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ABSTRACT

Objective: To reconnoiter the IL-1A (-889) and IL-1RN (+2018) gene polymorphisms and their association
with EARR. Material and Methods: The Science Direct, PubMed and Scopus databases were
comprehensively searched by two independent reviewers. In addition, the bibliographies of all relevant
publications and textbooks were searched manually. A meta-analysis was performed using data available up
to May 9, 2020. Results: A total of 13 and 9 publications were selected for the systematic review and meta-
analysis, respectively for both IL-1A and IL-1RN genes. Odds ratio (OR) was used to evaluate the
association of the gene polymorphism and the risk of EARR. The risk of EARR was estimated using the
overall OR from the published studies. No association was found for IL-1A gene for the risk of EARR.
However, the dominant and co-dominant models of IL-1RN gene polymorphism were associated with the
risk of EARR. Conclusion: More studies are warranted to determine the relationship between IL-1A and
IL-1RN gene polymorphisms and EARR for a clearer understanding of their interactions.
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Introduction

External apical root resorption (EARR) is a shortening of the root apex, which can be acquired due to
various mechanical and/or genetic factors [17]. Orthodontic treatment is known to be one of the triggering
factors in developing EARR in most cases, although the exact etiology is still debated. Several studies have
been conducted to determine the genetic association and the orthodontic-induced EARR in various populations
[1-47. Most of the studies focused on different polymorphisms in interleukins (ILs), Vitamin D receptor
(VDR), Tumour Necrosis Factor-alpha (TNF-a), and Cluster of Differentiation (CD) genes to establish their
association with EARR in certain populations [57].

Interleukin-1 (IL-1) is encoded by interleukin-1A gene and interleukin-1B gene located at
chromosomal band 2q14 in a cluster that also contains the genes for the IL-1 receptors type 1 and 2 (IL-1R1
and IL-1R2), the IL-1 receptor antagonist (IL-1RN) and six other homologues, the interleukin-1 family
members 5-10 [67]. However, previously reported investigations were mainly focused on the association of IL-
1A, IL-1B and/or IL-1RN genes with EARR during orthodontic treatments [7-97. Initially, Al-Qawasmi et al.
[17 showed the association between single nucleotide polymorphisms (SNPs) of IL-1A (-889) and IL-1B
(+8954) gene polymorphisms and the EARR among the Caucasians in America. Then, similar SNPs
association have also been shown in some other European [(3,7,9,10] and Asian [4] populations.
Unfortunately, the outcomes were inconsistent and contradictory.

A few systematic reviews exist to address the divergent results of the genetic association studies with
EARR and mainly focused on IL-1B gene only [11,127]. However, no systematic review is available on IL-1A
and IL-1RN genes association with EARR in orthodontic treatment. Therefore, the aim of this systematic
review and meta-analysis was to determine whether these two important genes in IL-1 cluster, IL-1A and IL-

1RN genes are associated with EARR during orthodontic treatment.

Material and Methods

This systematic review complied to the PRISMA guidelines. PICOS format was followed in terms of
the participants, interventions, comparisons, outcomes, and study designs for a better outline of the review
[117]. Three main search engines, namely PubMed, Scopus database and Science Direct, were searched
(publications included until 9th May 2020) using the keywords “EARR, external apical root resorption, genetic
polymorphism, orthodontic treatment, Interleukin-1, IL-1A and IL-1RN” without any restrictions on
language, treatment duration, population and sample size of the studies. All appropriate publications were
selected and references of the particular publications were cross-checked for any unnoticed related studies
throughout the electronic searches.

The inclusion criteria for these previously published studies were firstly, the association between
genetic polymorphisms and the risk of EARR and secondly, genotypes determined by calculating the odds
ratios (ORs). On the other hand, publications with duplication of data, review articles, and publications with
insufficient data were excluded from this review. All the published studies on IL-1A and IL-1RN genes were
independently scrutinized after the literature search by two reviewers and then selected according to the
inclusion and exclusion criteria set for this review. No disagreement was recorded between the two reviewers
and the publications for both genes were selected for the systematic review after fulfilled the criteria.

The strengthening the reporting of genetic association (STREGA) statement and checklist were
followed in ensuring the quality of evaluation. Twelve methodologic quality scores have been calculated and

ranged from O (lowest) to 20 (highest). Publications with scores < 10 were considered as low-quality studies
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and publications with scores = 10 were considered as high-quality studies. Meta-analyses were then performed
based on the association of IL-1A (-889) and IL-1RN (+2018) gene polymorphisms with the EARR

consequences of selected publications.

Statistical Analysis

IBM SPSS Statistics for Windows version 24.0 (IBM Co., Armonk, NY, USA) and Comprehensive
Meta-Analysis (CMA) Software version 8 (Biostat, Englewood, NJ, USA) were utilized for the statistical
analyses. Cohen’s kappa analysis was performed to identify the interobserver agreement of the grading
qualities of the publications. The level of agreement was graded according to the kappa scores, with 0.81-1,
0.61-0.80, 0.41—0.60, 0.21-0.40, and < 0.20, which indicating near perfect, substantial, moderate, fair, and poor
agreement, respectively [137. The power of the association between EARR and gene polymorphisms was
estimated with the ORs with corresponding 95% confidence intervals (CI). The pooled OR from the selected
publications were obtained from the dominant model (CC + CT ws. TT), co-dominant model (CC vs. TT or CT
vs. TT), and recessive model (CC vs. CT + TT). Residuals were checked for each study for suspected outliers. Q
statistics and I? statistics were performed for the heterogeneity test. I? < 50% and a p-value of Q statistics >
0.10 indicated a lack of heterogeneity across the studies. Moreover, a funnel plot was used to determine
publication bias, where an asymmetric plot specified possible bias. The funnel plot was assessed with the Begg’s
test [14] and Egger’s test [15]. The presence of bias among the studies was indicated if a p-value was < 0.05,
whereas a p-value > 0.05 was considered to indicate the opposite. Similar statistics were performed for both IL-

1A and IL-1RN genes.

Results

The selection of publications for IL-1A and IL-1RN genes were strictly followed the PRISMA
guidelines (Figure 1 and Figure 2). The total number of publications identified for IL-1A gene was 9 (5 from
PubMed, 2 from Scopus and 2 from Science Direct) and for IL-1RN gene was 10 (5 from PubMed, 2 from
Scopus and 4 from Science Direct), after being confirmed by the two independent reviewers. Subsequently,
discarding duplicates, 7 publications were selected for the IL-1A gene [1-3,7,16-187 and 6 publications were
chosen for IL-1RN gene [2,3,8,10,18,197 to be included in this systematic review (Table 1). A total of 6
publications for IL-1A (-889) gene polymorphism [2,3,7,16-187 and 3 publications for the IL-1RN (+2018)
gene polymorphism [2,8,187] were considered for meta-analysis (Table 2).

STREGA guideline was followed to assess the quality of all selected publications for this systematic
review [14,157, which was performed by two independent reviewers. From 138 publications initially chosen for
the systematic review for both IL-1A and IL-1RN genes, only 9 publications were selected for quality
assessment due to overlapping of the gene studied. Among the 9 selected publications, 5 were classified as
high-quality studies (= 10) and 4 as low-quality studies (< 10) (Table 3). Inter-rater reliability for these five
criteria was 0.857, which represented a near perfect level of agreement. Cohen’s kappa score for most of the
criteria showed an absolute level of inter-rater agreement (Table 4).

The analysis of the association of EARR risk with the IL-1RN (+2018) polymorphism showed that its
dominant model and co-dominant models were associated with the risk of EARR while its recessive model was
not associated with the risk of EARR. Meanwhile, the IL-1A (-889) gene polymorphism showed that none of
the dominant, co-dominant, and recessive models were associated with the risk of EARR. Although a less-

expected frequency residual was detected because of a sampling error, it nevertheless could still be counted in
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the meta-analysis in the random-effect model without significantly influencing the outcome [117 (Figure 3,

Figure 4 and Table 5).
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Figure 1. Flow chart of the PRISMA guidelines for IL-1A gene study selection.
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Figure 2. Flow chart of the PRISMA guidelines for IL-1RN gene study selection.
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Table 1. Main characteristic of included studies for IL-1A and IL-1RN genes.

Genot Biological
Gene Author Country Ethnicity Sample Size Radiographs Used Nelthzl()le ;};if: Outcome
Al-Qawasmi et al. USA Caucasian 118 subjects Lateral Cephalogram Ncoiand Taql ~ IL-1A and IL- IL-1B gene, known to decrease the
IL-1A 1] from 35 and OPG 1B production of IL-1 cytokine in vivo,
families significantly increases the risk of EARR.
Iglesias-Linares Spain White 54 Lateral Cephalogram HotStar Taq IL-1A, IL-1B  Not only in the IL-1B gene are determinants
etal. [2] and OPG polymerase and IL-1IRN  of a predisposition to postorthodontic
EARR.
Linhartova et al. Czech Not 106 Lateral Cephalogram Ncoi, Taql and IL-1A, IL-1B  No significant role of IL-1A and IL-1B
[s] Republic Mentioned and OPG VNTR-PCR and IL-1RN  variants in EARR was confirmed, IL-1RN
VNTR may be associated with EARR,
especially in girls.
Giilden et al. [7] German Not 258 OPG Ncoi and Taql IL1A and IL-  IL-1A polymorphism point to an association
Mentioned 1B of the genotype 2-2 with EARR and IL-1B
polymorphism in patients revealed no
indication of a predisposition of EARR.
Iglesias-Linares Spain White 73 Lateral Cephalogram HotStar Taq IL-1A and IL-  The development of EARR in subjects with
etal [16] and OPG polymerase 1B root-filled teeth who undergo orthodontic
treatment might be attributable to genetic
variations in the interleukin-1B gene
Iglesias-Linares Spain Not 146 Lateral Cephalogram HotStar Taq IL-1A and IL-  Genetic inheritance of IL-1B gene, in
etal [17] Mentioned and OPG polymerase 1B homozygous subjects is associated with a
two times increased predisposition to have
EARR secondary to orthodontic tooth
movement in endodontically treated teeth.
Sharab et al. [187] USA Caucasian 460 Lateral Cephalogram,  Not mentioned P2RX7, EARR occurrence was associated with both
OPG and occlusal CASP1, IL- genetic and treatment-related variables,
1B, IL-1A and ~ which together explained 25% of the total
IL-1RN variation associated with EARR in the
sample tested.
Linhartova et al. Czech Not 106 Lateral Cephalogram Ncoi, Taql and IL-1A,IL-1B No significant role of IL-1A and IL-1B
[L-1RN 3] Republic Mentioned and OPG VNTR-PCR and IL-1RN  variants in EARR was confirmed, IL-1RN
VNTR may be associated with EARR,
especially in girls.
Iglesias-Linares Spain Caucasian 93 Lateral Cephalogram HotStar Taq IL-1RN IL-1RN gene associated with an increased
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etal. [8] and OPG polymerase risk of suffering post- orthodontic EARR in
root-filled teeth.
Pereira et al. [10]  Portugal Portuguese 195 OPG Taql and Taq- IL-1B, IL- IRAK1 polymorphism is proposed as a
Caucasian man 1RN and protective variant for EARR.
IRAK1
Iglesias-Linares Spain White 54 Lateral Cephalogram HotStar Taq IL-1A, IL-1B  Not only in the IL-1B gene are determinants
etal [16] and OPG polymerase and IL-1IRN  of a predisposition to postorthodontic
EARR.
Sharab et al. [187] USA Caucasian 460 Lateral Cephalogram,  Not mentioned P2RX7, EARR occurrence was associated with both
OPG and occlusal CASP1, IL- genetic and treatment-related variables,
1B, IL-1A and  which together explained 25% of the total
IL-1RN variation associated with EARR in the
sample tested.
Guo et al. [197] China Chinese 174 CBCT Taq-man IL-6 and IL-  IL-6 SNP GCiis a risk factor for EARR.
RN

Table 2. Characteristics of included studies of IL-1A and IL-1RN gene for meta-analysis.

EARR (> 2mm) Control (< 2mm)
Gene Author Country No of Case/ Control
CcC CT TT CcC CT TT

N (%) N (%) N (%) N (%) N (%) N (%)

IL-1A Iglesias-Linares et al. [2] Spain 25/29 16 (29.6) 8 (14.8) 1(1.8) 12 (22.2) 18 (24.1) 4 (7.4)
Linhartova et al. [8] Czech Republic 32/74 37 (50.0) 31 (41.9) 6(8.1) 16 (50.0) 14 (43.8) 2(6.2)

Gulden et al. [7] German 45/49 19 (42.2) 18 (40) 8 (17.7) 26 (59.1) 17 (38.6) 1(2.3)

Iglesias-Linares et al. [16] Spain 30/43 16 (21.9) 1(15.06) 3 (4.1) 20 (27.3) 15 (20.54) 8(10.9)

Iglesias-Linares et al. [17] Spain 39/54 24 (61.5) 9(23.1) 6 (15.4) 24 (44.4) 3 (42.6) 7(18.0)

Sharab et al. [187] USA 67/67 28 (41.8) 28 (41.8) 11 (16.4) 82 (47.8) 9 (48.3) 6 (9.0)

IL-1RN Iglesias-Linares et al. [2] Spain 25/29 2(8.7) 5(9.7) 18 (83.3) 4 (7.4) 7(81.8) 8 (14.8)
Iglesias-Linares et al. [8] Spain 39/54 1(2.6) 6 (15.4) 32 (82.1) 11 (20.4) 7 (50.0) 16 (29.6)
Sharab L et al. [ 18] USA 67/67 3 (4.5) 23 (34.3) 41 (61.2) 0 (0.0) 9 (43.3) 8 (56.7)
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Table 3. Quality assessment of included studies.

. - Stud Genetic
Author Selection  Comparability Exposure J . . Score
Methodologies  Analysis
Al-Al-Qawasmi et al. [1] *(1) 0 0 *(1) EEEES (8) 7
Iglesias-Linares et al. [27] HkAE (1) *(1) *(1) ** (2) FkEHE (5) 13
Linhartova et al. [87] *kk*(4) *(1) B (2) & (0) R (6) 15
Giilden et al. [7] **(2) 0 0 *(1) HAXKE(5) 8
Pereira et al. [10] *(1) 0 0 *(1) R (6) 8
Iglesias-Linares et al. [167] HHAE (4) *(1) *(1) ** (2) FkdRE (5) 13
Iglesias-Linares et al. [17] RS (@) *(1) *(2) @) RREEES (4) 19
Sharab et al. [18] HoAAE (4) *(1) **(2) *(1) Fkdk R (6) 14
Guo et al. [197] ** (2) 0 * (1) ** (2) HHHK (1) 9
Table 4. Interrater agreement of quality assessment by Cohen’s kappa analysis.
Quality Assessment Measure of Agreement Between Raters Kappa Score
Selection 1 0.857
Comparability 0.769
Exposure 1
Study Methodologies 1
Genetic Analysis 1
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Figure 3. Forest plots of EARR risk associated with the interleukin-1A (-889) gene polymorphism.

Table 5. Risk of EARR with the association of IL-1A (-889) and IL-1RN (+2018) gene polymorphisms.

Gene Genotypes Odds Ratio (OR) 95% CI p-value
Lower Upper
IL-1A (-889) CCos. TT 0.941 0.389 2.273 0.892
CT vs. TT 0.735 0.356 1.517 0.405
CC+ CT vs. TT 0.863 0.395 1.884 0.711
CCus. CT+TT 1.109 0.703 1.749 0.656
IL-1RN (+2018) CCos. TT 0.117 0.0838 0.422 0.001*
CT vs. TT 0.118 0.053 0.262 0.001%
CC+ CT vs. TT 0.114 0.054 0.239 0.001%*
CCus. CT+TT 0.535 0.137 2.091 0.368

CI = Confidence Interval; p-value <0.05; %= Percentage; C = Cytosine; T = Thymine; vs. = versus; IL-1A = Interleukin-1A; IL-1RN =
Interleukin-1RN; EARR = External Apical Root Resorption; *Significant difference (<0.05).
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Figure 4. Forest plots of EARR risk associated with the interleukin-1RN (+2018) gene polymorphism.

The clinical and statistical heterogeneity were both observed among the studies in the dominant, co-
dominant, and recessive models (Table 6). Sensitivity analysis was performed by omitting one publication at
each step to examine the influence of each publication on the pooled OR. However, the heterogeneity stayed
irrespective of which publication was omitted. No proof of publication bias was sighted while comparing the
IL-1A (-889) and IL-1RN (+2018) gene polymorphisms with the overall risk of EARR included in the meta-
analysis (Figure 5 and Table 7).

Table 6. Heterogeneity test among studies of IL-1A and IL-1RN gene.

Gene Models Q Statistics p-value* I2 Statistics (%)

IL-1A (-899) CC . TT 9.464 0.092 47.168
CT vs. TT 6.241 0.283 19.884

CC+CT vs. TT 8.067 0.153 38.021

CC 5. CTH+TT 8.487 0.131 41.086

IL-1RN (+2018) CC . TT 1.229 0.541 0.001
CT vs. TT 0.037 0.982 0.001

CC+CT vs. TT 0.372 0.830 0.001

CC 5. CTH+TT 5.110 0.078 60.863

*p-value for Q statistics.

Funnel Plot of Standard Error by Log odds ratio
Funnel Plot of Standard Error by Log odds ratio

Standara Error
Standard Error
°

IL-1A IL-1RN
Figure 5. Funnel plot for the publication bias test for IL-1A (-889) and IL-1RN (+2018) gene
polymorphism.
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Table 7. Publication bias among studies of IL-1A and IL-1RN gene.

Gene Genotypes Begg’s Test Egger’s Test
IL-1A (-889) CC . TT 0.707 0.826
CT vs. TT 1.000 0.722
CC+CT vs. TT 0.707 0.782
CCus.CT+TT 0.259 0.209
IL-1RN (+2018) CC . TT 1.000 0.987
CT vs. TT 1.000 0.942
CC+CT vs. TT 1.000 0.745
CCus.CT+TT 0.296 0.264

Discussion

In this latest systematic review, a total of nine published articles were selected for both IL-1A and IL-
1RN genes, where five of them were classified as high-quality studies and the four remaining studies were
determined as low-quality studies according to STREGA guidelines. This STREGA guideline is used to
indicate the quality of genetic association studies regardless of the outcome of the studies based on a scoring
system [207]. None of the selected publications for this current systematic review has attained the highest score
set by the STREGA guideline, which is 20; however, five publications have scored >10, which might indicate
the bias outcome of the genetic associations in relation to EARR. In addition, most of the orthodontic
treatment studies and their genetic association seldom fulfill the STREGA or other genetic guidelines partly
due to the methodological inaccuracies of the studies.

A total of seven published articles on IL-1A gene were included in this systematic review and all the
articles were focused on IL-1A (-889) gene polymorphism. However, six out of seven studies were included in
meta-analysis as one article [17] did not displayed the OR, which was the inclusion criteria of this review. On
the other hand, a total of six previous studies of IL-1RN gene were included in this systematic review. Among
these six studies, four studies were conducted on IL-1RN (+2018) gene polymorphism [2,8,18,197, one study
on the IL-1RN (VNTR) gene polymorphism [87, one study on IL-1RN (+19835) gene polymorphism [207].
Therefore, the current study included the IL-1RN (+2018) gene polymorphism for the meta-analysis.
However, among the four studies of IL-1RN (4+2018) gene polymorphism, one study [197 did not displayed
the OR, which was then not included in the current meta-analysis.

Cytokines, specifically IL, disturb bone remodeling and play a vigorous role in pathological and
physiological bone regulation. Osteoclasts and osteoblasts like cells are involved in bone resorption and
formation [21,227. IL-1 is one of the most important monocyte-macrophage-derived cytokines that acts as a
potent stimulator of bone resorption in organ culture [227]. IL-1 has been verified to stimulate bone resorption
both in vitro and in vivo.

All of the studies considered in this systematic review have shown a negative association with IL-1A (-
889) gene polymorphism and EARR, except for one study conducted in the German population [7] revealed a
positive association with EARR. In this case, the pooled outcomes of IL-1A (-889) gene polymorphism is in
agreement with most of the outcomes of the previous investigations, which concluded that IL-1A (-889) gene
polymorphism might not associate with the risk of EARR in orthodontic treatment. On the other hand, from
the three studies with IL-1RN (+2018) gene polymorphism, two of the studies showed a positive association
with EARR in orthodontic treatment. The pooled outcomes of IL-1RN (+2018) gene polymorphism in this
current meta-analysis showed both dominant and co-dominant models indicating that there are associated with
the risk of EARR. The probable link for the IL-1RN genetic predisposition would be through the increases of

interleukin-1 receptor antagonist (IL-1Ra) protein that has been shown to be associated with a decreased rate
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of bone remodeling [287. Imbalances in the cytokine level on the IL-1Ra stimulates bone
modeling/remodeling and subsequent increase in radicular stress during orthodontic treatment that eventually
develops the EARR [[17]. However, the lack of publications on IL-1RN (+2018) gene polymorphism is a major
obstacle to draw any conclusive result of the role of this particular gene and EARR during orthodontic
treatment.

Statistical heterogeneity test performed using I2 and Q statistics of the IL-1A (-889) gene
polymorphism in this current meta-analysis showed no heterogeneity, which indicated that no bias in the
design of analyzed studies [247. Meanwhile, IL-1RN (+2018) gene polymorphism revealed mixed statistical
results for different models, which suggests some bias of the analyzed studies [247. However, clinical
heterogeneity is always present in the meta-analysis due to different study design, intervention, sample size
and outcomes. This current meta-analysis also indicated clinical heterogeneity based on the different ethnic
background, methods of genotyping, sample size and outcomes.

EARR is a common complication that emerges during or after the orthodontic treatment and despite
being a focus of many studies, many questions remain unanswered with regard to its risk factors. Therefore,
evaluating the risk factor that influent the EARR development is a pivotal step for a successful orthodontic
treatment. The outcome of the current systematic review and meta-analysis will undoubtedly aid further

investigation to identify the main etiologic risk factor that are responsible for developing EARR.

Conclusion

The outcome of this meta-analysis suggested that IL-1A (-889) gene polymorphism was not associated
with the development of EARR during orthodontic treatment. However, it was suggested that IL-1RN
(+2018) gene polymorphism might play a role in the development of EARR although there was statistical
heterogeneity observed among the published results. Nevertheless, the heterogeneity among the published
studies is not fully understood. Further studies are needed to verify the possible association of IL-1A and IL-

1RN genes in the occurrence of EARR in some individuals undergoing orthodontic treatment.
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