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Abstract
Background: Tumor necrosis factor-alpha (TNF-a) is a potent immune-inflammatory mediator involved in the regulation of bone
resorption. The single nucleotide polymorphism G-308A in the TNF-a gene increases the level of this cytokine. This phenomenon is
also related to several diseases. Although the association between TNF-a (G-308A) polymorphism and dental peri-implant disease
has been investigated, results have remained controversial. Hence, we performed this meta-analysis to provide a comprehensive and
systematic conclusion on this topic.

Methods:We performed a systematic literature search in PubMed, Embase, ISI Web of Science, Cochrane Library, and Chinese
National Knowledge Infrastructure until July 2015. A fixed-effect model was established to calculate pooled odds ratios (ORs) and
95% confidence intervals (CIs). The calculated values were then used to assess the strength of the association between the TNF-a
(G-308A) polymorphism and the dental peri-implant disease risk. The heterogeneity between included studies was evaluated with
Cochran Q and I2 statistics. Interstudy publication bias was investigated with a funnel plot.

Results: Six eligible studies were included in this meta-analysis. The pooled ORs did not reveal a significant relationship between
the TNF-a (G-308A) polymorphism and the disease susceptibility. Subgroup analyses in terms of ethnicity and disease type yielded
similar results.

Conclusion:Ourmeta-analysis revealed that TNF-a (G-308A) polymorphismwas not significantly associated with the risk of dental
peri-implant disease. However, further studies with large sample sizes should be performed to verify these results.

Abbreviations: CI = confidence interval, HWE = Hardy–Weinberg equilibrium, MeSH = Medical Subject Headings, NOS =
Newcastle–Ottawa scale, OR = odds ratio, TNF-a = tumor necrosis factor-alpha.
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1. Introduction

Dental osseointegrated implants are widely accepted as effective
and predictable treatments in the functional and aesthetic
restorations of missing teeth.[1,2] Despite the high success and
survival rates of dental implants, peri-implant diseases, including
marginal bone loss, peri-implantitis, and implant loosening,
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occur. As a common complication in dental implants, peri-
implantitis is triggered by bacterial infection, followed by a series
of destructive inflammatory processes affecting the soft and hard
tissues around osseointegrated implants, peri-implant pocket
formation, and attachment loss, supporting bone loss, and
implant loss or implant failure.[5–7] The implant success rate may
be affected by multiple factors, such as implant material
properties (shape, length, and surface texture), surgery-related
aspects (surgical trauma and surgeon’s experiences), and host-
related risk factors (systemic disease, smoking habit, oral hygiene,
and alveolar bone quality).[8–11] Although implant materials
science and surgical techniques have substantially improved,
implant failures occur on some patients who are exposed to the
same situations as those who do not experience implant failure.
Moreover, patients with one implant failure likely suffer from
additional failures.[12,13] These phenomena are possibly linked
with gene susceptibility. The gene polymorphism has been
considered as one of the causes of dental implant failure. Gene
polymorphisms may affect gene expression levels and protein
production or functions; as a consequence, they influence
inflammatory cytokine secretion and regulate inflammatory
responses.[14–16] The clinical success of dental implants is based
on osseointegration, and any intense inflammatory response can
stimulate the resorption of supporting bones and damage this
process, leading to implant failure.[15–17]
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Table 1

Newcastle–Ottawa scale (NOS) for the quality assessment of the
included studies.

Criteria Score

1. Representativeness of cases
A. Consecutive/randomly selected from case population with clearly

defined sampling frame
2

B. Consecutive/randomly selected from case population without
clearly defined sampling frame or with extensive inclusion/
exclusion criteria

1

C. No method of selection described 0
2. Ascertainment of case outcomes (implant loss, implant failure, marginal bone

loss, peri-implantitis)
A. Clearly described objective criteria for diagnosis of the cases 2
B. Diagnosis of the cases by patient self-report or by patient history 1
C. Not described 0

3. Ascertainment of controls (healthy implant people)
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Tumor necrosis factor-alpha (TNF-a), which is mainly
produced by macrophages, is a potent immune-inflammation
mediator that promotes bone resorption by activating osteoclast
maturation.[18] The single nucleotide polymorphism at position
�308 causes a guanine (G) to adenosine (A) transition in the
promoter region of human TNF-a gene.[19] The A allele of this
polymorphism significantly enhances TNF-a production, which
is associated with several diseases,[20,21] including
periodontitis.[22–24] The TNF-a cytokine on peri-implant
tissues is highly expressed among patients who suffer from
implant loss.[25–27]

TNF-a (G-308A) polymorphism associated with the suscepti-
bility to dental peri-implant disease has been explored. However,
results remain controversial. Thus, we performed this meta-
analysis to summarize previous results and to present a
comprehensive and systematic conclusion.
A. Controls were tested to screen out by consistent measure
standard

2

B. Controls were subjects who did not report case outcomes; no
objective testing

1

C. Not described 0
4 Described the follow-up of subjects
A. Clearly described the followed-up 1
B. Not mentioned 0

5 Hardy–Weinberg equilibrium in controls
A. Hardy–Weinberg equilibrium 2
B. Hardy–Weinberg disequilibrium 1
C. No checking for Hardy–Weinberg equilibrium 0

6 Genotyping examination
A. Genotyping done under “blind” condition 1
B. Not blind or not mentioned 0

7 Association assessment
A. Assess association between genotypes and outcomes with

appropriate statistics and adjustment for confounding
2

B. Assess association between genotypes and outcomes with
appropriate statistics and without adjustment for confounding

1

2. Materials and methods

2.1. Search strategy

We performed a systematic literature search in PubMed, Embase,
ISI Web of Science, Cochrane Library, and Chinese National
Knowledge Infrastructure until July 2015. Our search strategy
involved the combination of the following Medical Subject
Headings (MeSH) terms and text words: (dental implant OR oral
implant OR peri-implantitis OR implant loss OR implant failure
OR implant bone loss) AND (TNF-a OR tumor necrosis factor-
alpha) AND (polymorphism OR variant OR mutation OR
genetic susceptibility). The reference lists of relevant papers were
also manually searched to acquire additional eligible original
articles and to supplement the yield of initial search in the
databases. Searching tasks were independently performed by
2 researchers.
C. Inappropriate statistics used 0

2.2. Selection criteria

Studies were considered eligible if they satisfied the following
criteria: using a case–control or cohort study design; evaluating
the association between TNF-a (G-308A) polymorphism and
susceptibility to dental peri-implant disease (categorized into
peri-implantitis, implant loss, implant failure, and marginal bone
loss) in human; controls defined as subjects with one or more
functionally healthy implant(s) for a period of no less than 6
months; and providing explicit genotypes and allele frequencies
in each group or presenting sufficient information for odds ratio
(OR) and 95% confidence interval (CI) calculation. For studies
with overlapping information, the most recently published study
with the largest sample size was selected. Letters and reviews were
excluded.
Two reviewers independently selected relevant studies. After

eliminating distinctly irrelevant reports by screening the titles of
all searched publications, the reviewers further read the abstracts
and then assessed the full texts.
2.3. Data extraction and quality assessment

The following characteristics of each original study were
extracted: including the name of the first author, year
of publication, country of origin, ethnicity of the study
subjects, disease type, sample size and genotype distributions
in case and control groups, age and sex distributions in the
2 groups, smoking status, follow-up duration, and P value for
2

Hardy–Weinberg equilibrium (HWE) in the control group. In
case of a disagreement over abstracted data, a discussionwas held
between the 2 reviewers. If consensus was not achieved through
this approach, a third experienced reviewer was consulted. The
deviation of genotype frequencies fromHWE among the controls
was estimated via Pearson x2 test. P>0.05 was considered
equilibrium and fine representativeness.
The quality of the included studies was independently

evaluated by the 2 reviewers using a modified Newcastle–Ottawa
scale (NOS; Table 1). The maximum score of this NOS is 12, and
this scale consists of 7 aspects, namely, case representativeness,
selection criteria for both cases and controls, HWE in the control
group, follow-up description, blinded examination, and adjust-
ment for confounding factors.
2.4. Statistical analysis

Odds ratios and corresponding 95% CIs were calculated to
evaluate the association between TNF-a (G-308A) polymor-
phism and dental peri-implant disease risk in the following
genetic models: A versus G; AA versus GG; GA versus GG; GA
+AA versus GG; and AA versus GA+GG. Heterogeneity among
the included studies was examined on the basis of CochranQ and
I2 statistics. P>0.1 and I2<50% indicated the absence of
significant heterogeneity among studies, and a fixed-effect model



Figure 1. Flow diagram of literature search and study selection.
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was used to calculate ORs; otherwise, a random-effect model was
utilized.[28] Subgroup analyses were performed on the basis of
different characteristics, such as ethnicity and disease type, of the
participants. Sensitivity analysis was not performed in this meta-
analysis because of the limited number of the included studies.
Publication bias was evaluated by using a funnel plot; Egger
linear regression test was also conducted when the number of
the included studies was >9.[29] Analyses were carried out in
Stata 12.0 (Stata Corp, College Station, Texas).
Ethical approval and patient consent were unnecessary for this

meta-analysis because this study involved a secondary analysis.
3. Results

3.1. Study identification

Our literature search initially yielded 153 studies. Of these studies,
19 duplicates were removed. After titles and abstracts were
screened, 119 articles were excluded because irrelevant topic was
discussed (64), TNF-a (G-308A) polymorphism or dental peri-
implant disease was not the main topic (36), reviews were
presented (14), animals were used as subjects (3), and languages
other than English and Chinese were adopted (2). After the full
texts were read, 8 publications were eliminated from the present
meta-analysis. Of the 7 remaining articles, 2 were reported by the
same researcher (Cury, PR) focusing on the same topic. Of these 2
studies, onewith a large sample size was published in 2009[30] and
the otherwas reported in 2007.[31] Therefore,we selected the study
recently published in 2009. As a result, 6 reports[26,30,32–35] were
finally included in thismeta-analysis. Theflowchart of the selection
process is presented in Fig. 1.
3

3.2. Study characteristics and quality assessment

The main characteristics of the 6 included studies are shown in
Tables 2 and 3. The earliest study was published in 2004 by
Campos,[34] and the latest study was reported in 2015 by
Rakic.[33] One study[35] was published in Chinese and the five
other studies were presented in English. A total of 717 hospital-
based participants were involved in this analysis, and most of
them were Caucasians. The subjects aged from 14 to 79 years,
and the follow-up duration for functional implants was from 6
months to 5.2 years. Two studies[26,33] obtained positive results,
and the 4 other studies[30,32,34–35] yielded negative results. The
genotype distribution of the control group deviated from HWE
(P<0.05) in 2 studies.[32–33] The score of the quality assessment
for the included studies ranged from 8 to 10with an average value
of 8.7.
3.3. Meta-analysis

The heterogeneity among the included studies was moderate in
each genetic model (P>0.1 and I2 < 40%, presented in Table 4).
Thus, the fixed-effect model was applied to calculate the pooled
ORs in this meta-analysis. Consequently, the pooled ORs
and 95% CIs in the 5 genetic models did not reveal a significant
association between the TNF-a (G-308A) polymorphism and
the dental peri-implant disease risk: (A vs G: OR=1.30, 95%
CI=0.93–1.80, I2=0.0% [Figs. 2 and 3]; AA vs GG: OR=1.74,
95% CI=0.66–4.61, I2=0.0%; GA vs GG: OR=1.32, 95% CI
=0.88–1.98, I2=10.9%; GA+AA vs GG: OR=1.34, 95% CI=
0.91–1.97, I2=14.4%; AA vs GA+GG: OR=1.59, 95% CI=
0.61–4.15, I2=0.0%). For the subgroup analyses in terms of
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Table 2

Main characteristics extracted from the included studies.

Genotypes distribution

Sample size Case Control

Author name Year Country Ethnicity Form of disease Case Control GG GA AA GG GA AA

Campos 2004 Brazil Caucasian implant failure 28 38 26 2 0 32 6 0
Lu 2009 China Chinese Marginal bone loss 18 26 12 6 0 23 3 0
Cury 2009 Brazil Caucasian peri-implantitis 49 41 34 11 4 31 8 2
Gurol 2011 Turkey Caucasian implant failure 16 23 1 14 1 4 19 0
Jacobi 2013 Germany Caucasian implant failure 41 68 22 17 2 47 19 2
Rakic 2014 Serbia Caucasian peri-implantitis 180 189 157 20 3 165 21 3

Table 3

Main characteristics extracted from the included studies.

Age range, y Sex (F/M) Smoker (%)

Author name Case Control Case Control Case Control Follow-up P for HWE NOS score

Campos 52.7±13.2 43.2±13.2 15/13 20/18 Non- 1 y 0.5972 10
Lu 47±10 48±13 4/14 11/15 72.22 38.46 6 mo 0.7549 8
Cury 51.1±3.1 45.2± -3.4 34/15 24/17 Non- 6 mo 0.1607 8
Gurol 25–38 NR NR Non- 6 mo 0.0007 8
Jacobi 51.1 (29–72) 51.8 (14–79) 23/18 52/16 14.63 14.71 5 y 0.962 8
Rakic 53.2 (35–66) 49.4 (23–60) 78/102 90/99 Non- 2 y 0.0256 10

HWE=Hardy–Weinberg equilibrium, NOS=Newcastle–Ottawa scale, NR=not reported.

Table 4

Pooled odds ratios (ORs) and 95% confidence intervals (CIs) in 5
genetic models.

Genetic model Subgroup OR (95% CI) I2 (%) P

Overall 1.30 (0.93, 1.80) 0 0.453
Caucasian 1.23 (0.88, 1.72) 0 0.540

A vs G Chinese 3.27 (0.76, 14.04) / /
Peri-implantitis 1.13 (0.72,1.78) 0 0.509
Implant failure 1.37 (0.83,2.26) 12.8 0.318
Marginal bone loss 3.27 (0.76,14.04) / /
Overall 1.74 (0.66,4.61) 0 0.759
Caucasian 1.74 (0.66,4.61) 0 0.759

AA vs GG Chinese / / /
Peri-implantitis 1.36 (0.42,4.42) 0 0.652
Implant failure 3.06 (0.55,17.03) 0 0.503
Marginal bone loss / / /
Overall 1.32 (0.88,1.98) 10.9 0.346
Caucasian 1.21 (0.79,1.85) 0 0.452

GA vs GG Chinese 3.83 (0.81,18.09) / /
Peri-implantitis 1.07 (0.62,1.85) 0 0.718
Implant failure 1.47 (0.75,2.89) 32.2 0.229
Marginal bone loss 3.83 (0.81,18.09) / /
Overall 1.34 (0.91,1.97) 14.4 0.322
Caucasian 1.24 (0.83,1.86) 0 0.411

GA+AA vs GG Chinese 3.83 (0.81,18.09) / /
Peri-implantitis 1.10 (0.66,1.84) 0 0.592
Implant failure 1.51 (0.78,2.92) 34.8 0.216
Marginal bone loss 3.83 (0.81,18.09) / /
Overall 1.59 (0.61,4.15) 0 0.882
Caucasian 1.59 (0.61,4.15) 0 0.882

AA vs GA+GG Chinese / / /
Peri-implantitis 1.33 (0.41,4,31) 0 0.68
Implant failure 2.29 (0.43,12.07) 0 0.612
Marginal bone loss / / /
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ethnicity and disease type, a similar result was observed. All of the
results related to data analyses are listed in Table 4.

3.4. Publication bias

Publication bias was visually evaluated with a funnel plot (Fig. 4).
The shapes of the plots indicated that the included studies did not
exhibit significant publication bias.

4. Discussion

To our knowledge, this work is the first to quantitatively assess
the association between the TNF-a (G-308A) polymorphism and
Figure 2. Forest plot of dental implant disease risk associated with TNF-a (G-
308A) polymorphism in A versus G genetic model (subgroup analysis in terms
of ethnicity).



Figure 3. Forest plot of dental implant disease risk associated with TNF-a (G-308A) polymorphism in A versus G genetic model (subgroup analysis in terms of
disease type).
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the dental peri-implant disease risk. Despite the relatively small
sample size and number of the included studies in this work, this
meta-analysis could help summarize relevant findings on the
relations of TNF-a (G-308A) polymorphism with dental peri-
implant disease susceptibility.
In the present meta-analysis, the included studies were

case–control ones. The subjects with dental implants were
recruited from local hospitals. The subjects were divided into case
and control groups on the basis of the outcomes of implants. The
control group comprised individuals with healthy implants in
functional loading for more than 6 months. The heterogeneity
among the included studies was moderate. Thus, the fixed-effect
model was used to calculate ORs. Subgroup analyses were also
Figure 4. Funnel plot for publication bias in A versus G genetic model.

5

conducted on the basis of ethnicity and disease type. Of the
included studies, 5 focused on Caucasian populations, which
accounted for 94% of the overall participants, and 1 included
Asian populations.[35] The original study conducted by Jacobi[26]

observed that the GA or AA genotypes of TNF-a (G-308A)
polymorphism are more frequent in cases and are associated with
an increased risk of implant failure. This finding demonstrates
that polymorphism is positively related to disease risk. Rakic[33]

concluded that the GA genotype of TNF-a (G-308A) polymor-
phism is positively associated with peri-implantitis; as a
consequence, carriers with this genotype are at a fivefold
increased risk of peri-implantitis. The 4 other included studies
revealed that TNF-a (G-308A) polymorphism is not significantly
associated with dental implant disease.
Smoking is a high risk factor of dental implant failure.[11] As

such, this habit should be considered when individual suscepti-
bility to implant failure is investigated. Of the selected studies, 4
original ones, including 564 subjects (78.6% of all subjects), are
non-smokers.[30,32–34] One study[35] reported that approximately
78.6% and 38% of the participants in the case group and the
control group are smokers, respectively. Logistic regression
analysis was conducted in the original research to adjust for this
confounding factor, and the result demonstrated that smoking
can increase the risk of early marginal bone loss. In another
study,[26] smokers are distributed equally among patients and
controls (14.63% in the case group and 14.71% in the control
group). Considering the relatively small proportion (5%) of
smokers in the total number of participants, we did not conduct a
subgroup analysis in terms of smoking status in this meta-
analysis.
Patients with periodontitis may also be susceptible to peri-

implantitis because periodontitis shares similar clinicopathologi-
cal features with peri-implantitis.[5,36] As a potential risk factor of
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[2] Berglundh T, Persson L, Klinge B. A systematic review of the incidence of
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dental peri-implant disease, the history of periodontitis is also
considered in the majority of included studies. One study[26] has
been unable to clearly describe the effect of the history of
periodontitis. By contrast, the 5 other studies have definitely
stated the elimination of patients who revealed chronic
periodontitis history and thus excluded the influence of this
confounding factor.
In this meta-analysis, some limitations should be addressed.

First, the number of the included studies was relatively small,
although we comprehensively searched relevant studies from 5
databases. This small number might influence the statistical
power of our meta-analysis results. Our results might be limited
in terms of comprehensiveness and thus should be carefully
interpreted. Second, the majority of the included studies were
based on Caucasians. Therefore, the results may be suitable for
this ethnic group but not for other ethnic groups. Further studies
should verify whether our results are consistent with other
ethnicities. Third, the designs and materials of implants and the
experiences of operators were not clarified in the original studies.
We found that TNF-a G-308A polymorphism was not

significantly associated with dental peri-implant disease risk in
the overall analysis. Similar findings were obtained in the
subgroup analyses in terms of ethnicity and disease type.
Therefore, TNF-a G-308A polymorphism might not indepen-
dently affect the susceptibility of patients to dental peri-implant
disease.
The negative results in our study might be attributed to the

limited sample size. However, the occurrence of peri-implant
disease is related to smoking and periodontitis history. The study
population was substantially reduced when smokers and
periodontitis patients were ruled out.
The lack of consideration of gene–gene interactions may be

accounted for our negative results because the inflammatory
response of dental implants is regulated by several cytokines.
For example, Liao et al[37] performed a meta-analysis on the
association between interleukin-1 polymorphisms and dental
implant failure. They found that interleukin-1a (�899) and
interleukin-1b (+3954) polymorphisms are among the risk
factors of dental implant failure/loss and peri-implantitis.
Therefore, the combined effects of TNF-a (G-308A) polymor-
phism with other relevant factors on the susceptibility of
patients to dental peri-implant disease might not be reflected
in our study.
Our negative results should be considered in the investigation

of complex processes related to peri-implant disease. Our study
can provide systematic suggestions to help clinicians understand
this disease. Peri-implant disease is unlikely caused by single gene.
This disease can be induced by extracorporeal factors, such as
implant materials, surgical operation, and host habits. Consider-
ing the complexity of peri-implant disease, researchers should
conduct multiple analyses when the risk factors of peri-implant
disease are evaluated in further studies.
In conclusion, our findings showed that TNF-a (G-308A)

polymorphism was not significantly associated with dental
implant disease risk. However, studies on different ethnicities
with large sample sizes and gene–gene and gene–environment
interactions should be conducted to verify our results.
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