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Abstract: The aim of this review is to summarize the evidence on 
associations between diabetes mellitus (DM) and complications around 
dental implants. Electronic database searches of MEDLINE, EMBASE, 
JBI Database of Systematic Reviews and Implementation Reports, 
Cochrane Database of Systematic Reviews and the PROSPERO register 
were performed from 1990 up to and including May 2018, using MeSH 
terms and other keywords. Systematic reviews and meta-analyses 
investigating the associations of DM and implant complications (failure, 
survival, bone loss, peri-implant diseases, and post-surgery infection) 
were eligible. The quality of the included reviews was determined 
using the Assessment of Multiple Systematic Reviews Tool 2 (AMSTAR 
2). Twelve systematic reviews were included. Implant survival rates 
ranged from 83.5% to 100%, while implant failure rates varied from 0% 
to 14.3% for subjects with DM. The three meta-analyses performed for 
event “implant failure” reported no statistically significant differences 
between diabetic and non-diabetic subjects. An apparently increased 
risk of peri-implantitis is reported in patients with DM. According 
to the AMSTAR 2 classification, 50% of the reviews were classified as 
being of “critically low”, 25% as of “low” and 25% as of “moderate” 
quality. Evidence indicates high levels of survival and low levels of 
failure of implants inserted in patients with DM. However, DM was 
assessed as a whole in the majority of studies and, the actual influence 
of hyperglycemia on implant survival/failure is still uncertain. 
DM/hyperglycemia seems to be associated with a high risk of 
peri-implantitis. However, this conclusion is based on a limited number 
of systematic reviews. 

Keywords: Diabetes Mellitus; Hyperglycemia; Dental Implants; 
Peri-Implantitis.

Introduction

Dental implants are currently the most consistent and successful 
treatment for the rehabilitation of edentate individuals. Overall, high 
success rates of implant-supported rehabilitation have been reported 
in the literature;1,2 however, regrettably, early and late implant failures 
and peri-implant complications are still challenges in clinical practice. 
Therefore, there is interest in identifying the risk factors related to implant 
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losses and other complications, including lifestyles 
and systemic diseases.  

Diabetes mellitus (DM) is a major public health 
problem worldwide that is growing in prevalence 
and is associated with severe complications. It was 
estimated that, in 2017, approximately 450 million 
adults were affected with DM globally and this 
prevalence is expected to increase to 693 million by 
2045.3 Although most clinicians feel that diabetic 
subjects may experience more problems around dental 
implants than systemically-healthy subjects, the actual 
impact of DM on implant survival and complication 
rates remains controversial. Most studies in animals 
have demonstrated that DM adversely affects bone 
healing around implants.4,5,6 Some clinical studies 

have reported minor or no associations of DM with 
implant failures,7,8 while others have showed higher 
losses of dental implants and peri-implant diseases 
in diabetics than in non-diabetic subjects.9,10,11

To date, several systematic reviews have tried 
to elucidate the weight of evidence of the possible 
effects of DM around dental implant, including 
peri-implant diseases, bone loss and early and late 
implant losses. However, an overview compiling 
all evidence from the existing systematic reviews 
on this topic have not been performed so far. 
Therefore, the aim of this study is to summarize 
the evidence on associations between DM and 
complications around dental implants, using an 
umbrella review approach.

Methodology

Review question 
“Do subjects with DM experience more early and 

late dental implant failures/complications than non-
diabetic subjects?”

Search strategy
A comprehensive approach to literature searching 

was used to identify all relevant systematic 
reviews and meta-analyses investigating the 
association of DM and dental implant failures/
complications. Electronic database searches of 
MEDLINE, EMBASE, JBI Database of Systematic 
Reviews and Implementation Reports, the Cochrane 

Database of Systematic Reviews and the PROSPERO 
register were performed from 1990 up to and 
including May 2018, using MeSH terms and other 
keywords. The following terms were used in the 
search strategy: review OR systematic OR meta-
analysis AND diabetes OR DM OR diabetes mellitus 
OR hyperglycemia OR glycemia OR glycated 
hemoglobin OR glycemic control AND dental 
implants OR osseointegration OR peri-implant 
disease OR peri-implantitis OR periimplantitis OR 
implant disease OR implant infection OR implant 
failure OR late implant failure OR early implant 
failure OR implant survival. Two investigators (TSM 
and MLA) independently examined the titles and 
abstracts of the shortlisted systematic reviews and 
meta-analyses to decide on eligibility. The full texts 
of the papers, considered by title and abstract to be 
pertinent, were then assessed. Subsequently, the 
same two investigators (TSM and MLA) performed 
a hand search of the references from available 
systematic reviews and meta-analyses. All selected 
articles were evaluated by two authors (TSM and 
MLA) and classified as appropriate, or not, for 
inclusion in this umbrella review. Disagreements 
were resolved by consensus and with discussion 
with a third investigator (PMD). 

Inclusion criteria
Systematic reviews, with or without meta-analyses, 

published in English from 1990 up to and including 
May 2018 that included studies, performed in humans, 
on the effects of DM on early and late implant failures 
and complications. 

Exclusion criteria
Primary or original clinical research, abstracts, 

animal studies, in vitro studies, case reports, case 
series, letters to the editor and narratives, other 
types of non-systematic reviews (e.g., critical reviews, 
overviews, state-of-the-art reviews).  

Data extraction
Predefined data collection worksheets were 

used for the evaluation of each selected publication. 
The data from each systematic review included 
were extracted by one author (JMM) and entered 
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directly into tables that were checked for accuracy 
by a second researcher in an independent fashion 
(PMD). The following data were extracted; authors 
and year of publication, number and design (case 
series, retrospective, prospective, controlled 
clinical trial, cross-sectional, etc.) of the studies 
included in the systematic reviews, presence or 
absence of meta-analysis, type of DM evaluated 
in studies included, follow up, outcome studied in 
the systematic reviews (failure, survival, bone loss, 
peri-implant diseases, post-surgery infection) and 
main conclusions. 

Assessment of the quality of the studies 
included

The evaluation of the methodological quality of 
the systematic reviews and meta-analyses included 
was performed using the Assessment of Multiple 
Systematic Reviews (AMSTAR 2) tool.12 The included 
reviews were appraised by two examiners (JMM 
and TSM) independently. For each systematic 
review included, the 16 questions of the AMSTAR 
2 checklist were responded on the AMSTAR 2 site 
(https://amstar.ca/Amstar_Checklist.php) by each 
examiner using ‘yes’, ‘partial yes’, ‘no’ or in some 
cases ‘not applicable’. All information relating to 
the included papers was gathered based on what 
the systematic reviews and meta-analyses reported. 
Once the filling of the AMSTAR 2 checklist was 
completed, a final categorization of the systematic 
reviews was generated to classify them as of high, 
moderate, low or critically low quality (https://
amstar.ca/Amstar_Checklist.php). Once this 
process had been completed independently, the 
two examiners (JMM and TSM) met to decide on a 
final judgment for each study by consensus. When 

necessary, persistent disagreements were solved 
by discussion with a third investigator (PMD).

Results 

Figure presents the Flowchart for the selection 
of the papers. The search strategy identified 932 
potentially eligible papers from all electronic 
databases. After removal of duplicate articles 
and screening of titles and abstracts, 18 full-text 
publications were comprehensively evaluated. Six 
studies were excluded13-18 because they did not fulfill 
the inclusion criteria (Table 1). Twelve systematic 
reviews19,20,21,22,23,24,25,26,27,28,29,30 were included in this 
umbrella review (Table 2). 

The characteristics and main findings of the 
systematic reviews included are presented in Table 2. 
The systematic reviews were published between 
2006 and 2017. A total of 53 primary studies were 
assessed by the systematic reviews included. The 
number of studies entered in these systematic 
reviews varied from 2 to 22. The study designs of 
the studies evaluated by the systematic reviews 
varied considerably, ranging from case reports to RCT. 
Meta-analyses were performed in only four21,22,25,26 of 
the 12 systematic reviews included. Two systematic 
reviews19,23 included data from animals and humans 
but only the human data were considered in this 
umbrella review. Four systematic reviews20,25,28,30 
evaluated the effects of DM and other risk factors 
(e.g., smoking, radiotherapy, osteoporosis, obesity, 
cardiovascular diseases, rheumatoid arthritis, 
etc.), but only DM findings were considered in the 
current review. The majority of systematic reviews 
comprised studies evaluating subjects with type 1 
and 2 DM.19,21,22,24,25,26,27,29

Table 1. List of the excluded reviews. 

Study Reason for exclusion 

Fiorenilli et al. 200013 Narrative review 

Diz et al. 201314 Narrative review 

Borba et al. 201315 Narrative review focused on antibiotics 

Hurst et al. 201416 Article comment 

Fontanari et al. 201417 Systematic review focused on implant surface 

Shi et al. 201618 Systematic review focused on the comparison between well-controlled and poorly-controlled diabetic patients 
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Table 2. Characteristics and main findings of the systematic reviews included.

Systematic review
N° of 

studies 
included

Designs of 
the studies 
included

Meta-analysis
Follow-up 
(Months)

Type of 
DM

Outcome 
studied

Main findings

Kotsovilis et al. 
200619 8 PS, RS and CS No 6 to 204 I and II

Implant survival 
rates 

Implant survival rates in the 
included studies varied from 

83.5% to 100%. 

Klokkevoled & 
Han 200720 4

PS, RS and 
Case series

No 12 to 144 II
Implant survival 

rates  

Implant survival rates in the 
included studies varied from 88% 

to 94.3%. 

Javed et al. 
200923 10

PS, RS , CS and  
Cross-sectional 

study
No

Not 
mentioned

II Not clear 

The summary of the main findings 
reported by the authors are not 

coherent with the results presented 
in the papers included in the 

systematic review.

Oates et al. 
201124 16

Cases series, 
RC and PC

No 12 to 252 I and II
Implant failure 

rates 

Implant failure rates in the 
included studies varied from 0% 

to 14.3%. 

Chen et al. 201325 5 PS and RS Yes 24 to 144  I and II
Implant failure 

rates

Implant failure rates in the 
included studies varied from 0% 

to 8.9%. 

Charcnovic et al. 
201426 14

RS, CCT and 
RCT

Yes 3 to 204    I and  II
Implant failure 

rates

Implant failure rates in the 
included studies varied from 0% 

to 11.11%. 

Annibali et al. 
201627 7

PS, RS, Case 
series and RCT

No 24 to 78 I and II
Implant survival 

rates  

Implant survival rates in the 
included studies varied from 

100 % to 87.7%. 

Guobis et al. 
201628 6

PS, RS and 
RCT

No 2.2 to 108
Not 

mentioned

Not consistent 
for title, aim and 

results 

Difficulty summarizing the findings 
based on the information reported 

by the authors.

Naujokat et al. 
201629 22

PS, RS and  
Cross-sectional 

study.
No 4 to 144  I and II

 Postoperative 
complications, 
peri-implantitis, 

and implant 
survival.

Implant survival rates in the 
included studies varied from 

85.6% to 100 %. 

The majority of the studies 
included focusing on 

peri-implantitis demonstrated an 
association between DM and 
increased risk of peri-implant 
inflammation and bone loss.

No findings of postoperative 
complications were reported 

Turri et al. 201630 2
RS and  

Cross-sectional 
study 

No 12 to 168  II
Peri-implant 

diseases (Peri-
implantitis)

Difficulty summarizing the findings 
based on the information reported 

by the authors.

Moraschini & 
Barboza 201621 14

PS, RS and 
CCT

Yes 3 to 204  I and II
Implant survival 

rates

Implant survival rates in the 
included studies varied from 91 % 

to 100%. 

A single study reported a very low 
implant survival rate of 31.8% 

(Loo et al. 2009). 

Monje et al. 
201722 12

PC, RC and  
Cross-sectional 

study
Yes 12 to 198  I and II

Peri-implant 
diseases 

(peri-implant 
mucositis and 

peri-implantitis).

The risk of peri-implantitis was 
about 50% higher in subjects with 
DM than in non-diabetic subjects 

(relative risk of 1.46 and odds 
ratio of 1.89; p < .001).

The risk of peri-implantitis but not 
mucositis was significantly greater 

in subjects with hyperglycemia.

PS: prospective study; RS: retrospective study; CS: clinical study; CR: Case report; CCT: controlled clinical trial; RCT: randomized clinical trial; 
PC: prospective cohort; RC:  retrospective cohort; DM: diabetes mellitus
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Seven systematic reviews focused on the 
evaluation of the effects of DM on implant survival/
failure.19,20,21,24,25,26,27 One systematic review evaluated 
the effects of DM on postoperative complication, 
peri-implantitis and implant survival.29 Two of 
the systematic reviews concentrated on studies 
evaluating the association of DM and peri-implant 
diseases.22,30 The outcomes studied were not clear 
in two studies23,28 (Table 2). The implant survival 
rates ranged from 83.5% to 100%19,20,21,27,29 while 
implant failure rates varied from 0% to 14.3%24,25,26 
in subjects with DM. A single study,31 included in 
Moraschini and Barboza,21  reported a very low 
implant survival rate of 31.8% in subjects with DM. 
The three studies21,25,26 that performed meta-analyses 
for the event “implant failure rate” reported no 
statistically significant differences between diabetic 
and non-diabetic subjects (Table 3). According to 
two studies,22,29 an apparently increased risk of 
peri-implantitis may occur in patients with DM. 

The only review22 that performed a meta-analysis 
for the “peri-implantitis” event demonstrated a 
statistically significant higher risk of disease for 
subjects with hyperglycemia (Table 3), considering 
also reports that exclude smokers. Main findings 
were difficult to summarize and interpret in three 
of the 12 systematic reviews included.23,28,30 

Table 4 provides the AMSTAR 2 qualification 
of evidence for the systematic reviews included. In 
terms of quality of evidence, about 50% were rated 
as being of “critically low” quality19,20,23,24,26,30 and 25% 
as “low” quality,27,28,29 according to the AMSTAR 2 
classification. Twenty-five percent of the reviews 
were graded as of “moderate”21,22,25 quality, while 
none of the systematic reviews included achieved a 
“high” quality grade.  Only two studies22,28 contained 
an explicit statement that the review methods were 
established prior to conducting the review (item 2). 
Risk of bias (item 9) was correctly assessed by five 
systematic reviews.21,22,25,29,30
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Records after duplicates removed 
(n = 460)
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Records excluded
(n = 454)

Full-text articles 
assessed for eligibility 

(n = 18)

Studies included in 
qualitative synthesis 

(n = 12)

Full-text articles 
excluded, with reasons 

(n = 6)

Records identified through 
database searching 
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through other sources 

(n = 0)

Figure. Flowchart of the selection of the papers.
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AMSTAR 2 domains 
1.	 Did the research questions and inclusion 

criteria for the review include the components 
of PICO?

2.	 Did the report of the review contain an explicit 
statement that the review methods were 
established prior to conduct the review and 
did the report justify any significant deviations 
from the protocol?

3.	 Did the review authors explain their selection 
of the study designs for inclusion in the review?

4.	 Did the review authors use a comprehensive 
literature search strategy?

5.	 Did the review authors perform study selection 
in duplicate?

6.	 Did the review authors perform data extraction 
in duplicate?

7.	 Did the review authors provide a list of excluded 
studies and justify the exclusions? 

8.	 Did the review authors describe the included 
studies in adequate detail?

9.	 Did the review authors use a satisfactory 
technique for assessing the risk of bias (RoB) 
in individual studies that were included in 
the review?

10.	Did the review authors report on the sources 
of funding for the studies included in the 
review?

11.	If meta-analysis was performed did the review 
authors use appropriate methods for statistical 
combination of results?

12.	If meta-analysis was performed, did the 
review authors assess the potential impact of 
RoB in individual studies on the results of the 
meta-analysis or other evidence synthesis?

13.	Did the review authors account for RoB 
in individual studies when interpreting/ 
discussing the results of the review?

Table 3. Results of the meta-analysis for the events “implant failure” and “peri-implantitis”, reported by the four reviews that 
performed quantitative analysis.  

Study Event p-value Risk ratio 95%CI

Chen et al. 201325 Implant failure 0.07 0.90 0.62–1.32

Charcnovic et al. 201426 Implant failure 0.65 1.07 0.80–1.44

Moraschini & Barboza 201621 Implant failure 0.34 1.56 0.62–3.91

Monje et al. 201722 Peri-implantitis < 0.04 3.36 1.06–10.81

Table 4. Assessment of the methodological quality of the systematic reviews included, using the AMSTAR 2 instrument.

Systematic review
AMSTAR 2 item

Quality of evidence  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Kotsovilis et al. 200619 N N N P/Y Y Y N Y N N - - N N - N Critically low 

Klokkevoled & Han 200720 N N N N N N P/Y P/Y N N - - N N - N Critically low

Javed et al. 200923 N N N N Y N P/Y N N N - - N N - Y Critically low

Oates et al. 201124 N N Y N Y N Y N N N - - N Y - N Critically low

Chen et al. 201325 N N Y P/Y Y Y Y Y Y N Y Y Y Y Y Y Moderate

Charcnovic et al. 201426 Y N Y P/Y Y N N Y N N Y N N Y Y Y Critically low

Annibali et al. 201627 N N Y P/Y Y Y Y Y P/Y N - - Y N - Y Low

Guobis et al. 201628 N Y Y P/Y Y N N Y P/Y N - - Y N - N Low

Naujokat et al. 201629 Y N Y P/Y N N N Y Y Y - - N N - Y Low

Turri et al. 201630 Y N Y N N Y N P/Y Y N - - N N - Y Critically low

Moraschini & Barboza 201621 Y P/Y Y Y Y N Y Y Y N Y Y Y N Y Y Moderate

Monje et al. 201722 Y Y Y Y Y Y Y Y Y N Y N Y Y N Y Moderate

Y: yes; N: no; P/Y: partial yes; - :  without meta-analyses
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14.	Did the review authors provide a satisfactory 
explanation for, and discussion of, any 
heterogeneity observed in the results of the review?

15.	If they performed quantitative synthesis, 
did the review authors carry out an adequate 
investigation of publication bias (small study 
bias) and discuss its likely impact on the results 
of the review?

16.	Did the review authors report any potential 
sources of conflict of interest, including any 
funding they received for conducting the review?

Discussion 

With the increasing number of systematic reviews 
published, an important next step to provide a high-
level weight of evidence to guide clinical practice is 
the performance of a review of the existing systematic 
reviews. Therefore, to our knowledge, this is the first 
attempt to comprehensively summarize and perform 
a critical appraisal and quality assessment of available 
evidence related to the effects of DM on early and 
late dental implant complications in humans. Twelve 
systematic reviews were included in this umbrella 
review, comprising 53 primary studies. Overall, most 
systematic reviews included estimated the effects 
of DM on implant survival/failure, indicating high 
levels of survival and low levels of failure of implants 
inserted in patients with DM. With regard to peri-
implant diseases, evidence suggests an increased risk 
of peri-implantitis in patients with hyperglycemia. 
However, the number of systematic reviews on the 
relationship between DM and peri-implant diseases 
is still limited. Using a critical appraisal tool for 
systematic reviews (AMSTAR 2), the quality of the 
systematic reviews included in this umbrella review 
was found to range from “critically low” to “moderate”, 
with the quality of evidence for half of the reviews 
classified as “critically low”. 

Interest has been demonstrated by researchers 
and clinicians for establishing whether and, to what 
extent, DM negatively influences implant survival/
failure. The eight reviews19-21,24,25,26,27,29 that clearly 
reported the percentage of implant survival/failure 
demonstrated high survival (83.5% to 100%) and 
low implant failure (0% to 14.3%) in patients with 

DM, considering a follow-up of 2.2 to 252 months. 
Such rates are close to those reported by previous 
systematic reviews focusing on non-diabetic patients 
(~ 95.0%) that were followed-up for at least 10 years.32,33 
Therefore, according to the current evidence, DM does 
not appear to considerably reduce the percentage of 
dental implant survival and, therefore, it seems safe 
to place dental implants in patients with DM.

Several studies corroborate the concept that 
hyperglycemia is one of the most important risk 
factors for periodontitis.34 Considering the similarities 
between periodontal and peri-implant diseases in 
terms of etiology, pathogenesis and clinical features, it 
has been supposed that DM could also affect the course 
of peri-implant diseases. Therefore, it is important to 
ascertain scientifically whether and, to what extent, 
DM negatively affects the onset and progression of 
peri-implant diseases. An unexpected finding of this 
umbrella review is that, to date, only three systematic 
reviews have compiled data on this topic.22,29,30 Two 
of these29,30 performed only qualitative analysis of a 
small number of studies and provided insubstantial 
conclusions on the relationship between DM and 
peri-implant diseases. The most consistent systematic 
review on this subject22 presented qualitative analyses 
of 12 studies and quantitative analyses of seven 
studies. The authors revealed that the risk of peri-
implantitis, but not mucositis, is significantly greater 
in subjects with hyperglycemia, compared to those 
with normal glycemia. However, the current umbrella 
review indicates that there is still scarce evidence 
in the literature to support an actual and strong 
association between DM and peri-implant diseases. 

Over recent years, several critical appraisal 
instruments have been proposed to evaluate different 
aspects of systematic reviews and meta-analyses. 
AMSTAR 2 is a well-recognized tool used to assess 
systematic reviews that include randomized or non-
randomized studies. This instrument has seven 
crucial domains (items 2, 4, 7, 9, 11, 13 and 15) that 
can critically influence the quality of a review 
and the validity of its conclusions. The current 
umbrella review found that, according to AMSTAR 
2, none of the reviews included were classed as 
of ‘high’ quality and, only three were deemed 
as of “moderate” quality (Table 3). Notably, the 
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majority of the reviews were considered as “low” 
or “critically low” in quality, signifying that these 
reviews failed to provide adequate details of their 
methods, including registration of study protocol, 
adequacy of the literature search, justification for 
excluding individual studies, assessment of the risk 
of bias of primary studies, appropriateness of meta-
analytical methods, consideration of risk bias when 
interpreting the results, assessment of presence and 
possible impact of publication bias, among others. 
Therefore, unfortunately, the majority of systematic 
reviews included in this umbrella review might not 
be relied on for providing an accurate conclusion 
regarding the relationship between DM and implant 
survival/failure and peri-implant diseases. 

In addition to the methodological weaknesses of 
the systematic reviews that were highlighted by the 
AMSTAR 2, the current findings should be interpreted 
with caution due to several methodological variations 
and flaws in the systematic reviews included and 
their respective primary studies. Firstly, the number 
of papers included in the systematic reviews varied 
greatly (from 2 to 22), indicating a great heterogeneity 
in the inclusion and exclusion criteria of the primary 
articles. The few systematic reviews that adequately 
assessed risk of bias21,22,25,29,30 demonstrated that 
most of the primary studies did not follow all 
methodological standards, as none achieved the 
maximum score for the risk of bias and quality 
assessments. The duration of DM and implant 
surface, implant material and implant design also 
varied considerably among studies. Some systematic 
reviews evaluated only type 2 DM while others 
evaluated both type 1 and type 2 diabetic subjects. 
Most importantly, several studies failed to report 
on the glycemia of the diabetic patients at the time 
of implant placement and during the follow-up 
period, while others evaluated only diabetic patients 
with acceptable/controlled glycemia. This might 

be a possible explanation as to why the majority of 
systematic reviews found no or little effect of DM 
on implant survival. Another major drawback of the 
primary papers included in the systematic reviews 
was the lack of standard case definitions for peri-
implant diseases and the lack of agreement on the 
definitions of implant success, survival and failure 
criteria, which were sometimes incorrectly used as 
equivalent. Furthermore, the prevalence of failure/
survival was reported at the patient level in some 
primary studies and at the implant level in others. 

One limitation of the current umbrella systematic 
review is that a quantitative analysis could not be 
conducted, due to the small number of systematic 
reviews with meta-analyses (Table 3). Furthermore, 
ideally, conclusions should be made based on only 
systematic reviews with a high quality of evidence, 
but the reviews included were classified as being of 
“critically low” to “moderate” quality. Main directions 
for future systematic reviews and primary studies 
on the possible effects of DM on dental implants 
should include: 1- clear reporting of the glycemic 
status of the patients; 2- the following of available 
guidelines for reporting studies in order to increase 
their qualities. 

Conclusions

The actual evidence indicates high levels of survival 
and low levels of failure of implants inserted in 
patients with DM. However, DM was assessed as 
a whole in the majority of studies and, the actual 
influence of hyperglycemia on the survival/failure 
of implants is still uncertain. Furthermore, DM/
hyperglycemia seems to be associated with a high 
risk of peri-implantitis. However, this conclusion is 
based on a limited number of systematic reviews and 
primary articles. The majority of systematic reviews 
presented are of weak quality.
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