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Abstract

Purpose Insulin-like growth factor 1 (IGF1) gene single
nucleotide polymorphism (rs5742612) has been associated
with adolescent idiopathic scoliosis (AIS) in several studies
with limited sample size and inconsistent outcomes. So we
perform this meta-analysis to assess the precise association
between IGF1 gene single nucleotide polymorphism
(rs5742612) and AIS.

Methods We systematically searched Pubmed, Embase,
Web of Science and Cochrane Library up to January 19,
2016 to obtain relevant studies using our research strategy.
Four articles all belonging to case—control studies were
included in our meta-analysis.

Results A total of four studies containing 763 cases and
559 controls satisfied the inclusion criteria after judgment
by two reviewers. No significant associations were detected
between IGF1 gene single nucleotide polymorphism
(rs5742612) and AIS (T vs. C, OR =1.10, 95 % CI
091-1.34, p = 0.32; TT vs. CC: OR = 1.28, 95 % CI
0.82-2.02, p = 0.28; TC vs. CC: OR = 1.29, 95 % CI
0.82-2.06, p = 0.27; TT/TC vs. CC: OR = 1.28, 95 % CI
0.83-1.98, p = 0.27; TT vs. TC/CC: OR = 1.06, 95 % CI
0.82-1.36, p = 0.66).
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Conclusions IGF1 gene single nucleotide polymorphism
(rs5742612) is not significant associated with susceptibility
to AIS in either Asian or Caucasian populations. However,
IGF1 gene rs5742612 may be associated with severity of
AIS. Further studies with larger sample size and different
population groups involving the relationship are required to
confirm the potential association.

Keywords Adolescent idiopathic scoliosis - IGF1 -
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Introduction

Adolescent idiopathic scoliosis (AIS) is defined as a com-
plex three-dimensional deformity of the spine, which
involves the spinal imbalance of sagittal and coronal planes,
and vertebrae rotation deformity [1]. In addition, AIS is also
the most common form of scoliosis in adolescents, espe-
cially in girls around puberty, of which the incidence ranges
from 2 to 4 % worldwide [2—4] and accounts for 80 % [5] in
scoliosis. The susceptibility of AIS is influenced by different
kinds of factors, such as heritage and genetic factors [6-8],
environment [9], hormonal disturbance [10], developmental
neuromuscular dysfunction [11] and so on. Though the exact
etiology and pathogenesis of AIS remains unknown [1],
genetic factors are considered to play an essential role, such
as insulin-like growth factor 1 (IGFI1) gene, estrogen
receptor 1 (ESR1) gene, ladybird homeobox 1 (LBX1) gene,
matrilin 1 (MATN1) gene and so on [12]. In addition, some
genetic factors may be associated with curve severity of
AIS, such as ESR1 gene [13] and transforming growth factor
beta 1 (TGFB1) gene [14].

With regard to hormonal disorders, growth hormone and
IGF1 axis plays a critical part in modulating children’s
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growth and development [15-17]. Growth hormone and
IGF1 have extensive physiological functions that can
contribute to cell proliferation, regulate substance meta-
bolism, and promote organ development [15]. Meanwhile,
IGF1 can regulate the growth-promoting actions of growth
hormone [15]. Moreover, some studies showed that IGF1
could directly promote osteoblast proliferation and colla-
gen synthesis [16, 18], thus the irregular expression of
IGF1 gene may affect the progress of AIS [16]. In addition,
some studies suggested that the T/C polymorphism
(rs5742612) of IGF1 gene at the promoter region of IGF1
gene might influence levels and functional activities of
IGF1 protein [19, 20].

Recently, several researches have studied the association
between the IGF1 rs5742612 single nucleotide polymorphism
(SNP) and AIS [15, 16, 21-23], but Moon et al.’s result [23]
showed a significant association which was inconsistent with
the result of other studies. The result from one single study
might be less convincing to reach the conclusion. Therefore,
we conduct the meta-analysis to evaluate and synthesize the
currently available data on the association between the IGF1
(rs5742612) SNP and susceptibility to AIS, and find out the
precise association between them.

Materials and methods

The meta-analysis was based on the Preferred Reporting
Items for Systematic Review and Meta-Analyses
(PRISMA) criteria [24]. Detailed research protocol was
established before conducting this meta-analysis. All pub-
lished studies up to January 19, 2016 on humans were
collected.

Search strategy

We systematically searched Pubmed, Embase, Web of
Science and Cochrane Library by using the following
keyword search string: (scoliosis OR AIS) AND (IGF1 OR
rs5742612) AND (polymorphism OR variant OR mutation)
to gain relevant data. There were not any restrictions on
language or publication date in our study.

Identification of eligible records

Two independent authors (M. Guan and H. Wang) identi-
fied and screened eligible studies simultaneously, and any
disagreements were resolved by discussion and consensus.
We also used a two-level search strategy to get more
reliable articles. First, all available databases were used to
search relevant studies by using the search (e.g., title,
abstract, keywords). Second, full text trials were used to
identify available studies following first screening.

Inclusion criteria

The following list showed the inclusion criteria of our
meta-analysis:

1. The patients should meet the criteria for AIS;

2. Studies with a relationship between rs5742612 and
AIS;

Included studies should have full text articles;

Only case—control studies were included;

5. Studies should have available data.

>

Methodological quality assessment

Two independent authors (M. Guan and H. Wang)
assessed the methodological quality of studies using the
Newcastle—Ottawa Scale (NOS). Discrepancies were set-
tled by debate until agreement was reached. Only studies
with a score of 5 or more stars were deemed of high
methodological quality.

Data extraction

1. First author;
Publication date;

3. Ethnicity which patients were belonged to and country
where the study was implemented;

4. Genotyping method;

Genotype distribution and frequency;

6. Study design (total numbers, numbers of cases and
controls, sex and age).

e

Statistical analysis

The Revman 5.3 software was used in performing the
meta-analysis. The association was assessed by using
p value and odds ratio (OR) with a 95 % confidence
interval (CI). For rs5742612, the allelic comparison (T vs.
C) and co-dominant genotypic comparison (TT vs. CC and
TC vs. CC), dominant (TT 4+ TC vs. CC), and recessive
(TT vs. TC 4+ CC) genetic models were examined.

The inconsistency index I* and Chi square were used to
evaluate the heterogeneity. The fixed-effect model was
used to assess the pooled OR when the value of I* was less
than 50 % [25] and heterogeneity was not statistically
significant. Otherwise, the random-effect model was
adopted. Pearson’s goodness-of-fit Chi square test was used
to evaluate Hardy—Weinberg equilibrium (HWE). Funnel
plots [26], Begg’s test and Egg’s test were performed for
evidence of publication bias. Every single study was
removed one by one to examine the effect of the respective
data, and then deleted the article of high heterogeneity.
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Results
Study characteristics

Based on the search strategy, a total of 20 articles were
obtained (Pubmed: 4; Embase: 6; Web of Science: 7;
Cochrane Library: 3). On second scanning, four literatures
[15, 16, 22, 23] satisfying the eligibility criteria were
selected in this meta-analysis, which included 1322 sub-
jects with 763 cases and 559 controls. The selection pro-
cess was reflected in Fig. 1. Moreover, three studies were
carried out in Asian populations, whereas another study
was conducted in Caucasian population. Study character-
istics and allele/genotype frequencies of selected studies
are demonstrated in Tables 1 and 2. In addition, Nikolova
et al.’s study [22] detected the deviation from HWE in the
control group.

Association of rs5742612 and AIS

Table 3 displayed the general outcomes of the summary
ORs and I statistics. Overall, the pooled analysis indicated
that there was no statistical significant evidence that the
IGF1 (rs5742612) SNP have association with AIS (T vs. C,
OR = 1.10, 95 % CI 0.91-1.34, p = 0.32, Fig. 2; TT vs.

N=20 records idetified
from database searching
Pubmed:4,Embase:6 ,
Web of Science:7
Cochrane Library:3

N=6 duplicates
removed

\ 4

N=14 records after
duplicates removed

N=10 excluded(no
»  association or not
case-control study)

A 4

N=4 eligible records for
futher assesment

25 NOS stars : High
quality study

A 4

N=4 high quality records
included in meta-analysis

Fig. 1 Flow diagram for study selection process in the meta-analysis
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CC: OR = 1.28, 95 % CI 0.82-2.02, p = 0.28, Fig. 3; TC
vs. CC: OR = 1.29, 95 % CI 0.82-2.06, p = 0.27, Fig. 4).

The present meta-analysis adopted a leave-one-out
analysis to evaluate the sensitivity of our study. The overall
statistical significance did not reverse when any single
study was removed, indicating that the results were
stable despite including or excluding Nikolova et al.’s
study [22] with HWE-deviated controls. Therefore, we
confirmed that our meta-analysis study had relatively
stable and credible characteristics.

We assessed the publication bias of our meta-analysis
through the Begg’s test and Egg’s test in the overall pop-
ulations and the results illustrated that there was no evi-
dence of obvious asymmetry, revealing minimal evidence
of publication bias. The number of involving studies
(n < 10) was insufficient for significant elucidation of
funnel plots with respect to publication bias.

Discussion

Nowadays, the precise etiology of AIS has been still
unknown. Some studies suggested that genetic risk factors
played a role in AIS, in which the IGF1 gene attracted
much attention. With regard to IGF1 rs5742612 SNP, the
study from Yeung et al. [16], which included 503 AIS
patients and 227 healthy subjects, first demonstrated that
the genetic polymorphisms associated with IGF1 was
unlikely to be commonly associated with AIS. In addition,
Yang et al. [15] performed the SNP genotyping of IGF1
study including 87 AIS cases and 87 controls with ethnical
and sexual match and the outcomes showed that IGF1
rs5742612 SNP could have no correlation to the etiology of
AIS in Chinese population. However, in Moon et al.’s
study [23], with 68 AIS cases and 68 healthy controls, the
result illustrated that the IGF1 rs5742612 SNP was asso-
ciated with susceptibility to AIS in Korean population. The
latest study by Nikolova et al. [22] indicated that there was
no statistically significant association between the IGF1
rs5742612 SNP and susceptibility to AIS with 105 AIS
patients and 210 healthy controls in Bulgarian population.
In summary, the four studies showed that the association
between IGF1 gene (rs5742612) and the susceptibility to
AIS were inconsistent.

No significant association in either allele or genotype
frequencies of IGF1 gene rs5742612 polymorphism
between AIS patients and healthy controls was found in our
meta-analysis study involving 763 cases and 559 controls
and the result was coherent with individual studies
[15, 16, 22] included in the present meta-analysis. While,
these findings were inconsistent with those reported by
Moon et al.’s study [23]. Interestingly, Moon et al.’s study
[23] demonstrated that no significant association between
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Table 1 General characteristics of studies included in the meta-analysis on the association between rs5742612 and susceptibility of AIS

Study

Case characteristics

Control characteristics

Subject selection criteria

Nikolova
et al.
[22]

Moon
et al.
[23]

Yang
et al.
[15]

Yeung
et al.
[16]

n = 105 AIS patients, n = 19 male
n = 86 female, mean age
11.2 £ 3.1 years

n = 68 AIS patients, age range
8-18 years

n = 106 AIS patients, n = 19 male

n = 87 female, mean age 15 years,

age range 10-20 years

n = 503 female AIS patients, age
range 12-16 years

n = 210 controls

n = 35 controls, age- and sex-
matched

n = 106 controls, n = 19 male
n = 87 female, mean age
15 years, age range 10-21 years

n = 227 female controls, age
range 12-16 years

Cases: 1. Diagnosis according to clinical and
radiological examination. 2. Mena Cobb’s angles
54.5° £ 22.6°

Controls: 1. Clinical and radiological examine. 2.
Adult patients with skeletal maturity with negative
family history of IS

Cases: 1. Diagnosis according to clinical and
posterior—anterior radiographs. 2. Cobb’s angle >10°

Controls: 1. Clinical physical examined

All subjects were excluded: those with a history of
congenital, neuromuscular, diseases, endocrine
disorders, skeletal dysplasia or connective tissue
disorders, mental retardation or mental illness, or
psychiatric patients on medication affecting bone
metabolism

Cases 1. Cobb’s angles >20°, confirmed in subsequent
surgery. 2. No congenital malformations of the
vertebrae, confirmed by CT. 3. No coexisting
disorders. 4. No Mendelian transmission observed in
pedigree

All subjects were confirmed by family history,
physical examine and radiographs. Patients and
siblings were confirmed by family history, physical
examine. Other relatives were confirmed by family
history

Cases: 1. Diagnosis according to clinical and standard
radiological examinations

Controls: 1. Clinical examine. 2. In case of any
uncertainty the clinician would refer the subjects for
an x-ray to ensure the absence of any scoliosis

All subjects were excluded: those with a history of
congenital, neuromuscular, diseases, endocrine
disorders, skeletal dysplasia or connective tissue
disorders, metabolism, or prior treatment for
scoliosis

AIS adolescent idiopathic scoliosis, MRI magnetic resonance imaging, CT computer tomography

Table 2 Genotype distributions of studies included in the meta-analysis on the association of rs5742612 with AIS

Study Year Country  Gender Cases Controls

n RAF (T)  Genotypes n RAF (T)  Genotypes HWE

TT TC CC TT TC CC p

Nikolova et al. [22] 2015  Bulgaria Overall 105 0.943 94 10 1 210 0.954 185 21 4 0.001
Moon et al. [23] 2013  Korea Overall 68 0.779 39 28 1 35 0.657 17 12 0.157
Yang et al. [15] 2009  China Female 87 0.724 47 32 8 87 0.753 51 29 0.331
Yeung et al. [16] 2006  China Female 503  0.695 245 209 49 227 0.678 107 94 26  0.443
Total Overall 763 425 279 59 559 360 156 43

HWE Hardy—Weinberg equilibrium, n genotyped sample size, RAF risk allele frequency

IGF1 gene rs5742612 and susceptibility of AIS was
observed in the T allele, but significant association was
found in the co-dominant genotypic comparison (TT vs.
CC and TC vs. CC), the dominant genotypic comparison

(TT + TC vs. CC) and the recessive genotypic comparison
(TT vs. TC 4 CC). This phenomenon was not observed in
three other studies which showed that no significant asso-
ciation was found in different genotypic models.
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Table 3 Results of genetic models on the association of rs5742612
with AIS

Comparison OR (95 % CI) p value® P (%)°
Allelic

Tvs. C 1.10 (0.91, 1.34) 0.32 17
Co-dominant model

TT vs. CC 1.28 (0.82, 2.02) 0.28 45

TC vs. CC 1.29 (0.82, 2.06) 0.27 39
Dominant model

TT + TC vs. CC 1.28 (0.83, 1.98) 0.27 45
Recessive model

TT vs. TC + CC 1.06 (0.82, 1.36) 0.66 0

OR odds ratio, CI confidence interval

 p value corresponding to the Z test for the summary effect estimate
(p < 0.05 considered statistically significant)
"P=0% no heterogeneity, I*=25%
P =50% moderate heterogeneity, and
heterogeneity

low heterogeneity,
P=75% high

Although there is a lack of direct association with AIS
predisposition, some evidences indicated that the IGF1
rs5742612 polymorphism may devote to curve severity of
AIS, which was demonstrated in Yeung et al.’s study [16].
In this study, a much higher Cobb’s angle was found in

patients with the TT genotype compared to those with the
TC and CC genotypes. Moreover, Moon et al. [23] also
provided the evidence that IGF1 gene rs5742612 was
associated with the curve severity in AIS. However,
Takahashi et al. [21] and Nikolova et al. [22] concluded
that polymorphism (rs5742612) of IGF1 gene was not
associated with the AIS curve severity. Therefore, further
study needs to identify the role of rs5742612 in risk of the
curve severity of AIS.

Besides, some other genes may also play a part in the
curve severity of AIS. ESR1 gene rs9340799 may not be a
susceptible variant of AIS, but it may play a role in the
associated with AIS severity, progression and treatment
[13]. Similarly, TGFB1 gene rs1800469 may be associated
with the curve severity of AIS and not be a likely predis-
position variant for AIS predisposition in the Chinese
population [14].

Although above genes showed statistically significant
association with the severity of AIS, the predictive values
of the associations for clinical use as diagnostic criteria
should be further investigated. Noshchenko et al. [27]
reviewed 25 studies showed significant association
between genes and the severity of AIS. However, the
predictive values were limited for clinical use as diagnostic
criteria for selection of treatment strategy, especially

Heterogeneity: Chi2 = 3.62, df =3 (P = 0.30); I2=17%

AID Cases Controls Odds Ratio Odds Ratio
Study TC Total TC Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Nikolova et al. (2015) 198 210 391 420 7.8% 1.22[0.61, 2.45]
Moon et al. (2013) 106 136 46 70 9.3% 1.84[0.97, 3.49]
Yang et al. (2009) 126 174 131 174 16.5% 0.86[0.53, 1.39] - =1
Yeung et al. (2006) 699 1006 308 454 66.4% 1.08[0.85, 1.37] t
Total (95% Cl) 1526 1118 100.0% 1.10[0.91, 1.34]
Total TC 1129 876

1

Test for overall effect: Z=0.99 (P = 0.32)

Fig. 2 Forest plot of the association between IGF1 single nucleotide
polymorphism (rs5742612) and AIS risk for the allelic comparison (T
vs. C). Meta-analysis was performed using an inverse variance (IV)

0.2 0.5 2 5

fixed-effect model. The odds ratio for each study is represented in the
plot as a black square with the area corresponding to study weight.
The 95 % confidence interval (CI) is represented as a horizontal line

AIS Cases Controls Odds Ratio Odds Ratio

Study TC Total TC Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Nikolova et al. (2015) 10 1 21 25 4.0% 1.90 [0.19, 19.33]
Moon et al. (2013) 28 29 12 18 4.3% 14.00[1.52, 129.21]
Yang et al. (2009) 32 40 29 36 16.7% 0.97 [0.31, 2.99] h
Yeung et al. (2006) 209 258 94 120 75.0%  1.18[0.69, 2.01] t
Total (95% Cl) 338 199 100.0%  1.29 [0.82, 2.06]
Total TC 279 156

H Ohiz = - - |2 = 309 f } : :
Heterogeneity: Chi? = 4.89, df = 3 (P = 0.18); 12 = 39% 0.01 01 1 10 100

Test for overall effect: Z = 1.09 (P = 0.27)

Fig. 3 Forest plot of the association between IGF1 single nucleotide
polymorphism (rs5742612) and AIS risk for the codominant geno-
typic comparison (TC vs. CC) Meta-analysis was performed using an
inverse variance (IV) fixed-effect model. The odds ratio for each
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AIS Cases Controls Odds Ratio Odds Ratio
Study TT Total TT Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Nikolova et al. (2015) 94 95 185 189 4.2% 2.03[0.22, 18.44]
Moon et al. (2013) 39 40 17 23 4.3% 13.76 [1.54, 123.27]
Yang et al. (2009) 47 55 51 58 17.4% 0.81[0.27, 2.40] ol I
Yeung et al. (2006) 245 294 107 133 74.1% 1.21[0.72, 2.06] t
Total (95% CI) 484 403 100.0% 1.28 [0.82, 2.02]
Total TT 425 360
[P 2 = - - .12 = ABQ, } } t }
Heterogeneity: Chi? =5.41, df = 3 (P = 0.14); 12 = 45% 0005 01 1 10 200

Test for overall effect: Z =1.08 (P = 0.28)

Fig. 4 Forest plot of the association between IGF1 single nucleotide
polymorphism (rs5742612) and AIS risk for the codominant geno-
typic comparison (TT vs. CC) Meta-analysis was performed using an
inverse variance (IV) fixed-effect model. The odds ratio for each

preventive surgical intervention [27]. Moreover, Zhu
et al.’s result [28] showed that though there was no asso-
ciation between suppressor of cytokine signaling 3
(SOCS3) rs4969198 and the susceptibility or curve severity
of AIS, it was still associated with abnormal growth pattern
of AIS, suggesting that SOCS3 gene might be a disease-
modifying gene of AIS.

Quality of evidence

The quality of four studies contained in our meta-analysis
was relatively lacking, but adequate data were presented to
enable an evaluation of the general methodological quality.
All four studies with high methodological quality were
evaluated by the modified NOS.

The reason of the gender discrepancy exhibited in AIS
incidence is still unclear. However, the gender discrepancy
may result in a difference of AIS susceptibility. In our
meta-analysis, four studies did not focus on the sex dis-
crepancy of AIS incidence. As a result, no analysis of sex
discrepancy was performed in our meta-analysis and fur-
ther studies might contain the issue.

HWE is a principle to detect whether observed geno-
typic frequencies and allele frequencies between parents
and their offspring are in equilibrium in a population.
Population stratification would lead to the deviation of
HWE, which may result in a mixed association. In four
studies, only Nikolova et al.’s study [22] were not con-
sistent with HWE, which may influence the overall out-
comes. But after excluding the research, the overall
statistical significance did not reverse. Therefore, we con-
firmed that our meta-analysis study had relatively
stable and credible characteristics.

Sufficient sample sizes were needed to ensure adequate
statistical power. However, the sample size of three studies
[15, 22, 23] in the present meta-analysis was relatively
small and it may decrease the statistical strength to detect
the correlation, possibly bring about debating the conse-
quences and influencing the conclusions.

study is represented in the plot as a black square with the area
corresponding to study weight. The 95 % confidence interval (CI) is
represented as a horizontal line

When compared with different ethnic and population
groups, the results of our meta-analysis demonstrated that
there were no significant associations between IGF1
rs5742612 polymorphisms and susceptibility to AIS in
either Chinese [15, 16] or Bulgarian [22] populations,
which was inconsistent with Korean population [23]. Since
the diversity and potential differences in AIS susceptibility
among populations, our meta-analysis outcomes may not
be generalizable and further researches in other ethnic and
population are necessary to provide more evidences.

Conclusion

In summary, we adopted all the available studies reporting
the association between IGFI rs5742612 polymorphism
and AIS in this meta-analysis, and our study illustrated that
IGF1 1s5742612 polymorphism was not significantly
associated with susceptibility to AIS. However, IGF1
rs5742612 may be associated with the severity of AIS.
Further researches should contain larger sample size and
different populations to improve the quality of meta-anal-
ysis and confirm the potential association.
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