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Abstract: Background: Diabetes mellitus is one of the most common contraindications to dental implant thera-
py. This study aimed to analyze the relationship between diabetes and peri-implantitis. Method: A comprehensive
search performed by two reviewers using the PUBMED, EMBASE, and OVID search engines as well as a separate
manual search extending up to March 2015 yielded 5993 publications. After screening the retrieved literature,
five studies were considered eligible and included in the meta-analysis, which was used to pool estimates of odds
ratios (ORs) and 95% confidence intervals (Cls). Begg's and Egger’s regression tests and visualization of Funnel
plots were used to assess publication bias. Results: The meta-analysis revealed a significant relationship between
peri-implantitis and diabetes (OR, 1.89; 95% Cl, 1.31-2.46) with no evidence of heterogeneity (P=0.872; 1>=0%).
Publication bias measured using Egger (P=0.69) and Begg’s test (P=1.00) shows no evidence for diabetes bias in
peri-implantitis. Conclusion: A significant relationship between diabetes and peri-implantitis was revealed in this
meta-analysis. Due to the limited number of published studies included, further investigations are required to con-

firm the result of this meta-analysis.
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Introduction

Over the past few decades, oral osseointe-
grated implants have been widely accepted
as a support treatment for removable prosthe-
ses and missing teeth and are perceived to
provide effective treatment outcomes [1]. Ne-
vertheless, despitethe high success and sur-
vival rates of dental implants, there are seve-
ral risk factors and complications that could
lead to their ultimate failure, such as poor oral
hygiene, history of periodontitis, and smok-
ing status [2]. Moreover, numerous conditions
including general systemic diseases (diabetes,
osteoporosis, and coronary heart disease) and
implant design (length and implant surface) are
also considered to affect the treatment out-
come for patients with dental implants [3-6].

Peri-implant diseases include peri-implant mu-
cositis and peri-implantitis. While peri-implant
mucositis is defined as the presence of in-

flammation in the mucosa at an implant site
with no signs of loss of the supporting bone,
peri-implantitis is associated with inflamma-
tion in the mucosa as well as loss of the sup-
porting bone [7]. A study investigated some
immunohistochemical features of peri-implant
mucositis and peri-implantitis lesions and dis-
covered that peri-implantitis showed features
similar to those of periodontal disease [8]. In
addition, the causative pathogens of peri-
implantitis and periodontitis have been found
to bemore similar than different [9]. The pre-
valence and severity of periodontal disease
in patients with type 2 diabetes mellitusis re-
latively higher than it is in patients without
diabetes [10]. Taken together, these factors
strongly suggest that diabetes mellitus might
be associated with the increasing incidence
of peri-implantitis.

Diabetes mellitus is one of the most common-
ly encountered contraindications to dental im-
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plant therapy [11]. A study demonstrated that
patients with diabetes were 2.75 times more
likely to develop implant failure than other
patients [12]. However, not all of the studies
that have been conducted in this area are in
agreement with the viewpoint. Some studies
found no obvious tendency for higher implant
failure rates in patients with diabetes [13, 14].
Furthermore, a review of previous implant ther-
apies did not find any relationship between
levels of glycemic control and implant failure
[15]. It is well known that there is a high per-
centage of implant failure associated with peri-
implantitis. Therefore, we sought to investi-
gate whether diabetes mellitus is associated
with an increased risk of peri-implantitis.

The aim of the present study was to assess the
evidence reported in epidemiological studies
involving patients with diabetes and incidences
of peri-implantitis published in the international
scientific literature. Our primary focus was to
determine if there is indeed an associated risk
of peri-implantitis in patients with diabetes.

Material and methods
Protocol

The meta-analysis performed in this study
adhered to the recommendations of the
Cochrane Collaboration [16] and the princi-
ples of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)
statement [17].

Search strategy

A number of systematic literature searches
were conducted using the Pubmed, Embase,
and OVID electronic databases covering the
period up to March 2015. The search strategy
used in identifying all the relevant studies was
medical subject headings (MeSH) or free text
words. The outcome and key subjects (peri-
implantitis, peri-implantitis, peri-implant dis-
ease, and peri-implant) were combined with
associated risks (risk, factor, diabetes, diabet-
ic, and diabetes mellitus) or prevalence (preva-
lencesearch terms were in English, but the
included study publications had no language
restriction). The authors of the relevant studies
were contacted by email for additional infor-
mation when necessary. Furthermore, relevant
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reviews were screened for potential missing
articles, and no restriction was placed on the
year and languages of publication to avoid
selection bias.

Inclusion criteria

Two blinded reviewers (K. Tseng and X. Zheng)
conducted the search and review of all the
studies with relevant titles and abstracts inde-
pendently. Studies that provided quantitative
estimates regarding the relevance between
diabetes mellitus and peri-implantitis were
selected if they fulfilled the following inclusion
criteria: 1) Cohort, case-controlled, and cross-
sectional studies. 2) Human study population.
3) The risk estimates such as relative risks
(RRs), odds ratios (ORs), or incidencerate with
95% confidence intervals (Cls) of diabetes on
peri-implantitis were included.

Exclusion criteria

The exclusion criteria for the study included: 1)
Case reports. 2) Animal studies. 3) In vitro or
experimental studies. 4) Reviews. 5) Studies
without qualitative analysis of the risks of dia-
betes on peri-implantitis.

Data extraction and quality assessment

The data of the included studies were reviewed,
and the relevant information was extracted by
the two blinded reviewers independently. The
final collation of the relevant information from
the publications included name of first author,
year of publication, study design, country, gen-
der, age, year of function, sample size, the risk
estimates with their 95% corresponding Cls,
and diagnosis of diabetes. The quality assess-
ments of the included studies were conducted
according to the guidelines of the Agency for
Healthcare Research and Quality (AHRQ) [18].
The two reviewers independently scored the
studies using the quality assessment guide,
which consisted of 11 criteria, and the results
are shown in Table 1. The studies were scored
based on the following scale:a maximum of 11
points could be scored, which denoted the
highest quality while 0-3, 4-7, and 8-11 were
considered as low, moderate, and high quality,
respectively. Any inconsistency that occurred
after data extraction and quality assessment
was completed by discussion or the interven-
tion of another independent reviewer (X. Qu).
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Table 1. Quality assessment of studies by the Agency for Healthcare Research and Quality

Daubert, Renvert, Marrone, Dvorak, Ferreira,

Criteria 2015 2014 2013 2011 2006
Defined the source of information * * * * *
List inclusion and exclusion criteria for exposed and unexposed subjects or refer to previous publications * * * * *
Indicate time period used for identifying patients * * * * 0
Indicate whether or not subjects were consecutive if not population-based * 0 0 0 0
Indicate if evaluators of subjective components of study were masked to other aspects of the status of the participants * * * * *
Describe any assessments undertaken for quality assurance purposes * * * * *
Explain any patient exclusions from analysis * * * 0 *
Describe how confounding was assessed and/or controlled * 0 0 * *
If applicable, explain how missing data were handled in the analysis * 0 * 0 0
Summarize patient response rates and completeness of data collection * * * 0 0
Clarify what follow-up, if any, was expected and the percentage of patients for which incomplete data or follow-up was obtained * 0 0 * 0
Total (11/11) 11/11 7/11 8/11 7/11 6/11
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Statistical analysis

The primary outcome evaluated in this study
was peri-implantitis attributable to diabetes,
which was expressed as the ORs, RRs, and
95% Cls. For the studies that reported multi-
farious association measures, we selected the
results of the adjusted measures. In addition,
the RRs in one included study were transform-
ed into ORs [19]. The heterogeneity of the in-
ter-study was assessed using the Cochran I?
statistics where |2 values greater than 25, 50,
75% are regarded as low, moderate, and high
heterogeneity, respectively [20]. Because the
p-value of heterogeneity of the inter-study was
>0.1, a fixed-effects model was used to calcu-
late the pooled ORs and 95% Cls. The Begg's
and Egger’s regression tests and visualization
of the Funnel plots were used to assess the
publication bias [21]. The “trim and fill” proce-
dure was used to assess the possible publica-
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tion bias in this meta-analysis [22]. This proce-
dure estimated the possibility of hypothetical
“missing” studies, and then the theoretically
pooled ORs that had actually been present
were recalculated. All information was pooled
and the data analysis was performed using
Stata version 11 (StataCorp, College Station,
TX, USA), and p-values <0.05 were considered
statistically significant.

Results
Literature search

The results of the literature search using the
study focus strategy are shown in Figure 1. The
literature search resulted in 6805 articles
being retrieved using the electronic database
search engines and manual searches. After
excluding duplicates, 5993 articles were found
(inter-reviewer agreement, k=0.82). The num-
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Table 2. Characteristics of included studies with relevant information analyzed

Study Gender Mean Year of Number Number Mean OR/RR Diagnosis
Author, year . Country . . )
design (M/F) age function of Pl, P of Pl, Im follow-up time (95% Cl) of diabetes
Daubert, 2014 Cross-sectional America 48/48at 67.6+10.6yr NR 25 at 36 at 10.9+1.5 Univariate analyses RR=3.0 NR
study baseline baseline  follow-up (1.2-7.7) at baseline, RR=1.2
(0.3-4.5) at follow-up
Marrone, 2013 Cross-sectional Belgium 38/65 62+13.4yr 8.5+3.2yrs 38 62 NR Multi-level OR=0.91 (0.16-5.38) NR
study
Renvert, 2013  Cross-sectional Sweden 109/161 44.7+159yr PI=11.8+3.3yrs 172 NR NR Unadjusted OR=6.1 (0.80-48.10) NR
study Imhealth/peri-im-
plant=7.0£3.0 yrs
Dvorak, 2011  Cross-sectional Austria 0/177 6319 yr NR 42 110 6.0t4 Adjusted OR=2.81 (0.13-59.33) NR
study
Ferreira, 2006 Cross-sectional Brazil 115/97 NR 42.5(SD=17.1) m 19 43 NR Adjusted OR=1.9 (1.0-2.2) Fasting blood sugar 2126 mg/dl
study or had been taking anti-diabetic

medicine over the past 2 weeks

Pl=Peri-implantitis; M=Male; F=Female; P=Patients; Im=Implants; yr=Year; m=Month; NR=No report.
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Study

Odds Ratios
(95% ClI)

Daubert et al.(2014)

- > 3.00 (1.20, 7.70)

Marrone et al.(2013) =

> 0.91(0.16, 5.38)

Renvert et al.(2013)

> 6.10 (0.80, 48.10)

Dvorak et al.(2011)

Ferreira et al.(2006)

Overall (l-squared = 0.0%, p = 0.893) <>

> 2.81(0.13, 59.33)
1.90 (1.00, 2.20)

1.89 (1.31, 2.46)

0 1

3 5

Figure 2. Odds ratios (ORs) of diabetes (95% Cl) and peri-implantitis using the fixed-effects mode.

ber of eligible full-text articles was 25 after
screening titles and abstracts. Furthermore,
nine articles without data for diabetes in peri-
implantitis and 11 articles without ORs of dia-
betes on peri-implantitis were excluded. Finally,
five articles were included in the meta-analysis
[19, 23-26].

Characteristics of included studies

The detailed analyses of the data from the
five included studies are presented in Table 2.
The number of patients in each study ranged
from 80-270. The designs of all the studies
selected were cross-sectional. There were 858
participants in this meta-analysis and 296
patients had peri-implantitis. Four of the stud-
ies recruited male and female participants
while one recruited only postmenopausal wo-
men. The five studies were each conducted
in different geographical locations including the
USA [19], Belgium [23], Sweden [24], Austria
[25], and Brazil [26]. While all the studies
reported the diagnosis of peri-implantitis, only
one reported the diagnosis of diabetes [26]. All
the studies analyzed were patient-based. Only
three studies adjusted their quantitative syn-
thesis outcomes for known and confounding
risk factors [23, 25, 26]. Two studies attained
the high score range on quality assessment
[19, 23], one of which obtained the maximum
score [19].
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Results of meta-analysis

Five studies that included a total of 858 in-
dividuals were reported in the results of the
meta-analysis, and the pooled ORs of peri-
implantitis for diabetes using fixed modelare
presented in Table 2 and Figure 2. For risk of
peri-implantitis, the pooled ORs between the
patients with and without diabetes on a pa-
tient-based analysis were 1.89 (95% ClI, 1.31-
2.46). Because a limited number of the studies
met our inclusion criteria, no subgroup analy-
sis could be performed based on the study
characteristics.

Heterogeneity and sensitivity analysis

The association analysis between diabetes and
peri-implantitis showed no evidence of hetero-
geneity (Phetemgeneity=0.872, 1°=0%) in the inter-
study assessment. In addition, the sensitivity
analysis revealed no significant change when
any study was excluded from the pooled
outcome.

Publication bias

The Egger (P=0.69) and Begg’s (P=1.00) tests
and visualization of the funnel plot (Figure 3)
demonstrated no evidence of publication bias
for diabetes on peri-implantitis. In addition, the
studies did not lie outside the limits of the
95% CI in the funnel plot and appeared sym-
metrical. There were three possibly missing
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addition, none of the studies
discussed the status of peri-
implantitis associated with
diabetes at different levels
of severity. Evidence shows
that there is a high percent-
age of implant failure attribut-
able to peri-implantitis. There-
fore, the severity of the dia-
betic condition might be as-
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\ plant success rate. For exam-
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Figure 3. Begg's funnel plot of publication bias for association analysis of
diabetes on peri-implantitis. Cl, confidence interval. SelogES, standard error

of Log effect size. LogES, log effect size.
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studies confirmed by the “trim and fill” method
that could alter the pooled estimation of the
result. Furthermore, the recalculation of the
theoretically pooled ORs was 1.85 (95% ClI,
1.28-2.42).

Discussion
Principle findings and limitations

The present meta-analysis aimed to assess the
scientific evidence and verify the hypotheses
that diabetes mellitus may be a potential risk
factor for peri-implantitis. To the best of our
knowledge, this is the first meta-analysis to
determine this specific risk. Interestingly, a sig-
nificant relationship was discovered between
peri-implantitis and diabetes in this study (ORs,
1.89; 95% CI, 1.31-2.46). Furthermore, the
analysis revealed an 89% greater risk of peri-
implantitis in patients with diabetes than in
those without, following implant placement.

Although there is a statistically significantly
higher level of peri-implantitis in patients with
diabetes than in those without it in this meta-
analysis, some important issues need to be
considered.

First, only one of the included studies reported
diagnostic criteria for diabetes [26] while the
others did not report the duration of diabetes
or glycemic control of patients with diabetes. In
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4 “well-controlled” type 2 dia-
betes mellitus [27-29]. How-
ever, due to the limited in-
formation acquired from the
few included studies, we
could not perform the meta-
regression analysis to deter-
mine the different severity levels of diabetes,
which may influence the outcome of peri-
implantitis. Another point to consider is that dif-
ferent definitions were used in the depiction of
peri-implantitis in the included studies. All the
studies reported inflammatory lesions in the
peri-implant tissue. However, at sites of probing
pocket depth, two studies reported the pres-
ence of PPD>5 mm [23, 26], one reported
PD>4 mm [24], and the others did not mention
it [19, 25]. In the diagnosis of radiological bone
loss, three studies reported the loss of support-
ing bone of 2 mm [19, 23, 24] while others just
reported bone loss without providing precise
details [25, 26]. Therefore, different diagnostic
criteria may influence the prevalence of peri-
implantitis. Because all included studies were
cross-sectional, the measures abstracted for
this meta-analysis were expressed as ORs.
Only three studies adjusted their ORs and RRs
of outcomes for known and confounding risk
factors [23, 25, 26] while the remaining two did
not report this information [19, 24]. The unad-
justed results might be influenced by other con-
founding risk factors and, thereby, could lead to
an inaccurate result. One of the included stud-
ies provided two RRs [19] including one at
baseline and the other at the follow-up. We
selected the baseline data to meet our inclu-
sion criteria to analyze whether diabetes may
increase the risk of peri-implantitis after
implant placement. In addition, other factors
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might have exerted an unpredictable influence
on the outcome of this meta-analysis such as
different characteristics of implants (brand,
surface, placement position, etc.), year of func-
tion, and time of follow-up.

The underlying mechanisms mediating the
association of diabetes with peri-implantitis are
currently unknown. However, there is some
information that we could be used to correlate
these conditions. Both peri-implantitis and
periodontitis appear to have similar clinical and
microbial characteristics [8, 9, 30]. Previous
studies have demonstrated that the prevalence
of peri-implantitis was associated with a history
of periodontitis [3, 31-34]. In addition, patients
with poorly controlled diabetes also have an
increased possibility of developing periodontal
disease [35, 36]. Therefore, we reasonably
inferred and tried to verify whether implant
placement in individuals with diabetes increas-
es the risk of peri-implantitis development.
Microvascular disease of the gingiva in patients
with diabetes may adversely affect blood sup-
ply, contribute to delayed oral wound healing,
and increase the susceptibility to infection [37].
Tissue hyperglycemia impacts every aspect
of wound healing by adversely affecting the
immune system including neutrophil and lym-
phocyte function, chemotaxis, and phagocy-
tosis [38]. An animal study found that bone
density around osseointegrated implants in
diabetic rats was decreased [39].

There appeared to be some deficiencies as well
in the meta-analysis. The statistically signifi-
cant result was considered to have low power
due to the limited number of studies and
patients in this review. Furthermore, the search
strategy we used did not find any randomized
controlled studies conducted in this area.
Potential biases are likely to be greater for non-
randomized studies than they are for random-
ized trials and, therefore, our results should be
interpreted with caution when they are included
in reviews and meta-analyses [16]. Therefore,
even though the pooled outcomes revealed no
evidence of heterogeneity, the results should
be interpreted carefully considering the inher-
ent limitations of this meta-analysis.

Suggestion for future studies

A significant relationship was found between
peri-implantitis and diabetes in this study.
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However, with the inherent limitations of our
meta-analysis, the results should be confirmed
in future studies. Furthermore, several ques-
tions and limitations need to be addressed
when designing and conducting future studies.

First, any future cohort studies should report
the diagnostic outcome and well-defined strati-
fication of the diabetic status. Second, further
studies should also be required to correlate the
implant failure and peri-implantitis with differ-
ent severity of diabetes and other wound heal-
ing problems. Third, the studies we included in
this meta-analysis did not involve any prospec-
tive studies. Therefore, prospective studies on
this topic, which are free from retrospective
bias, should be included in future studies. Four,
the expected outcome of the studies should be
adjusted to prevent other possible confounding
factors. Furthermore, one point that should be
considered by future studies A high percentage
of implant failures resulted from peri-implanti-
tis and one meta-analysis determined there
was no direct impact of diabetes on the risk of
implant failure [40]. In view of the above out-
come, future prospective studies should clas-
sify reasons for implant failure and, thereby,
confirm the results of this meta-analysis.

Implications for clinical practice

Based on the result of this analysis, we propose
that caution should be observed when implants
are placed in patients with diabetes. It would
be expedient for such patients to reduce or
entirely preclude the incidence of peri-implanti-
tis and implant failure before implant place-
ment. This cautionary measure would include
ensuring an excellent degree of glycemic con-
trol, supportive periodontal treatment, and a
well-designed peri-implant plan.
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