
Background: Adolescent idiopathic scoliosis (AIS) is a tridimensional structural deformity of 
the spine that may deteriorate progressively, leading to significant functional limitations and pain 
problems. Several previous studies have implicated the rs4753426 single nucleotide polymorphism 
in the melatonin receptor 1B (MTNR1B) gene in the etiology of AIS. However the sample sizes were 
limited and the findings of those studies were inconsistent. An overall assessment of the evidence 
supporting this association has not been previously conducted. 

Objectives: To provide a comprehensive assessment and synthesis of the currently available 
evidence on the association between rs4753426 and AIS.

Study Design: A systematic review and meta-analysis. 

Setting: University hospital, China.

Methods: This review followed the Preferred Reporting Items for Systematic Review and Meta-
Analyses guidelines. PubMed (MEDLINE), EMBASE, Scopus databases, and WANFANG databases 
were systematically searched through December 2014 to identify relevant studies following a 
sensitive strategy. Statistical analysis was performed using the Review Manager 5.2 software. 
Summary odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were estimated 
using the fixed-effect inverse variance model for allelic (C vs. T) and genotypic comparisons.

Results: Four papers including 5 studies which involved 2,552 AIS cases and 2,738 controls 
were identified for this meta-analysis. The results showed that C allele of the rs4753426 was 
significantly associated with AIS (OR = 1.12, 95% CI: 1.03 – 1.21, P = 0.01). CT and CC genotypes 
were 26% (OR = 1.26, 95% CI: 1.04 – 1.53, P = 0.01) and 28% (OR = 1.28, 95% CI: 1.05 – 1.56, 
P = 0.01), respectively, more likely to have AIS compared with CC genotype. As for the dominant 
model (CC+TT vs. TT), summary ORs showed statistically significant association with AIS (OR = 
1.28, 95% CI: 1.06 – 1.53, P = 0.009). Compared with the CT+TT genotype, the summary ORs 
of the CC genotype showed marginally statistically significant association with AIS (OR = 1.11, 95 
% CI: 0.99 – 1.24, P = 0.07). The subgroup meta-analysis results showed the C allele and each 
genotype were significantly associated with AIS in the Asian group but not in the Caucasian group.

Limitations: Paucity of available literature. 

Conclusions: To our knowledge, there has been no meta-analysis to analyze the association 
between rs4753426 polymorphism in the MTNR1B gene and AIS. This systematic review was 
a comprehensive analysis of the currently available evidence, and found an overall significant 
association of rs4753426 polymorphism with the risk of AIS, especially in the Asian population. 
Further investigation of this association is necessary in other populations.
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of effect size compared to individual studies (24). 
Therefore, to derive the currently available evidence 
between the rs4753426 in the MTNR1B gene and AIS, 
we conducted a systematic review and meta-analysis.

Methods

This systematic review and meta-analysis con-
formed to the Preferred Reporting Items for Systematic 
Review and Meta-Analyses (PRISMA) guidelines (25). 
An unpublished protocol was prepared for internal 
comment.

Search Strategy
PubMed (MEDLINE), EMBASE, Scopus databases, 

and WANFANG databases were searched for articles 
published up to December, 2014 using the following 
keyword search string: (scoliosis OR AIS) AND (MTNR1B 
OR nelatonin receptor 1B OR melatonin receptor 2 OR 
rs4753426 OR MT2) AND (polymorphism OR variant 
OR mutation). Reference lists of included studies were 
inspected for additional relevant studies. No language 
or publication date restrictions were applied. For these 
articles involving more than one stage groups, each 
group was included separately. Two reviewers (Peng 
Yang and Jun Lin) independently screened all citations 
and abstracts identified to identify potentially eligible 
studies. 

Inclusion/Exclusion Criteria
Studies were included in the current meta-analysis 

if they met the following inclusion criteria: (1) case-
control design; (2) evaluation of the association of 
MTNR1B polymorphism and AIS; (3) diagnosis of AIS by 
a spinal expert, confirmed on the basis of clinical and/or 
radiologic examinations; and (4) the allele distributions 
in the study meet the Hardy–Weinberg equilibrium 
(HWE). Studies providing insufficient data, contrary to 
the inclusion criteria, and duplicate publications were 
excluded.

Methodological Quality Assessment
The methodological quality of studies was assessed 

independently by 2 reviewers (Peng Yang and Jun Lin) 
using a modified version of the Newcastle-Ottawa Scale 
(NOS) for observational studies. Disagreements between 
reviewers were resolved by discussion until consensus 
was reached. The total score of each trial obtained was 
expressed as a percentage of the highest scores of all 
items counted. The trials were deemed to have adequate 
quality when a quality score was over 50%.

Adolescent idiopathic scoliosis (AIS) is a 
complex, tridimensional structural deformity 
of the spine that most commonly occurs in 

girls at the peripubertal period (between 10 and 16 
years of age) (1). Scoliosis may deteriorate progressively 
leading to significant functional limitations and 
cosmetic problems. Using a Cobb angle greater than 
10° as the diagnostic criterion (2,3), the prevalence of 
AIS has been reported at 1 – 4% in the population (4,5), 
and higher in females, particularly in more severe cases 
(6). 

Despite a number of clinical and epidemiological 
studies, the etiology and pathogenesis of AIS has not 
been established. Some hypotheses have been pro-
posed that AIS is associated with abnormal growth, 
genetic factors, hormonal disturbance, and develop-
mental neuromuscular dysfunction (7,8). Currently, it is 
thought to be a multifactorial disorder in which genetic 
or hereditary factors could play a significant role (9-11). 
Several studies reported possible loci in the familial 
form of AIS (12-14). Miller et al (15) analyzed 202 
families and 1,198 individuals recently, and identified 
several potential candidate regions, indicating multiple 
potential predisposition genes that might contribute to 
AIS.

Melatonin is a hormone created by the pineal gland 
(16). Since Thillard (17) has reported that pinealectomy 
of chickens induced severe scoliosis, an involvement of 
the melatonin signaling pathway dysfunction in AIS has 
been investigated. Melatonin exerts its biologic effects 
primarily through 2 transmembrane receptors: mela-
tonin receptor 1A (MTNR1A) and melatonin receptor 
1B (MTNR1B), and they have been cloned and charac-
terized, respectively (18). Previous study of MTNR1A 
showed no association with AIS (19), so a number of 
studies were conducted to investigate the influence of 
MTNR1B gene on AIS risk. 

The rs4753426 single nucleotide polymorphism 
(SNP), an C-to-T nucleotide substitution iiop of the 
melatonin receptor 1B (MTNR1B) gene, has been associ-
ated with the risk of AIS (20). It is located in the regu-
latory region of MTNR1B. However, these published 
studies have yielded contradictory results rather than 
conclusive evidence. Some studies showed a significant 
association (20), while others revealed no evidential as-
sociation (21-23). A individual study might be unable 
to detect the true association due to the small effect 
of the polymorphism on AIS risk. A meta-analysis can 
be performed to increase the statistical power of the 
association analysis and obtain a more precise estimate 
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Data Extraction
Data abstraction was conducted independently by 

2 reviewers (Peng Yang and Jun Lin), with any discrep-
ancies resolved by discussion and consensus. Informa-
tion extracted on each eligible study included authors, 
publication year, participants (such as age, sample size, 
gender), country where the study was conducted, popu-
lation ethnicity, study design, diagnostic criteria, case 
and control selection criteria, genotyping method, and 
MTNR1B genotype counts in AIS and controls. If data 
were insufficient in the studies, we attempted to con-
tact the authors for further details.

Statistical Analysis 
Meta-analysis was performed using Review Manag-

er 5.2 (Nordic Cochrane Centre, Cochrane Collaboration, 
Copenhagen, Sweden). All of the data in the studies are 
dichotomous data expressed as odds ratios (ORs) with 
95% confidence intervals (CIs) to assess the association 
between MTNR1B gene polymorphism and AIS. Sum-
mary ORs were estimated using the fixed-effect inverse 
variance analysis method for the allelic comparison (C 
vs. T) and genotypic comparisons of codominant (CC vs. 
TT and CT vs. TT), dominant (CC + CT vs. TT), and reces-
sive (CC vs. CT + TT) genetic models, where the C allele 
was considered the risk allele. Between-study heteroge-
neity was assessed using the I2 statistic and Chi square, 
with significance set at P < 0.10. If heterogeneity was 
not statistically significant and the value of I2 was less 
than 50%, the fixed-effects model was used to estimate 
the pooled OR. Alternately, the random-effects model 
was used. The HWE was evaluated by Fisher’s exact test, 
with significance set at P < 0.05. Sensitivity analysis was 
performed to check the robustness of the meta-analysis 
findings. Funnel plots were examined for evidence of 
publication bias if sufficient studies were included for 
meta-analysis (n ≥ 10) (26). The overall effect was tested 
by Z test (significance set at P < 0.05).

Results

Study Inclusion and Characteristics
The results of the search criteria and selection of 

trials for inclusion are shown in a flow diagram of study 
selection as recommended by Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA). Fig. 
1 provides a summary of the study identification and 
selection process.

Overall, a total of 25 articles was identified. After 
scanning the titles and abstracts, 4 studies (20,22,27,28), 

which involved 2,552 AIS patients and 2,738 controls, 
examining the association between rs4753426 and AIS 
met the inclusion criteria for this review. One otherwise 
eligible study was excluded from review for not report-
ing the allele/genotype frequency distributions (21). 
Two studies were conducted in Chinese populations 
(20,28), one in a Japanese population (22), and one in a 
Hungarian Caucasian population (27). Three studies re-
cruited only female cases and controls (20,22), whereas 
the other 2 studies were unknown (27,28). The base-
line characteristics and allele/genotype frequencies of 
included studies in this meta-analysis are presented in 
Tables 1 and 2, respectively. The genotype frequencies 
of rs4753426 in AIS and control groups followed HWE 
in all studies. 

Meta-analysis Results
Overall, 4 papers including 5 studies investigated 

the association of C allele in rs4753426 with AIS suscep-
tibility. ORs and I2 statistics for the overall analysis are 
presented in Table 3. The results of the meta-analysis 
showed that the C allele of the MTNR1B rs4753426 was 
significantly associated with increased AIS risk (OR = 
1.12, 95% CI: 1.03 – 1.21, P = 0.01; Fig. 2). Meta-analysis 
found a highly statistically significant association be-
tween the rs4753426 SNP and AIS for the allelic and 
genotypic comparisons. On the basis of ethnicity, the 5 
studies were divided into 2 subgroups: Asian group and 
Caucasian group. The subgroup meta-analysis results 
showed C allele was significantly associated with AIS 
in the Asian group (OR = 1.13, 95% CI: 1.03 – 1.23, P 
= 0.006), but not in the Caucasian group (OR = 0.96, 
95% CI: 0.70 – 1.31, P = 0.78). Compared with the TT 
genotype, summary ORs suggest that the CT genotype 
was 26% more likely to have AIS (OR = 1.26, 95% CI: 
1.04 – 1.53, P = 0.01; Fig. 3), and the pooled OR of the 
genotypes (GG) also showed a statistically significant 
association with AIS in the Asian group (OR = 1.24, 95% 
CI: 1.01 – 1.53, P = 0.04), but not in the Caucasian group 
(OR = 1.38, 95% CI: 0.80 – 2.37, P = 0.25). Compared 
with the TT genotype, the CC genotype were 28% 
more likely to have AIS (OR = 1.28, 95% CI: 1.05 – 1.56, 
P = 0.01; Fig. 4), and when stratifying for ethnicity, the 
pooled OR also showed a statistically significant asso-
ciation with AIS in the Asian group (OR = 1.33, 95% CI: 
1.08 – 1.63, P = 0.007), but not in the Caucasian group 
(OR = 0.88, 95% CI: 0.45 – 1.71, P = 0.71). As for the 
dominant model (CC + TT vs. TT), summary ORs showed 
a statistically significant association with AIS in the 
Asian group (OR = 1.28, 95% CI: 1.06 – 1.53, P = 0.009; 
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Fig. 1. Flow diagram of  the study identification and selection process.
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Fig. 5), but not in the Caucasian group (OR = 1.21, 95% 
CI: 0.72 – 2.02, P = 0.47). Compared with the CT+TT 
genotype, the summary ORs of CC genotype showed 
marginally statistically significant association with AIS 
(OR = 1.11, 95 % CI: 0.99–1.24, P = 0.07). The pooled OR 
showed statistically significant association with AIS in 
Asian group (OR = 1.13, 95 % CI: 1.01–1.27, P = 0.03), but 
not in Caucasian group (OR = 0.71, 95 % CI: 0.41–1.23), 

P = 0.22). The pooled ORs and 95% CIs on the associa-
tion between rs4753426 and AIS for the overall analysis 
are presented in Table 3. No substantial between-study 
heterogeneity was detected among the comparisons, 
so heterogeneity was not found to be a concern. A 
sensitivity analysis was performed and confirmed the 
stability of the association. After omitting any research 
and calculating the overall estimate for the remaining 

Table 1. Characteristics of  studies included in the meta-analysis.

Study Year Genotyping Case characteristics
Control 
characteristics

Subject selection criteria

Case Control

Qiu et al (20) 2007 PCR-RFLP Stage I:
 

n = 472; 
females;
age range 
10–18 
years;
Chinese

n = 304;
females;
age range 10–18 
years;
Chinese

The diagnosis was confirmed 
clinically and radiologically;
Only patients with Cobb angle>20° 
with a rotational prominence
No congenital scoliosis, 
neuromuscular scoliosis, scoliosis 
with skeletal dysplasia, or scoliosis 
with known endocrine and 
connective tissue abnormalities, or 
prior treatment for scoliosis.

Healthy volunteers
Clinically 
examined

Stage II: n = 342 n=347 A separate additional sample of 
AIS

A sample of 
archival umbilical 
cord bloods

Qiu et al (28) 2009 PCR-RFLP n = 814; 
age and sex unknown;
Chinese

n = 651; 
age and sex 
unknown;
Chinese

The diagnosis was confirmed 
clinically and radiologically;
Only patients with Cobb 
angle>20°.
No congenital scoliosis, 
neuromuscular scoliosis, scoliosis 
with skeletal dysplasia, or scoliosis 
with known endocrine and 
connective tissue abnormalities, or 
prior treatment for scoliosis.

Examined with 
forward bending 
test to rule out 
scoliosis and 
confirmed by 
radiograph if 
test result was 
uncertain

Takahashi et 
al (22)

2011 PCR-based 
Invader
assay

n = 798;
 female;
mean age 17.7±5.8 
years;
Japanese

n = 1239;
 female;
mean age 
63.7±13.8 years;
Japanese

Diagnosis based on clinical and
radiological examination;
Cobb angle≥ 15°;
not congenital, juvenile, and adult-
onset scoliosis or secondary AIS

602 patients with 
knee osteoarthritis, 
85 patients with 
ossification of 
the posterior 
longitudinal 
ligament but 
without scoliosis, 
and 552 healthy 
females

Morocz et al 
(27)

2011 PCR-RFLP n = 126;
 Sex unknown;
mean age 16.8 ± 3.1 
years;
Caucasian

n = 197;
Sex unknown;
mean age 16.8 ± 
3.1 years;
Caucasian

The diagnosis was confirmed 
clinically and radiologically;
The mean value of Cobb angles 
was 64.7±19.2°
The curve pattern of AIS was 
defined mostly right thoracic curve, 
thoracolumbar curve, left lumbar 
curve, and double major curves.

Control patients 
matching the cases 
for age and sex 
without clinical 
evidence of 
scoliosis

AIS adolescent idiopathic scoliosis, PCR-RFLP PCR-restriction fragment length polymorphism
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Table 2. Genotype distributions of  studies included in the meta-analysis.

Study Year Country Ethnicity

Case Control

Sample 
size

Genotypes
C T

Sample 
size

Genotypes
C T

CC CT TT CC CT TT

Qiu* et al (20) 2007 China Asian 472 239 202 31 680 264 304 129 151 24 409 199

Qiu** et al (20) 2007 China Asian 342 184 136 22 504 180 347 171 138 38 480 214

Qiu, et al (28) 2009 China Asian 814 423 338 53 1184 444 651 300 289 62 889 413

Takahashi, et 
al (22) 2011 Japan Asian 798 339 372 87 1050 546 1239 545 548 146 1638 840

Morocz, et al 
(27) 2011 Hungary Caucasian 126 24 72 30 120 132 197 49 94 54 192 202

Table 3. The pooled ORs and 95% CIs on the association between rs4753426 and AIS.

Comparison
Asian Caucasian Summary

OR(95% CIs) P OR(95% CIs) P OR(95% CIs) P
C vs. T 1.13 [1.03, 1.23] 0.006 0.96 [0.70, 1.31] 0.78 1.12 [1.03, 1.21] 0.01

CT vs. TT 1.24 [1.01, 1.53] 0.04 1.38 [0.80, 2.37] 0.25 1.26 [1.04, 1.53] 0.02

CC vs. TT 1.33 [1.08, 1.63] 0.007 0.88 [0.45, 1.71] 0.71 1.28 [1.05, 1.56] 0.01

CC+CT vs. TT 1.29 [1.06, 1.56] 0.01 1.21 [0.72, 2.02] 0.47 1.28 [1.06, 1.53] 0.009

CC vs. CT+TT 1.13 [1.01, 1.27] 0.03 0.71 [0.41, 1.23] 0.22 1.11 [0.99, 1.24] 0.07

CI confidence interval, OR odds ratio
 P value corresponding to the Z test for the summary effect estimate (P <0.05 considered statistically significant)

Fig. 2. Forest plot of  the association between C allele in rs4753426 and AIS risk (C versus T).
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Fig. 3. Forest plot of  the association between rs4753426 and AIS for the overall codominant genotypic comparison (CT vs. TT).

Fig. 4. Forest plot of  the association between rs4753426 and AIS for the overall codominant genotypic comparison (CC vs. TT).
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Fig. 6. Forest plot of  the association between rs4753426 and AIS for the overall recessive genotypic comparison (CC vs. CT+TT).

Fig. 5. Forest plot of  the association between rs4753426 and AIS for the overall dominant genotypic comparison (CC+CT vs. TT).
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studies, the summary effect did not change. As there 
are only 5 studies (<10) included in this review, this is an 
insufficient number for a meaningful interpretation of 
the funnel plots relating to publication bias. 

discussion

Despite extensive study, the etiology of AIS remains 
obscure. Nowadays, it is demonstrated that genetic fac-
tors play a significant role in AIS, among which the mel-
atonin signaling pathway has attracted considerable 
attention. As described in the introduction, preclinical 
studies in several scoliosis animal models (17,29) indi-
cated the important role of melatonin in development 
of scoliosis. MTNR1B gene promoter polymorphism may 
cause a reduced expression of melatonin receptor 1B, 
resulting in a functional deficiency of melatonin, and 
have a potential association with AIS occurrence. As 
a candidate gene for AIS, Qiu et al (20) performed a 
2-stage case-control study and found that rs4753426 in 
the MTNR1B gene was associated with an individual’s 
susceptibility to AIS in a Chinese population. Subse-
quent studies (21,22) were unable to replicate the find-
ing and yielded conflicting results. A individual study 
might be unable to detect the true association due to 
the small effect of the polymorphism on AIS risk, so 
this meta-analysis was of great value to obtain a more 
precise estimate of the association between rs4753426 
polymorphism and AIS.

To our knowledge, there has been no meta-
analysis to analyze the association between rs4753426 
polymorphism in the MTNR1B gene and AIS. The pres-
ent meta-analysis involving 2,552 AIS cases and 2,738 
controls found a highly statistically significant associa-
tion between the rs4753426 SNP and AIS. Our results 
showed that carriers of the rs4753426 C allele were 
at risk of developing AIS. Carriers of the CT and CC 
genotypes were 26% (OR = 1.26, 95% CI: 1.04 – 1.53, P = 
0.02) and 28% (OR = 1.28, 95% CI: 1.05 – 1.56, P = 0.01), 
respectively, more likely to have AIS compared with car-
riers of the TT genotype. While compared with the CC 

+ CT genotype, the result showed that the homozygous 
TT genotype was a protective factor of developing AIS. 
As for the genotype (CC vs. CT + TT), the homozygous 
CC genotype was found to be a risk factor in the Asian 
group. Subgroup analysis by race suggested that the C 
allele and genotype (CC, CT, CC + CT) were significantly 
associated with AIS in the Asian but not in the Cauca-
sian population. Two main reasons may explain this dif-
ference in 2 ethnic groups. One reason is the deficiency 
of the Caucasian study. There are only 2 studies which 
researched rs4753426 polymorphism in a Caucasian 
population. One study is included in this meta-analysis, 
and the other is excluded for not reporting the allele/
genotype frequency distributions. The second reason 
is that ethnic specificity lead to the differences. The 
rs4753426 polymorphism may only happen in the Asian 
population. Future studies are required to explore the 
ethnic specificity differences in the rs4753426 polymor-
phisms in other ethnic groups.

Current evidence has confirmed that rs4753426 SNP 
is not associated with the curve severity in AIS patients. 
This systematic review and meta-analysis included 3 
studies which conducted case-only analysis on skeletally 
mature subgroups (Table 4). One study was conducted 
in Japan (22), the others were in China (20,28). Three 
studies all found no association between rs4753426 
SNP and the curve severity in AIS. Besides, Xu et al (30) 
found that rs4753426 was marginally associated with 
bracing failure. These clinical correlations may have 
potential applications in personalized medicine, but 
currently further studies are needed to confirm the 
role of rs4753426 in the curve severity, developing, and 
treatment of AIS.

Although this meta-analysis has a strict and com-
prehensive process, there are still some potential limita-
tions that should be discussed. First, the completeness 
of evidence may be influenced by language bias (31) 
during the study identification process. Publication 
bias is also a potentially important limitation of this 
study. We did not assess the publication bias, for the 

Table 4. Summary of  association findings of  the rs4753426 polymorphism with AIS curve severity

Study
CC CT TT

P*Sample 
Size

Mean Cobb Angle 
(°) (mean± SD)

Sample 
Size

Mean Cobb Angle 
(°) (mean± SD)

Sample 
Size

Mean Cobb Angle 
(°) (mean± SD)

Qiu et al (20) 121 38.8 ± 11.3 99 36.1 ± 15.2 19 38.0 ±18.7 0.358*

Qiu et al (28) 219 37.6±12.5 176 36.7±13.8 30 38.5±16.5 0.703*

Takahashi et al (22) 237 49.1±16.5 240 46.0±16.0 61 49.1±18.3 0.12*

* Calculated by ANOVA.
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number of included studies (n < 10) was insufficient for 
a meaningful interpretation of the funnel plots relating 
to publication bias. So, this should be interpreted with 
caution. Besides, study design, genotyping error, gen-
der, age, and population stratification may cause biases 
of genetic association. Because all the AIS cases in the 
studies were from hospitals, the selection bias may ex-
ist. Secondly, the included studies in this meta-analysis 
were from Asian and Caucasian populations. The data 
about other populations and countries was limited. 
Considering the diversity and differences between pop-
ulations in AIS susceptibility because of rs4753426, the 
present findings in this meta-analysis may not be gener-
alizable. Further studies in other ethnic populations are 
needed to explore the possibility of ethnic differences 
between rs4753426 polymorphisms and AIS. Third, the 
AIS patients in this meta-analysis have different Cobb 
angles. Qiu et al (20,28) recruited AIS patients with a 
Cobb angle > 20°, while Takahashi et al (22) recruited 
AIS patients with a Cobb angle > 15°, and the other 
study (27) included patients with a mean Cobb angle of 
64.7 ± 19.2°. So patients included in this meta-analysis 
had different baseline characteristics, which may lead 
to heterogeneity and affect the result eventually. And 
last but not least, this meta-analysis only included 4 
high-quality studies which may significantly influence 
the essential association. Despite several potential 
limitations, the overall quality of this meta-analysis 
was high. Therefore, the findings of the association of 
rs4753426 with AIS in the present meta-analysis can be 
reasonably credible. 

conclusions

The present systematic review provides a compre-
hensive evaluation of the available evidence on the 
association between the rs4753426 SNP and AIS. This 
meta-analysis found an overall significant association 
between rs4753426 and AIS, especially in the Asian 
population. The rs4753426 polymorphism may be used 
as a prospective predictor of AIS risk especially in the 
Asian population. The relationship between rs4753426 
polymorphism and AIS in other ethnic populations and 
the impact of this SNP on AIS severity need to be ex-
plored in future studies. 
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Supplement 1. Modified Newcastle-Ottawa Scale for case-control studies of  genetic association

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure 
categories. A maximum of two stars can be given for Comparability.

Selection
1) Is the case definition adequate?

a) yes, with independent validation *
b) yes, e.g. record linkage or based on self-reports
c) no description

2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b) potential for selection biases or not stated

3) Selection of Controls
a) community controlsandgenetic polymorphism of interest in HWE*
b) hospital controlsand genetic polymorphism of interest in HWE
c) not community or hospital controls; genetic polymorphism of interest not in HWE
d) no description

4) Definition of Controls
a) no history of disease (endpoint) *
b) no description of source

Comparability
1) Comparability of cases and controls on the basis of the design or analysis

a) cases and controls of homogeneous ethnic descent *
b) no evidence of population stratification *
c) no description

Exposure
1) Ascertainment of exposure

a) used quality control procedures (e.g. reanalysis of random samples, analysis of samples with a different 
genotyping method, analysis of replicate samples, sequencing)andblinded to phenotype status while 
genotyping*

b) used quality control procedures, but no reported blinding
c) no report of quality control procedures or blinding

2) Same method of ascertainment for cases and controls
a) yes *
b) no

3) Genotyping call rate
a) >99% call rate *
b) not reported
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Study Qiu et al (20) Qiu et al (28) Takahashi et al (22) Morocz et al (27)

Selection

Adequacy of 
case definition

Multiple processes to ascertain 
case status, including reference 

to primary record source
(a) *

Multiple processes to 
ascertain case status, 
including reference 
to primary record 

source  (a) *

Multiple processes to 
ascertain case status, 

including reference to 
primary record source 

(a) *

Multiple processes to 
ascertain case status, 

including reference to 
primary record source 

(a) *

Representativeness of 
the cases

All cases in a defined hospital
(a) *

All cases in a defined 
hospital (a) *

All cases in a defined 
hospital   (a) *

All cases in defined hospitals 
(a) *

Selection of controls Community controls and 
genetic polymorphism of 

interest in HWE (a)*

Hospital controls 
and genetic 

polymorphism of 
interest in HWE (b)

Community controls and 
genetic polymorphism of 

interest in HWE 
(a) *

Community controls and 
genetic polymorphism of 

interest in HWE
(a) *

Definition of controls No history of AIS
(a) *

No history of AIS 
(a) *

No history of AIS 
(a) *

No history of AIS
(a) *

Comparability

Cases and controls of 
homogeneous 
ethnic descent

Homogeneous ethnic descent 
(a) *

Homogeneous ethnic 
descent  (a) *

Homogeneous ethnic 
descent  (a) *

Homogeneous ethnic 
descent  (a) *

Population 
stratification

No description
(c)

No description
(c)

No description
(c)

No description
(c)

Exposure

Ascertainment of 
exposure

Quality control;
no report of blinding 

(b) 

Quality control;
With blinding 

(a) *

Quality control;
With blinding 

 (a) *

Quality control; 
With blinding 

(a) *

Same method of 
ascertainment for cases 
and controls

Yes 
(a) *

Yes 
(a) *

Yes 
(a) *

Yes
(a) *

Genotyping call rate Not reported
(b)

Not reported
 (b)

Not reported
(b)

Not reported
(b)

Total ****** (n=6) ****** (n=6) ****** (n=7) ****** (n=7)

Supplement 2. Quality assessment of  studies included in the meta-analysis on the association of  rs4753426 with adolescent 
idiopathic scoliosis using a modified Newcastle-Ottawa Scale
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