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Abstract

Background: A profound understanding of the epidemiology of peri-implant
diseases (PIDs) is essential for the development of preventive approaches to mit-
igate the occurrence and progression of peri-implant biological complications.
The present systematic review and meta-analysis aimed to assess the incidence,
prevalence, systemic, behavioral, and patient-related risk indicators and factors
for PIDs in adult patients with dental implants.

Methods: Clinical studies assessing the prevalence, incidence, systemic risk
indicators, and risk factors for PIDs were considered eligible for inclusion.
MEDLINE-PubMed, EMBASE, Cochrane Central Library, and ClinicalTri-
als.gov electronic databases were searched for published articles. Pooled data
analyses were performed using random-effects models to identify risk indicators
and factors for PIDs.

Results: Of 1120 potentially eligible records, 102 studies met the eligibility crite-
ria and were included in this systematic review. Prevalence rates at the patient
level for peri-implant mucositis and peri-implantitis were 46% (95% confidence
interval [CI], 41-51) and 21% (95% CI, 17-24), respectively. Weighted mean inci-
dence rates at the patient level for peri-implant mucositis and peri-implantitis
were 53% and 22%, respectively, within 20 years of function. Pooled estimates
identified periodontitis, obesity, and smoking habits as significant systemic risk
indicators for mucositis. For peri-implantitis, the significant risk indicators were
periodontitis, diabetes mellitus, smoking habits, and alcohol consumption. Only
risk indicators could be identified in the selected evidence.

Conclusion: More than half of the patients treated with dental implants were
affected by PIDs over a 10-year follow-up period, with peri-implant mucositis
being the most prevalent condition. Periodontitis and smoking were identified
as risk indicators for the development of both PIDs. Obesity was identified as
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a potential risk indicator for mucositis, while diabetes mellitus and alcohol

consumption were recognized as potential risk indicators for peri-implantitis.
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Plain Language Summary

This systematic review looked at the causes and frequency of problems around
dental implants, known as PIDs, which include conditions like peri-implant
mucositis (inflammation around the implant) and peri-implantitis (more seri-
ous infection around the implant). Understanding these conditions and their
etiology is important for finding ways to prevent them. This research reviewed
102 studies (including 13,030 patients) to gather data on how often these prob-
lems occur and what factors might increase the risk of developing them. The
meta-analyses revealed that nearly half of people with dental implants had peri-
implant mucositis, and about one in five had peri-implantitis. Over a period of
20 years, the incidence rates for developing these conditions were about 53% for
mucositis and 22% for peri-implantitis. The study identified certain health and
lifestyle factors that could increase the risk of these conditions. For mucositis,
risk factors included having gum disease (periodontitis), obesity, and smoking.
For peri-implantitis, the risks were similar, with periodontitis, smoking, and

1 | INTRODUCTION

Contemporary clinical studies have evidenced that peri-
implant diseases (PIDs) are common biological compli-
cations among the adult population subjected to dental
implant therapy.'* The scientific community has deter-
mined that the occurrence of peri-implant biological com-
plications is a main outcome domain when evaluating
implant therapy success and survival rates*> and that it is
imperative to comprehend the epidemiology of PIDs to for-
mulate preventive strategies that mitigate the occurrence
of peri-implant mucositis and peri-implantitis.

PIDs result from biofilm-induced pathological inflam-
matory processes that affect the integrity of peri-implant
soft and hard tissues.*’ Peri-implant mucositis is gen-
erally acknowledged as a disease that precedes peri-
implantitis, where the lesion is contained within the
soft tissue compartment.® When inflammation extends
into the osseous compartment and progressive marginal
bone loss (MBL) is identified, the pathological entity
is defined as peri-implantitis, being the more advanced
stage of the disease.”” Peri-implantitis might progress in
a nonlinear accelerated pattern and affect the underlying
osseointegration.’

Scientific evidence has established that certain systemic
factors such as smoking, diabetes mellitus, metabolic syn-

diabetes and alcohol use being important factors.

drome (MTS), cardiovascular diseases, obesity, and alco-
hol consumption, among others, play an important role
in modulating bone physiology and wound healing.!’~*#
Therefore, these conditions might be significant risk indi-
cators or factors for the prevalence and incidence of
PIDs.">~!® Risk indicators may determine associations and
are identified in observational studies, while risk factors
are known as characteristics that increase the chance of
developing a disease and are confirmed by a temporal
sequence in longitudinal interventional studies.’

Evidence derived from longitudinal studies has
confirmed that certain systemic diseases, behavioral
conditions, and genetic factors are putative risk factors for
periodontitis.'>?° As follows, the current classification sys-
tem of periodontitis considers the recognized risk factors
(i.e., smoking and diabetes mellitus) to determine both
the risk of disease progression and their potential impact
on the patient’s periodontal health.”’ However, existing
evidence is inconclusive to determine risk factors for
PIDs.” Currently, only periodontitis has been confirmed to
be a risk indicator and possible risk factor for peri-implant
mucositis and peri-implantitis.”*"*> Smoking and diabetes
mellitus still have limited evidence as risk indicators for
PIDs.’

As periodontitis may not have a unique pathophysi-
ology, PIDs may also progress following a multifactorial
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disease model with a complex interaction of risk factors.?
In this context, gaining understanding of the influence
of these factors on PIDs may lead to the development
of strategies and therapeutics aimed at preventing and
counteracting peri-implant pathology.

Consequently, the present systematic review and meta-
analysis aimed to assess the incidence, prevalence, sys-
temic, behavioral, and patient-related risk indicators and
factors for PIDs in adult patients with dental implants.

The following focused questions were addressed: “What
are the prevalence and incidence rates of peri-implant dis-
eases in partially and completely edentulous adult patients
with implant-supported prostheses? What are the patient-
related risk factors and indicators including systemic dis-
eases and conditions (i.e., diabetes mellitus, cardiovascular
diseases and associated conditions, obesity, osteoporosis),
behavioral factors (i.e., smoking habits and alcohol con-
sumption), patient-related characteristics (i.e., sex and
age), and patient-related oral conditions (i.e., complete
edentulism and periodontitis) for peri-implant mucositis
and peri-implantitis in partially and completely edentu-
lous adult patients with implant-supported prostheses?”

2 | MATERIALS AND METHODS

The present systematic review was performed in accor-
dance with the criteria of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)*
and registered in the Prospective Register of System-
atic Reviews (PROSPERO) under registration number
CRD4202346657800. The specific PECOS (Population,
Exposure, Comparator, and Outcomes)** framework
used to devise the focused questions is described in the
following sections.

2.1 | Eligibility criteria

Observational and interventional studies evaluating the
prevalence or incidence of peri-implant mucositis and
peri-implantitis were considered for this systematic review.
Studies were considered for inclusion if they met the
following criteria:

1. Enrolled partially or fully edentulous adult patients
(>18 years) treated with titanium dental implant-
supported prostheses that had been in function for >12
months.

2. Reported on the incidence and/or prevalence of peri-
implant mucositis and/or peri-implantitis.

3. Peri-implant examination was conducted on the basis
of a clear case definition for peri-implant mucositis

and peri-implantitis considering both clinical signs of
inflammation (i.e., bleeding on probing [BOP], sup-
puration, edema) and radiographic parameters (i.e.,
detecting absence or presence of MBL).*

4. Reported on patients’ systemic and related conditions
(i.e., data on potential risk factors and indicators influ-
encing peri-implant outcomes).

5. Contained a minimum of 10 participants per study arm
in interventional studies.

Studies reporting on nonhuman data, case series,
reviews, retrospective data collections, as well as on ret-
rograde peri-implantitis, zygomatic, zirconia, and short
implants (<8 mm long) were excluded.

2.2 | Outcome measures

The primary outcome was to assess the prevalence and
incidence of PIDs at both the patient and implant level. The
secondary outcome was to determine the systemic, behav-
ioral, and patient-related risk indicators and risk factors
associated with the prevalence and incidence of PIDs.

2.3 | Information sources and search
strategy

The literature search (electronic and manual) was exe-
cuted by two independent reviewers (M.E.G. and T.S.). The
electronic search was performed for publications written
in English language, with no publication date limit, from
September 1, 2023 to October 20, 2023. The following elec-
tronic databases were used using specific search strategies:
MED-LINE (through PubMed), EMBASE, Cochrane Cen-
tral Library, and ClinicalTrials.gov. Reference lists from
eligible studies and previously published review articles
were cross-checked to identify additional pertinent stud-
ies. A reference manager software (EndNote, 2020) was
used to organize and screen the literature. Detailed search
strategies were formulated for each database using specific
keywords and Medical Subject Headings (MeSH) terms as
presented in the supplementary material (see Tables S1 and
S2 in the online Journal of Periodontology).

2.4 | Article selection process and data
extraction

The studies were selected by two independent reviewers
using a software for systematic reviews (Rayyan software).
Discrepancies between the reviewers on the studies’
eligibility were resolved by consulting a third reviewer

85UB017 SUOLULLOD AT 3[cedl [dde au Aq pauenob 8.2 saoike YO ‘SN J0 S3|NJ 10) ARIqITUIIUQ AB]I/M UO (SUO T PUOO-PUR-SLLIBY WD A3 1M A1 1[BU 1 [UO//STIY) SUOIPUOD PUe SWLB | 8U 39S *[9202/50/22] U0 ARid1TauliuO A8]1M ‘9@ eAlle;edooD - zIuo N sefi3 Ad #STO-bZ H3dC/200T OT/I0p/L0d" A 1M Ale.q 1 pul|uo dee//:Sdny Woij papeojumod ‘9 ‘SZ0Z ‘0.98Ev6T



JOURNAL OF

zlll Periodontology

GALARRAGA-VINUEZA ET AL.

(L.C.). The reviewers (M.E.G.) and (T.S.) extracted the data
in duplicate from full texts in a standardized electronic
data extraction table using Microsoft Excel 2010 software.
A third reviewer (L.C.) verified the correctness of the
extracted data.

The following data were extracted: citation
(author/year), publication type, study design, type of
participants, indicator/exposure, comparator, study objec-
tives, study duration, duration of participation, population
description, number of participants at start of study,
missing/dropouts, number of included implants, time in
function of implants, age, sex, follow-up time, oral/dental
status reported, comorbidities, timing of implant place-
ment, PIDs definition used, clinical and radiographic
mean values at implant level (i.e., probing depth [PD]
in millimeter, BOP in percent, and MBL in millimeter),
prevalence and incidence rates, risk factors and risk
indicators of PIDs (diabetes mellitus, cardiovascular
diseases and associated conditions, obesity, osteoporosis,
smoking habits, alcohol consumption, sex, age, complete
edentulism, and periodontitis, which were determined a
priori), outcome, unit of measurement, conflict of interest,
and conclusions of the study. Risk indicators could be
identified in observational studies, while risks factors
could be identified in longitudinal studies.

2.5 | Methodological quality and risk of
bias assessment

The risk of bias was assessed using established tools
according to the study design. The risk of bias 2 (ROB2)
tool was used as the reference to assess the risk of
bias of randomized clinical trials.® The risk of bias of
nonrandomized interventional studies (ROBINS-I)?® tool
was employed to evaluate the methodological quality of
interventional studies that were not randomized. The
Newcastle-Ottawa Scale (NOS)?’ was used to evaluate the
methodological quality of cohort studies, and an adapted
version of NOS was used to assess the risk of bias of cross-
sectional studies. A measurement tool to assess systematic
reviews (AMSTAR 2)*® was used to perform the critical
appraisal of the evidence reported in the present review.

2.6 | Statistical analysis

Data were grouped into evidence tables and a descriptive
summary was designed to assess individual study char-
acteristics. Meta-analyses were performed to estimate the
overall prevalence and incidence of PIDs at the patient
level. Prevalence data were extracted from cross-sectional
studies, and incidence data were extracted from prospec-
tive studies. When necessary, prevalence and incidence

were derived from the reported data and included in the
analyses, even when these outcomes were not reported
explicitly. The effect size (ES) was assessed using the odds
ratio (OR) values reported for risk indicators at the patient
level. Studies reporting some risk indicators but not others
were included in the analyses for the risk indicators they
reported. A random-effects model was used in the meta-
analyses. Subgroup analyses for prevalence and incidence
were performed by stratifying the data by category of
loading and follow-up time, respectively. The subanalysis
on the prevalence of peri-implantitis was also conducted
for the subgroup of fully edentulous subjects. Results
were presented as forest plots with percentages or natural
logarithm-transformed odds ratio (InOR). Cochran’s Q
test, the T2 statistic, and the I? statistic were used to assess
heterogeneity. Egger’s test and funnel plots were used to
assess the potential for publication bias. Inter-rater reli-
ability was assessed using the kappa statistic. Ninety-five
percent confidence intervals (95% CI) were calculated,
and the significance level was set at « = 0.05. Stata 18
(StataCorp LLC, College Station, Texas, USA) was used in
the analysis.

3 | RESULTS

3.1 | Study selection

The electronic search identified 1320 relevant records and
the additional hand search yielded 19 records, totaling to
1339 potential articles to be evaluated. After the screening
of titles and abstracts, 282 studies were analyzed in full text
by two independent calibrated reviewers (M.E.G. and T.S.)
(kappa = 0.70). After full-text analysis, 102 studies were
included in the present systematic review as depicted in
the flow diagram (see Figure SI in the online Journal of
Periodontology). Reasons for exclusion are also described
in the supplementary material (see Table S3 in the online
Journal of Periodontology).

3.2 | Study characteristics

The present systematic review included 102 clinical studies
that encompassed 69 cross-sectional studies,’>!718:29-93
28 prospective cohorts,”*'?! and 5 interventional
studies.'””””'?® The geographic segmentation of the
included studies corresponded to 67.6% from Europe,
11.8% from Asia, 16.6% from South America, 3% from
the United States, and 0.98% from Africa (Figure 1A).
The setting of the included studies was 70% at uni-
versity clinics, 26% at private practices, 2% at public
centers, and 2% at hospitals; 9.8% of the studies were
multicentered.
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FIGURE 1 (A)Schematic world map depicting percentage of included studies per region, overall PR at patient level (meta-analyses
weighted mean values), and mucositis and peri-implantitis PR ranges per region at patient level (Africa shows a single value rather than a
range because only one study is available for this category). (B) Bubble chart depicting peri-implantitis PR (patient level) in relation to loading
time; each bubble corresponds to one study (reporting on prevalence at patient level), and its diameter is proportional to the sample size of the
respective study. PR over 40% are highlighted in red; loading time (7-14 years) encompassed in green framed region exhibits that with over 7
years of loading time, the majority of studies reported peri-implantitis PR over 10%. PR, prevalence rate.
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Of these 102, 9.8% (n = 10)75858694.9597.98100,116,122
reported outcomes on fully edentulous patients rehabili-
tated with overdentures and full-arch implant-supported
prostheses. Among the included studies, three prospective
longitudinal studies compared PIDs occurrence among
patients with and without history of periodontitis.!0>!0%11!
One prospective study considered a controlled HIV
population,'?! two studies considered individuals with
liver disease (i.e., cirrhosis and liver transplantation),'?%-1?
one study considered postmenopausal women,”* and two
studies included patients with MTS.36:6°

For case definition, 19 studies considered the World
Workshop 2017 (WW 2017)* classification for peri-implant

mucositis  diagnosish15:30-34:36.37,39.41,48,53,87,93,109,120,127,128
and 21 studies for peri-
implantitis.b1530-3436,37,39,41,48,51,53,88.94,111,117,122,129,130

The remaining studies considered other case criteria
evaluating both clinical and radiographic parameters for
diagnosis, as described in detail in Tables 1 and 2.

In total, 13,030 patients (47.1% men and 52.3% women)
ranging in age between 39 and 71 years were assessed
in the present systematic review. The qualitative analy-
ses included 39,991 implants, with a loading time ranging
from 1 to 23.3 years. The overall median and range values
for PD, BOP, and MBL were 3.03 mm (1.8-4.9), 45% (7-
93.6), and —1.5 mm (—0.2 to 3), respectively. A complete
description of the studies’ data is presented in the supple-
mentary material (see Tables S4-S7 in the online Journal of
Periodontology).

3.3 | Risk of bias assessment

Based on the NOS, 6 observational studies!’>*°6.79.90.95
had an overall high risk of bias (6 stars) and 91 studies
were judged to have a low risk of bias (7-8 stars). Based
on the ROBINS-I tool, five interventional studies had an
overall low risk of bias assessment. Two interventional
studies'?*'?® reported a moderate source of bias in the
categories of missing data and bias in measurement of out-
comes. The risk of bias for the included studies is presented
in the supplementary data (see Tables S8-S10 in the online
Journal of Periodontology).

3.4 | Synthesis of results

The results of individual study outcomes and meta-
analyses pertaining to the prevalence, incidence, and the
association of different risk indicators and factors to PIDs
onset and progression are described below.

3.41 | Prevalence

Prevalence rates for peri-implant mucositis ranged from 7%
to 83% at the patient level and from 7% to 85% at the implant
level. Prevalence of peri-implantitis as a function of load-
ing time can be observed in Figure 1B. Peri-implantitis
prevalence ranged from 0% to 70.4% at the patient level
and from 0% to 60% at the implant level. Meta-analyses for
the prevalence of PIDs (patient level) revealed weighted
mean values of 46% (95% CI, 41%-51%) and 21% (95% CI,
17%-24%) for peri-implant mucositis and peri-implantitis,
respectively (Figure 2). Heterogeneity, expressed as I?, was
94.3% and 94.0%, respectively. The majority of studies
demonstrated the rate of prevalence to be over 10% after
7 years. Meta-analyses for the prevalence of PIDs (patient
level), stratified at 5, 10, and 20 years (mean loading time),
revealed weighted mean values of 44% (95% CI, 36%—-53%)
and 20% (95% CI, 14%-27%) after a mean loading time of
1-5 years for peri-implant mucositis and peri-implantitis,
respectively. After 5-10 years of loading, the prevalence of
peri-implant mucositis and peri-implantitis was 47% (95%
CL, 40%-54%) and 22% (95% CI,17%—-28%), respectively, and
between 10 and 20 years, 58% (95% CI, 51%-65%) and 19%
(95% CI, 14%-24%), respectively (see Figures S2 and S3 in
the online Journal of Periodontology).

The subanalysis on the prevalence of peri-implantitis
considering only fully edentulous populations (at least one
complete edentulous arch) revealed weighted mean values
of 33% (95% CI, 3%-73%), I = 95.8%. Egger test results and
funnel plots are presented in the supplementary files (see
Table S11 in the online Journal of Periodontology).

3.4.2 | Incidence

Patient level incidence rates for peri-implant mucositis
ranged from 9% to 64% within 5 years, 48% to 77% within
10 years, and 57% to 68% within 20 years. Patient level peri-
implantitis incidence rates ranged from 3% to 44% within 5
years, from 0% to 30% within 10 years, and from 14% to 40%
within 20 years. Meta-analyses for the incidence of PIDs
(patient level), stratified at 5, 10, and 20 years, revealed
weighted mean values of 46% (95% CI, 25%-68%) and 12%
(95% CI, 7%-19%) within 5 years for peri-implant mucositis
and peri-implantitis, respectively. Within 10 years, the inci-
dences of peri-implant mucositis and peri-implantitis were
61% (95% CI, 56%—65%) and 14% (95% CI, 9%-20%), respec-
tively, and within 20 years, 53% (95% CI, 36%—65%) and
22% (95% CI,11%-36%), respectively (Figure 3). The highest
peri-implantitis incidence rates were reported in prospec-
tive studies assessing patient populations with a history
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(A)

Mucositis Prevalence

Per-implantitis Prevalence

Weight (B)

Number of

619

Number of Proportion Proportion
Study Cases  Total with95% CI (%) Suty Sue whosHCl (%)
Ajalioud et al., 2023 3 025(0.19, 0.33] 164
Ajjalioud et al., 2023 83 0.58(0.50, 0.66] 2.07 vt a8l 200 12 AIT{00N 02 188
Alves etal., 2020 59 0.83(073, 091) 196 Apaza-Bodoya ot al., 2023 15 0.15(0.09, 023 160
Apaza-Bedoya et al., 2023 49 0.49(0.40, 059] 2.02 Anunyanak ot i, 2010 2 016{011, 021) 167
Buonocunto et al., 2023 23 045(0.32, 0.59) 1.88 Buonocunto atal, 2023 3 o0s(001, 014 L@
Casado et al., 2013 n 030(0.22 039] 161
Casado etal., 2013 20 0.19(0.12, 0.28] 2.02 sk % iAaE s Ak
Cetiner et., 2021 78 0.36(0.30, 0.43] 2.1 Cotiner o, 2021 5 038(020, 041) 167
Costa et al., 2022 154 0.44(039, 049] 2.14 Costa ot al. 2022 2 018(012, 025 163
56 044(0.35, 052] 205 Costa etal. 2022 . 024[018,030] 167
Daubert et al., 2015 46 0.48(0.38, 0.58) 201 Dalago et al. 2017 30 0.16(0.11, 022) 166
Daubert et al.. 2015 25 026(0.18, 0.35] 160
Derks ot al., 2016 137 032(028, 037] 215 Bate s s e As{0A0, 00 171
Elemek et al., 2020 56 028(022, 0.34] 2.10 Ovorak etal, 2011 2 024[018,030] 166
Ferreira et al., 2006 137 0.65(058, 0.71] 2.1 Elomek ot al 2020 139 W 069(063.078) 167
Ferreira et al., 2015 45 023(0.18, 0.30) 2.10 Fomelrs atal., 2008 10 009(0.08, 0.13) 187
Ferrewra etal, 2015 16 008(005, 0.13) 167
Grischke et al., 2019 % 0.65(052, 0.78] 1.89 bl I a36{022, 090 ‘1M
Gindogar et al., 2021 27 025(0.17, 033] 2.03 Gunpiner etal, 2020 " 037(032, 04 170
Gunpinar et al., 2020 157 0.41[036, 0.46] 2.14 Jankovic ot ol 2011 ') 037(027, 048 157
Jankovic et al., 2011 25 031(022, 042 1.98 Jansson et al., 2022 % 017{011,024 164
Jervoe-Storm et al., 2023 55 066(056, 0.76] 1.99 JopoSon ot ¥ 95 ¢ 00400 1%
Katafuchi et al, 2018 2 025(0.16, 035) 158
Kissa et al., 2021 119 0.82(0.75, 0.88] 2.07 prasigaspon P 041(033, 050] 164
Koldsland et al., 2010 (Part 1) 43 0.39(0.30, 0.49] 2.03 Koldsiand et al, 2010 (Part 1) 2 020{013,029] 1861
Konstantinidis et al., 2015 120 065(057, 0.71] 2.10 Konstantindis et al, 2015 2 013(008, 018 166
Kungsadalpipob et al., 2020 56 028(0.22, 0.34) 2.10 Kungeedelplpob et ol.. 2020 i 0.12(008, 0.17) 187
Latimer et al., 2021 16 026(0.16, 0.38) 153
Latimer et al., 2021 33 054 (041, 066] 1.93 w201 I a371020, 04 T4
Marrone et al,,2013 32 031(022, 0.40] 2.02 MaNATE e, 2018 o 040(033, 047 187
Matarazzo et al., 2018 15 0.55(0.48, 0.61] 2.11 Maximo et al., 2008 " 012007, 0.19) 162
Maximo et al., 2008 4 0.36(0.28, 0.45] 2.04 Meonini ot al, 2018 5 007{002, 0.14] 155
Menini et al., 2018 15 0.21[0.12, 0.31] 196 MeNetan,; Wiz ke 0.381042,021 W
y . Obroja ot al., 2022 0 0.00(0.00, 004] 146
Mir-Mari et al., 2012 95 0.39(033, 0.45] 2.12 Ot ot 2021 3% e
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FIGURE 2 Forest plots (A, B) and corresponding funnel plots (C, D) for prevalence of peri-implant mucositis and peri-implantitis at

patient level.
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(A)

Mucositis Incidence

(B) Peri-implantitis Incidence
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S-year Incidence Costa et al., 2012 (imegular compler ) 18 a - 044[029, 0.50] 334
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FIGURE 3
years.

of periodontitis,'?% 1°% I fylly edentulous patients,’’ and
erratic maintenance compliers.”*!2

3.4.3 | Riskindicators and factors

Risk indicators and factors were reported using diverse
measures of association such as OR, prevalence ratio,
hazard ratio (HR), and relative risk (RR). Factors were
classified into systemic diseases and conditions (diabetes
mellitus; cardiovascular diseases and associated condi-
tions, i.e., atherosclerosis and hypertension; obesity; and
osteoporosis), behavioral factors (i.e., smoking habits and
alcohol consumption) and patient-related characteristics
(i.e., sex and age). Additionally, the impact of two oral con-
ditions on the development and progression of PIDs was
assessed: complete edentulism and periodontitis (i.e., his-
tory or active). The definitions and characteristics of the
risk indicators are presented in Tables 1 and 2, and the
most significant risk indicators for PIDs are illustrated in
Figure 4.

Diabetes mellitus

Four studies"!®#*6! evaluating diabetes mellitus as a risk
indicator for peri-implant mucositis were included. One of
the studies defined diabetes as uncontrolled, and another

Test of group differences: Q,(2) = 2.12,p = 0.35

Forest plots for incidence of (A) peri-implant mucositis and (B) peri-implantitis at patient level stratified within 5, 10, and 20

diagnosed diabetes with glucose levels >126 mg/dL or
consumption of hyperglycemic medicine during the past
2 weeks."'® The highest OR was 3.4 and was reported in
a cross-sectional study of Aljalloud et al. considering a
Syrian population.** The effect summary contemplating
OR values at the patient level for diabetes mellitus failed
to identify a statistically significant association between
peri-implant mucositis and diabetes (effect summary OR
1.54; 95% CI, 0.9-2.64; I = 82.3%; Egger test p = 0.0040)
(Figure 5).

Ten studies’!842-46.93.5470 eyaluated diabetes mellitus as
a risk indicator for peri-implantitis. The studies defined
diabetes as controlled, uncontrolled, or diagnosed with
glucose levels >126 mg/dL or consumption of hyper-
glycemic medicine during the past 2 weeks. The highest
OR was 9.9 and was reported by Stacchi et al. in a cross-
sectional study evaluating implants inserted in augmented
sinuses.** The effect summary contemplating OR values
at patient level identified a statistically significant associa-
tion between peri-implantitis and diabetes mellitus (effect
summary OR 2.31; 95% CI, 1.59-3.32; 2 =9.88%; Egger test
p = 0.2835) (Figure 6).

Cardiovascular diseases and associated conditions
Four studies reported on certain cardiovascular conditions
(i.e., atherosclerosis and hypertension) as possible risk
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FIGURE 4
OR overall size effects. OR, odds ratio.

indicators for peri-implant mucositis and three for peri-
implantitis."'”*7*° The reported definitions for cardiovas-
cular conditions were heterogenous, and no meta-analyses
could be performed. Papi et al. reported in a cross-sectional
study that patients with subclinical atherosclerosis with a
carotid intima-media thickness >0.9 mm and/or plaque
presence presented an OR of 3.34 (95% CI, 1.13-9.85) for
peri-implant mucositis.*® Alves et al. described in a cross-
sectional study that the presence of high systolic blood
pressure (blood pressure >140 mm Hg) was a risk factor
for peri-implantitis with a significant PR value of 4.23 (95%
CI, 1.66-112.87; p = 0.03)."” Apaza-Bedoya et al. reported
in a cross-sectional study that the absence of cardiovas-
cular disease had an OR of 0.647 (95% CI, 0.22-1.85) for
peri-implant mucositis; however this association was not
significant.! This cross-sectional study did not define car-
diovascular disease with a specific diagnosis. Additionally,
Buonocunto et al. reported an OR of 3 (95% CI, 0.21-
42.63), associating cardiovascular disease and mucositis
in a cross-sectional multicenter study.>” The same study
reported an OR value of 0.6 for cardiovascular disease
and peri-implantitis. The reported definitions for cardio-
vascular diseases were not specific in the mentioned two
studies.
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History OR: 2.92
Active OR: 4.05

Schematic diagram depicting significant systemic risk indicators for peri-implant mucositis and peri-implantitis presenting

Obesity

Three clinical studies defining obesity as a body mass index
(BMI) of >30 kg/m or considering patients with abdom-
inal obesity (defined as a waist circumference >102 cm
[men] or >88 cm [women]) regarded it as a risk indicator
for peri-implant mucositis and peri-implantitis.'”**% The
effect summary contemplating OR values at patient level
identified a statistically significant association between
mucositis and obesity (effect summary OR 3.29; 95% CI,
1.75-6.17; I* = 1.93%; Egger test p = 0.7166) (Figure 5).
The effect summary contemplating OR values at patient
level for obesity did not identify a significant association
between peri-implantitis and obesity (effect summary OR
3.89; 95% CI, 0.79-19.1; I* = 73.5%; Egger test p = 0.091)
(Figure 6). The highest significant OR values for mucosi-
tis and peri-implantitis were 10 (p = 0.005) and 15.29
(p = 0.001) reported by Papi et al. in a cross-sectional
study.*® This study considered patients with abdominal
obesity who were concomitantly diagnosed with MTS.
Patients’ nutritional habits associated to obesity were pre-
sented by Vilarrasa et al. in a clinical study. They associated
patients with a sugar-rich diet with OR values of 5.38
(95% CI, 1.39-20.87; p = 0.01) with the development of
peri-implantitis.”!
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Forest plots corresponding to peri-implant mucositis risk indicators; meta-analyses considered InOR values at patient level.

Significant risk indicators are marked (*) with red. InOR, natural logarithm-transformed odds ratio.

Osteoporosis

Two cross-sectional studies reported on osteoporosis OR
values for peri-implant mucositis"!” and three studies for
peri-implantitis."**! Apaza et al. reported OR of 7.7 (95%
CI, 1.33-27.72; p = 0.020) and 6.1 (95% CI, 1.39-43.15;
p = 0.02) (implant level) associating osteoporosis with
mucositis and peri-implantitis.' On the other hand, Kon-
stantinidis et al. reported in a cross-sectional study a not
significant OR 0f 0.98 (95% CI, 0.91-1.062; p = 0.67) for peri-
implantitis.’ No meta-analyses could be performed since
only one study reported OR data at the patient level.

Smoking

Eleven studies evaluating smok-
ing and tobacco use as risk indicators for peri-implant
mucositis were included. Studies reporting on active and
former smokers were considered. The highest reported OR
were 3.77 (95% CI, 1.20-11.86; p = 0.023) and 3.04 (95%
CI, 1.16-3.98; p = 0.001), described in a cross-sectional

36,39,44,49,53,61,77,84,91,109,111

study of Rinke et al. and in a clinical study by Costa and
collaborators.”'?” The effect summary considering OR
values at patient level for smoking habits (active or former)
identified a statistically significant association between
peri-implant mucositis and smoking (effect summary OR
1.47; 95% CI, 1.06-2.07; I> = 63.7%: Egger test p = 0.8742)

(Figure 5).
Twenty-five studies!!536:39:40.42-46,53,54,57.63.72-74,77,81,84,91,

104,109,127.129" eyaluating smoking and tobacco use as risk

indicators for peri-implantitis were considered. Studies
reporting on active smokers, patients consuming >10
cigarettes/day, and former smokers were evaluated. The
highest reported OR was 31.58 (95% CI, 5.13-194.25;
p < 0.001), corresponding to the aforementioned cross-
sectional study of Rinke et al., where smoking was deter-
mined if patients had smoked at the time of the follow-up
examination or had quit smoking for less than 5 years.”! Of
this smoker population, 88% also had a history of periodon-
titis. The effect summary considering OR values at patient
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History of Periodontitis Smoking
In(OR) Weight In(OR) Weight
Study with 95% Cl (%)  Study with 95% Cl (%)
Alves et al., 2020 ——— 1.20[-0.34, 273] 360 Ahnetal, 2019 . 141[ 037, 246]  4.69
Arunyanak et al., 2019 —a— 0.94( 0.13, 1.74]  7.40  Alalloud et al., 2023 . 0.38[-1.27, 0.50] 557
Buonocunto et al., 2023 ———®————  171[-0.24,367] 250 Buonocunto etal, 2023 0.39[-351, 2.74]  0.85
Costa et al., 2022 —— 1.01[ 039, 1.63] 883 Costa etal., 2022 . 097[ 0.18, 1.76]  6.20
Koldsland et al., 2011 (Part Il) ——— 1.82[ 033,331] 376 Costaetal., 2022 - 1.36[ 069, 203 7.04
Konstantinidis et al., 2015 [ | 0.06[ 0.00, 0.12] 12.27 Dyorak et al., 2011 143(-0.85, 3.70] 150
Leone et al., 2023 (erratic complier) — 146 012, 2.80] 4.33  Jansson etal., 2021 —a— 136 0.29, 243] 458
Marrone et al., 2012 —— -0.01[-0.99, 0.97) 6.22 Koldsland etal., 2011 (Part Il) —a— -0.15(-1.59, 1.29]  3.10
Obreja et al., 2020 i 167[ 095, 240] 8.02  Marrone et al., 2012 —0— 0.00(-1.15, 1.15]  4.19
Renvert et al., 2018 . 1.03[ 0.03, 2.03] 6.07 Ppapietal., 2019 - 0.16[-1.16, 1.47] 3.52
Roceuzzo etal., 2023 (10y) - 106[ 001, 212] 573 Rinkeetal., 2011 ——=—— 345[ 1.64, 527] 2.18
Roceuzzo et al., 2023 (20y) —.— 0.83[-0.00, 1.67)  7.19  Roccuzzo et al., 2023 (10y) -l 0.47(-0.24, 1.18] 6.78
Roos-Jansaker et al., 2006 (Part il) —f— 155[ 0.00, 3.09] 357 Roknetal, 2016 - 094039, 227) 3.48
Stacchi et al., 2021 ——&——  260[ 1.10,4.10] 371  Romandini etal, 2021 I 064022, 149) 576
Swierkot etal., 2012 (Total sample) T ™ 265[ 072, 457) 256  Roos-Jansaker et al., 2006 (Part Ill) ] 1.53[ 1.49, 1.57] 10.90
Tsaousoglou et al., 2023 - 113[ 002, 2.25] 542 ganchez-Siles et al., 2015 - 0.43([ 001, 0.86] 8.96
Vilarrasa et al., 2021 P L — 132[-058,322] 261  genwarz etal, 2017 | o 0.99[-0.07, 204 464
Weinstein et al., 2020 S me 088[-0.71, 248 341  guccnietal, 2021 1lg 121(-021, 263 3.17
Yietal, 2020 s 0.85(-0.97, 267) 281 gyooker etal., 2022 L. 0.81(-0.09, 1.71] 548
Overall <* 1.07[ 0.72, 1.42) Vignolett et al., 2019 =B 059[-0.17, 1.35]  6.42
Heterogeneity: 1° = 0.25, I = 61.37%, H’ = 2.59 *OR: 2.92 (2.05-4.13)  Weinstein etal. 2020 0.63[-3.51, 2.24] 0.9
Testof 6, =6 Q(18) = 62.60, p = 0.00 Overall * 082( 052, 1.12)
Testof 6 = 0:2=6.05,p = 0.00 Heterogeneity: 1 = 0.21, I = 65.18%, H’ = 2.87 .
2 0 2 4 Test of 6, = 6;: Q(20) = 90.39, p = 0.00 OR: 2.27 (1.68-3.06)
Testof 8= 0:z=5.39, p = 0.00
5 5
Active Periodontitis Alcohol Consumption
In(OR) Weight In(OR) Weight
Study with 95% CI (%) Study with95% Cl (%)
Aljalloud et al., 2023 [—®— 235 141,328 880 Costa et al., 2022 0.54[0.01, 1.07) 37.75
Costa et al., 2021 = 223[ 044,402) 242  Costaetal,2022 1.06[0.39, 1.73) 23.74
Costa, et al., 2023 (irregular compliers) —f-®=——  199[ 0.73,324] 496  Sanchez-Siles etal. 2015 0.71[0.19, 1.24] 38.51
Derks etal., 2017 —— 1410 063, 218] 1275 oo e 0.73[0.40, 1.05]

Dvorak et al., 2011

— -0.56 [ -2.85, 1.73]  1.49

Heterogeneity: 7° = 0.00, I = 0.00%, H* = 1.00

Ferreira et al., 2006 g B 122 073,171 3086 1o o0 26 Q(2)= 146, p = 0.48 *OR: 2.07 (1.49-2.85)
Gunpinar et al., 2020 —0— 1190 044, 1.95) 1340 1o t0 0.5 =440, p=000
Jansson et al., 2021 —t 177[ 062, 2.93] 585 T
Marrone et al., 2012 ——— 0.69[-0.64, 2.02] 4.38
Papi etal., 2019 —+—=—— 220 081, 358] 4.05
Romandini et al., 2021 —a— 1.02[ 0.19, 1.85] 11.05
Overall * 140( 1.12, 1.68)
Heterogeneity: 1 = 0.00, I = 1.42%, H* = 1.01 *OR: 4.05 (3.06-6.35)
Test of 6,=8;: Q(10) = 12.78,p = 0.24
Testof §=0:2=9.83,p = 0.00
e SE—
2 0 2 4
Diabetes Mellitus Obesity
In(OR) Weight In(OR) Weight
Study with 95% CI (%)  Study with 95% CI (%)
Aljalloud et al., 2023 0.97[ 0.42, 1.52] 33.78 Alves etal., 2020 —— 1.65[-0.31, 3.62] 27.09
Dvorak et al., 2011 1.03[-2.03, 4.09] 1.41 DiMurroetal, 2019 —;— 0.18[-0.54, 0.90] 42.20
Ferreira et al., 2006 0.64[ 0.25, 1.04] 53.56 Papietal, 2019 —— 273 1.07, 4.39] 30.71
Marrone et al., 2012 —_— 0.09(-1.86, 1.68] 4.13  Overall —— 1.36 [-0.23, 2.95]
S(af:cm otal, 2021 e 229(-0.81, 539 1.38 Heterogeneity: 7° = 1.42, I* = 73.52%, H’ = 3.78 OR: 3.89 (0.79-19.11)
Weinstein et al., 2020 e 216[ 0.66, 3.65] 574 Testof8,=6:Q(2)=8.63,p=0.01
Overall < 0.84[ 0.47, 1.20] Testof 6 =0:2=1.68, p=0.09
Heterogeneity: 1° = 0.02, I* = 9.88%, H’ = 1.11 “OR: 2.31 (1.59-3.32) 0 2 4
Testof 8, = 6;: Q(5) = 6.04, p = 0.30
Testof 8 = 0: 2= 4.49, p = 0.00

2 0 2 6

Male IH(OR) Welght Fully Edentulous In(OR) Weight
Study wilfi 985 Ol o Sudy with 95% Cl (%)
Ahn etal., 2019 ‘:'i'i 001(-080, 0.78] 7.5 Marrone et al., 2012 i—; 1.72[-0.28, 3.71] 10.77
Aljalloud et al., 2023 058(-038, 153 654 Derksetal. 2016 049[-029, 1.26] 66.50
Aves stal,, 2020 I w— os7(077, 251 a3 Romandnietal 2021 — g 0.26(-1.18, 1.70] 20.63
Buonocunto et al., 2023 —— 152[ 072, 232] 7.09 Overall - 0.58[-0.08, 1.23]
Costa et al., 2022 B 0.15(-072, 042 7.88 Heterogenei 0.00, I = 0.00%, H* = 1.00
Costa etal., 2022 - 0.38( 0.01, 0.74] 844 Testofd =6;:Q(2)=148,p=048 OR: 1.78 (0.92-3.42)
Costa, et al., 2023 (iregular compliers) —— 1.47( 043, 1.91) 7.31 Testof6=0:2=173,p=0.08
Ferreira et al., 2006 e 0.99( 044, 1.54] 7.94 2 0 2 4
Koldsland et al., 2011 (Part ) —®—— 153( 025, 2.81] 539
Matarazzo et al., 2018 - 067( 002, 132 7.63
Papi et al., 2019 — -0.46 (-1.68, 0.76] 5.60
Rodrigo etal., 2018 - 0.69(-1.30, -0.09] 7.78
Stacchi et al., 2021 —a— 0.30(-1.77, 1.17] 4.79
Swierkot et al., 2012 (Total sample) —.— -2.00(-3.00, -1.00] 6.37
Vilarrasa et al., 2021 — -049(-1.67, 0.68] 576
Overall < 025(-0.22, 0.73]
Heterogeneity: ° = 0.66, I’ = 82.19%, H’ = 5.61
Test of 8, = 6 Q(14) = 63.80, p = 0.00 .
Testof 0 =0: 2= 1.03, p = 0.30 OR: 1.28 (0.80-2.77)

|

FIGURE 6 Forest plots corresponding to peri-implantitis risk indicators; meta-analyses considered InOR values. Significant risk
indicators are marked (*) with red. InOR, natural logarithm-transformed odds ratio.
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level for smoking habits identified a statistically significant
association between peri-implantitis and smoking (effect
summary OR 2.27; 95% CI, 1.68-3.06; 2 =65.2%:; Egger test
p = 0.4827) (Figure 6).

Alcohol consumption

Three studies®*®"!?” evaluating alcohol consumption as
a risk indicator for peri-implantitis were considered for
the meta-analysis. The highest reported OR (patient level)
value was 2.9 (95% CI,1.09-4.14; p = 0.01), corresponding to
the study of Costa et al., where alcohol use was determined
to be a significant risk indicator for peri-implantitis.'?’
The effect summary considering OR values at patient level
identified a statistically significant association between
peri-implantitis and alcohol consumption (effect summary
OR 2.07; 95% CI, 1.49-2.85; I? = 0.0%; Egger test p = 0.271)
(Figure 6).

Sex

Nine studies evaluating sex as a risk
determinant for peri-implant mucositis were included.
The effect summary contemplating OR values at patient
level failed to identify a significant association between
mucositis and male sex (effect summary OR 1.02; 95% CI,
0.64-1.73; I> = 87.8%; Egger test p = 0.7166) (Figure 5).
Fifteen studies!”18:36:38,39.43,44,53,57,64,71,84,111,120,127 ayn]yat-
ing sex as a risk indicator for peri-implantitis were
included. The effect summary contemplating OR values
at patient level did not identify a significant association
between peri-implantitis and male sex (effect summary OR
1.28; 95% CI, 0.80-2.77; I = 82.2%: Egger test p = 0.7538)
(Figure 6).

17,36,39,40,44,49,61,71,84

Age

Seven studies evaluating the patient’s age
as a risk determinant for peri-implant mucositis were
included (Tables 1 and 2). OR values were reported at
patient and implant levels. The majority of the studies
did not define a specific age range as a risk indicator
for mucositis. Fifteen studies-17:18-39-43-46,53,54,75,104,111,112,127
also evaluated the patient’s age as a risk indicator for peri-
implantitis (Tables 1 and 2). Studies defined age as risk
indicator in heterogenous ways such as <56 years, >50
years, per 10 years, older, <50 years, <60 years, and >55
years. Some of the studies failed to mention any specific
range. Following the heterogeneity of the reported data,
age could not be identified as a risk indicator for mucositis
or peri-implantitis.

1,17,18,39,44,49,111

Periodontitis

Eight studies!3%-0L7LI0SULIZIZT eyaluating a history of
periodontitis as a risk indicator for peri-implant mucosi-
tis were included. The highest OR value was 3.6 (95%

CI, 1.09-1.98; p = 0.036), reported by Swierkot et al.
in a 3- to 16-year long-term cohort study considering
general aggressive periodontitis history as a risk indi-
cator for mucositis.'!! The effect summary contemplat-
ing OR values at patient level identified a statistically
significant association between peri-implant mucositis
and history of periodontitis (effect summary OR 1.68;
95% CI, 1.04-2.74; > = 80.1%; Egger test p = 0.5662).
Four studies'®*%#+70 associating active periodontitis and
mucositis were included in the meta-analyses. The effect
summary considering OR values at patient level also
presented a statistically significant association between
peri-implant mucositis and active periodontitis (effect
summary OR 3.12; 95% CI, 2.51-3.89; P =0.0%; Egger test

p = 0.9895) (Figure 5).
Twenty-two studies!>17:3034:42:43.45-47,51,57,61,71,77,82,10,11,

112,123,127,130 evaluated history of periodontitis as a risk

indicator for peri-implantitis. The highest OR was 14.09
(95% CI, 2.05-96.772; p = 0.007), again reported by
Swierkot et al.!'! Stacchi and collaborators also reported
in a multicentered cross-sectional study with a mean
loading time of 4.64 years an OR of 13.46 (95% CI,
2.99-60.46; p = 0.001).** The effect summary with
respect to OR values at patient level identified a sta-
tistically significant association between peri-implantitis
and history of periodontitis (effect summary OR 2.92;
95% CI, 2.05-4.13; > = 61.4%; Egger test p = 0.0001).
Eleven studies!™!8:30:44:45,50.52,5470.96,120 aqg0ciating active
periodontitis and peri-implantitis were included in the
meta-analysis. The effect summary contemplating OR val-
ues at patient level also presented a statistically significant
association between peri-implantitis and active periodon-
titis (effect summary OR 4.05; 95% CI, 3.06-6.35; I> = 1.4%;
Egger test p = 0.5805) (Figure 6).

For risk factor analyses, three similar longitudinal stud-
ies comparing patient populations with or without history
of periodontitis over 3-20 years, reported significantly
higher mucositis and peri-implantitis incidence rates for
a population diagnosed with periodontitis.!’>!%!!l The
included studies did not report on RR for other sys-
temic conditions. Meta-analyses comparing the disease
incidence rates for both patient populations or the RR
could not be performed due to the heterogeneous follow-
up periods and the fact that the incidence rates of
comparable studies were not reported at the patient
level.

Edentulism

One study reported an OR of 1.88 (95% CI, 0.78-4.54;
p = 0.16), revealing a not significant association of
complete edentulism and peri-implant mucositis.! Six
studies’>!>4546:52 evaluating complete edentulism as a risk
indicator for peri-implantitis were included. Only three
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studies'*>? reported OR values at the implant level. The

effect summary contemplating OR values at patient level
for edentulism was close to identifying a significant asso-
ciation between peri-implantitis and complete edentulism
(effect summary OR 1.78; 95% CI, 0.92-3.42; I> = 0.0%;
Egger test p = 0.4494) (Figure 6).

Other patient-related conditions

Recent studies have reported on additional health con-
ditions related to PIDs. Strooker et al. evaluated the
psychological risk indicators and significantly associated
depression with peri-implantitis (OR 2.04; 95% CI, 1.067-
3.8; p = 0.03).% Costa and collaborators also associated
liver cirrhosis with peri-implantitis (OR 2.44; 95% CI, 1.13-
2.44; p = 0.001),'””’ and Vilarrasa et al. reported in a
cross-sectional study that xerostomia had an OR of 2.16
(95% CI, 0.69-6.82; p = 0.18) for peri-implantitis;” however
this association was not significant.

4 | DISCUSSION

4.1 | Summary of main results
An analysis of the current evidence of PIDs demonstrated
that case definitions for peri-implant mucositis and peri-
implantitis fluctuate significantly among existing clinical
studies.”13%133

Weighted mean values calculated at the patient level
demonstrated overall prevalence rates of 46% (95% CI,
41-51) and 21% (95% CI, 17-24) for peri-implant mucosi-
tis and peri-implantitis, respectively. Additionally, pooled
estimates demonstrated that (1) more than half of the
patients treated with dental implants were affected by
PIDs over a 10-year follow-up period; (2) periodontitis
and smoking acted as risk indicators for the develop-
ment of PIDs; (3) obesity was identified as a potential risk
indicator for peri-implant mucositis; (4) diabetes mellitus
and alcohol consumption were identified as potential risk
indicators for peri-implantitis; and (5) evidence from lon-
gitudinal studies exhibits periodontitis as a potential risk
factor for PIDs.

4.2 | Agreements and disagreements
with other studies

The present review estimated the prevalence at the patient
level for peri-implant mucositis and peri-implantitis to be
46% (95% CI1, 41%-51%) and 21% (95% CI, 17%-24%), respec-
tively, which is comparable with the ones described by the
previous systematic reviews of Derks and Tomasi® and Lee
etal.l>

The reported incidence for PIDs was determined in lon-
gitudinal prospective studies based on the number of new
cases of disease in a population over a defined period
of time. The present meta-analyses aimed to estimate
the incidence for both peri-implant pathologies within
20 years of implant function. The stratified meta-analyses
demonstrated that the weighted means for mucositis inci-
dence increased from 46% to 61% between 5 and 10 years of
follow-up. However, mucositis incidence decreased from
61% to 53% between 10 and 20 years of follow-up. It is
possible to attribute this reduction in incidence to disease
progression from mucositis to peri-implantitis over longer
loading periods.’*>""*7 This inference is further corrobo-
rated by the forest plot of peri-implantitis, where its inci-
dence increased 2% from 5 to 10 years and 8% from 10 to 20
years. Interestingly, the highest peri-implantitis incidence
rates were reported in prospective studies considering
patient populations with history of periodontitis.!0%!0%!!
The reported incidences must be interpreted with cau-
tion since the percentage of variability was high across the
included studies in the meta-analyses. Future longitudinal
studies are essential to determine the incidence rates for
PIDs per patient-year in different populations.

Risk indicators for PIDs have been reported in sev-
eral cross-sectional studies®*” and certain systematic
reviews.?138-140° Ag the human body is an interconnected
system, it is essential to comprehend that the systemic risk
indicators are not independent from each other and they
might also be affected by local and prosthetic factors.”®
The present systematic review established that the sig-
nificant risk indicators for peri-implant mucositis and
peri-implantitis were history or active periodontitis and
smoking habits. Obesity was identified as a risk indica-
tor for peri-implant mucositis, while diabetes mellitus was
determined to be a risk indicator for peri-implantitis.

Periodontitis is a significant public health problem in the
United States since it is a common disease among the pop-
ulation, presenting a total prevalence of 42.2%.'* There is
important evidence from longitudinal and cross-sectional
studies establishing that active and history of periodontitis
is a risk indicator for PIDs.”?” The present meta-analyses
identified a statistically significant association between
both diseases (i.e., mucositis and peri-implantitis) and
periodontitis. The overall odds for mucositis and peri-
implantitis were 1.68 and 2.92 times greater, respectively,
if the patients had history of periodontitis. The mentioned
OR were even higher for both diseases when considering
active periodontitis. In line with this association, Fer-
reira et al. demonstrated in a systematic review that a
diagnosis or history of periodontitis was associated with
peri-implantitis, showing a significant association between
peri-implantitis and chronic periodontitis (OR 2.9; 95% CI,
1.79-4.00).%* This outcome is closely related to the overall
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OR effect summary reported in the present meta-analyses.
Moreover, three longitudinal studies comparing patient
populations with or without history of periodontitis over
3-20 years have presented significantly higher mucosi-
tis and peri-implantitis incidence rates for the population
exposed to periodontitis.'>!°%!!! The mentioned longitu-
dinal evidence supports that a history of periodontitis can
be a potential risk factor for PIDs.

A systematic review reported on the potential associ-
ation between smoking and peri-implant mucositis and
established smoking as a risk indicator for the devel-
opment of peri-implant mucositis.'*> Another systematic
review by Dreyer et al. also identified smoking or tobacco
consumption as a risk indicator of peri-implantitis (OR
2.0; 95% CI, 1.6-2.4),”! which is an outcome comparable to
the overall OR effect summary of the present systematic
review. The reported overall OR effect summary indicated
the odds of mucositis and peri-implantitis were 1.47 and
2.27 times greater, respectively, if the patients were exposed
to cigarette consumption. In the present review, the highest
reported smoking OR was 31.58, corresponding to a cross-
sectional study of Rinke and colaborators.” The high OR
value might be attributed to the fact that 88% of the referred
smoker population had history of periodontitis. Therefore,
the presented OR might consider a population with two
potential risk indicators for PIDs.”! The greatest difficulty
faced in determining smoking being included as a risk fac-
tor or indicator for PIDs is the variability from study to
study in including former or active smokers and in defin-
ing smoking habit. A cohort study by Costa et al. demon-
strated that the longer the time since smoking cessation,
the lower was the occurrence of peri-implantitis.”® On the
other hand, the systematic review of Carra et al. stated that
there is limited evidence to determine whether smoking
cessation is associated with a decreased risk for PIDs.'*

Alcohol consumption has been associated with liver cir-
rhosis, high blood pressure, cardiovascular diseases, and
other metabolic problems.”*!?’ A relationship between
alcohol consumption and periodontitis has been suggested
by certain studies.'**'** Currently, limited studies have
studied the influence of alcohol consumption on the
progression and prevalence of PIDs.”*8"!?” The present
meta-analyses showed that patients consuming alcohol
have a higher risk for peri-implantitis. The overall odds
were two times greater for developing peri-implantitis in
patients exposed to alcohol use. Physiologically, this asso-
ciation could be attributed to the fact that alcohol can
affect the host’s immunological response by decreasing
neutrophil, macrophage, and T cell functions, increas-
ing the patient’s susceptibility to infections.'*> The men-
tioned aspects could potentially increase the inflammatory
response and trigger PIDs progression. Nevertheless, sci-
entific evidence regarding alcohol use including its fre-

quency, dosage, and amount and its relationship with
peri-implantitis is very limited. More studies are needed to
further support alcohol use as risk indicator and factor for
both PIDs.

The American Diabetes Association reported in 2021
that 38.4 million (11.6%) of the American population had
diabetes. Diabetes mellitus global prevalence has been
estimated at 8%.'“%'* This autoimmune metabolic dis-
order has been identified by various studies as a risk
factor for periodontitis, and several studies have demon-
strated that patients with controlled and uncontrolled
diabetes are at higher risk for peri-implantitis.'**!4® The
present meta-analyses showed that diabetic patients have
an increased risk for peri-implantitis. The overall odds
were 2.31 times greater for developing peri-implantitis in
patients with diabetes mellitus. This finding is confirmed
with the outcomes of a previous systematic review by
Carra et al. that demonstrated a higher risk for develop-
ing peri-implantitis in patients with poor glycemic control
(glycosylated hemoglobin [HbAlc] > 8%) when compared
with patients with regular glycemic control.”*® Monje
et al. also reported in a meta-analysis that diabetes over-
all OR was 1.89 (95% CI,1.31-2.46) for peri-implantitis and
that there was no association between diabetes and peri-
implant mucositis, which is likewise in line with the
presented results.®® Still, there are controversial results
regarding the association of PIDs and diabetes, which
could be due to the fact that different diabetic diagnos-
tic criteria were used in the studies and it was not known
whether the same patients had adequate glycemic control.

The Centers for Disease Control and Prevention (CDC)
reported a 49% prevalence of obesity in the United States
in 2017.14%59 Obesity, along with related conditions like
MTS, have reached epidemic proportions, resulting in
over 4 million deaths annually as of 2017."°! Obesity has
been linked to periodontitis due to several shared risk
determinants, and overweight individuals have a higher
prevalence of periodontitis.'* This systematic review con-
firmed obesity as a significant risk indicator for mucositis
(effect summary OR 3.29; 95% CI, 1.75-6.17). Studies have
established a connection between obesity and PIDs, with
Papi et al. reporting the highest OR for mucositis and peri-
implantitis. Notably, their study focused on patients with
abdominal obesity and MTS.*° Biologically, the association
between obesity and PIDs may involve adiposity-related
inflammation and microbial imbalance, potentially exac-
erbating inflammation and disease progression.”””> How-
ever, scientific evidence regarding the cause-effect rela-
tionship remains limited. Furthermore, the heterogeneity
among studies warrants cautious interpretation of these
associations.

The available evidence to consider other factors such
as sex, aging, edentulism, osteoporosis, cardiovascular
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diseases, and hypertension as risk factors/indicators for
PIDs proved to be inconclusive and further studies will be
needed for further clarification.

It is important to keep in mind that a risk factor is “an
environmental, behavioral, or biologic factor confirmed by
temporal sequence” that should be defined in longitudinal
studies.'”® Still, there are limited controlled epidemio-
logical studies that follow a cohort of subjects exposed
to determined risk factors which could be compared to
a sample of unexposed controls. There is contemporary
longitudinal evidence demonstrating that a history of peri-
odontitis can be a potential risk factor for PIDs, confirming
the higher incidence rates for patient populations with a
history of periodontitis. Nevertheless, more interventional
studies of longitudinal design are required to identify true
risk factors for PIDs.

4.3 | Limitations and potential biases in
the review process

Among the limitations of the present systematic review, it
is important to consider that the majority of the studies
utilized convenience samples. Also, the studies assessed
heterogenous populations, samples sizes, and follow-up
periods. Studies employed significantly different method-
ologies and included patients with heterogenous main-
tenance programs (i.e., erratic and regular compliers),
surgical and rehabilitation protocols, and settings (i.e., uni-
versity, public center, hospital, private practice). The study
setting is a crucial aspect in the interpretation of the results
since implant therapy performed by highly trained clini-
cians or specialists might be particularly different from the
one performed by university residents. Indeed, the rate of
peri-implant biological complications might be influenced
by the level of the experience of the clinician. As well,
the studies that were multicentered might have additional
bias in the interpretation of the results since the evaluators
might not be calibrated among the different centers.

The present systematic review excluded studies report-
ing on data of implants with <8 mm of length. The
mentioned exclusion criterion was supported on evidence
that establishes that short implants have a higher vari-
ability and a decreased predictability in survival rates
compared to longer implants.>* As well, short implants
might be placed in areas with reduced bone height, which
might affect the subcrestal insertion of the implant and
consequently the physiological bone remodeling follow-
ing implant loading. Receptor areas with reduced bone
height might also need extensive bone grafting procedures;
this aspect could also be a bias in the interpretations
of the results. However, a limitation of this systematic
review is that it did not determine a cutoff value on

a maximum implant length or thresholds for implant
diameter.

Also, the meta-analyses of studies considering diverse
study populations presented high heterogeneity indicated
by I? values. Moreover, incidence definition for peri-
implant mucositis and peri-implantitis was not clear in
certain studies and the timepoints were not homogenous.
It is also critical to consider that case definitions for PIDs
varied significantly among the presented clinical studies.’
In the present review, only 21% of the studies considered
the standard WW 2017 case definition for peri-implantitis.*
The heterogeneity in the current literature on PIDs epi-
demiology also highlights the importance of utilizing
defined case definitions and threshold values to discrim-
inate health from disease to facilitate merging concepts,
outcome comparisons, and global epidemiological consen-
sus related to PIDs. All the mentioned limitations should
be taken into account when interpreting the outcomes of
the present systematic review.

5 | CONCLUSIONS

Within the limits of this systematic review and meta-
analysis, it can be concluded that:

1. More than half of the adult patients treated with tita-
nium dental implants were affected by PIDs over a
10-year follow-up period.

2. It has been shown that one in five patients receiv-
ing dental implants will present peri-implantitis over a
20-year follow-up period.

3. Smoking and periodontitis were identified as risk indi-
cators for the development of both PIDs.

4. Obesity was identified as potential risk indicator for
mucositis.

5. Diabetes mellitus and alcohol consumption were iden-
tified as potential risk indicators for peri-implantitis.
However, the association between alcohol consumption
and peri-implantitis is supported by limited evidence.

6. There is a weak level of evidence that indicates hyper-
tension, and other cardiovascular conditions can mod-
ulate the prevalence of PIDs; thus, further studies are
needed to better determine this association.

5.1 | Implications for practice and future
research

The current strategies to mitigate PIDs occurrence and pro-
gression should center on interventions that can target
modifiable systemic risk factors and improve risk pro-
files for PIDs. Patients should be instructed about the
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importance of controlling systemic conditions, periodon-
titis, and detrimental habits such as smoking and alco-
hol consumption that could influence disease progres-
sion. Future epidemiological longitudinal studies should
explore the impact of these conditions as putative risk
factors on the rate of disease onset and progression. The
implementation of the standard WW 2017* classification,
as well as the stratification of patients into subgroups
according to the type of systemic condition or disease,
might improve the report of peri-implant outcomes.
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