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Abstract

Aim: The aim of this systematic review was to comprehensively and critically sum-
marize and synthesize the risk of losing teeth among with diabetes mellitus (DM) com-
pared to those without DM, as established in observational studies.

Materials and methods: MEDLINE-PubMed and Cochrane databases were searched
through a period from their inception through October 2020 to identify eligible stud-
ies. Papers that primarily evaluate the number of teeth in DM patients compared to
non-DM individuals were included. A descriptive analysis of the selected studies was
conducted, and when feasible, a meta-analysis was performed. The quality of the
studies was assessed.

Results: A total of 1087 references were generated, and screening of the papers
resulted in 10 eligible publications. A descriptive analysis demonstrated that six of
these studies indicate a significantly higher risk of tooth loss in DM patients. This was
confirmed by the meta-analysis risk ratio of 1.63 95% CI (1.33; 2.00, p < 0.00001).
Subgroup analysis illustrates that this is irrespective of the risk-of-bias assessment.
The higher risk of tooth loss in DM patients was also higher when only DM type Il
patients or studies with a cross-sectional design were considered. Patients with a
poor DM control status presented a significantly increased risk of tooth loss. When
the data were separated by the world continent where the study was performed, Asia
and South America had numerically higher risks and a 95% Cl that did not overlap with
Europe and North America.

Conclusion: There is moderate certainty for a small but significantly higher risk of
tooth loss in DM patients as compared to those without DM.
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1 | INTRODUCTION

Tooth loss considerably affects oral health-related quality of life
(OHRQol), causing chewing difficulty, poor dietary intake and
functional disorders.* A predominant reason for tooth loss is peri-
odontitis, which is an inflammation of periodontal tissues. Damage
from periodontal disease can lead to loosening of teeth and, in a
final stage, to tooth loss.>® The manifestation and progression are
influenced by a wide variety of determinants and factors that have
been linked with general health. Notably, the association between
periodontitis and diabetes mellitus (DM) has been highlighted in
the literature. Periodontal disease is considered the sixth com-
plication of DM.* Another primary cause of tooth loss is dental
caries. Its development of which is presumably enhanced in DM
patients.s’6

Due to the ageing population, DM is a growing public health
problem, and it likely contributes to a greater demand for health
care.” The negative effects of elevated blood sugars on the immune
system result in an increased susceptibility to infections.® The risk for
development and progression of periodontitis is increased approxi-
mately threefold in DM patients as compared to non-diabetic indi-
viduals (non-DM).”*° Furthermore, DM is associated with increased
severity of periodontal disease.*! The increased risk of dental caries
in DM patients can likely be explained by decreased salivary flow
rates'? and expanded levels of glucose in the saliva.'® The American
Diabetes Association and International Diabetes Federation have

714 of which the main goal is preven-

published DM care guidelines,
tion and treatment of DM complications, thereby optimizing quality
of life (QoL).*

Periodontal pocket depth and clinical attachment loss are com-
monly utilized to define a patient with periodontitis.'> However,
these outcome measurements are surrogate endpoints of disease. A
true endpoint (e.g., tooth loss) would directly assess patients’ expe-
rience on the onset of periodontitis.

Moreover, tooth loss also affects QolL.> A recent systematic
review (SR) and meta-analysis assesses predictors of tooth loss,
including DM, in periodontitis patients.'® However, no SR with a
specific focus on the risk of tooth loss in DM patients has yet been
performed. In the light of the increasingly available evidence, the aim
of this SR is to comprehensively and critically summarize and synthe-
size the available scientific evidence emerging from observational
studies on the number of teeth among DM patients as compared to
non-DM patients.

2 | METHODS AND MATERIALS

The preparation and presentation of this SR is in accordance with
the Cochrane Handbook for Systematic Reviews' and the guide-
line for Meta-Analysis of Observational Studies in Epidemiology
(MOOSE).18

A protocol was developed a priori following the initial discus-
sion between the members of the research team. This study is

registered at the ACTA University Ethical Committee by number
2021-71228.

2.1 | Focused question

A precise review question was formulated utilizing the population,
exposure, comparison, outcomes and study (PECOS) framework as
follows??:

- Is there a higher risk, loosing teeth among patients with DM
compared to those without DM, as it was established in ob-
servational studies?

- Due do a potential link between DM and both caries and periodon-
titis, it is hypothesized that DM patients are at higher risk, loosing
teeth.

2.2 | Search strategy

A structured search strategy was designed to retrieve all rel-
evant studies that evaluate the number of missing teeth among
patients with DM as compared to non-DM individuals. After con-
sultation with a clinical librarian, the search was designed by two
reviewers (L.P.M.W. and D.E.S.). The National Library of Medicine in
Washington, DC (MEDLINE-PubMed), and Cochrane Central were
searched from the inception of this study through October 2020
for appropriate papers that answer the focused question. Table 1
provides details regarding the search approach employed. For the
search, no limitation was applied on language or date of publication.

The reference lists of the studies included in this review were
hand-searched to identify additional potentially relevant studies.
Moreover, national (http://www.trialregister.nl) and international
trial registries (http://apps.who.int/trialsearch, http://www.Clini
calTrials.gov) were searched for relevant unpublished or ongoing
studies. Furthermore, the following database sources were searched
for possible relevant studies that have not reached full publications:
OpenGrey (http://www.opengrey.eu/), British Library Inside (http://
www.bl.uk/inside), the European Federation of Periodontology

TABLE 1 Searchterms used for PubMed-MEDLINE. The search
strategy was customized according to the database being searched.
The following strategy was used in the search: {{[<exposure>] AND
[<outcome>]}

{[ <exposure >] AND [ <outcome >] }

{ [ <exposure> (“diabetes mellitus” [Mesh] OR diabetes OR (diabetes
mellitus)[textwords])]

AND

[<outcome> (tooth loss) OR (toothloss) OR (teeth loss) OR (teethloss)
OR (teethless) OR (toothless) OR (missing teeth) OR (missing
tooth) OR (loss of teeth) OR (loss of tooth) OR (number of teeth)
OR number of tooth)))) OR tooth loss [MeSH Terms]) OR number
of teeth [MeSH Terms])]}


http://www.trialregister.nl
http://apps.who.int/trialsearch
http://www.ClinicalTrials.gov
http://www.ClinicalTrials.gov
http://www.opengrey.eu/
http://www.bl.uk/inside
http://www.bl.uk/inside
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(http://www.epf.net), the International Association for Dental
Research (http://www.iadr.org), Web of Science, BIOSIS Previews
and OVID (http://www.ovid.com).

The conference proceedings of the International Association for
Dental Research and the European Organization for Caries Research were
searched through October 2020. Additionally, the previous 12 months
of the following journals were hand-searched to eliminate potential
delay in indexing journals at the National Library of Medicine: Journal of
Operative Dentistry, Journal of Clinical Dentistry, Journal of Dental Research,
Journal of Caries Research, International Journal of Dental Hygiene, The
Journal of Dental Hygiene, Journal of Clinical Periodontology, The Journal of
Periodontology, Periodontology 2000, Oral Health and Preventive Dentistry.

2.3 | Screening and selection
A two-stage, electronic data search and selection was performed.
First, titles and abstracts (when available) of all studies identified
through the searches were screened. Second, details of the selected
studies that potentially met the inclusion criteria were further as-
sessed. This process was independently performed by two review-
ers(L.P.M.W. and D.E.S.). If the information relevant to the screening
criteria was not available in the title or abstract, or if the full text was
not retrievable, then the paper was excluded.

Predetermined inclusion criteria for the first screening of titles

and abstract were as follows:

e Mentioned in the aim or title of the study:

O The number of teeth present, tooth loss, missing teeth, ex-
tracted teeth, decayed-missed-filled teeth (DMFT number).

o Diabetes mellitus or any other synonym, such as impaired glu-
cose tolerance, glucose metabolism, glycaemic control or met-
abolic syndrome, as a single disease (no comorbidities by other
systemic diseases).

e Participants were 218 years old.

After this phase, full-text versions were obtained. For the studies
that appeared to meet the first set of screening criteria or for which
the title and abstract provided insufficient information to make a
clear decision, full-text papers were retrieved. These were read in-
dependently by the two review authors, L.P.M.W. and D.E.S.

A full-text review of all the pertinent articles was completed uti-

lizing the following eligibility criteria:

o Full-text paper available in English.
e Observational studies: cohort, case-controlled or cross-sectional
studies. Data should be presented as a cross-sectional design.
e Studies conducted with human subjects who were:
O 218 years.
O In satisfactory general health (no systemic disorders or
comorbidities).
O Evaluating a group of patients with DM as well as a group of
people without DM.

International Journal of @
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e DM status:

o Either self-reported or clinically assessed.

o Type of DM: undefined, type | and/or type Il. Prediabetes and

gestational diabetes were excluded.
® Reported outcomes:

O Based on a full-mouth assessment.

o Clinically determined number of teeth (no radiographs).

O Number of missing teeth or number of teeth present as an abso-
lute number of teeth or as a population mean.

O Tooth loss presented as cross-sectional data for an individual
over the lifetime until the moment of assessment (not for the
duration of a specific period).

Any disagreement between the two reviewers about the eligibil-
ity of studies was resolved after additional discussion. If disagree-
ment persisted, a third reviewer, G.A.W., was consulted, whose
judgement was considered to be decisive. Thereafter, the selected
full-text papers that fulfilled all eligibility criteria were identified and
included in this SR for data extraction and estimation of the risk of
bias. At this stage, the reasons for exclusion were recorded (see on-
line Appendix S1).

2.4 | Methodological quality assessment
Two reviewers (L.P.M.W. and D.E.S.) independently scored the individ-
ual methodological qualities of the included studies utilizing the risk
of bias in observational studies of exposures (ROBINS-E) instrument.
This tool assesses risk of bias in non-randomized studies of exposures
and is under development by researchers from University of Bristol
(UK), McMaster University (Canada) and the Environmental Protection
Agency (USA). The preliminary draft tool version July 2017 was uti-
lized; this instrument is modelled on the risk of bias in non-randomized
studies of interventions (ROBINS-I) instrument.20-22

The application of the ROBINS-E tool consists of the following
steps:

- Step I: framing the review question, describing potential con-
founders, co-interventions and exposure and outcome mea-
surement accuracy information.

- Step Il: describing each eligible study, including specific confound-
ers and co-interventions for each study.

- Step lll: determining risk-of-bias consideration through seven

items regarding the strengths and limitations of studies.

Quality was assigned as low risk of bias, moderate risk of bias,
serious risk of bias, critical risk of bias or no information with the
following domains: bias due to confounding, bias in selection, bias in
classification, bias due to departures from intended exposures, bias
due to missing data, bias in measurement of outcomes and bias in
selection of reported results.

The judgements within each domain are carried forward to
an overall risk of bias. A study was classified as having a low risk


http://www.epf.net
http://www.iadr.org
http://www.ovid.com
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of bias when all domains were judged to be at low risk of bias.
Moderate risk of bias was assigned when, for one or more do-
mains, the study was judged not to be higher than moderate risk
of bias. A study was classified as having serious risk of bias when,
for one or more domains at the most, serious risk of bias was
scored. An overall critical risk of bias was scored when at least one
domain was judged to be at critical risk of bias. No information
was assigned if the study was judged to be at serious or critical
risk of bias and there was a lack of information in one or more key

domains.?°-22

2.5 | Data extraction

For those papers that provided insufficient data to be included in the
analysis, the first or corresponding authors were contacted by email
to query whether additional data could be provided.

Independent data extraction was performed by two reviewers
(L.P.M.W. and D.E.S.) utilizing a custom-designed standardized data
extraction form. Disagreement between the reviewers was resolved
through discussion and consensus. If disagreement persisted, a third
reviewer (G.A.W.) was consulted; this judgement was decisive. Data
extraction of all included studies having either an observational, co-
hort or case-controlled design was approached as cross-sectional
studies. From the eligible papers, details on study design, demo-
graphics, details of the DM status and number of missing teeth or
teeth present were extracted. The latter was determined by utilizing

the following parameters:

e Total number of evaluated teeth, reference point, either 28
(excluding evaluation of wisdom teeth) or 32 (including wisdom
teeth) per included study.

o Number of missing teeth, as an absolute number of teeth or as a
population mean of tooth loss.

o Number of teeth present, as an absolute number of teeth or as a
population mean. If only the number of currently present teeth is
provided, then the number of missing teeth was calculated based
on the number of evaluated teeth being either 28 or 32 for each
participant.

® The DMFT number; data concerning the number of missing teeth
were extracted from this parameter.

When an included study provided multiple age groups of indi-
viduals 18 years and older, data were merged so that these were
considered as one group. If a DM group was specified in the cat-
egories of prediabetes and DM, then the prediabetic data were
excluded. When DM types | and Il are presented separately in the
original included papers, these groups were merged for the over-
all analysis. If possible, a subgroup analysis on DM types | and Il
was performed if the original group data allowed for separation of

these two groups.

2.6 | Data analysis
2.6.1 | Assessment of clinical and methodological
heterogeneity

The factors utilized to assess the clinical heterogeneity of the out-
comes of the various studies are as follows:

- Characteristics of participants: age, gender and continent.

- Evaluable number of teeth.

- DMtype:lorll

- Method of assessment: professionally diagnosed or self-reported
DM.%

Factors employed to assess the methodological heterogeneity
were study design details and the total number of evaluated teeth,
reference point (28 or 32).

When clinical or methodological heterogeneity was presented
across studies, sources of heterogeneity were investigated with sub-
group or sensitivity analyses.17

As the total number of evaluable teeth (28 or 32) has a direct in-
fluence on the relative ratio of the missing teeth to the total number
of teeth, this was defined a priori as a reason for subgroup analy-
sis. Other potentially relevant subgroup analyses were study design
(studies originally designed as cross-sectional evaluations), partici-
pant demographics, potential risk of bias and the world continent
where the study was performed and data were obtained. For DM-
related details, a sub-analysis was also conducted with respect to
DM control (poor or well regulated), insulin dependence (yes or no)
and DM duration.

2.6.2 | Descriptive methods
As a summary, a descriptive data presentation is utilized for all
studies.

2.6.3 | Quantitative methods

A meta-analysis was performed comparing the number of missing
teeth among patients with DM to those without DM. For a subse-
quent subgroup analysis, a meta-analysis was performed if more
than one study could be included. Analysis was performed utilizing

Review Manager version 5.3%

according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) and
MOOSE guidelines'®2> as well as the Cochrane handbook.!” From
the data, the relative risk or risk ratio (RR) with its associated 95%
confidence interval and p-value were calculated for the number of
missing teeth among DM patients as compared to non-DM individu-

als. p-values < 0.05 were considered to be significant.
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The absolute number of teeth per group in a study was utilized so
that the data were weighed according to the study population. If the
absolute numbers were not provided, then the number of teeth for
the entire group was calculated based on the population mean mul-
tiplied by the number of participants in each group (DM or non-DM).

The RR between DM patients and non-DM individuals was cal-
culated utilizing both random- and fixed-effects models where ap-
propriate. When there was heterogeneity that could not readily be
explained, the analytical approach was conducted according to a
random-effects model. If there were less than four studies, then a
fixed-effects analysis was performed because it may be impossible
to estimate the between-study variance with any precision. In such
a case, the fixed-effects model is the only option.'”

It was expected that there would be considerable heterogeneity
among the included studies, as study designs and details presumably
differ. Moreover, DM is not likely to be the single cause for tooth
loss. Clinically, DM can vary in its features, which is likely and was
the case in the DM population of the included studies. This variance
was considered by primarily utilizing the random-effects model, the
exception being when less than four studies were eligible for meta-
analysis. Otherwise, the fixed-effects model was utilized, as advised
by the Cochrane Oral health group.?®

Sensitivity analyses were undertaken to evaluate the effect of
excluding studies based on specific aspects in the domain of clin-
ical or methodological heterogeneity. The testing for publication
bias per outcome was utilized as proposed by Egger et al.?’ If the
meta-analysis involved a sufficient number of trials to make visual
inspection of the funnel plot meaningful (a minimum of 10 trials),
then these plots were employed as tools to assess publication bias.
The presence of asymmetry in the inverted funnel is suggestive of

publication bias.}”?

2.6.4 | Assessment of statistical heterogeneity

Statistically, heterogeneity was tested by the chi-square test and 1?
statistic. A chi-square test resulting in a p < 0.1 was considered an
indication of significant statistical heterogeneity. As a rough guide
to assess the possible magnitude of inconsistency across studies,
an 12 statistic of 0%-40% was interpreted to indicate unimportant
levels of heterogeneity. An I? statistic of 30%-60% may represent
moderate heterogeneity, and I? statistic of 50%-90% may represent
substantial heterogeneity. An I? statistic of greater than 75% was
interpreted to indicate considerable heterogeneity and was further

assessed with subgroup or sensitivity analysis.28'29

2.7 | Grading the body of evidence

Two reviewers (L.P.M.W. and D.E.S.) rated the quality of the evi-
dence and the strength of the recommendations according to the
following aspects: study limitations, inconsistency of results, indi-
rectness of evidence, imprecision and publication bias by utilizing

International Journal of
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the Grading of Recommendations Assessment, Development and
Evaluation (GRADE),3%3! which provides a systematic approach for
considering and reporting each of these factors. An overall rating of
confidence in effect estimates was considered critical for the final
recommendation.®? Any disagreement between the two reviewers
was resolved after additional discussion. If a disagreement persisted,

then the judgement of a third reviewer (G.A.W.) was decisive.

3 | RESULTS

3.1 | Search and selection process
Searching the MEDLINE-PubMed and Cochrane databases resulted
in 1087 unique papers, as Figure 1 illustrates.

The first screening of the titles and abstracts resulted in 27 pa-
pers for which the full papers were obtained. In the second phase,
after full-text reading and contact with the corresponding authors,
16 studies were excluded the reasons for which are presented in
online Appendix S1. Three papers do not provide necessary data re-
garding the overall number of missing teeth, and after contacting the
authors, this information could not be retrieved (Wiener et al 2017,
Kapp et al 2007,%* Jung et al 2010).> Oliver and Tervonen (1993)%¢
performed only half-mouth assessments. Three papers that pres-
ent the number of missing teeth over a period of time were not
included (Yoo et al 2019,%” Mayard-Pons et al 2015°%® and Jimenez
et al 2012).39 Other reasons for exclusion are found in the table in
online Appendix S1. Hand-searching of the reference list did not
reveal any additional papers. Consequently, 11 papers were identi-
fied which presented 10 different studies, as data from the paper of
Costa et al (2013)*° and Costa et al (2011)*! concern the same study

population.

3.2 | Assessment of clinical heterogeneity

Considerable heterogeneity was observed among the 10 included
studies. Characteristics of study design, study population and diag-
nostic as well as assessment methods are presented in Table 2. The
total number of subjects included in this SR is 29.278, which varies
from 92 enrolled participants in Study 111*C to 12.131 in Study 1.4
The female gender is more prevalent in seven studies (I, II, 1V, VI, VII,
VIl and X), and two studies include more males (V and IX).

One case-control study makes an effort to match the gender dis-

tribution (I11). The population in Study 11*3

is a specific ethnic group
(Hispanics or Latinos). Studies originating from the following world
continents are present: Europe (VI1,** 1X*® and X*%), North America
(11,2 1v,* and VIII*8), Asia (12 and VI*%) and South America (111*° and
V ). All studies include a non-DM group in satisfactory general
health who were drawn from the population of the country where
the study was performed. The DM participants in Studies IX* and
X* were specifically selected from a central hospital or institute for

metabolic diseases. For inclusion in the individual studies, criteria
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FIGURE 1 Search and selection results
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and diagnoses were utilized regarding DM status: self-reported (IV*)
and clinically assessed DM (I,*2 11,4 111,%° v,*° V1,47 VI11*8 and 1X).%
The clinical assessments were performed by different methods, such
as fasting plasma glucose (FPG), glucose or HbA1c levels. Study VII*4
reports DM based on both clinical assessments and self-reports.
In one paper, it was unclear how the DM status had been assessed
(X).46

In total, three studies specifically focus on DM type II (1,2 [11*°

and VI11).*8 One paper differentiates between types | and Il (VI1).44

For the overall calculations, data from these groups were merged,
while for the subgroup analysis, the original group data were em-

18 made this distinction, but as the

ployed. Originally, Study VII
type | DM group included children, this group was consequently
excluded from data extraction and only the data on type Il DM pa-

tients were utilized. Two studies (II43

and 111°) report data on the
DM group about well- and poorly controlled individuals. Smokers
among non-DM individuals were separately analysed in Study Vo0,
and as none of the DM patients reported smoking, only the non-
smoking, non-DM individuals were considered as a control group.
Other characteristics concerning DM include short or long duration
of DM (X*9), insulin independence (IX*) and diagnosis of DM known

beforehand or assessed on the spot.

3.3 | Assessment of methodological heterogeneity
Eight of the included observational studies utilize a cross-sectional
design (1,22 1IV,* V.0 VI, VI1L4 VIIL*8 IX* and X*), one is a prospec-
tive cohort (11*®), and one is a retrospective case-control (I11).4° Two
included papers employ data from national databases: NHANES and
KNHANES (12 and IV¥), and two papers utilize data from a national
study: NFBC-1966, SHIP and HCHS/SOL (VII** and 11).43 Study 111*°
includes patients who were enrolled in a periodontal maintenance
programme. The number of evaluated teeth is 32 in two studies (VI*
and IX*) and 28 in eight studies (I,*% 11,*3 111,%° 1V,47 Vv,50 Vi1, 44 V11148
and X).4¢

3.4 | Methodological quality assessment
A summary of the methodological quality and potential risk-of-bias
scores is presented in Table 3. Detailed quality assessment for each
included study is provided in online Appendix S2.

Based on a summary of the bias assessment domains, the es-
timated potential risk of bias is low for two studies: 11*% and VII44;
moderate for the majority of the studies: I,*2 111,%° V,°° V1118 and X*¢;

and serious for the remaining three studies: IV,*” VI*° and IX.*

3.5 | Studyresults

From the included studies, the overall DM population consisted of
5699 patients and the non-DM controls of 23.579 individuals. The

overall prevalence of DM in the included cross-sectional studies is
16.8%.

3.5.1 | Description of findings
Table 4 describes and summarizes the statistical differences as re-
ported in the original studies between DM patients and non-DM
individuals with regard to the number of missing teeth.

From the 10 overall comparisons, six provide data and indicate
significantly more tooth loss for the DM patients. Four of the in-
cluded studies do not specify or are unclear whether any statistical

differences between the DM and non-DM controls were present.

3.5.2 | Meta-analysis

The results indicate a higher probability (RR = 1.63) of tooth loss for
patients with DM as compared to non-DM individuals. This is based
on the 10 included studies with a 95% Cl (1.33; 2.00, p < 0.00001)
and shown in Figure 2. The subgroup analysis based on studies that
provide data relative to 32 evaluable teeth reveals an RR of 1.51 with
a 95% Cl (1.45; 1.58, p < 0.00001), and for those evaluating 28 po-
tential teeth, the RR was 1.64 with a 95% CI (1.29; 2.08, p < 0.0001).

Tables 5 and 6 summarize the detailed data of the outcomes of
the meta-analysis and the subgroup analysis including the RR, 95%
Cl and p-value. Online Appendix S3 presents the corresponding
forest plots. Due to a lack of data, it was not possible to perform
further sub-analysis on DM details such as insulin dependence and
DM duration.

The subgroup analysis on risk of bias for those studies revealed
an estimated low risk with an RR of 1.22 and a 95% ClI (1.20; 1.24,
p < 0.00001), an RR of 1.85 with a 95% CI (1.27; 2.71, p = 0.001)
for those with a moderate risk and an RR of 1.48 at a 95% ClI (1.45;
1.52, p < 0.00001) for those with a serious risk (for details, see
online Appendix $3.1). When only studies that were originally de-
signed as cross-sectional evaluations were considered, the RR was
1.77 at a 95% ClI (1.44; 2.17, p < 0.00001; for details, see online
Appendix S3.2).

A subgroup analysis on the world continent in which the study
was performed resulted in a RR for Europe of 1.39 at a 95% ClI
(1.35; 1.42, p < 0.0001), North America 1.22 at a 95% ClI (1.20; 1.24,
p < 0.00001), Asia 2.30 at a 95% CI (2.25; 2.36, p < 0.00001) and
South America 2.27 at a 95% Cl (2.00; 2.58, p < 0.00001). For all
continents, the risk for tooth loss in DM patients was higher as com-
pared to non-DM individuals (for details, see online Appendix S3.3).

Only Study VII** presents usable data for a DM type | group,
and therefore, no specific subgroup analysis could be performed.”
For the studies that solely evaluate DM type Il, the RR for tooth loss
was 1.56 at a 95% Cl (1.02; 2.39, p = 0.04; for details, see online
Appendix S3.4).

Furthermore, a subgroup analysis on DM status was performed.
No significant difference was found regarding tooth loss when
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@ _g well-controlled DM patients were compared to non-DM individu-
(7]
; § als, as demonstrated by the RR: 1.03 with a 95% CI of 1.00 to 1.06
E = (p = 0.04). A higher risk of tooth loss in poorly controlled DM patients
0
TE ¥ wonN®o I I was found when compared to non-DM individuals (RR = 1.25 with
o C [V A o B o B o I o B o NN o B o HEEN o BENN o
B BN V) RE v ReE V) Rl V) R a 95% Cl of 1.22 to 1.29 (p < 0.00001)) and also when compared to
X ° ° ° ° ° well-controlled DM patients (RR = 1.21 witha 95% Cl of 1.17 to 1.26
;: " g ‘g g g g § a § (p < 0.00001)); for details, see online Appendix S3.5.
= ©
¢ 5 3 g 3 '% 3 2 2 8 2 3 Sensitivity analyses were performed by evaluating the effect of
60 = 89348328 8 3= 4 = . . . . ) .
excluding studies based on specific aspects in the domain of clinical
5 =2 or methodological characteristics. Sensitivity analysis revealed no
§ § differences in the RR compared to the overall RR as judged based on
S
§ E o overlapping 95% Cls, indicating that the overall analysis was robust.
3R] =
=iy ©
w e 2 2 2 32 z 3z 3z 3z 8 3
ms 3 9 9338 S 89 838 = 8 .. .
3.5.3 | Statistical heterogeneity
5y . . .
g g Considerable heterogeneity was observed in the meta-analyses; for
£38 details, see Tables 5 and 6.
830 32 32 3 3 3 3 3 2 2 .. . . . .
£ 8% 5353353353533 3573 This implies a variation between studies due to heterogeneity
rather than chance. To explore heterogeneity, a subgroup anal-
© é ysis was performed to attempt to explain the variation in effects.
£
° 3 9 g Subgroup analysis on the evaluated number of teeth, either 28 or
00 @ .
S £ [9) % 32, revealed an overlap for the 95% Cl and with the overall 95% CI.
£8 2 2 238 32 32 335 3z 3 ) i 2 .
o E 9 5 5%5s 595553225575 By performing the chi-square test and I°, considerable heteroge-
neity was apparent and varied between 99% and 100%. Subgroup
S analysis by world continent indicated considerable heterogeneity
E per continent, ranging from 88% to 99%. Additionally, the meta-
§ § analysis of studies solely evaluating DM type Il presented consider-
c 3
a8 able (100%) heterogeneity. The three sub-analyses on DM status did
g o
o
] 3 © o B o B not demonstrate important heterogeneity, and the I? statistics were
o - +- + + +
% 3 g ® g g g g low (0%-23%). Subgroup analysis of only studies with an estimated
=
&g 3 2 2 '% 3 3 2 2 3 3 low risk of bias or analyses of studies that were based on an original
meE = 3 3 nw =2 =2 30432 2 . L 2 L . .
cross-sectional design illustrates that the | statistic remains high. It
§ s W is therefore unclear based on the subgroup and sensitivity analysis
"'.5 ) § § % 4}3 " % what the driver of the high statistical heterogeneity is, although it
5 TEF & g 9 3 £ provides an indication that DM status could be a factor.
[e) b g o 2 2 32 6 o & 2 2 2 §
¥ mss 39S 9==829 8398 8 =
&
3 = T
£ 3 3.6 | Publication bias
o) 17
IS o
2 5 s . o : .
Q 5 S Testing for publication bias was possible for the overall analysis,
%] =
o g 5 which is presented in Appendix S4. The funnel plot reveals that
% g § % *q-'é " 4% g almost all outcomes are located at the top of the funnel, suggest-
‘o >
2 ] z § z § 2 % % . ing that no studies concerning small populations were included.
s E —
2 m3d 3 89 =348 9 == 8 Furthermore, the distribution is asymmetrical around the overall
Q
5 o value. Consequently, it is presumed that a potential risk for publica-
i
2 o ‘-§ ) ) ) 8 8 tion bias may exist.
5 3 5 O o o SN o e
X R R L
3 a8 =9 =339 8383 & =
3.7 | Evidence profile
o a
- >
o 3 — E Table 7 presents a summary of the factors employed to establish
< h - = =2 > > 5 > X x . . . 20 .
- the body of evidence profile according to GRADE (2014)“" relative
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of statistical significance levels of Study Exposure Number of teeth significance ~ Comparison
the difference between DM patients 1. Shin et al 2017 DM ? non-DM
compared to non-DM with regard to 2. Greenblatt et al 2016 DM ? non-DM
number of teeth
3. Costaetal 2011/2013 DM + non-DM
4. Patel et al 2013 DM + non-DM
5. Botero et al 2012 DM + non-DM
6. Sensorn et al 2012 DM + non-DM
7. Kaur et al 2009 DM ? non-DM
8. Patino-Marin et al 2008 DM + non-DM
9. Bacic et al 1989 DM + non-DM
10. Falk et al 1989 DM ? non-DM

Total

6/10 have significant less
teeth

0/10 no significant difference

4/0 do not specified

?, unclear/not specified; O, no difference; +, DM patients have significantly less teeth than non-DM.

to the magnitude of the risk for tooth loss. In summary, this SR is
based on 10 observational studies (Figure 1) and the potential risk
of bias was estimated as low to serious (Table 3 and Appendix S2).
Because data from studies were derived from different populations
and world continents, the findings are considered to be generaliz-
able. Based on the heterogeneity between the included studies, data
were judged to be rather inconsistent (see Table 2). The data were
considered to be rather precise, because all selected studies focused
on tooth loss as a primary outcome and because the majority reveal
an overlap in the overall 95% Cl (see Figure 2, Tables 5 and 6 and on-
line Appendix S3). As publication bias may be present and the funnel
plots indicate that outcomes could be overestimated, the presence
of reporting bias is likely. The interpretation of the overall RR being
1.63 is that it concerns a small effect.”* Considering all GRADE as-
pects, the evidence profile that emerges from this review is that the

strength is moderate.

4 | DISCUSSION

The present review summarizes the available body of dental and
medical literature with respect to an important question that ex-
amines the association between DM and tooth loss. The results of
this study indicate a higher probability (RR = 1.63) of tooth loss for
patients with DM as compared to non-DM individuals. This appears
to align with what is reported in other epidemiologic studies, as sev-
eral have supported the link between DM, periodontal diseases and
dental caries.’>> These are the two most common reasons for the

endpoint parameter of tooth loss.

4.1 | Selection choices made

The selection process of the included papers of this SR deviates
from the traditional Cochrane approach.’” However, the foundation

is based on similar principles. A two-step approach was utilized:
first, screening of titles and abstracts was performed; second, more
specific inclusion criteria were implemented to ensure that the
only studies included presented data about tooth loss among DM
patients and non-DM individuals as the primary outcome. The re-
viewers are aware that there may be additional information avail-
able where data on diabetic status and number of teeth are retrieved
from reported demographic data and presented as an interesting
result.’*=® Inclusion of these data may introduce a reporting bias
that affects the conclusion drawn®’; therefore, it was specifically
prespecified that primary outcomes from the study protocol should
be included in the final data presentation. The inclusion of reported
outcomes should not be based on a selection of results that were not
the primary focus of the study.”® From a statistical perspective, the
sample size of the included studies should have been driven by the
primary outcome, which positively affects the power. Consequently,
for the present SR, only papers with tooth loss and DM as the pri-
mary focus of the original study were sought, and these two aspects
had to be mentioned as the aim in the abstract or title. With this ap-
proach, it was considered that the most reliable and valid estimation
of the RR was obtained.

4.2 | Diabetes mellitus comorbidities

For this SR, only DM without reported comorbidities was consid-
ered. Papers on participants with other systemic diseases were ex-
cluded®®° to avoid bias in the observed association between DM
and tooth loss. However, DM has many risk factors, such as age,
overweight and obesity, inactivity, habitual smoking, food intake,
socio-economic status, family history of DM, geographical region
and blood pressure.®! The included papers did not adjust for these
factors. Only in one paper (V%) was smoking specifically mentioned:
none of the DM patients reported being smokers, and only non-
smoking non-DM individuals were considered as a control group. A
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TABLE 5 Overview (sub) analysis overall and evaluable number of teeth (28/32)

Heterogeneity

Effect sizes

For details,

see

Funnel plot appendix

p-Value

p-Value I? value

95% ClI

Model

RR

Included studies

International Journal of

Dental Hygiene

Figure 2

S4

[1.33-2.00] <0.00001 100% <0.00001

Random

63

1.

10 studies

Overall

Number of teeth

Figure 2

S4

<0.00001

[1.45-1.58] <0.00001 99%

Fixed

51

1.

Bacic et al 1989

32 teeth

Sensorn et al 2012
Botero et al 2012

@

Figure 2

S4

Random [1.29-2.08] <0.0001 100% <0.00001

64

1.

28 teeth

Costaetal 2011/2013

Falk et al 1989

Greenblatt et al 2016
Kaur et al 2009

WEIJDUKET AL.

Patel et al 2013

Patifio-Marin et al 2008

Shin et al 2017

range of predictors for tooth loss in periodontitis patients has been
reported. A recent SR assesses the consistency and magnitude of
different predictors, concluding that age, non-compliance, smoking,
DM, teeth with bone loss, high probing pocket depth, mobility and
molars, especially with furcation involvement, demonstrate a higher
risk of tooth loss.*® Considering the above, there appears to be an
overlap of potential causal components for tooth loss in diabetics
and periodontitis with the following factors: age, smoking habit and
diabetic status. In future studies, it is recommended to include these
factors in the analysis. Because the eligible studies of the present
review did not report or take these into consideration, the reported
outcome allows only for the interpretation of an unadjusted effect
size. From the obtained observational data, it is also not possible to
make causality claims. As stated earlier, geographical region, gender,
type of DM and type of assessment may interfere in the DM and
tooth loss association.

4.3 | Reporting bias

The main origin of publication bias is failure to publish negative out-
comes or null findings. Additionally, it is more difficult to publish
papers in which no differences between groups are found.?”%? The
consequences are that this may lead to overestimation of exposure
as deducted based on the meta-analyses.®® The present funnel plot
(see online Appendix S4) illustrates that almost all outcomes were
located at the top of the funnel, suggesting that relatively few small
studies were included. The usage of a strict inclusion criteria may
explain this specific distribution. It is recognized that studies with
small sample sizes that fail to establish a difference between groups
either have not been published or have difficulties in being published

in impact factorjournals.62

44 | Type of diabetes

As prediabetes may be reversible,®* data from these partici-
pants were not considered, as only one study (I1*3) was available.
Gestational diabetes consists of high blood glucose only during preg-
nancy®® and was consequently not analysed in the present review.
Type | diabetes can develop at any age but occurs most frequently in
children and adolescents. However, type || DM is more common in
adults and accounts for approximately 90% of all diabetes cases.®
Three of the included studies specifically focus on DM type Il (I,%?
1*° and VIII*8). Only one paper (VII*4) differentiates between types
I and Il. It was therefore not possible to perform a subgroup analysis
to compare types | and Il in this dataset. Analysis focused on DM
type Il, for which a RR of 1.56 for the risk of tooth loss was found.
However, the relationship between DM type Il and tooth loss is com-
plicated by the fact that the disease onset generally occurs in middle
and late ages, coinciding with the time that periodontitis becomes

.44

more prevalen Nevertheless, studies focusing on type | DM pa-

tients also indicate an increased risk of periodontitis compared to
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(Continued)

TABLE 6

Heterogeneity

Effect sizes

For details, see

Funnel plot

p-Value

95% ClI p-Value I? value

Model

RR

Included studies

Solely diagnosed as DM type I

S3-4

Random [1.02-2.39] 0.04 100% <0.00001 S4

1.56

Shin et al. 2017

Type ll

International Journal of
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Costa et al. 2011/2013

Kaur et al. 2009

Patino-Marin et al. 2008

Diabetic status

@

S4 S3-5

0.88

0.04 0%

[1.00-1.06]

Fixed

1.03

Greenblatt et al. 2016

Well-controlled vs. non-DM

Costa et al. 2011/2013

Greenblatt et al. 2016

S4 S3-5

23% 0.25

[1.22-1.29] <0.00001

Fixed

1.25

Poorly controlled vs. non-DM

Costa et al. 2011/2013

Greenblatt et al. 2016

WEIJDUKET AL.

S4 S3-5

<0.00001 0% 0.41

[1.17-1.26]

Fixed

1.21

Poorly vs. well-controlled DM

Costa et al. 2011/2013

non-DM individuals. Study VII1*® includes children, and this group
was consequently excluded because children can have temporary,
mixed or permanent dentition.

Considerable heterogeneity was observed in the outcomes
of most sub-analyses; however, sub-analysis on diabetes type Il
did not provide an explanation for the high level of heterogeneity.
Only the subgroup analysis on diabetic status being either poorly
or well-controlled revealed a low level of statistical heterogeneity
(0%-23%). This could indicate that diabetic control is an aspect that
contributes to heterogeneity among study outcomes. However, this
sub-analysis was based on only two studies that had similar popu-
lations and study designs. Because this study's meta-analyses indi-
cated a heterogeneity in the outcome, the reader should exercise
caution in utilizing the RR as the exact measure of the risk for tooth

loss.

4.5 | Type of assessment

The Centers for Disease Control and Prevention have estimated
that among US individuals, DM is underdiagnosed, which implies
that participants in the included studies may have been unaware of
their positive DM status.®>®” In that case, it would affect the non-
DM group, as these may potentially include DM patients, which
thus could result in an underestimation of the effect size. Future
research in relation to metabolic status should therefore preferably
utilize only those participants who have been clinically diagnosed
as DM or non-DM. The majority of the included studies (8 of 10)
performed a clinical assessment for DM. Two included studies em-
ployed a questionnaire or self-report for DM status. The value of
this self-report of disease in relation to medical records has been
demonstrated to have high (>90%) specificity but low sensitivity
(66%) for DM.%®

4.6 | Evaluable number of teeth

The number of evaluable teeth was assessed by professionally per-
formed oral examinations to obtain optimally reliable values. Two
studies that report the number of teeth by utilizing a questionnaire
were therefore, in the second phase, excluded.®”’® However, both
indicate numerically more missing teeth in the DM group as com-
pared to healthy individuals.

Two of the included studies employ data based on 32 evaluable
teeth and therefore include wisdom teeth (IX*> and VI*%), while the
other eight evaluate 28 teeth. A subgroup analysis was performed
with regard to the number of evaluated teeth. There was a numeri-
cal difference in RR of tooth loss between those studies evaluating
28 and 32 teeth (1.64 and 1.51, respectively), although the 95% Cls
overlap ([95% Cl 1.29; 2.08] and [95% CI 1.45; 1.58], respectively;
see Figure 2 and Table 5). Therefore, the difference of 0.13 between
the RRs does not appear to be significant. Because of this lack of
statistical difference for the other sub-analyses, the data from
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studies with either 28 or 32 evaluable teeth were not separated (see
Table 6 as well as online Appendices S3-1 and S3-5). In the cases
in which wisdom teeth are included in the evaluation, prophylactic
removal should be considered as a reason for extraction. This as-
pect was not analysed in the selected studies that evaluate 32 teeth.
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The numerically lower but non-significant difference in the analyses
of 32 and 28 teeth could be influenced by this. The RR in the sub-
analysis with 32 teeth was lower than those studies that evaluate 28
teeth. The lower association with DM could be, in part, the result of
prophylactic removal.

DM no DM Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 28 teeth
Botero et al. 2012 481 1820 112 1652  9.4% 3.90 [3.21, 4.74] —
Costa etal. 201172013 225 1288 183 1288 9.6% 1.23 [1.03, 1.47] ——
Falk et al. 1988 1007 4312 416 2156 10.1% 1.21 [1.09, 1.34] -
Greenblatt et al. 2016 10140 78176 20733 181412 10.3% 1.13 [1.11, 1.18§] .
Kaur et al. 2009 3414 9156 28218 110908 10.3% 1.47 [1.42, 1.51] .
Patel etal. 2013 3763 10752 11196 46788 10.3% 1.46 [1.42, 1.51]
Patino-Mérin et al. 2008 200 980 123 980 9.3% 1.63 [1.32, 2.00] ———
Shinetal. 2017 7356 36260 26331 303408 10.3% 2.34 [2.28, 2.39] .
Subtotal (95% Cl) 142744 648592 79.6% 1.64 [1.29, 2.08) <
Total events 26586 87312
Heterogenelty: Tauw® = 0.12; ChF = 2103.74, df = 7 (P < 0.00001); ¥ = 100X
Test for overall effect: Z = 4.04 (P < 0.0001)
2.1.2 32 teeth
Back et al. 1989 2731 7104 1833 6048 10.3% 1.27 [1.21, 1.33] -
Sensorn et al. 2012 2414 12128 694 7232 10.2% 2.07 [1.92, 2.25] -
Subtotal (95% Cl) 19232 13280 20.4% 1.62 [0.99, 2.65]) i
Total events 5145 2527
Heterogenelty: Tau* = 0.12; ChF = 112.39, df = 1 (P < 0.00001); F = 99%
Test for overall effect: Z = 1.92 (P = 0.05)
Total (95% CI) 161976 661872 100.0% 1.63 [1.33, 2.00] i
Total events 31731 89839
Heterogenelty: Tauw® = 0.11; ChP = 2212.78, df = 8 (P < 0.00001); F = 100X 0:2 0;5 [ 2 g
Test for overall effect: Z = 4.70 (P < 0.00001) ' Favours DM Favours no DM
Test for subgroup differences: ChE = 0.00, df = 1 (P = 0.97), F = 0%
DM no DM Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 28 teeth
Botero et al. 2012 481 1820 112 1652 04X 3.90[3.21,4.74] 4
Costa etal. 201172013 225 1288 183 1288 0.6% 1.23[1.03, 1.47] ——
Falk et al. 1988 1007 4312 416 2156 1.8% 1.21[1.09, 1.34]) —_—
Greenblatt et al. 2016 10140 78176 20733 181412 410X 1.13[1.11,1.16) "
Kaur et al. 2009 3414 9156 28218 1108908 14.1% 1.47[1.42,1.51] -
Patel etal. 2013 3763 10752 11156 46788 13.B% 1.46[1.42,1.51] -
Patino-Mirin et al. 2008 200 8980 123 8980 04X 1.63[1.32, 2.00] S
Shin et al. 2017 7356 36260 26331 303408 1B.5% 2.34 [2.28, 2.39] 4
Subtotal (95% CI) 142744 648592 90.6% 1.50 [1.48, 1.52] ]
Total events 26586 87312
Heterogenehty: Chi = 2103.74, df = 7 (P < 0.00001); ¥ = 100%
Test for overall effect: Z = §2.63 (P < 0.00001)
2.1.2 32 teeth
Bacic et al. 1988 2731 7104 1B33 6048 &.5% 1.27[1.21,1.33] =
Sensorn et al. 2012 2414 12128 654 7232 28% 2.07[1.82, 2.25] —
Subtotal (95% CI) 19232 13280 9.4% 1.51 [1.45, 1.58] k3
Total events 5145 2527
Heterogenelty: ChP = 112.39, df = 1 (P < 0.00001); F = 99%
Test for overall effect: Z = 15.49 (P < 0.00001)
Total (95% CI) 161976 661872 100.0% 1.50 [1.48, 1.52) ]
Total events 31731 89838
Heterogenelty: Chi = 2212.78, df = 9 (P < 0.00001); F = 100% 0:5 0%7 l 1:5 3

Test for overall effect: Z = 65.57 (P < 0.00001)
Test for subgroup differences: ChF = 0.25, df = 1 (P = 0.62), F = 0X

Favours DM Favours no DM

FIGURE 2 (2.1) Meta-analysis evaluating the effect of DM compared to non-DM on tooth loss using a random model: overall and
evaluable number of teeth, 28/32 teeth. (2.2) Meta-analysis evaluating the effect of DM compared to non-DM on tooth loss using a fixed

model: overall and evaluable number of teeth, 28/32 teeth
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TABLE 7 GRADE evidence profile for the number of teeth and risk ratio among DM as compared to non-DM

Summary of findings table on the body of the estimated evidence profile

Determinants of quality

Study design (Table 2)
#studies (Figure 1) #10
#comparisons #10

Risk of bias (Table 3, Appendix S2)

Consistency (Table 2)

Directness

Precision (Figure 2, Tables 5 and 6 Online Appendix S3)
Reporting bias

Risk ratio

Observational studies

Low to serious
Rather inconsistent

Rather generalizable

Rather precise
Likely

Magnitude of the effect (Figure 2, Tables 5 and 6 Online Small
Appendix S3)

4.7 | Geographical region

From the included cross-sectional studies, the prevalence of DM is
16.8%. The World Health Organization (WHO) published in 20167*
the global DM prevalence as 9.2% for adults 218 years. This indi-
cates that the data derived from the included studies are skewed
towards DM, which in effect may provide an overestimation of the
risk of tooth loss. A recent SR reports the prevalence of DM among
subjects with periodontitis by continent. It indicates that the high-
est prevalence of DM was observed in studies from Asian countries
(17.2%) and the lowest for those from Europe (4.3%).2% In the present
review, sub-analysis of the risk of tooth loss due to DM by world
continent also demonstrates numerical differences. Asia (RR: 2.30)
had the highest risk, followed by South America (RR: 2.27). The 95%
Cl of the RR of these two continents did not overlap with those of
North America (RR: 1.22) or Europe (RR: 1.39), as both have a lower
risk. Apart from comparable differences in the prevalence of DM,
the differences in RR per region cannot readily be explained. What
could contribute to the findings is that Asians are particularly sus-
ceptible to periodontitis72 and that DM is found to be more prevalent
compared to other ethnic groups.”>”* The presumed relationship
between DM and severity of periodontitis may then be seen as a
possible explanation for the relatively high RR. However, no such
explanation is available for the higher RR of tooth loss in South

|43

America. Study II*° evaluates a specific ethnic group (Hispanics or

Latinos) and reports an RR that is lower than the overall RR of the

1,”> who

present SR (1.13), which seems to be in line with Arora et a
compared several ethnic groups in terms of oral health, lifestyle and
usage of dental services in the United Kingdom. Individuals belong-
ing to the non-White groups were less likely to report dental extrac-
tions and to have fewer than 20 teeth. This may reflect genuinely
better oral health. The latter appears to explain the majority of the

143 However, a study from the United

reduced risk found in Study |
States’® suggests that Black individuals are more likely to choose

dental extractions. This is mainly explained by preference, treatment

acceptability and ability to afford treatment. A recent SR reports no
difference for mean annual tooth loss when comparing geographical
groups of North America, Europa, Japan and Oceania versus South
America and Asia.”” Altogether, the above suggests that racial dis-
parities could influence the observed tooth loss, although no clear
explanation can be provided for the range in results as observed in

the sub-analysis by geographical region.

4.8 | Gender

Seven of the included papers feature more females than male par-
ticipants, while DM type Il is more common in males than females.”®
Females generally have a greater knowledge and more positive at-
titude than males towards oral health behaviour.”” This is associated
with a reduced risk for the progression and severity of periodonti-
tis.8% The skewed gender distribution towards females could cause

underestimation of the outcome for this SR.

49 | Risk of bias

Assessment of risk of bias is a key step in conducting SRs and in-
forms many other steps and decisions within the review. It also plays
an important role in the final assessment of the strength of the
evidence.®! Sub-analysis based on the overall estimated risk of bias
of the selected studies indicates that for low risk of bias, a smaller
RR (1.22 and 95% CI [1.20; 1.24]) was found than for those with
a serious risk (RR = 1.48 at a 95% Cl [1.45; 1.52]). The confidence
interval for both low and serious risk of bias was small, which sug-
gests that the estimate is not flawed by imprecision. If the review
was restricted to only high methodological quality and low-risk-of-
bias studies, then the synthesis of the data concerning the number
of teeth in DM patients as compared to non-DM individuals would
indicate that the RR for tooth loss is rather small.
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4.10 | limitations & direction for further research

4.10.1 | Limitations

e The language restriction to English resulted in three potential

h,8283 and

studies that had to be excluded. Two were in Spanis
one was in Hungarian.®* Based on the information provided
in the English abstract, it appears that in these three stud-
ies, tooth loss was greater among DM patients as compared
to non-DM individuals. These results corroborate the present
findings.

e Caries and periodontitis are the predominant reasons for tooth
loss. None of the included studies provided details that could help
discern what the indications for extraction had been.

e Factors such as differentiation between DM types | and Il, type of
assessment (self-report or professional), gender and age may have
influenced the heterogeneity. This could not be further analysed
due to a lack of complete descriptions of the population included
in the original studies.

e To summarize data from different geographical regions, it was
decided to perform subgroup analysis on world continents. The
reader should be aware that the reported studies may not capture
the true RR of a specific world continent. Some studies have sam-
pled only from small geographical regions, which may not repre-

sent the population of the continent.?®

4.10.2 | Directions for further research
Despite these limitations, this SR is meaningful and indicates a
higher level of tooth loss in DM patients. However, outcomes on age

and smoking habits shall be considered in future research.

5 | CONCLUSION

There is moderate certainty evidence for a small but significant higher
risk of tooth loss in DM patients as compared to those without DM.
Subgroup analysis showed that this was also higher if only DM type
Il was considered. If the data were separated by the world continent
where the study was performed, analysis showed that the magnitude
of the risk was particularly higher in Asia and South America.

6 | CLINICAL RELEVANCE

6.1 | Scientific rationale for the study

Diabetes mellitus (DM) is a chronic inflammatory disease. Evidence
supports an increased risk for periodontal diseases and incidence/
severity of caries in DM patients. Both are primary sources of tooth
loss. It has not been systematically being reviewed whether DM
is associated with a higher risk of tooth loss compared to non-DM
individuals.

International Journal of
Dental Hygiene

6.2 | Principal findings
Diabetes mellitus patients have a significantly higher risk of tooth

loss than in non-DM individuals.

6.3 | Practical implications

Diabetes mellitus patients shall get attention on oral disease preven-
tion by the dental care practitioners. They are at increased risk of
tooth loss, which in particular applies to DM patients from Asia and
South America.
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