eWd) € [S9|ewd) (o]
-4iubis Ajjeansiels ;o 50'0'80°0 Ajjeonsneis | 4Ng - siesk gl—¢| pue z1-9 0s=u 05=U Apnis [euondas-ssoid  uel| '/ 107 "y Iybapes
NQ Ul JoMO| WQ Ul
Apuedyiubis Ajjesnsn Jamo| Apuedyiubis
-B1S 19181 MO} AIBAIjES 50000 Aj[eonsnels ;1 4Ng spjo-sieak 71-9 ooL=u 00L=U Apnis [PUOIIDIS-SSOID [6€] elpUl ‘1 10T ‘IeY
A1uno>
S3WODIN0 [RJUOPOLIdd  SBWODINO AleAljes (14WQ) anjea-d sawodino sae)  syuedpiuied joaby dnoiub jonyuod  dnoib Qg ubisap Apnis ‘1eak ‘1oyiny

(PanuNUOd) Z 3jqey



Triebl et al. BMC Oral Health (2024) 24:748

Page 11 of 19

Table 3 The connections between DMFT index and the salivary flow rate

Flow rate is significantly lowern=5  Flow rate, no significant difference Normal
n=5 flow
raten=1
DMFT is significantly higher 5/1 20% 5/1 20%
DMFT no significant difference 5/2 40% 5/4 80% 1/1 100%
DMFT is significantly lower 5/2 40%
Abbreviations: DMFT Decayed, Missing due to caries, and Filled Teeth
Table 4 The connections between the DMFT index and the buffer capacity of the saliva
Buffer capacity is significantly lower  Buffer capacity no significant High buffer
n=2 difference n=3 capacity
n=2
DMFT is significantly higher 2/1 50% 3/133%
DMFT no significant difference 2/1 50% 3/2 66% 2/2 100%
DMFT is significantly lower
Abbreviations:DMFT Decayed, Missing due to caries, and Filled Teeth
Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Assiri S., 2022 40 35524500 40 2.83 1.8300 -——‘-— 0.72 [-0.23; 167] 54%
BabuK, 2018 80 126 24900 80 0.46 1.2000 BL 080 [0.19; 1.41] ©6.8%
Djuri¢kovic M., 2021 87 43017900 90 4.33 1.9900 —= -0.03 [-0.59; 053] 7.0%
Geetha S, 2019 175 0.70 0.4500 175 1.75 0.8000 : -1.05 [-1.19;-091] 82%
Ismail A., 2017 32 16917500 32 203 1.7500 —= -0.34 [1.20; 052] 57%
Kamran S_, 2019 100 260 1.2500 100 2.52 1.2600 = 0.08 [-0.27; 0.43] 7.7%
Sadeghi R., 2017 48 258 29646 48 1.38 1.7100 T 120 [0.23; 216] 53%
Akpata E.S., 2012 53 6.40 47000 53 4.70 3.3000 —“——— 170 [0.15; 325] 3.4%
Alves C_, 2012 51 194 28400 51 1.41 23400 T 0.53 [-0.48; 1.54] 51%
AmerY., 2019 40 26503500 40 1.22 0.2200 143 [1.30; 1.56] 82%
BasirL., 2014 31 37124800 31 43527400 — =1 -064 [-194; 066] 4.1%
El-Tekeya M., 2012 50 082 15800 50 0.70 1.2600 R 0.12 [-0.44; 068] 6.9%
Goteiner D., 1986 169 453 3.8000 80 4.46 3.2200 — 0.07 [-0.84; 098] 55%
Govindaraju L., 2024 66 13222410 66 0.77 1.1870 = 0.55 [-0.06; 1.16] 6.7%
RafatjouR., 2016 43 378 32400 75 3.08 2.7400 o 0.70 [-0.45; 1.85] 46%
Swanljung O., 1991 85 430 31000 85 3.30 2.7000 T 1.00 [0.13; 1.87] 57%
TagelsirA., 2010 44 384 38900 41 287 24700 T 097 [-0.41; 235] 3.9%
Random effects model 1194 1137 | ] : <> : : | 0.41 [0.03; 0.78] 100.0%

Heterogeneity: 12 = 98%, 1° = 0.4346, p<0.01

3 -2 1 0 1 2 3

Fig. 2 Meta-analysis of the pooled DMFT values compared in children with and without DM

There were 17 studies included in the meta-analysis
(14, 27, 29, 35, 36, 38, 40-42, 44, 46, 49, 52, 55, 56, 61, 62].
Statistically significant differences were found between
the groups, with a result of 0.41 (CI95%=0.03; 0.78). The
between study heterogeneity was considered very high
and significant 12=98% (Fig. 2).

After dividing children living with DM into groups
according to their metabolic control, there were a
few articles that did not find statistically significant

differences between the groups [27, 40, 46, 47, 29, 59,
60]. Three articles found significant differences between
different metabolic controls [48, 50, 63]. Pachonski et al.
reported that there was a significant difference between
children with PGC and GGC regarding the DMFT index,
and children with GGC had the best DMFT values
among the groups, including the healthy controls, while
children with PGC had the worst values [50]. According
to the study of Pappa et al., even though there was no
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Experimental Control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Pachonski M, 2020 25 580 37500 25 3.88 3.3500 . 192 [0.05: 389 6.0%
Pappa E., 2020 50 360 12000 50 1.50 0.6000 P 210 [173 247] 127%
Sadegi R, 2017 20 320 05000 50 1.42 1.3800 - 178 [1.34: 222] 125%
Kamran S., 2019 55 26512700 100 252 1.2600 = 0.13 [029; 0.55] 12.5%
Tagelsir A, 2010 10 47534500 41 287 2.4700 +——=——— 188 [039; 415 51%
Ra2 offec ode 50 <= 46 [0.57; 2.35] 48.¢

KamranS,2019 45 253 12300 100 252 1.2600 = 001 [-043: 045] 125%
Pachonski M., 2020 25 344 33700 25 3.88 33500 o 044 [230: 142] 6.4%
Pappa E., 2020 50 120 05000 50 1.50 0.6000 030 [052:-008] 13.0%
Sadegi R , 2017 30 282 06000 50 142 1.3800 — 140 [096. 1.84] 125%
Tagelsir A, 2010 20 316 35500 41 287 24700 —— 029 [-144: 202] 69%
Random effects mode ; == 0.26 [-0.50; 1.03] 51.2

Random effects model 330 532 : : <> : 0.84 [0.19; 1.50] 100.0%

Heterogeneity: F= 95%, T 0.8505, p < 0.01
Test for subgroup differences: -/_f =3.99,df =1 (p =0.05)

4 2 0 2 4

Fig. 3 Subgroup Meta-analysis of DMFT index in well- and poorly controlled children compared with children without DM

significant difference between children with GGC and
no DM in terms of DMFT, there was a significant differ-
ence between the GGC and PGC groups and a signifi-
cant difference between the PGC and control group [48].
Babatzia reported that children with PGC had higher
DMES values, although not significant [47]. According
to the study of Siudikiene, children living with DM had
significantly lower DMFS score compared to non-DM
children, patients with well-controlled DM had signifi-
cantly less decayed surface, to poorly controlled individ-
uals [63].

There were five studies included in the meta-analysis
of DMFT with subgroup analysis based on their glyce-
mic control [27, 29, 40, 48, 50]. There was a statistically
significant difference between poorly controlled patients

and non-DM patients with a result of 1.46 (CI95%=0.57;
2.35). The between study heterogeneity was considered
very high and statistically significant 12=92%; there was
no difference between the well-controlled and non-DM
patients (Fig. 3).

Salivary parameters

Seven articles investigated the buffer capacity of children
with DM [14, 44, 47, 48, 52, 53, 62]. Two articles showed
statistically significantly worse buffer capacity [44, 53],
three articles did not find significant differences between
the study and control group [14, 48, 62], and two studies
reported better results in the DM group, while the buffer
capacity of these children was not significantly higher
compared to children without DM [47, 52].

Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Assiri S., 2022 40 0.86 03060 40 0.96 0.4760 ——— -0.10 [-0.28; 0.08] 13.4%
Djuri¢kovic M., 2021 87 099 0.1400 90 1.06 0.2000 P -0.07 [-0.12;-0.02] 16.4%
Ferizi L., 2018 80 086 0.1600 80 1.10 0.1400 - 024 [-0.29;-0.19] 16.4%
Swanljung O., 1991 85 12007000 85 1.40 0.7000 — -0.20 [-0.41; 0.01] 124%
Siudikiene J., 2006 68 1.17 06800 68 149 07500 ————— -0.32 [-0.56;-0.08] 11.5%
Akpata E.S., 2012 53 0.80 0.4000 53 0.80 0.5000 —— 0.00 [-0.17; 0.17] 13.5%
Rai K, 2011 100 0.18 0.1165 100 0.72 0.2227 =+ : -0.54 [-0.59;-0.49] 16.4%
Random effects model 513 516 : <l>* : | -0.21 [-0.36; -0.07] 100.0%

Heterogeneity: 12 = 97%, > = 0.0331, p < 0.01

04 02 0 02 04

Fig. 4 Meta-analysis of stimulated salivary flow rate compared in children with and without DM
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Eleven study examined salivary flow rate, from which
five studies examined stimulated salivary flow rate [44,
47, 52, 53, 62], four study examined the unstimulated
flow rate [37, 39, 51, 55], and two examining both the
stimulated and the resting salivary flow rate [14, 48]. Five
of them have reported significantly worse results [37, 39,
52, 53, 55], five studies revealed no significant difference
between the study and control groups [14, 44, 48, 51, 62],
and lastly, one study reported comparable outcomes in
children with DM to non-DM children [47].

Out of the three articles where they found the flow
rate significantly worse in the study group than in the
control group [37, 39, 52, 53, 55], there was one article
that reported significantly higher DMFT scores [53], two
with no significant difference [52, 55], and two with sig-
nificantly lower DMFT index [37, 39]; whereas the five
articles where they found no significant difference in the
salivary flow rate, four of them also showed no significant
difference in the DMFT scores [44, 48, 51, 62], except for
the study of Akpata, where the DMFT index was signifi-
cantly higher in DM children [14] (Table 3).

Seven articles examined the buffer capacity in relation
to the prevalence of caries [14, 44, 47, 48, 52, 53, 62],
two reported significantly worse buffer capacity in chil-
dren living with DM [43, 53], and one of these two have
reported significantly higher scores on DMFT index
[53]. From the three article reporting no significant

Page 13 of 19

differences between the study and the control group
with respect to buffer capacity, two did not find a signifi-
cant difference concerning the DMFT index either [48,
62] and one found significantly higher DMFT [14]. Two
articles have reported higher buffer capacity, though not
significantly higher values, while there was no significant
difference between the DMFT indexes either [47, 52]
(Table 4).

There were seven studies included in the meta-analysis
of salivary flow rate [14, 44, 52, 53, 62, 63]. There were
statistically significant differences between the groups
with a result of -0.21 (CI95%=-0.36; -0,07). The between
study heterogeneity was considered very high and signifi-
cant 12=97% (Fig. 4).

Only three of the seven articles recorded data about
metabolic control and salivary parameters. Pappa et al.
reported that salivary flow rate and pH values were sig-
nificantly lower in the PGC group than in the GGC group
and controls [48], while others found that the flow rate
of all children was normal with sufficient capacity [47].
Siudikiene et al. found that there were no significant dif-
ferences between the groups in terms of salivary flow rate
and buffering capacity [63].

Periodontal indexes
Considering periodontal indexes, GI, PI, and CI were
examined.

Experimental Control
Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl Weight
IscanT., 2020 50 0.40 06000 50 0.43 0.6000 -*;- -0.03 [-0.27;0.21] 6.5%
Ismail A., 2017 32 058 03600 32 0.62 0.2900 & -0.04 [-0.20;0.12] 13.9%
Sadeghi R., 2017 50 1.15 05180 50 0.93 0.3900 e 022 [0.04;040] 11.1%
Pachonski M., 2020 75 1.02 06700 25 0.92 0.5200 T 0.10 [-0.15;0.35] 55%
Babu G, 2018 80 0.33 04800 80 0.33 0.5300 = 0.00 [-0.16;0.16] 14.6%
Goteiner D., 1986 169 1.39 0.3500 40 1.34 0.2200 ; 0.05 [-0.04;0.14] 48.1%
El-Tekeya M., 2012 50 353 33800 50 214 24400 —'— 1.39 [0.23;255] 0.3%
Random effects model 506 327 : I ] ] 0.05 [-0.01; 0.11] 100.0%

Heterogeneity: 1 = 44%, t* < 0.0001, p = 0.09

2 -1 0 1 2

Fig. 5 Meta-analysis of L6é & Silness gingival index values compared in children with and without DM

Experimental

Control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight

Djurickovic M., 2021 87 0.09 0.2300 90 0.03 0.1400 I——'—— 0.06 [0.00;0.12] 59.6%

Ismail A., 2017 32 0.14 01500 32 0.13 0.1500 — 0.01 [-0.06; 0.08] 35.0%

Sadeghi R., 2017 50 0.69 0.3800 50 0.60 0.5600 : 0.09 [-0.10;0.28] 5.4%

Random effects model 169 172 <> 0.04 [0.00; 0.09] 100.0%
] T T 1

Heterogeneity: 1?=0%, % =0, p =051

-02-01 0 01 02

Fig. 6 Meta-analysis of Greene and Vermilion calculus index values compared in children with and without DM
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Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Djurickovic M., 2021 87 129 05600 90 1.01 0.5000 . 028 [0.12; 0.44] 153%
IscanT., 2020 50 1.10 0.8000 50 1.40 0.7000 - 1H -0.30 [-0.59;-0.01] 149%
Ismail A., 2017 32 066 04600 32 0.43 0.1600 . 0.23 [0.06; 0.40] 15.3%
Manjushree R., 2022 40 0.38 0.1600 40 1.39 0.7500 = | -1.01 [-1.25,-0.77] 15.1%
Sadeghi R., 2017 50 1.07 05500 50 0.69 0.4390 i 0.38 [0.18; 0.58] 15.2%
Pachonski M., 2020 50 156 0.7000 25 1.33 0.6200 3 0.23 [-0.08; 0.55] 14.8%
El-Tekeya M., 2012 50 373 34700 50 1.60 2.3800 i —+—— 213 [096; 3.30] 94%
Random effects model 359 337 <> 0.17 [-0.40; 0.74] 100.0%
Heterogeneity: 1> = 95%, ©* = 0.5438, p < 0.01 l I I ! ! !
3 2 1 0 1 2 3

Fig. 7 Meta-analysis of Silness & L&é plaque index values compared in children with and without DM

00

04 02

Standard Error

06

08

-1.0 05 0.0

T T T T
05 1.0 15 20

Mean Difference

Fig. 8 Funnel plotof publication bias in DMFT outcomes

There were nine studies reporting on GI scores. Four
articles showed higher GI scores in children living with
DM [40, 42, 45, 46], and five articles did not find signifi-
cant differences [35, 38, 47, 50, 61]. There were no data
about significantly better GI scores; however, in one
study the gingival conditions of DM children were con-
sidered healthy [35].

Seven studies were included in the quantitative analysis
of GI that was comparable and used the Loe and Silness
index [35, 39, 40, 46, 49, 50, 54, 61]. There were no sta-
tistically significant differences between the groups with

a result of 0.05 (C195%=-0.01; 0.11). The between study
heterogeneity was considered low and statistically non-
significant 12=44% (Fig. 5).

Regarding CI, two out of five studies have reported sig-
nificantly higher scores in children living with DM [36,
51], and three did not find statistically significant differ-
ences between the groups [40, 47, 61]. Just as in the case
of GI scores, there was not a significantly better CI score
recorded in the DM group.

Meta-analysis was conducted on three studies regard-
ing CI that used Greene and Vermilion indexes [40, 52,
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Fig. 9 Assessment of the certainty of evidence with GRADE tool

61]. There were no statistically significant differences
between the groups with a result of 0,04 (C195%=-0,00;
0,09). The between study heterogeneity was considered
very low and non-significant 12=0% (Fig. 6).

Nine articles reported on PI, from which five articles
found significantly higher PI scores in the DM group [40,
45, 46, 51]. Among these four articles, one applied this
observation only to children with poor metabolic control
[47]. There were two studies with non-significant differ-
ences between the groups [42, 50], while two studies have
reported lower PI scores in the DM group [37, 54].

There were seven studies included in the meta-analysis
of PI [37, 40, 46, 50, 52, 54, 61]. There were no statistically
significant differences between the groups with a result of
0.17 (C195%=-0.40; 0.74). The between study heterogene-
ity was considered very high and statistically significant
12=95% (Fig. 7).

Three studies that examined DM children according to
different metabolic controls did not find significant dif-
ferences between the groups regarding the conditions of
the periodontium and oral hygiene (PI, GI, and CI) [40,
46, 50]. Even though Babatzia et al. have reported that
there was no significant difference between GI and CI
scores, they found that children with PGC had signifi-
cantly more dental plaque [47].

Publication bias and certainty of evidence
With analyses containing at least 10 studies, publication
bias was assessed by generating funnel plots. DMFT out-
comes have provided symmetrical funnel plots, hence
the probability of the existence of publication bias is low
(Fig. 8).

Outcomes DMFT, GI, and CI have received low cer-
tainty of evidence, whereas outcomes salivary flow rate

and PI have received very low certainty of evidence
(Fig. 9).

Discussion

The results of our meta-analysis regarding the pooled
values of DMFT differences between patients with and
without DM are in line with current state of the litera-
ture, however we only found a small difference between
the groups, that is even though statistically significant,
also clinically irrelevant, therefore a more complex
approach is necessary to identify the connections more
accurately [66].

The measurement of metabolic values in children
holds significant importance as it facilitates early diag-
nosis and timely intervention. This approach enables
full understanding of the potential consequences of
DM, especially the effects of elevated blood glucose
levels.

For instance, certain studies did not report statistically
significant differences between the study and control
groups. However, taking into account the differences in
metabolic control, significant differences are found. For
instance, Pachonski et al. reported no significant differ-
ences between DM and non-DM children concerning
DMFT values. However, they observed statistically sig-
nificant differences between PGC and non-DM chil-
dren. [50]. Differences in metabolic control within the
populations could give an explanation for some of the
differences between the included studies, that may be
responsible for some of the between study heterogeneity.

The most recent meta-analysis in the topic have
found similar results regarding the differences in pooled
DMFT values, however it did not investigate the effect
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of different glycemic controls on DMFT values [20].
Therefore, this meta-analysis sought to fill this gap in the
literature.

The study of Elheeny et al. did not group the children
with DM according to their quality of metabolic control,
despite that, the study can be informative in this aspect.
The frequency of children with PGC was higher in the
age group between 8 and 10, than 11 and 14 with per-
centages of 93,6% and 76,3%, respectively — which means,
especially for the early adolescent group, that they basi-
cally examined children with poorly controlled DM. They
found significantly higher caries scores in both of these
age groups [45]. However, in some cases, even when they
examined more children with PGC, they did not observe
significant differences between the study groups and the
control groups. In the study of Lai, 70.6% of the children
living with DM had PGC; in the study of Sadeghi, 40% of
the DM children had PGC; and in the study of Mesaro S.,
66.7% of the study group had high HbAlc values [40, 59,
60]. However, these percentages are significantly lower
than those previously mentioned.

Most of the articles showed no significant differences
between the study groups and the control groups. Some
even reported significantly better DMFT indexes in
children living with DM type I [36, 37, 39, 58, 63]. There
could be several factors behind these results. Lower
caries prevalence corresponds with the lower plaque
scores, which could mean that DM children have bet-
ter oral health routines than healthy children [37]. We
have found no significant difference in PI between chil-
dren with and without DM, that is in line with other
studies [67]. Dental plaque is the strongest risk factor
of developing caries, and the fact that PI is similar in
the two population elevates the evidence of the impact
of DM on caries risk [68]. It is said that children liv-
ing with type 1 DM represent a more health-conscious
and motivated group of society, due to the fact that
these children are diagnosed with a metabolic disease
at a young age and their parents are willing to cooper-
ate with doctors and dentists to provide better life cir-
cumstances for their children [64]. This is confirmed in
few studies; children with GGC had the best results not
only compared to children with PGC but also to healthy
controls [48, 50]. Lai et al. have reported that children
with GGC are counted as patients with lower caries risk
in contrast to children living with PGC. They did not
observe a significant difference between the study and
the control group, but there were significantly more
caries-free children in the GGC group compared to the
PGC group, and there was a statistically significant dif-
ference concerning many cariogenic bacteria [60].

Another reason for the outstanding DMFT values of DM
patients are their strict, sucrose-restricted diet and frequent
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monitoring, which might answer the question of why chil-
dren with GGC represent the lowest DMFT values [37, 48].

Furthermore, an important factor that could influ-
ence the results is the selection of patients in each group.
For example, in the study of Iscan et al. 2020, control
patients were children who sought treatment at the fac-
ulty, which could be a reason for an elevated value of
DMFT score among them [54]. In another case, data of
children with DM were collected at events organized to
promote health-conscious lifestyles. Therefore, it may
not represent the average DM population, hence parents
that bring their children to such events are usually more
health-conscious [64].

There is already evidence in the literature, that poor
glycemic control in patients with type 2 DM elevates the
risk of caries, periodontitis and peri-implantitis, however
there were no previous analysis in the matter that inves-
tigated children with type 1 DM [69-71]. In order to fill
this gap, we conducted the necessary analyses and found
statistically significant, and clinically relevant differences
between GGC and PGC children.

To have good glycemic control, it is essential to attend
regular meetings with a diabetologist, who helps with
motivation, cooperation, and education of health. There-
fore, when examining the effects of DM, not only the
presence of the illness is the most relevant factor, but the
quality of metabolic control. In a few studies, the chil-
dren living with type 1 DM had better parameters than
the controls [36, 37, 39, 58, 63]. In other cases, only the
children with GGC had better scores [60]. There was not
a single case where children with PGC had better oral
health parameters than controls or the GGC group.

We have found significantly lower salivary flow rate in
children with DM, that could also provide a possible expla-
nation for higher caries indices, that is in line with other
studies conducted in the topic [72]. There was no article
showing significantly better salivary flow rate in the DM
group compared to the control groups’ scores. Pappa et al.
examined not only the measurable salivary flow rate but
the subjective feeling of xerostomia as well. Although they
did not find a significant difference between the healthy
and the DM groups, they found statistically significantly
more children living with PGC suffering from xerostomia
and lower salivary flow rate [48]. Children with GGC did
not have significantly lower flow rates than the control
patients; however, they reported xerostomia more often.
According to Pappa et al., that could be a consequence of
the frequent changes in blood sugar levels [48].

Also, we have found similar results regarding GI and CI
parameters, that are closely connected with dental plaque
induced inflammation, that further strengthens the con-
nections of DM and caries [73, 74]. However, in the study
of Babatzia et al.,, they found elevated amounts of plaque
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in the group of PGC children, there were no significantly
higher GI index associated with it [47]. Additionally,
some studies did not find significantly different values in
CI either. However, it is important to note, that the for-
mation of calculus and the induction of gingival inflam-
mation could be affected by individual characteristics as
well, not only the presence or absence of DM and dental
plaque [40].

According to the results of our analysis, it is possible to
conclude that PGC leads to higher prevalence of caries.
There are many tools that enable dentists to measure their
patients HbAlc levels without blood taking, pain, and
with a relatively good cost- and time-efficient method,
in the dental office [75]. Therefore, we suggest HbAlc
measurements in the dental office for patients with DM,
to check their quality of glycemic control, and to suggest
diabetologist consultation when poor control is found.

Due to the nature of our research question, we could
only include observational studies. Therefore, our cer-
tainty in our evidence is limited. Some included studies
have not used the same indexes to report on periodontal
condition, so it was not possible to include them in the
quantitative analysis. The results for the meta-analysis
have shown very high heterogeneity, which affects the
certainty of the evidence. The strength of our study is,
that to the best of our knowledge, there is no up-to-date
analysis in the available literature on the topic that also
investigates the impact of glycemic control on caries and
periodontal outcomes. Hence, we could provide impor-
tant insight in the topic.

According to our results, our implication for practice
is that HbAlc measurements are highly advised among
children with DM to screen for poor glycemic control
and to prevent any possible further damage on oral and
systemic health. The strive for good glycemic control,
by improving patient compliance and encouraging good
cooperation with diabetologists and dentists would ben-
efit the oral and systemic health of children with type 1
DM.

Furthermore, we highly suggest more studies with
rigorous protocols to compare children with different
qualities of glycemic control according to their HbAlc
levels to non-DM children, with cohorts matched for oral
hygiene values.

Conclusion

Children living with poorly controlled type 1 DM have
higher DMFT values, while well-controlled children have
comparable or better DMFT values to children with no
DM. Chairside HbAlc measurement is highly suggested
at dental checkups in order to identify underlying DM
and verify the quality of glycemic control with close
cooperation with diabetologist specialists.
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