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Abstract

Background. The current study aimed to systematically review the existing evidence on potential
links between gene polymorphisms and the occurrence of peri-implant mucositis (PIM) or peri-
implantitis (PI).

Methods. The electronic search was executed through six databases in November 2022: PubMed,
Embase, Google Scholar, Scopus, Cochrane CENTRAL, and Web of Science. The search sought
studies delving into the possible association of gene polymorphisms with PIM or PI. To showcase
the effect size, odds ratios along with 95% confidence intervals were used. The meta-analysis was
performed on polymorphisms/alleles reported in at least two studies.

Results. The initial search yielded 2162 results, which were reduced to 1327 following
deduplication. After evaluating titles, abstracts, and full texts, 30 studies were deemed suitable for
inclusion. Forty-nine gene polymorphisms were examined among 50 PIM patients, 1603 PI
patients, and 2407 healthy controls spanning seven ethnicities. The meta-analysis showed that IL-
lo -889 (95% CI: 1.070-2.850, OR=1.746, P=0.026), IL-1p +3954 (95% CI: 1.265-2.851,
OR=1.899, P=0.002), and OPG -3618 (95% CI: 1.158-2.983, OR=1.859, P=0.010) gene
polymorphisms significantly differed between healthy controls and PI patients. However, IL-1 -
511, IL-6 -174, OPG -3617, and TNF-a -308 gene polymorphisms did not significantly alter Pl
risk. Due to insufficient data, performing a meta-analysis on PIM was not feasible.

Conclusion. The findings suggest that IL-1a -889, IL-1p +3954, and OPG -3618 gene
polymorphisms are associated with the predisposition to Pl. However, further research among
diverse populations is warranted to draw more definitive conclusions.

Keywords: Alleles, gene polymorphism, genetics, meta-analysis, peri-implantitis, systematic
review.

Introduction
Compared to other human organs, teeth are more prone to loss during a person’s lifetime due to
multiple reasons, including periodontal diseases, caries, and trauma.> Nevertheless, replacing a



missing tooth is no longer a daunting challenge, thanks to the widespread availability of dental
implants. From a single missing tooth to complete edentulousness, all can be treated using
implants.? In addition to a long-term survival rate exceeding 96% for dental implants,® biological
complications may be inevitable in some cases.*

Peri-implant mucositis (PIM) is a reversible state of inflammation that affects the soft tissue near
dental implants. If the inflammation is not addressed appropriately, extension toward underlying
hard tissues and progressive loss of supporting bone can potentially occur. A different term is
assigned to this new state: peri-implantitis (P1).>® The prevalence of PIM and P1 have been reported
to range from 19 to 65% and 1 to 47%, respectively.’

As in most periodontal diseases, the activity of bacteria in the biofilm, such as Fusobacterium and
Streptococcus species, stimulates the host immune response.® Multiple proinflammatory mediators
and their corresponding receptors participate in the process of inflammation, including interleukins
(IL), tumor necrosis-o. (TNF-a), matrix metalloproteinases (MMP), etc.® However, the severity of
immune response and the extension of tissue destruction may not be comparable between
individuals, even in the presence of similar etiologic factors. A potential explanation for this
observed discrepancy could be inter-individual genetic differences.”

Gene polymorphisms are characterized as alterations in the DNA sequence, which must be
detectable among at least 1% of a specific population. These alterations, of which single nucleotide
polymorphism (SNP) is the most common type, may alter a particular gene’s function or
expression.tl 12 Research has elucidated the association between these genetic alterations and the
prevalence of peri-implant diseases (P1Ds).131® For instance, a considerably higher risk of PI has
been identified in patients with particular gene polymorphisms of IL-10, IL-1p, osteoprotegerin
(OPG), receptor activator of nuclear factor-kB ligand (RANKL), and receptor activator of nuclear
factor-xB (RANK).1*16 However, existing evidence refutes the associations between the incidence
of Pl and particular polymorphisms in the DNA sequence of the mentioned proteins.*’*°
Accordingly, the relationship between particular gene polymorphisms and their negative impact
on the success of dental implants remains unclear.>2° However, if specific sequences of alleles
are common among patients with PIDs, clinicians would have the opportunity to assign a more
accurate prognosis before implant placement and consider tailored strategies to prevent failures.
Therefore, this study aimed to systematically review the current evidence reporting associations
between specific genetic polymorphisms and the incidence of PIM or PI.

Methods

Methodology and Protocol Registration

The current study was conducted in accordance with PRISMA (preferred reporting items for
systematic review and meta-analysis) guidelines,?! and the protocol was registered at PROSPERO
(International Prospective Register of Systematic Reviews) before initiation (CRD42023367438).

Eligibility Criteria
The search strategy was designed in the form of PECO as follows:
e Population (P): Patients who have received dental implants without uncontrolled systemic
diseases
e Exposure (E): Presence of polymorphic genotypes
e Comparison (C): Contrasting patients manifesting Pl or PIM with healthy controls
e Outcome (O): Pl or PIM



Inclusion Criteria
e Human prospective, observational, and retrospective studies, including cross-sectional,
cohort, and case/control studies, randomized or non-randomized clinical trials, and case
series
Investigating patients with PIDs, including PIM and PI
Reporting the genotype or allele frequencies among diseased and healthy subjects
English language
A minimum loading time of six months

Exclusion Criteria
e Studies that had included patients with uncontrolled systemic conditions such as diabetes
mellitus and osteoporosis
e Studies limited to immediate implant placement or loading

Search Strategy

The initial search was done through electronic databases of PubMed, Embase, Google Scholar,
Scopus, Cochrane CENTRAL, and Web of Science in November 2022. The following search
terms were used: (“dental implant” OR “peri-implantitis” OR “periimplantitis” OR “peri-implant
disease” OR “periimplant disease” OR “peri-implant mucositis” OR “marginal bone loss”) AND
(“polymorphism” OR *“variant” OR “mutation” OR “single nucleotide polymorphism” OR “allele”
OR “genotype™). The search query was adapted to the guidelines of each database. In addition, a
manual search was conducted by scrutinizing the bibliographies of pertinent review articles and
journals in the field of dental implants and genetics to retrieve the articles that may have been
missed through electronic search. The searched journals were as follows: Journal of
Periodontology, Periodontology 2000, Journal of Periodontal Research, Clinical Oral Implants
Research, Clinical Implant Dentistry and Related Research, Implant Dentistry, International
Journal of Oral and Maxillofacial Implants, Journal of Clinical Periodontology, Journal of Dental
Research, Journal of Oral and Maxillofacial Surgery.

Screening and Data Extraction

The initial results were transferred to EndNote X20 software (Clarivate Company, Philadelphia,
USA). The software automatically did the first round of deduplication, and the second round was
done manually to omit the machine’s bias. Two independent reviewers (SS and SE) screened the
titles and abstracts of the remaining articles while blinded to each other’s decisions. In the next
step, the full texts of potentially relevant articles were read comprehensively, and the
inclusion/exclusion criteria were applied. Any inter-reviewer disagreement was resolved by
consulting a third reviewer (RA). Kappa statistics was used to measure the inter-reviewer
agreement throughout title/abstract and full-text screening.

The subsequent data were gathered from the articles: author and publication year, study design,
country, studied polymorphisms, sample size, age and gender, smoking status, history of
periodontal disease, plaque index, position of implants, platform type, implant loading time, Pl
diagnostic criteria, PIM diagnostic criteria, soft tissue biotype, restoration type, DNA sampling
site, and main outcome. If any data were missing or not provided in detail, the authors were sent
an email and given one month to respond. Any responses received from the authors were



documented. In the absence of further clarification from the authors, the study was excluded from
the analysis.

Quality Assessment

The two independent authors (SS and SE) assessed the quality of each study. “Suggested
guidelines for systematic reviews of periodontal genetic association studies”?? was implemented
for quality assessment. This scoring scale comprises 20 items allocated to five categories:
selection, comparability, exposure, study methodology/design, and genetic analyses. A positive
answer to each item gains one point, leading to a 0-20 range for the total quality score. A total
score <6 was deemed as very low quality, 6-10 was categorized as low quality, 11-15 was assessed
as moderate quality, and 16-20 was interpreted as high quality. Kappa statistics was used to
evaluate the inter-reviewer agreement during the quality assessment.

Statistical Analyses

Statistical analyses were carried out to compare alleles and genotypes. The Higgins Index? was
used to evaluate the study heterogeneity. According to the Cochrane Handbook, heterogeneity
indices falling within the ranges of 0—-40%, 30-50%, 50-60%, and 75-100% were categorized as
low, medium, high, and very high levels of heterogeneity, respectively. If no significant
heterogeneity (P>0.05) was found, a fixed-effects model (inverse-variance method) was used for
the analysis. Otherwise, a random-effects model was applied due to the significant level of the
Higgins index (P<0.05). The effect size was presented as odds ratios (OR) with 95% confidence
intervals (Cls). Studies were divided based on the polymorphisms they investigated, and meta-
analysis was conducted for polymorphisms/alleles explored in at least two studies. Statistical
significance was determined by a P-value of <0.05. The Egger test?* was used to measure the
degree of publication bias. The statistical analysis, including forest plot creation, was conducted
using Comprehensive Meta-Analysis 2.2.064 software (Biostat Inc., Englewood, NJ).

Results

Study Selection

The PRISMA flow diagram (Figure 1) demonstrates that the preliminary search throughout
electronic databases and hand-search yielded 2162 results. The number of records decreased to
1327 following the removal of duplicates. In the next step, title/abstract screening of remaining
records left 70 potentially relevant articles. Next, the full texts were scrutinized, and 30 studies
were eligible for systematic review. The reasons for excluding 40 records were as follows:
irrelevance (n=13), not performing subgroup analysis (n=11), investigating peri-implant
complications other than PIM or PI (n=10), reviews (n=3), and data insufficiency (n=3). Kappa
statistics was calculated at 0.85 for title/abstract and full-text screening, which is considered an
almost perfect agreement between reviewers. 2

[Figure 1]

Study Characteristics

Comprehensive information about study characteristics and the summary of extracted data are
available in Table 1 and Additional File 1. The total number of patients included in the studies was
4060, 50 of which exhibited signs of PIM, 1603 manifested PI, and 2407 were healthy controls.



The average age was 51.20 years for patients with Pl and 44.41 years for healthy controls. The
proportion of females was roughly similar in both groups, with 46.97% in Pl-affected subjects and
46.48% in healthy controls. Twenty-six out of 30 studies reported the smoking status of subjects.
Regarding the history of periodontal diseases, the number of studies reporting data was 22. The
preponderance of research originated from Iran, China, and Brazil, representing case/control and
cross-sectional designs. The time that implants were in function before Pl or PIM diagnosis varied
from 6 to 144 months.

Outcome Measures

Foert-nine gene polymorphisms were investigated in the included studies (Table 1). The most
frequently inspected polymorphisms were 1L-1B +3954 and TNF-a -308. As explained before,
meta-analysis was performed for gene polymorphisms or alleles scrutinized in at least two studies,
delineated in the subsequent paragraphs.

Peri-implant Mucositis

Among the 30 reviewed studies, the samples of two studies included 50 PIM patients.*®2?® The first
study investigated the association between RANK (rs3826620), RANKL (rs9594738), and OPG -
3618 gene polymorphisms and PIM occurrence, while the other research was focused on IL-6 -
174 gene variants. Neither of the studies found significant relationships between the mentioned
genetic variations and PIM development. Given the scarcity of studies on each of the
aforementioned polymorphisms, executing a meta-analysis was not feasible.

IL-71a -889

Among 30 studies included in the qualitative synthesis, three investigated the potential association
between IL-1a.-889 gene polymorphism and the incidence of PI. One of the three studies resulted
in a significantly higher risk of PI among non-Han Chinese people with CT and TT genotypes.
The meta-analysis showed a significant link between the IL-1a.-889 CT genotype and P1 risk (95%
Cl: 1.070-2.850, OR=1.746, P=0.026), while the CC genotype was related to host immunity
against the disease (95% CI: 0.331-0.748, OR=0.498, P=0.001) (Figure 2). In terms of allele
frequency, our results indicated that the presence of the T allele in the genotype of IL-1a -889 was
associated with PI incidence (95% CI: 1.398-2.729, OR=1.953, P=0.000), and the C allele
contributed to peri-implant health (95% CI: 0.303-0.637, OR=0.439, P=0.000) (Additional File
3).

[Figure 2]

IL-1p +3954

A significant association between IL-1p +3954 gene polymorphism and patients’ susceptibility to
Pl was reported in two studies. On the contrary, three studies in Portugal, Brazil, and Sweden did
not recognize any significant link between genetic exposure and PI risk. When it came to meta-
analysis, the IL-1p +3954 CT genotype was significantly associated with PI occurrence (95% CI:
1.265-2.851, OR=1.899, P=0.002), and the CC genotype served as a protective agent (95% CI:
0.226-0.797, OR=0.425, P=0.008) (Figure 3). When allele frequencies were compared, it was
revealed that the presence of the T allele in the IL-1p +3954 genotype was linked to an increased
risk of PI (95% CI: 1.207-3.993, OR=2.195, P=0.010), while the presence of the C allele was
associated with healthy condition (95% CI: 0.250-0.838, OR=0.457, P=0.011) (Additional File 4).



[Figure 3]

OPG -3618

According to two out of three studies, Pl occurrence was significantly associated with gene
polymorphism in the DNA sequence of OPG -3618. However, the statistical significance level was
not reached in the other study. Combining results via meta-analysis represented augmented PI
susceptibility in the presence of CC genotype (95% ClI: 1.158-2.983, OR=1.859, P=0.010) (Figure
4). A higher risk of Pl was observed in subjects carrying the C allele (95% CI: 1.090-2.019,
OR=1.483, P=0.012). In contrast, the G allele contributed to a decreased risk of P1 (95% CI: 0.495—
0.918, OR=0.674, P=0.012) (Additional File 5).

[Figure 4]

IL-1f-511

Polymorphic genotypes of IL-1B -511 were not related to the prevalence of PI, as stated in two
studies conducted in Brazil and Sweden.?"?® Consistently, the meta-analysis did not discover any
particular association between polymorphic genotypes/alleles and Pl incidence (Additional File
6).

IL-6 -174

As reported in two studies, the frequency of polymorphic genotypes of I1L-6 -174 was differential
between PI-suffering patients and healthy controls.?%? In contrast, one study refuted any potential
link between polymorphic genotypes and disease development. 2 The meta-analysis revealed that
polymorphic genotypes/alleles do not contribute to a healthy or diseased peri-implant condition
(Additional File 7).

OPG -3617

The results of two studies were in favor of an insignificant association between OPG -3617 genetic
polymorphisms and the incidence of P1.283% The current meta-analysis supported the assertion that
variations in the DNA sequence of OPG -3617 are not related to Pl development. (Additional file
8)

TNF-a -308

One out of five studies endorsed a significant association between polymorphisms in the genotype
of TNF-a -308 and the risk of Pl among a Serbian population.?® The other four studies did not
identify the mentioned association between genetic variations and disease occurrence.’*3!33 The
meta-analysis in the current study also revealed an insignificant relationship between genetic
variants and Pl occurrence (Additional File 9).

[Table 1]

Quality Assessment

As demonstrated in Additional File 2, the minimum total quality score was 6, while the maximum
was 13. Based on the total scores, 25 studies exhibited moderate quality, while 5 were low-quality.
The Kappa statistics was calculated at 0.90 for quality assessment, deemed an almost perfect
agreement between reviewers.?



Discussion

PIM and PI are two common complications affecting dental implants. The former is confined to
soft tissues, while the latter is the extended state, which involves both soft and hard tissues.>® Gene
polymorphisms, defined as alterations in the genotypes present in a considerable portion of a
population, are associated with susceptibility to PIM and Pl in numerous studies.}*® As a
consequence, the current study aimed to systematically review the existing evidence on any
potential association between genetic variations and the incidence of PIM and PI.

Among 30 included studies, the relationship between 49 distinct gene polymorphisms and the
incidence of PIM and PI was evaluated. The meta-analysis revealed that polymorphisms in the
DNA sequence of IL-1a.-889, IL-1p +3954, and OPG -3618 may cause significant differences in
patients’ susceptibility to PI. On the contrary, patients carrying polymorphic genotypes of IL-1 -
511, IL-6 -174, OPG -3617, and TNF-a -308 may not experience a significantly higher or lower
risk of PI.

Delving deeply into the pathogenesis and the role of immune responses in the development of PIM
and Pl is crucial for understanding the findings of this study. The immune response to bacterial
challenge is more aggressive and rapid in the soft tissue surrounding implants compared to teeth.
During the first weeks, the host’s response to bacterial challenges is similar in peri-implant mucosa
and gingiva. However, if bacterial accumulation progresses for months, the apical extension and
magnitude of inflammatory infiltration will be more pronounced in peri-implant mucosa.®
Variations in the inflammatory and immunological responses to bacterial infections can impact an
individual’s susceptibility to PIDs. The sequence of inflammatory mediators released by the host
in reaction to such infections may lead to the destruction of connective tissue and bone, a process
influenced by genetic determinants.® Identifying genetic factors and their ability to modulate the
intensity of the host response could be instrumental in both treating and preventing PIDs.

The results of the current meta-analysis indicated that the T allele and CT genotypes of IL-1a -889
and IL-1p +3954 might be associated with a higher chance of PI development. The IL-1a.-889 and
IL-1B +3954 genes are responsible for regulating IL-1a and IL-1p, respectively. These two genes
are adjacent on the g arm of chromosome 2, binding with the same receptor of IL-1R1.36%
Upregulation of IL-1a and IL-1f plays a key role in the development of periodontal inflammation
through triggering cell chemotaxis, collagen destruction, and bone resorption.®” The presence of
the T allele in the DNA sequence of IL-1a -889 and IL-1B +3954 is significantly associated with
early implant failure.® According to a systematic review by Mohammadi et al.,*® composite
genotypes of IL-1a -889/IL-1p +3953 were linked to the risk of PID. The same association was
identified for IL-1p +3954 gene polymorphism, particularly the CT genotype. However, some
studies assert that evaluating the mentioned genetic variations may not necessarily forecast a
patient’s susceptibility to peri-implant or periodontal diseases.*0-#?

Our meta-analysis refuted any significance regarding the association between IL-1p -511 and IL-
6 -174 gene polymorphisms and patients’ susceptibility to Pl. Both osteoblasts and osteoclasts
produce IL-6 in response to the activity of local bone-resorbing substances. Accordingly, it
potentially induces bone resorption alone or in conjunction with other osteoclastic agents.*44
Although peri-implant crevicular fluid (PICF) levels of IL-1B and IL-6 rise during PID,* the
correlation between the concentration of these two mediators in PICF and experiencing a diseased
or healthy condition was rebutted by Melo et al.?” In the same study, the influence of IL-1p -511
and 1L-6 -174 gene polymorphisms on the incidence of PIDs was found to be insignificant.?’
Consistently, IL-6 -174 genetic variations were neither associated with PID development nor early



implant failure.?54 In addition, Laine et al.?® did not identify IL-1B -511 gene polymorphism as a
significant risk factor for PI. The studies included in the meta-analysis of IL-1p -511 gene
polymorphism were conducted on Brazilians and Caucasians in Sweden. Moreover, IL-6 -174
gene polymorphism was evaluated among Serbians and Brazilians. Consequently, further research
is required on various populations to achieve outcomes of high statistical reliability.

The present meta-analysis showed a significant association between the C allele and CC genotype
of OPG -3618 and PI risk. However, the same relationship was not recognized between OPG -
3617 gene polymorphism and the occurrence of the disease. Exhibiting structural homology to
RANK, OPG can block the RANK receptor, i.e., RANKL, to halt the cascade of events leading to
osteoclast differentiation and bone resorption.*’ The imbalance in the RANKL/OPG ratio has been
recorded in patients suffering from PIDs, confirming the role of these two mediators during osteo-
immunoinflammatory response contributing to P1.*> As a consequence, OPG has been identified
as a potential candidate for periodontal diagnosis.*®*° In line with our findings, Zhou and Zhao®
reported a significant association between OPG -3618 gene polymorphism and the risk for PlI,
while the association was insignificant for OPG -3617. In an Iranian population, a significant
connection between the polymorphic genotype of OPG -3618 and the presence of Pl was also
found.® In contrast, Silva et al.® did not realize any significant association between OPG -3618
genetic variations and the incidence of P1 or PIM in a Brazilian population. Among the included
studies, OPG -3617 genotyping was performed in two studies on the Chinese Han population and
Iranians. Accordingly, there is a severe shortage of studies on the mentioned populations to achieve
conclusive results.

The meta-analysis revealed no significant association between SNP in the DNA sequence of TNF-
a -308 and the occurrence of PI. TNF stimulates various events, including chemokine expression,
inflammatory mediator production, osteoclastic activity, and MMP release. The mentioned
mechanisms contribute to inflammation, bone loss, connective tissue destruction, and impaired
periodontal repair.>® Salivary levels of TNF-a elevate in patients with periodontitis, making this
biomarker a promising tool for screening and diagnosing periodontal diseases.®® In line with this,
Ghassib et al.>? introduced TNF-a as an adjunct to differentiating healthy periodontium from PIM-
and Pl-affected sites. Regarding genetics, Jamshidy et al.!” concluded that TNF-a -308 gene
polymorphism significantly increased the risk of PID among Asians. In another systematic review,
TNF-o genotyping is highlighted as a prognostic marker for implant treatment.>® Regarding
implant failure, the evidence on TNF-o genotyping did not support the association between
polymorphisms and this consequence.?®> Three of the included studies investigated TNF-a -308
genetic variations. However, they were performed on three continents: the Iranian, Chinese,
Serbian, and Brazilian populations. The diversity of samples in the studies may contribute to
insignificant pooled meta-analysis results.

Despite studies eligible for meta-analysis, some studies reported statistically significant results
after investigating various genotypes and their link to PIDs. Chang et al.* highlighted the possible
link between a particular polymorphic genotype of epidermal growth factor (EGF) and higher
protection against Pl. The defensive role of the G allele was confirmed in two other studies
investigating generalized aggressive periodontitis.>®°” Additionally, the presence of the T allele in
the sequence of fibroblast growth factor 3 (FGF3) (rs4631909) was shown to be significantly
associated with a healthy peri-implant condition.>®

Regarding the IL-16 (rs4072111) gene, a significant association between genetic variations and PI
risk was identified among the Chinese Han population.® However, the relationship between IL-
16 (rs4072111) genetic variants and periodontitis susceptibility was insignificant in another study



on Brazilians.®® Moreover, particular gene polymorphisms of IL-10 -819 and IL-10 -592
potentially contribute to PI pathogenesis among Iranians.® In contrast, Jamshidy et al.l” denied
any significant association between PID and the mentioned polymorphisms in Asian subjects. It
should be noted that ethnicity has been identified as an influential factor in the risk of periodontitis.
In detail, although the I1L-10 -592 was significantly linked to periodontitis risk in the overall
population, IL-10 -819 genetic variations were associated with periodontitis only in specific
ethnicities.®* According to Petkovic-Curcin et al.,?° the prevalence of IL-10 -1082 polymorphic
genotypes was different between PI1 patients and healthy controls. However, the mentioned
significant difference was not identified in a systematic review comparing PID risk in patients with
or without gene polymorphism IL-10 -1082.1" Regarding periodontitis, a significant association
with IL-10 -1082 gene polymorphism was reported only for Caucasians.®! Kadkhodazadeh et al.®2
have highlighted the potential contribution of IL17 (rs10484879) CC genotype to the pathogenesis
of Pl and periodontitis.

Qi et al.®® introduced CXCR2 (rs2230054) gene polymorphism as a risk factor for PI occurrence,
while in another study, there was no significant association between SNPs in the CXCR2 genotype
and chronic periodontitis incidence.®

The association between chronic periodontitis and Pl risk with Fc-gamma receptor Ila (Fc-
FCGRIla) (rs1801274), FCGRIlla (rs396991), and FCGRIIIb (rs1050501) gene polymorphisms
is significant among Iranians.%® On the contrary, the association of FCGR genetic variations with
PI or periodontitis did not appear significant in other studies.®®®’ In addition, Caucasians carrying
polymorphic genotypes of FCGRIla (rs1801274) and FCGRIlla (rs396991) represented higher
susceptibility to periodontitis, while gene polymorphisms of FCGRIIIb (rs1050501) may give rise
to aggressive periodontitis.®®

The presence of the T allele in the DNA sequence of CD14 -159 (rs2569190) has been recognized
as a defensive factor among Serbians.?® Consistently, Rakic et al.®® calculated a fivefold increased
risk of Pl among Caucasians carrying CC genotype. While evidence supports the potential role of
CD14 -159 gene polymorphism in the development of periodontitis,’>’* few studies have refuted
the involvement of this genetic variation in periodontitis incidence.”>"

MiR146a (rs2910146) and MiR499 (rs3746444) gene polymorphisms have been introduced as
possible genetic determinants for chronic periodontitis and P1 occurrence.” Although MiR146a
gene polymorphism was not significantly associated with chronic periodontitis, its specific
haplotype combinations with MiR196a were inversely linked to chronic periodontitis.”
Investigating an Indian population, Venugopal et al.”® concluded that polymorphic genotypes of
MiR499 were related to a higher risk of chronic periodontitis.

As stated by Coelho et al.,*® the TT polymorphic genotype of BMP4 (rs2761884) decreased the
risk of Pl significantly. Furthermore, another study has suggested the impact of BMP4 genetic
polymorphism on early marginal bone loss surrounding dental implants.”” It has been reported that
particular polymorphic genotypes of RANKL (rs9533156) can give rise to Pl development among
Iranians.** However, SNPs in the genotype of RANKL exhibited no significant association with
aggressive periodontitis in a Japanese population.” The link between BRINP3 (rs1342913) and PI
susceptibility has been delineated by Casado et al.”®

Among the 30 included studies, two scrutinized the possible association between gene
polymorphisms and the incidence of PIM.2%28 Sjlva et al.*® assessed RANK (rs3826620), RANKL
(rs9594738), and OPG -3618 genetic variations among PIM-affected patients. They reported that
these polymorphisms were not significantly associated with PIM risk. In the other study, Casado
et al.?® found no significant relationship between polymorphic genotypes of IL-6 -174 and a higher
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or lower rate of PIM occurrence. PIDs are considered counterparts of gingivitis and periodontitis
occurring around dental implants. Consequently, the pathogenesis of these diseases exhibits high
degrees of similarity.®% Given this, any significant association between IL-6 -174 gene
polymorphism and the risk for periodontitis and gingivitis was refuted by Salman et al.®
Moreover, the link between SNPs in RANK, RANKL, and OPG genes and aggressive periodontitis
was rebutted in the Japanese population.’

Although gene polymorphisms have been introduced as potential risk factors for PIDs, other
factors may contribute to disease progression. One of these factors is the smoking status of patients.
It has been shown that the risk of marginal bone loss rises as the daily smoking of patients
increases. In detail, smokers, whether less or more than 10 cigarettes a day, exhibited higher levels
of marginal bone loss than non-smokers.8? Furthermore, the risk of failure is 140.2% higher in
smokers receiving dental implants compared to non-smokers.®® The other important factor is the
history of periodontitis. While the implant survival rate might not exhibit substantial divergence
between individuals with a history of periodontitis and those without, the former group may
experience higher marginal bone loss and Pl incidence.®* Consistently, Sgolastra et al.® introduced
periodontitis as a remarkable risk factor for implant loss and PI. Another study investigated implant
surface characteristics as a possible cause of peri-implant bone loss. The results indicated that the
peri-implant bone loss was smaller around less rough fixtures.2® However, in a randomized clinical
trial comparing two implant systems, marginal bone loss was significantly higher around
machined-surface implants than rough-surfaced ones.®” The last factor associated with PID
progression is a clinician’s experience. The surgeon’s experience regarding the number of implants
placed might significantly influence the implant failure rate.® The experience—failure relationship
was also endorsed in other studies.®>%° Other potential variables that might affect the progression
of PID are the implant loading time, the choice between cement- or screw-retained prostheses, and
the decision for either tissue- or bone-level placement of the implant.%%% In brief, further
comprehensive studies are needed to take the mentioned factors into account simultaneously with
genetic predisposition to achieve more conclusive results with higher accuracy.

The periodontitis treatment can potentially follow two distinct paths: remaining in a remission
phase or exacerbating into an active phase of periodontal destruction.** The remission phase is
characterized by a relative reduction in inflammation and a slight improvement in attachment
levels following treatment.®® A parallel classification applies to the phases of PI. It has been
established that there are notable differences between remission and active PI, including variations
in microbiota and host response. Specifically, Porphyomonas, Fusobacterium, Treponema, and
Tannerella dominate the microbial population during the active destruction phase, whereas lactic
acid bacteria prevail in P1 sites during remission.% Given that different cytokines are active during
various stages of periodontal diseases, the expression levels of these cytokines can markedly
fluctuate between each stage.”” In the case of PI, inflammatory infiltration is pronounced and
primarily involves plasma cells.®® Accordingly, each gene polymorphism may play a vital role in
a particular stage of the disease, which implies that the stage of the disease should be considered
when researchers are recruiting samples for their studies.

It is crucial to elaborate on a few limitations throughout the current systematic review. Different
studies employed different diagnostic criteria for their samples, causing increased heterogeneity
and decreased comparability among studies. Furthermore, conducting more studies with larger
sample sizes seems necessary to yield more statistically significant outcomes. Notably, when a
single gene affects multiple phenotypes and causes various diseases, the phenomenon is called
pleiotropy.®® Concerning similar immune pathways of periodontitis and PI, it seems logical to
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assert that gene polymorphisms associated with periodontitis may be linked to Pl development.
Thus, evaluating periodontitis-associated genetic variations among P1 patients would help define
which polymorphisms should be investigated in future research.

Increasing the knowledge of genetic variations and their association with PIM and Pl among
clinicians would help them select the most suitable treatment plan, predict the prognosis more
accurately, and avoid ineffective interventions when facing peri-implant complications.
Nevertheless, further research among different populations is required to introduce particular gene
polymorphisms as absolute risk factors for PIM and PI.

Conclusion
According to the present meta-analysis, polymorphisms in the genotype of IL-1a -889, IL-1P
+3954, and OPG -3618 might be associated with PI development.
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Table 1. Study characteristics and summary of findings

Number of

Author & Study Countr Patients Age Gender Number of Smokers
Year Design y Pl P Pl Pl
Pl M H Pl PIM H | M H PI M H
6 3
Cardoso et al. Case- Portuga M
(2022) 18 Control | 10 0 10 62+11 - 54422 4 - M 3 - 3
TF
F
7
9 83
Chang et al. Case- . 15 15 M M
(2021) 55 Control China 0 0 0 43.3746.25 - 42.55+6.93 7 - 67 68 - 69
1 F
F
8
9 84
Chen & Chen Case- . 16 16 M M
2021)® | control | CMM | 5 | 0 | NM 70 " || 7 - 8
3 F
F
7
0 72
Qietal. Case- . 12 13 ) M ) M )
(2021) © Control China 7 0 3 44.0746.05 43.4246.31 5 61 60 64
7 F
F
2
4 43
Saremi et al. Case- M M
(2021) 13 Control Iran 50 0 89 42.2+12.2 - 40.4+13.5 2 - 46 NM
6 F
F
8
8 92
He et al. Case- . 14 17 M M
20200 | control | CMM@ | 4| 0 |y NM 5| " e | © - 0
6 F
F
6 12 28
Silvaetal. Case- . 51+12. M M M
(2020) Control Brazil 13 30 71 50+14.1 5 35.7+13 7 18 43 7 2 10
F F F
2
2 44
Saremi et al. Case- M M
(2019) & Control Iran 50 0 90 56.2 - 42.4 2 - 6 0 - 0
8 F
F
2
Petkovic- Case- 6 4'\;1
Curcin et al. Control Serbia 34 0 64 58 - 58 M - 20 24 - 27
(2017) % 8
F
F
|\7/I 27
Goncalves et Case- . M
al. (2016) 1® Control Brazil 28 0 72 | 54.5+12.30 - 51.7+14.4 i - 45 1 - 7
F F
1
Kadkhodazade Case- I\Ejl ?\;I;
h et all.0£2016) Control Iran 38 0 84 50.2 - 384 2 - M 0 - 0
0 F
F
8 94
Zhou & Zhao Case- China 11 0 11 | 42.85+11.2 . 43.02+£10.9 9 . M NM
(2016) ® Control 0 6 1 4 M 22
F
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2
1
F
2
4 43
Coelho et al. Case- . 12 | 57.89+11.2 53.27+13.1 | M M
(2016)® | control | Brazil | 86 | 0 | g 9 - 8 6| |8 | B - 13
2 F
F
1
Casado et al Cross- ISI 1;/2|
(2015)79' Section Brazil 34 0 93 51.2+13.3 - 55.1+11.8 2 - 61 1 - 7
al
4 F
F
<10 ci</1d0a
9 cig/day 9_'5 Y
Garcia- Case- M N 7 ’
Delaney et al. Control Spain 27 0 27 54.4 - 50.6 1 - M - ~10
(2015) ¢ 8 >10 7/da
F cig/day C'g_ Y
120 22
2
Kadkhodazade Case- I?/I L,t/ll
h et al.15(2014) Control Iran 38 0 81 50.2 - 38.4 1 - 40 0 - 0
8 F
F
2
Ebadian etal. | GO |\1/| th/1|
éo'f‘;‘)‘iof' sectliona ran | 43| 0 | 86 40 - 44 > | - | 4 0 - 0
2 F
F
1
2 22
C?Z%dl%;tma" C%istfol Brazil | 31 | 20 | 52 | 5337 NM | 47.4:87 '\1" NM 3':"0 0 0 0
9 F
F
1
Kadkhodazade Cross- I\%I ?\2
hetal. (2013) | sectiona Iran 37 0 83 50.2 - 384 1 - 43 0 - 0
103 |
8 F
F
Kadkhodazade | Cross-
hetal. (2013) | sectiona Iran 38 0 84 NM NM 0 - 0
62 |
2
Kadkhodazade Cross- ISI :Ii?I
hetal. (2013) | sectiona Iran 38 0 82 50.2 - 45.4 1 - 43 0 - 0
104 |
8 F
F
2
Kadkhodazade Cross- ISI Altjll
h et al.74(2013) sectiona Iran 38 0 84 32t058 - 31to 84 1 - 40 0 - 0
! 2 F
F
1
8 41 .
Kadkhodazade | Cross- M M Smokers were included
hetal. (2013) | sectiona Iran 37 0 81 50.2 - 384 1 - 20 but their exact number
1 | was not mentioned
9 F
F
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1
Kadkhodazade | Cross- |3| L,tj
hetal. (2012) | sectiona Iran 40 0 89 58.3 - 40.4 2 - 46 0 - 0
16
I 1 F
F
1
Kadkhodazade | Cross- ISI ,2\/|7
hetal. (2012) | sectiona Iran 30 0 48 50.2 - 384 1 - 21 0 - 0
105 |
4 F
F
1
5 17
Melo et al. Case- . M M
(2012) 7 Control Brazil 16 0 31 51.1+3.1 - 45.243.4 3 - 24 0 - 0
4 F
F
2
Hamdy & Case- 0 18
Ebrahem Control Egypt 25 0 25 43+5.51 - 38.5+5.4 M - M 0 - 0
(2011) 08 5 7E
F
o 9
Cury et al. Case- . M
(2009) Control Brazil 41 0 49 48.9+3.1 - 42.8+2.9 (1) - 10 0 - 0
F F
2
4 23
Cury etal. Case- : ) M ) M 0 ) o
(2007) @ Control Brazil 17 0 19 68 66 4 26 76% 49%
7 F
F
Laine et al. Case-
(2006) 2 Control Sweden | 71 0 49 NM NM NM

Pl = Peri-implantitis, PIM = Peri-implant mucositis, H = Healthy, M = Male, F = Female, NM = Not mentioned
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Table 2. Study characteristics and summary of findings (cont’d)

Author & Year PI nvestlgat_ed Diagnostic Criteria Sa”.“p'e Outcome
olymorphism Site
PI:
Cardoso et al. IL-1c -889 BoP and{or Jugal There was no §tatistical|y significant differ_ence
(2022) 8 IL-1B +3954 suppuration MUCOSa in the proportions of IL-1 gene polymorphisms
PD >6 mm between the health and disease groups.
MBL >3 mm
PIl:
EGF BOSPUWITI,/;/{;:EOM EGF (rs2237051) gene polymorphisms were
Chang et al. (rs2237051) ng>5 mm Venous related to PI susceptibility. The GG genotype
(2021) 5 EGF At least one site blood and G allele might be protective factors for the
(rs4444903) with MBL exposing onset of PI.
two edges
PIl:
IL-16 EPDzémglP The CT type of the IL-16
xcessive Bo e CT genotype of the IL-16 gene
Chen & C;;en (rs11556218) Distance between Buccal (rs4072111) SNP can be used as a factor for
(2021) IL-16 b d mucosa ina Pl risk
(rs4072111) ~ bone crest an assessing P1 risk.
implant shoulder >3
mm
PIl:
(rsg)z(fs%%g 2) PDEZF:nm Buccal The CT genotype of (rs2230054) and the AG
Qi etal. (2021) © epithelial genotype and G allele of (rs1126580) serve as
CXCR2 Al least one area cell risk factors for the occurrence of PI
(rs1126580) with MBL exposing '
2 edges
IL-10 -819 = " .
_ IL-10 -592 PD_>5 mm Specific gene polymorphisms of 1L-10 -819
Saremi et al. BoP with/without Venous C/T, IL-10 -592 C/A, and IL-1B + 3954 C/T
13 IL-1B +3954 - "
(2021) TNF4-308 Pus blood may play a role in the pathogenesis of Pl and
TNFo -857 At least one site increase its risk of occurrence.
with>2 mm MBL
PI:
TNF-o -308
(rs1800629) PD§4 P Buccal The IL-1a — 889C/T or IL-1B + 3954C/T
Heetal. (2020) | IL-la-889 Do ucca € IL-1a. = 889C/T or IL-1p + 3934C/T
3 (rs1800587) ositive Gl epithelial genetic polymorphls_ms were associated with
IL-1B +3954 Posﬂ;x{ejepz(laque cell the risk of PI.
(rs1143634) >2 threads MBL
RANK
(rs3826620) The studied genetic polymorphism in RANK,
Silva et al. RANKL NM saliva RANKL, and OPG was not associated with
(2020) ° (rs9594738) PIM and Pl in a Brazilian population from the
OPG Amazon region.
(rs2073618)
PI:
PD>5
BoP with/without The FCGRIla (rs1801274), FCGRIlla
Saremi et al FCyR Illa pus Venous (rs396991), and FC(_BRI_I!b (r5105050_1)
(2019) &5 ' FCyR Ila At least one site blood polymorphisms were significantly associated
FCyR IIIb with>2 mm MBL with Pl and may have a role in the pathogenesis
and exposing >2 of the disease.
threads
ISI'V, VI, and VII
IL-10 -1082 PI: _— .
Petkovic-Curcin TNFa -308 PD>4 mm Peripheral The findings suggest that smoking and the
29 presence of TNFa -308 GA/AA genotypes may
etal. (2017) IL-6-174 BoP blood increase the risk for PI, while CD14-159
CD14 -159 Positive Gl '
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IL-1ra

Positive plaque

polymorphic CT/TT genotypes decrease the

index risk.
MBL exposing>2
threads
MMP-13 PI:
G (rs2252070) MBL>1 mm during There is no association between Pl and
oncalves et al. TGFB3 . . . .
100 the first year Saliva polymorphisms in the MMP13, TIMP2, and
(2016) (rs2268626)
TIMP2 and>0.2 mm per TGFB3 genes.
(rs7501477) year
PI:
PD>5 mm
NRAMP1 su\;)vgl)tlrlr/;,vtiltt)?l?lgtoP Distribution of genotypes differed
Kadkhodazadeh (rs17235409) Plaque index>20% Venous insignificantly in comparison of PI and control
et al. (2016) 1 NRAMP1 q 0 blood groups for rs2276631 and either rs17235409
(rs2276631) MBL expose =2 polymorphisms
threads '
ISI VI, VII, and
VI
OPG No IoF(;Is.ening
Zhou & Zhao (rs2073617) swelling of mucosa Venous OPG rs2073618 polymorphism may be related
(2016) 20 OPG 9 blood to the risk of PI, but not rs2073617
(rs2073618) Bop
MBL>3mm
The TT polymorphic genotype for BMP4
(rs2761884) was associated with healthy peri-
BMP4 PI: Buccal implant. FGF3 (rs4631909) (TT+CT genotype)
Coelho et al. FGF3 MBL>1 mm ithelial also showed an association with the control
(2016) 58 FGF10 and>0.2 mm per ept I : group. The frequency of the C allele for FGF3
FGFR1 year ce (rs4631909) showed a tendency for association
with PI. FGF10 CCTG, BMP4 GAAA, and
GGGA haplotypes were associated with PI.
BRINPS PI: Buccal
Casado et al. (rs1342913) MBL>i mm enitheli The BRINP3 polymorphic variant (rs1342913)
79 pithelial - . -
(2015) BRINP and>0.2 per vear cell is associated with PI.
(rs1935881) = PEry
. IL-1a -889 PI: IL-1 genotypes do not seem to be good
G(g?;??;ﬁ'g;f%’ IL-1B +3953 BoP or suppuration mﬁéglsa predictors of Pl in the great majority of
' IL-1RN+2018 MB>2mm smoking patients.
PI:
RANK PD>5 with/without
Kadkhodazadeh (rs35211496) suppuration Venous The CC ger;otype ?]f the r535211i96 R'IANK
etal. (2014) 15 RANK MBL blood gene polymorp 'tsr(;‘ "‘”i; ‘;‘?”' icantly
(rs3018362) ISI VI, VII, and assoclated with F1.
VIII
PIl:
PD>5 mm
Ebadian et al. Ho 2-2 BOEUW'T!;LI;;ZOM Venous Hp polymorphisms may not play a role in the
(2014) 102 P plE)/IBL blood development of PI among Iranians.
ISI VI, VII, and
VIII
PIl:
Mobility
Suppuration
MBL The frequency of the genotype I1L-6174 GG and
Casado etzsal. IL-6 -174 Mouth the allele G was different among healthy and
(2013) . wash -
PIM: diseased groups.
BoP
red mucosa
swelling
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PI:
PD>5 mm
BoP with/without

This article demonstrates that polymorphism of

Kadkhodazadeh IL-17R suppuration Venous IL-17R olavs no sianificant role in the
etal. (2013) 103 (rs879576) MBL exposing at blood plays no sig
incidence of PI.
least 2 threads
ISI VI, VII, and
VIII
PIl:
PD>5 mm
BoP with/without .
Kadkhodazadeh IL-17 suppuration Venous The Cl%fgzg%pe of |L17t98|3{mt° r[:tJr?lsm
et al. (2013) &2 (rs10484879) MBL exposing at blood (s ) may contribute to the
least 2 threads pathogenesis of PI.
ISI VI, VII, and
VIII
PIl:
PD>5 mm
BoP with/without .
Kadkhodazadeh BRAF suppuration Venous The B?bAF gene i)_olzn:orphlsmt(frsl(_J48788_8)
etal. (2013) 104 (rs10487888) MBL exposing at blood may NOt be a genetic determinant for Increasing
the risk of Pl among the Iranian population.
least 2 threads
ISI VI, VII, and
VIII
PIl:
PD>5 mm
MiR146a BoP with/without MiR146a (rs2910146) and MiR499
Kadkhodazadeh (rs2910146) suppuration Venous (rs3746444) gene polymorphisms may be
etal. (2013) ™ MiR499 MBL exposing at blood genetic determinants for the increased risk of Pl
(rs3746444) least 2 threads in Iranians.
ISI VI, VII, and
VIII
PI:
PD>5 mm
RANKL BoP with/without The results of this study indicate that the CT
Kadkhodazadeh (rs9533156) suppuration Venous genotype of rs9533156 RANKL gene
etal. (2013) 4 RANKL MBL exposing at blood polymorphism was significantly associated with
(rs2277438) least 2 threads PI.
ISI VI, VII, and
VIII
PI:
PD>5 mm
OPG -950 BoP with/without
Kadkhodazadeh (rs2073617) suppuration Venous Our results indicate that a SNP at G1181C is
etal. (2012) 16 OPG -1181 MBL exposing at blood associated with the presence of PI.
(rs2073618) least 2 threads
ISI VI, VII, and
VIII
PI:
PD>5 mm
TANK BoP with/without It seems that these two polymorphisms do not
Kadkhodazadeh (rs3820998) suppuration Venous lav a significant role in the pathogenesis of P
etal. (2012) 10 TANK MBL exposing at blood play asig h 1the p | 9
(rs1921310) least 2 threads among the Iranian population.
ISI VI, VII, and
VI
PI:
Melo et ;I. |LL1}3B+§91514 BoPP]v)viztf?/vr\I/]iEout Oral The studied gene polymorphisms did not
(2011) IL-6 -174 su . mucosa influence PID.
ppuration
MBL>3mm
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pI: The combination of I1L-1 allele 2 (IL-10. -889
’ and IL-1B+3954) in patients with inflamed
PD>4 mm - i .
Hamdy & periodontal or peri-implant tissues may act as a
IL-10 -889 MBL Oral - ) - .
Ebrahem (2011) IL e risk factor that increases tissue destruction. IL-1
106 -1B +3954 modified GI>1.5 mucosa . -
L gene polymorphism may have a negative effect
modified Plaque .
: on treatment outcomes of Pl in genotype-
index>1.5 AP
positive individuals.
PI: i
. Polymorphism of the TNFa-308 gene was not
Cury et ?2' TNF-o -308 MBL> one-tmrd of Oral associated with an increased risk of Pl in the
(2009) implant height mucosa . A
. population evaluated in this study.
suppuration/BoP
PI: iom i
MBL>3 threads on Polymorphlsm in aIIeI(? 2 of t'he TNF-a '-308
Cury et al. TNE - Mouth gene is not associated with an increased risk for
3 -a -308 Branemark implant - A - .
(2007) rinse peri-implant bone loss following prosthetic
BoP and/or -
. reconstruction.
suppuration
IL-10 -889
Laine et al IL-1B +3954 IL-1RN gene polymorphism is associated with
(2006) 28 ' IL-1p -511 NM NM PI and may represent a risk factor for this
IL-1RN disease.
(VNTR)

Pl = Peri-implantitis, PD = Pocket Depth, BoP = Bleeding on probing, MBL = Marginal bone loss, IL =
Interleukin, MBL = Marginal bone loss, EGF = Epidermal growth factor, SNP = Single nucleotide polymorphism,
CXCR = CXC chemokine receptor, TNF = Tumor necrosis factor, GI = Gingival index, RANK = Receptor
activator of nuclear factor k B, RANKL = receptor activator of nuclear factor x  ligand, OPG = Osteoprotegerin,
NM = Not mentioned, PIM = Peri-implant mucositis, ISI = Implant success index, CD = Cluster of differentiation,
MMP = Matrix metalloproteinase, TGF = Transforming growth factor, TIMP = Tissue inhibitors of
metalloproteinases, NRAMP = Natural resistance-associated macrophage proteins, BMP = Bone morphogenic
protein, FGF = Fibroblast growth factor, BRINP = Bone morphogenic protein/retinoic acid inducible neural
specific, Hp = Haptolglobin, MiR = MicroRNA, TANK = TNFR-associated factor family member-associated NF-
K B, PID = Peri-implant disease, VNTR = Variable number tandem repeat
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Identification of studies via databases and registers

Figure 1. The preferred reporting items for systematic review and meta-analysis (PRISMA) flow

diagram.
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(a) Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value
Cardoso et al. 2022 0.286 0.045 1.821 -1.326 0.185
He etal. 2020 0.420 0.254 0.693 -3.395 0.001
Laine et al. 2006 0.806 0.378 1.718 -0.558 0.577

0.498 0.331 0.748 -3.353 0.001

0.1 02 05 1 2 5 10

Healthy Peri-implantitis
Fixed-effect model, Heterogeneity: Tau-squared=0.03, I-squared=14.99%, P=0.308
(b) Study name Statistics for each study Odds ratio and 95% CI
Odds Lower  Upper
ratio limit limit Z-Value  p-Value
Cardoso et al. 2022 3.500 0549 22304 1.326 0185
He et al. 2020 1.911 0.952 3.839 1.821 0.069
Laine et al. 2006 1.410 0.672 2.961 0.909 0.364

1.746 1.070 2.850 2230 0.026

0.1 02 05 1 2 5 10

Healthy Peri-implantitis
Fixed-effect model, Heterogeneity: Tau-squared=0, I-squared=0%, P=0.630
(C) Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
He et al. 2020 2200 1196 4.046 2536 0011 B
Laine et al. 2006 0.444 0.071 2.764 -0.870 0.385
1.259 0.283 5.610 0.302 0.762
0.01 0.1 1 10 100

Healthy Peri-implantitis

Random-effects model, Heterogeneity: Tau-squared=0.72, I-squared=62.22%, P=0.104

Figure 2. The meta-analysis for the association between IL-1a -889 gene polymorphism and P1 risk.
(a) CC genotype. (b) CT genotype. (c) TT genotype.
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(a) Study name Statistics for each study Odds ratio and 95% CI
Odds Lower  Upper

ratio limit limit Z-Value p-Value
Cardoso et al. 2022 0.167 0.023 1.232 -1.756 0.079
Saremi et al. 2021 0.181 0.068 0.480 -3.435 0.001
He et al. 2020 0.517 0.320 0.833 -2.709 0.007
Melo etal. 2011 0.328 0.092 1175 -1.712 0.087
Laine et al. 2006 1.013 0.489 2.098 0.034 0.973

0.425 0.226 0.797 -2.664 0.008 ‘

0.01 0.1 1 10 100
Healthy Peri-implantitis

Random-effects model, Heterogeneity: Tau-squared=0.26, I-squared=57.26%, P=0.053

(b) Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value

Cardoso et al. 2022 4.000 0.550 29.096 1.369 0171
Saremu et al. 2021 3.699 1.350 10.140 2.543 0.011
He et al. 2020 1,733 0.900 3.340 1.644 0.100
Melo etal. 2011 2.700 0.780 9.349 1.567 0.117
Lame et al. 2006 1.190 0.569 2.486 0.462 0.644
1.899 1.265 2.851 3.092 0.002 ’
0.01 0.1 1 10 100

Healthy Peri-implantitis

Fixed-effect model, Heterogeneity: Tau-squared=0.009, I-squared=3.62%, P=0.386

(C) Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value  p-Value
Cardoso et al. 2022 3316 0.120 91.601 0.708 0.479
Saremi et al. 2021 17.323 0913 328.704 1.899 0.058
He et al. 2020 1692 0957 2.992 1.809 0.070 T
Melo et al. 2011 1333 0.199 8.921 0.297 0.767
Laine et al. 2006 0.525 0.134 2.065 -0.922 0.357 —
1550 0945 2.540 1738 0.082 &

0.01 0.1 1 10 100

Healthy Peri-implantitis
Fixed-effect model, Heterogeneity: Tau-squared=0.20, I-squared=24.54%, P=0.258

Figure 3. The meta-analysis for the association between IL-1 +3954 gene polymorphism and PI
risk. (a) CC genotype. (b) CT genotype. (c) TT genotype.
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(a) Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Silva et al. 2020 0.236 0.079 0.709 -2.572 0.010
Zhou & Zhao 2016 0.691 0.394 1.213 -1.287 0.198
Kadkhodazadeh et al. 2012 2.129 0.904 5.014 1.730 0.084
0.735 0.255 2.119 -0.570 0.568

0.1 1 10 100

0.01

Healthy Peri-implantitis

Random-effects model, Heterogeneity: Tau-squared=0.69, I-squared=79.98%, P=0.007

(b) Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value

Silva et al. 2020 0.619 0.286 1.343 -1.213 0.225
Zhou & Zhao 2016 0.893 0.529 1.506 -0.425 0.671
Kadkhodazadeh et al. 2012 0.219 0.071 0.671 -2.655 0.008

0.673 0.449 1.009 -1.918 0.055
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(C) Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Silva et al. 2020 1.481 0.676 3.244 0.982 0.326
Zhou & Zhao 2016 1.949 1.010 3.763 1.989 0.047
Kadkhodazadeh et al. 2012 3.036 0.770 11.976 1.586 0.113
1.859 1.158 2.983 2.569 0.010
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Figure 4. The meta-analysis for the association between OPG -3618 gene polymorphism and Pl
risk. (a) GG genotype. (b) CG genotype. (c) CC genotype.
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