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Abstract

Objective

To evaluate the association of insulin-like growth factor 1 gene rs12423791 and rs6214
polymorphisms with high myopia.

Methods

An electronic search was conducted on PubMed, Embase, the Cochrane Library and the
Chinese Biological Abstract Database for articles published prior to May 6, 2014. A meta-
analysis was performed using Revman 5.1 and Stata 12.0, and the odds ratios with 95%
confidence intervals were calculated in fixed or random effects models based on the results
of the Q test. The subgroup analysis was conducted on the basis of the various regions, the
sensitivity analysis was also performed to evaluate the stability of the results, and the publi-
cation bias was evaluated by a funnel plot and Egger’s linear regression analysis.

Results

This comprehensive meta-analysis included 2808 high myopia patients and 2778 controls
from five unrelated studies. The results demonstrated that the significant association was
not present in any genetic models between IGF-1 rs12423791 or rs6214 and high myopia.
However, subgroup analysis indicated that rs12423791 polymorphism was associated with
high myopia in the Chinese populations in the allelic contrast model (C vs. G: OR=1.24,
95% Cl=1.04-1.48 in the fixed-effects model), the dominant model (CC+CG vs. GG:
OR=1.40, 95% CI=1.16-1.69 in the fixed-effects model), and the codominant model (CG vs.
GG: OR=1.37, 95% Cl=1.12-1.68 in the fixed-effects model). Additionally, none of the indi-
vidual studies significantly affected the association between IGF-1rs12423791 and high
myopia, according to sensitivity analysis.
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Conclusion

This meta-analysis shows that IGF-1 rs12423791 or rs6214 gene polymorphism is not as-
sociated with high myopia.

Introduction

Myopia is a complex disease caused by multiple genetic and environmental factors and poten-
tially the interaction of those two factors. [1] It affects both children and adults and has an av-
erage prevalence of 30% worldwide. [2,3] Myopia is a refractive error of the eye and is
associated with vision impairments including glaucoma and retinal detachment. [4,5] High
myopia is usually defined as a refractive error of -6.00 diopters (D) or less and without other
known ocular or systemic diseases. [6] It has been reported that high myopia is a public health
problem internationally, imposing an enormous economic and social burden on many coun-
tries, and China is no exception. [7,8,9] High myopia is now considered to be the fourth most
common cause of irreversible blindness. [10] Thus, it is very important to identify the risk fac-
tors for high myopia and to establish preventive strategies for high myopia.

Previous studies have demonstrated that environmental exposure is a risk factor for myopia;
for example, outdoor activities have been increasingly recognized as protective factors for myo-
pia. [11,12] While the exact mechanism of myopia formation is still unclear, there is also geno-
mic evidence from different ethnic populations, including twin studies, that demonstrate that
genetics play an important role in the development of myopia, [13,14] especially high myopia.
[15] Additionally, many genome-wide association studies for high myopia have also found or
identified many candidate genes and loci for high myopia, [16,17,18] and a genome-wide
meta-analysis of myopia also provides evidence in favor of replication of 11 loci involved in
causation of myopia. [19]

Insulin-like growth factor-1 (IGF-1) is a member of the human growth hormone-insulin-
like growth factor pathway that plays a key role in growth and metabolism. It can also regulate
scleral proteoglycan production, [20] potentially by upregulating gene transcription, transla-
tion, or the activation of sulfotransferases, which in turn increases the synthesis of sulfated pro-
teoglycans. [21] Previous animal studies demonstrated that IGF-1 contributes to eye growth
and myopia development. [22,23] In addition, the IGF-1 gene is located on chromosome
12q23.2 and is within the MYP3 interval that has been mapped for autosomal dominant high
myopia. [24] Recently, many genetic studies showed that rs12423791 or rs6214 polymorphisms
in IGF-1 were significantly associated with high or extreme myopia in Caucasian and Chinese
populations; [25,26] however, another study demonstrated that IGF-1 gene rs12423791 and
rs6214 polymorphisms were not associated with high myopia, [27,28] even though a number
of single nucleotide polymorphisms (SNPs) in IGF-1 have been reported. Therefore, we per-
formed a meta-analysis to examine whether there is such an association and to produce a reli-
able estimate of the association between IGF-1 gene rs12423791 and rs6214 polymorphisms
and high myopia.

Methods
Search strategy

To assess the complete evidence of an association between the IGF-1 gene and high myopia, we
performed the present comprehensive meta-analysis of published studies. An electronic search
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was conducted on PubMed, Embase, the Cochrane library and the Chinese Biological Abstract
Database for articles published prior to May 6, 2014. The search strategy was based on a combi-
nation of ‘(IGF-1, insulin-like growth factor 1) and (gene or variants or polymorphism or al-
leles or mutation) and (myopia, high myopia)’ without language restrictions. The references of
the retrieved articles were also screened.

Selection criteria

Inclusion and exclusion criteria: all the studies that were included satisfied all of the following
criteria: 1. the studies evaluated the rs12423791 and rs6214 polymorphisms in the insulin-like
growth factor 1 gene and high myopia; 2. the studies including normal individuals with spheri-
cal refraction ranged from -1.5 to 1.5 D and free from any complications as control subjects,
and high myopia was defined as the axial length of 26 mm or higher and/or a refractive error of
-8.0 D or less; 3. the studies contained sufficient published data to estimate an odds ratio (OR)
and a 95% confidence interval (CI); 4. the studies provided genotype or allele distributions in
both the case and control groups; 5. the studies were independent studies; 6. the studies pre-
senting non-original data, such as reviews, editorials, opinion papers, or letters to the editor,
were excluded; 7. the studies using nonhuman subjects or specimens were excluded; and 8. the
studies with no extractable numerical data were excluded.

Data extraction

Two researchers independently applied the inclusion criteria to all identified studies and made
decisions on which studies to include. Differences were resolved by discussion and consultation
with a third author. The following data were extracted from each study: the first author, year of
publication, study design, study population, definition of high myopia, number or frequency
by different genotypes, number of cases and controls, minor allele frequency (MAF) of cases
and controls, mean age, mean spherical equivalent and mean axial length of high

myopia participants.

Ethical Statement

This study was approved by the ethics committee of the School of Public Health of Sun Yat-sen
University. Then the researches were allowed to read and analyze the data.

Statistical analysis

The odds ratios (ORs) with 95% confidence intervals (CIs) were computed to assess the
strength of the association between IGF-1 gene polymorphisms and high myopia risk. The sig-
nificance of the pooled ORs was determined by the Z-test, with a P<0.05 considered statistical-
ly significant. We calculated the Q statistic to estimate the heterogeneity, and a P<0.10 was
considered statistically significant for the Q-statistic test. The I” statistic was used to quantify
heterogeneity, and an I>-value of 0% indicated no observed heterogeneity with larger values
showing increased heterogeneity. [29] If heterogeneity existed among the studies, a random-ef-
fects model was used to compute the summary risk estimate; if there was no heterogeneity, a
tixed-effects model was used. [30] In addition, we assessed whether the genotype frequencies of
the controls in the individual studies were consistent with the expected distribution, that is, in
Hardy-Weinberg equilibrium (HWE); a P<0.05 was considered statistically significant in this
test. Because the potential cause of heterogeneity among studies was geographic region, the
subgroup analysis was conducted on the basis of the various regions. To test the stability of the
association, we performed a one-way sensitivity analysis by excluding each study in the meta-
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analysis in turn. The possibility of publication bias was assessed by visual inspection of a funnel
plot in which the standard error of the log (OR) of each study was plotted against its corre-
sponding log (OR); an asymmetric plot indicates possible publication bias. Additionally,
Egger’s linear regression test was used to evaluate asymmetry, and a P<0.05 was set as signifi-
cant. All statistical analyses were performed using RevMan 5.1 (Revman; The Cochrane Col-
laboration, Oxford, UK) and Stata 12.0 (StataCorp, The College Station, Texas, USA).

Results
Eligible studies and study characteristics

A total of thirteen potentially relevant studies were retrieved. Of these, five studies were exclud-
ed because they were animal studies, which were determined by reading the title and abstract.
After a more detailed full-text review, three studies were excluded because two used a family-
based design and the other failed to extract sufficient data. Some IGF-1 gene SNPs, such as
rs10860861 and rs5742632, were described in only one or two studies. To ensure the validity of
the results, any IGF-1 gene polymorphisms reported in fewer than four studies were not in-
cluded. Thus, only rs12423791 and rs6214 were analyzed in our meta-analysis. Finally, five
studies including rs12423791 and rs6214 were included in this meta-analysis. A detailed flow
chart of the study selection is shown in Fig 1. In total, there were 2808 participants with high
myopia and 2778 controls without high myopia or other ocular diseases. The years of publica-
tion ranged from 2011 to 2013, and the populations involved were Chinese and Japanese. The
Hardy-Weinberg test (HWE) was performed on all of the included studies, and the results
showed that the IGF-1 gene genotype frequencies of all five studies were in HWE in the con-
trols. (Table 1)

)

c
-g Records identified through Additional records identified
_g database searching through other sources
£ (n=13) (n=0)
=
[}
&
Records after duplicates removed
(n=13)
(1)
3
<
3 v
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(n=13) (n=5)
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e 2 Family-based design
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) (n=3)
i !
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Fig 1. Flow chart of the study selection process. Literature search flow.

doi:10.1371/journal.pone.0129707.g001
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Table 1. Basic characteristics of the included studies.

Authors

Mak,
2012

Zhuang,
2012
Miyake,
2013
Yoshida,
2013

Zhao,
2013

Ref.
No.

33

23

24

25

34

Populations

Chinese
Chinese
Japanese
Japanese

Chinese

Participants Mean age (y) Mean Mean rs12423791 rs6214 MAF  Definiton @ HWE
SRE (D) Axial MAF of high
length myopia
(mm)
High Controls High Controls High High Cases Controls Cases Controls
myopia myopia myopia* myopia*
300 300 27.6 24.6 -10.53 27.76 0.317 0.325 0.487 0.512 SRE<-8.00 yes
12.48 +1.13 D
421 401 38.29 68.77 -14.57 28.33 0.218 0.229 0.479 0.499 SRE<-8.00 yes
+16.57 +10.65 +5.60 1+2.26 D
1339 1194 57.20 50.30 -12.69 29.18 0.265 0.267 0.463 0.469 AL>26 mm yes
1490 #1590 +4.54 +1.85
446 481 37.9 39.3 -11.7 28.0+1.16 0.266 0.305 0.359 0.338 SRE<-9.00 yes
+11.90 +11.0 12.24 D
302 402 4124  43.32 -16.54 28.98 0.296 0.229 0.465 0.499 SRE<-8.00 vyes
+16.34 2215 +5.26 +2.27 D

Abbreviations: Ref: reference; SRE: spherical refractive errors; y: year; D: diopter; MAF: minor allele frequency; AL: axial length; HWE: Hardy-
Weinberg equilibrium.
*The measurement data was of the right eye.

doi:10.1371/journal.pone.0129707.t001

Association between IGF-1 gene rs12423791 and high myopia

Allele frequencies of rs12423791 were determined in the cases and controls. As shown in Figs 2
and 3, the Q test suggested that there was significant between-study heterogeneity in the allelic
contrast model (C vs. G, I? = 74%, P = 0.004), the dominant model (CC+CG vs. GG, I* = 76%,
P =0.002), and the codominant model (CG vs. GG, I? = 69%, P = 0.01), then the random-effect
models were used to calculate the pooled ORs in these models. The fixed-effect models were
used in the codominant model (CC vs. GG, I? = 33%, P = 0.20) and recessive model (CC vs.
CG+GG, I? = 0%, P = 0.41). The results demonstrated that no significant associations between
IGF-1 rs12423791 and high myopia were present in the allelic model (OR: 1.05, 95% CI: 0.96-
1.14, P>0.05 in the random-effects model), the codominant model (CC vs. GG: OR = 1.11,
95% CI = 0.91-1.36, P>0.05 in the fixed-effects model; CG vs. GG: OR = 1.10, 95% CI = 0.87-
1.38, P>0.05, in the random-effects model), the dominant model (CC+CG vs. GG: OR = 1.10,
95% CI = 0.86-1.41, P>0.05 in the random-effects model), and the recessive model (CC vs. CG
+GG: OR = 1.08,95% CI = 0.91-1.29, P>0.05 in the fixed-effects model). (Table 2)

Further subgroup analysis by study population indicated that rs12423791 polymorphism
was associated with high myopia in the Chinese population in the allelic contrast model (C vs.
G: OR =1.24, 95% CI = 1.04-1.48 in the fixed-effects model), the dominant model (CC+CG

Case Control 0Odds Ratio 0Odds Ratio
Study or Subqroup _ Events Total Events Total Weight M.H, Fixed, 95% CI M_.H, Fixi % Cl

Mak 2012 410 600 405 600 121%  1.04(0.82,1.32)
Miyake 2013 646 2442 638 2388 44.9%  099(0.87,1.12)
Yoshida 2013 237 892 293 962 19.6%  0.83(0.67,1.01)
Zhao 2013 179 604 184 802 10.5%  1.41(1.11,1.80]
Zhuang 2012 234 842 184 802 129%  1.29(1.03,1.62)

Total (95% CI) 5380 5554 100.0%  1.05[0.96,1.14]
Total events 1706 1704
Heterogeneity: Chi*=15.57, df = 4 (P = 0.004); F=74%
Testfor overall effect: Z=1.05 (P = 0.30)

001 01 i 10 100
Favours experimental Favours control

Fig 2. Forest plots of the pooled ORs with 95% Cls for associations between IGF-1 rs12423791 and
high myopia in allelic contrast model (C vs. G). Events: the number of individuals carrying the C allele.

doi:10.1371/journal.pone.0129707.g002
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Case Control Odds Ratio Odds Ratio
r v I _Ev 1 M, F 95% C1 M-H, Fixed, 95% CI

Mak 2012 138 168 135 165 13.3%  1.07 [0.61,1.87) -
Miyake 2013 a7 769 85 726 432%  1.09(0.80,1.49) -
Yoshida 2013 32 446 45 481 227%  0.75(0.47,1.20) i
Zhao 2013 26 175 24 265 92%  1.75[0.97,3.16) f=—
Zhuang 2012 32 251 24 265 115%  1.47(0.84,257) .
Total (95% CI) 1809 1902 100.0%  1.11[0.91,1.36] *
Total events 326 313
Heterogeneity: Chi*= 5.94, df= 4 (P = 0.20); F= 33% o1 o1 o 700

Testfor overall effect: Z= 1.03 (= 0.30) Favours experimental Favours control

a

Mak 2012 132 161 135 165 10.8% 1.01(0.58, 1.78) ==

Miyake 2013 452 1124 468 1109 26.7% 0.92(0.78, 1.09) -

Yoshida 2013 174 448 204 481 221% 0.87 (0.67,1.13) -

Zhao 2013 127 278 136 377 19.6% 1.51 (110, 2.07) =

Zhuang 2012 170 389 136 377 208% 1.38(1.03,1.84] re-

Total (95% CI) 2396 2509 100.0% 1.10 [0.87, 1.38) »

Total events 1055 1078

Heterogeneity. Tau*= 0.04; Ch#= 12.70, df= 4 (P = 0.01); F= 63% 501 0‘, 1'0 700

Testforoverall effect. Z=0.81 (P=0.42) Favours experimental Favours control

b

Mak 2012 271 300 270 300 122% 1.04 (0.61,1.78) —+—

Miyake 2013 549 1221 553 1194 253% 0.95(0.81,1.11] -

Yoshida 2013 205 446 243 481 216% 0.798(0.61, 1.03] -

Zhao 2013 153 302 160 401 20.0% 1.55(1.14, 2.09) .-

Zhuang 2012 202 421 160 401 20.9% 1.39(1.05,1.83) =

Total (95% CI) 2690 2777 100.0% 1.10 (0.86, 1.41) *

Total events 1380 1392

Heterogeneity: Tau®= 0.06; Ch = 16.43, df= 4 (P = 0.002); P = 76% '0 o 0‘1 1=0 100‘

Testfor overall eflect Z=0.76 (P = 0.45) Favours experimental Favours control

C

Mak 2012 139 300 135 300 31.1%  1.06(0.77,1.46] -

Miyake 2013 a7 1221 85 1194 339%  1.13(0.83,1.52) -

Yoshida 2013 32 448 45 481 17.2%  0.75(0.47,1.20) —

Zhao 2013 26 302 24 401 81%  1.48[0.83,263) T

Zhuang 2012 32 4 24 401 97%  1.29(0.75,2.23) S

Total (95% CI) 2690 2777 100.0%  1.08 [0.91,1.29) 4

Total events 326 313

Heterogeneity: Chi*= 3.95 df= 4 (P = 0.41); F= 0% E o1 oh 1% 100’

Test for overall effect Z= 0.89 (P = 0.38)

d

Favours experimental Favours control

Fig 3. Forest plots of the pooled ORs with 95% Cls for associations between IGF-1 rs12423791 and
high myopia in codominant model, dominant model, and recessive model. (a) Codominant model (CC
vs. GG); events: the number of CC genotype in a. (b) Codominant model (CG vs. GG); events: the number of
CG genotype in b. (c) Dominant model (CC+CG vs. GG); events: the number of CC+CG genotype in c. (d)
Recessive model (CC Vs. CG+GG); events: the number of CC genotype in d.

doi:10.1371/journal.pone.0129707.g003

Table 2. Main results of the pooled ORs in the meta-analysis.

SNPs Inheritance Model OR 95% CI P P (Q test)*
rs12423791
Allelic contrast model Cvs. G 1.05 0.96-1.14 0.30 0.004
Codominant model CCvs. GG 1.11 0.91-1.36 0.30 0.20
CGvs. GG 1.10 0.87-1.38 0.42 0.01
Dominant model CC+CGvs. GG 1.10 0.86-1.41 0.45 0.002
Recessive model CC vs. CG+GG 1.08 0.91-1.29 0.38 0.41
rs6241
Allelic contrast model Avs. G 1.02 0.94-1.10 0.68 0.42
Codominant model AAvs. GG 1.04 0.90-1.21 0.59 0.51
AG vs. GG 1.04 0.90-1.19 0.59 0.99
Dominant model AA+AG vs. GG 1.04 0.91-1.18 0.55 0.88
Recessive model AA vs. AG+GG 1.01 0.90-1.13 0.87 0.39

*The Q statistic was used to estimate heterogeneity, and a P<0.10 was considered statistically significant for the Q-statistic test.

doi:10.1371/journal.pone.0129707.1002
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Table 3. Results of the subgroup analysis by study population.

Study population

Chinese

Japanese

SNPs

rs12423791

rs6241

rs12423791

rs6241

Inheritance Model

Cvs. G
CCvs. GG
CGvs. GG

CC+CG vs. GG
CC vs. CG+GG

Avs. G
AA vs. GG
AG vs. GG

AA+AG vs. GG
AA vs. AG+GG

Cvs. G
CCvs. GG
CGvs. GG

CC+CG vs. GG
CC vs. CG+GG

Avs. G
AA vs. GG
AG vs. GG

AA+AG vs. GG
AA vs. AG+GG

OR

1.24
1.39
1.37
1.40
1.17

1.05
1.10
1.05
1.06
1.07

0.92
0.97
0.91
0.89
1.00

0.99
1.01
1.03
1.02
0.98

95% CI

1.04-1.48
1.00-1.93
1.12-1.68
1.16-1.69
0.91-1.50

0.92-1.19
0.87-1.40
0.85-1.29
0.87-1.30
0.88-1.30

0.78-1.09
0.75-1.26
0.79-1.04
0.76-1.05
0.78-1.29

0.90-1.10
0.83-1.22
0.86-1.24
0.86-1.21
0.84-1.13

0.02
0.05
0.002
<.001
0.21

0.50
0.43
0.68
0.54
0.48

0.33
0.83
0.17
0.18
0.99

0.91
0.96
0.73
0.79
0.74

*The Q statistic was used to estimate heterogeneity, and a £<0.10 was considered statistically significant for the Q-statistic test.

doi:10.1371/journal.pone.0129707.t003

Case

S udy or 5 ubqrou

Mak 2012 292
Miyake 2013 1387
Yoshida 2013 572
Zhao 2013 323
Zhuang 2012 439
Total (95% CI)

Total events 3013

600
2582
892
604
842

5520

Control

307
1267
637
402
402

3015

0Odds Ratio

|_Weight M-H, Random. 95% CI

600
2388
962
802
802

5554

11.1%
456%
15.5%
12.7%
151%

100.0%

Heterogeneity. Tau®= 0.00; Chi*= 3.90, df= 4 (P = 0.42); F= 0%

Test for overall effect: Z= 0.42 (P = 0.68)

M-H

Odds Ratio
95%Cl

Association between IGF-1 gene rs6214 and high myopia

0.90(0.72,1.13]
1.030.92,1.15)
0.91(0.75,1.10)
1.140.93,1.41)
1.08[0.89,1.32)

1.02[0.94,1.10]

001 04

1 10

100

Favours experimental Favours control

P(Q test)*

0.19
0.48
0.48
0.45
0.56

0.30
0.37
0.99
0.80
0.24

0.15
0.20
0.71
0.25
0.15

0.29
0.33
0.56
0.41
0.41

vs. GG: OR = 1.40, 95% CI = 1.16-1.69 in the fixed-effects model), the codominantmodel (CG
vs. GG: OR =1.37,95% CI = 1.12-1.68 in the fixed-effects model). (Table 3)

Allele frequencies of rs6214 were determined in the cases and controls. As shown in Figs 4 and
5, the Q test did not show significant between-study heterogeneity in all of the comparison

Fig 4. Forest plots of the pooled ORs with 95% Cls for associations between IGF-1 rs6214 and high
myopia in allelic contrast model (A vs. G). Events: the number of individuals carrying the A allele.

doi:10.1371/journal.pone.0129707.g004
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Case Control Odds Ratio Odds Ratio
1 Total 0 Total 1 M-H Fixed, 95% CI M-H, Fixed, 95% C!
Mak 2012 74 154 85 163 13.1% 0.85[0.55,1.32)
Miyake 2013 373 650 341 608 459% 1.06(0.85,1.32) _I
Yoshida 2013 183 240 211 266 145% 0.84[0.55,1.27)
Zhao 2013 83 157 101 201 11.7% 1.30[0.85, 1.87] t‘
Zhuang 2012 117 216 101 201 147% 1.17(080,1.72)
Total (95% CI) 1417 1440 100.0% 1.04 [0.90, 1.21)
Total events 836 3839
Heterogeneity: Chi*= 3.28, df= 4 (P = 0.51). P = 0% F J : ¥ i
0.01 0.1 1 i0 100
Testforoveralleffect Z=0.54 P =059 £avours experimental Favours control
a
Mak 2012 146 226 137 215 125% 1.04(0.70, 1.53)
Mipake 2013 841 918 585 853 46.1% 1.03 [0.87, 1.30]
Yoshida 2013 206 263 215 270 11.6% 0.82[0.61, 1.40]
Znao 2013 145 213 200 300 13.3% 1.07 (0.73, 1.59)
Znuang 2012 205 302 200 300 165% 1.04 (0.74, 1.45)
Total (95% CI) 1924 1938 100.0%  1.04[0.90,1.19)
Tolal events 1343 1337
Heterogenelly: Chi*= 0.36, df= 4 (P = 0.99), I"= 0% k + + t i
= haiept 0.01% 01 1 10 100
1;9! for oversli eMlect Z=0.54 (P = 0.39) Favours experimental Favours con¥ol
Mak 2012 220 300 222 300 132% 0.97[0.67, 1.39) -
Miyake 2013 1014 1291 926 1194 459% 1.06[0.88,1.28)
Yoshida 2013 388 446 425 481 11.8% 0.88[0.60, 1.30)
Zhao 2013 234 302 301 401 13.0% 1.14[0.80,1.63)
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Fig 5. Forest plots of the pooled ORs with 95% Cls for associations between IGF-1 rs6241 and high myopia in codominant model, dominant model,
and recessive model. (a) Codominant model (AA vs. GG); events: the number of AA genotype in a. (b) Codominant model (AG vs. GG); events: the number
of AG genotype in b. (c) Dominant model (AA+AG vs. GG); events: the number of AA+AG genotype in c. (d) Recessive model (AA vs. AG+GG); events: the

number of AA genotype in d.

doi:10.1371/journal.pone.0129707.9005

models (P>0.10). The fixed-effects models were used to calculate the pooled ORs, and the re-
sults suggested that there were not significant associations in the allelic contrast model (A vs.
G: OR =1.02, 95% CI: 0.94-1.10, P>0.05 in the fixed-effects model), the codominant model
(AA vs. GG: OR = 1.04, 95% CI = 0.90-1.21, P>0.05 and AG vs. GG: OR = 1.04, 95%

CI =0.90-1.19, P>0.05 in the fixed-effects model), the dominant model (AA+AG vs. GG:

OR = 1.04, 95% CI = 0.91-1.18, P>0.05 in the fixed-effects model), and the recessive model
(AA vs. AG+GG: OR =1.01, 95% CI = 0.90-1.13, P>0.05 in the fixed-effects model). (Table 2)
Further subgroup analysis by study population also could not find any associations between
rs6214 and high myopia. (Table 3)

Sensitivity analysis

A sensitivity analysis was conducted to explore the source of this heterogeneity. In our study,
we only performed sensitivity analyses to assess the influence of each study on the IGF-1
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Fig 6. Funnel plot analysis for publication bias. (a) rs12423791 allelic contrast model (C vs. G). (b) rs6214
allelic contrast model (A vs. G).

doi:10.1371/journal.pone.0129707.g006

gene allelic contrast model (C vs. G), dominant model (CC+CG vs. GG), and codominant
model (CG vs. GG), because there was not significant heterogeneity in the IGF-1 gene
rs12423791 recessive model (CC vs. CG+GG), codominant model (CC vs. GG), and all
rs6215 comparison models. (Table 2) By the sequential omission of individual studies in
these models (C vs. G, CC+CG vs. GG, CG vs. GG), we found that none of the individual
studies significantly affected the pooled ORs, and the association between IGF-1 rs12423791
and high myopia did not change, suggesting the high stability of the meta-analysis. The data
are not shown but are available upon request.

Publication Bias

The shape of the funnel plot did not suggest any obvious asymmetry in allelic contrast models
between the rs12423791 and rs6214 polymorphisms and high myopia. (Fig 6) In addition,
Egger’s linear regression test on the natural logarithm scale of the OR found no evidence of
publication bias for the allelic contrast model (Prs12423791 = 0.36, Prs6214 = 0.94), the domi-
nant model (Prs12423791 = 0.31, Prs6214 = 0.84), the recessive model (Prs12423791 = 0.71,
Prs6214 = 0.89), the codominant model of rs12423791 (Prs12423791 = 0.45 for CC vs. GG and
Prs12423791 = 0.29 for CG vs. GG), and the codominant model of rs6214 (Prs6214 = 0.95 for
AA vs. GG and Prs6214 = 0.54 for AG vs. GG). (Table 4)
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Table 4. Evaluation of publication bias by Egger’s linear regression test.

SNPs Inherited Model Coefficient SE t P>|t|
rs12423791
Allelic contrast model Gvs.C 3.04 2.80 1.09 0.36
Codominant model CCvs. GG 1.70 1.95 0.87 0.45
CGvs. GG 2.23 1.75 1.27 0.29
Dominant model CC+CGvs. GG 2.62 2.16 1.21 0.31
Recessive model CC vs. CG+GG 0.67 1.62 0.41 0.71
rs6241
Allelic contrast model Avs. G -0.08 1.00 -0.09 0.94
Codominant model AAvs. GG 0.06 0.88 0.07 0.95
AG vs. GG -0.14 0.20 -0.69 0.54
Dominant model AA+AG vs. GG -0.076 0.34 -0.22 0.84
Recessive model AA vs. AG+GG 0.21 1.37 0.15 0.89
doi:10.1371/journal.pone.0129707.1004
Discussion
Main finding

High myopia is associated with various ocular complications, [31] and it is highly heritable.
[32] A genome-wide meta-analysis has provided evidence that several loci that have been
shown to be associated with myopia, while the results did not illustrate the influence of IGF-1
gene polymorphisim. [19] To our knowledge, insulin-like growth factor 1 is similar to insulin
in function and structure and is a member of a protein family involved in mediating growth
and development. [33] The gene encoding insulin-like growth factor 1 is highly conserved be-
tween species, and the polypeptide it encodes is insulin-like growth factor 1. [34] As mentioned
in the introduction, previous animal studies have demonstrated that insulin-like growth factor
1 contributes to eye growth and myopia development. [22,23] In addition, one study stated
that myopia may be related to impaired metabolic control, and the authors observed that en-
hanced scleral growth may result from increased levels of insulin and insulin-like growth hor-
mones. [35] Recently, genetic studies have indicated that the association between IGF-1 gene
rs12423791, rs6214 polymorphisms and the risk of high myopia are not clear. [25,26,27,36,37]
Therefore, we performed this meta-analysis to estimate the association between the IGF-1 gene
rs12423791 and rs6214 polymorphisms and high myopia. Of the studies included in this meta-
analysis, Zhuang et al. [26] demonstrated that IGF-1 rs12423791, but not rs6214, was signifi-
cantly associated with high myopia in a Chinese population. Mak et al. [36] also reported that a
haplotype including rs12423791 was associated with high myopia in another Chinese popula-
tion. Zhao et al. [37] also reported that rs12423791 but not rs6214 was associated with high
myopia in a Chinese population. However, Yoshida et al. [28] reported that IGF-1 rs12423791
was not significantly associated with high myopia in a Japanese population. Similarly, the study
by Miyake indicated that none of the tagging SNPs in IGF-1, including rs12423791, were asso-
ciated with high myopia in a Japanese population. [27] Furthermore, a study in Caucasians
which reported that rs6214 in IGF-1 exhibited a significant association with high myopia was
not included in this meta-analysis, because it was a family-based design and lacked available
data; [25] a cohort study in polish families not finding any significant associations between
IGF-1 SNPs (including rs6214) and high myopia, was also excluded in this meta-analysis for its
family-based design and only including information about IGF-1 rs6214. [38] The final results
of this meta-analysis indicated that rs12423791 or rs6214 was not associated with high myopia
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in any genetic models. These results were consistent with the recent genome-wide meta-analy-
sis of the high myopia reports of the Consortium for Refractive Error and Myopia (CREAM)
which included many ethnicities studies and did not find an association of IGF-1 polymor-
phisms with myopia. [39,40]

However, our subgroup analysis by study population showed that Chinese populations with
the rs12423791 variants may have somewhat higher risks of developing high myopia. Prior re-
searches in China also illustrated that IGF-1 rs12423791 was significantly associated with high
myopia in Chinese populations. [26,36,37] As the prevalence of myopia, even high myopia was
high in both China and Japan, and the definitions of high myopia and controls in the included
studies are similar. [26,27,28,36,37] To reach a definitive conclusion, the results of the study
population subgroup analysis should be interpreted cautiously, and more well-designed larger
trials using standardized unbiased methods and more ethnic groups should be considered in
order to further clarify the association.

To our knowledge, heterogeneity may restrict the interpretation of pooled estimates; there-
fore, sensitivity meta-analyses were performed in this meta-analysis. We found that none of
the individual studies significantly affected the pooled ORs by excluding each study in turn in
every comparison, and the association between IGF-1 rs12423791 and high myopia did not
change in any genetic models, suggesting the high stability of the meta-analysis. Furthermore,
we performed publication bias analyses to validate the reliability of the meta-analysis. In this
study, we used a funnel plot and Egger’s linear regression analysis to evaluate for publication
bias, and the results showed that there was no evidence of publication bias among the included
studies. Therefore, our results suggest that the IGF-1 rs12423791 or rs6214 gene polymorphism
was not associated with high myopia susceptibility.

Limitation

To the best of our knowledge, this is the first meta-analysis to assess the association between
rs12423791 and rs6214 of the IGF-1 gene and high myopia. This meta-analysis increases the
power to detect and quantify an effect and provides a control for publication differences. Addi-
tionally, it must be stressed that there are several limitations to this meta-analysis. First, the
study populations were mainly from China and Japan, and study populations from other coun-
tries were rare or did not exist. Thus, more studies should be conducted in other ethnic groups
to increase the statistical power. Second, the IGF-1 gene is just one of a host of genetic risk fac-
tors for high myopia; other genes, such as transforming growth factor B1, may also participate
in the pathogenesis of high myopia. Third, our results were based on unadjusted estimates; a
more precise analysis should be conducted if individual data are available to allow for adjust-
ment by other covariates, such as age, gender, environmental factors and so on. Finally, this
meta-analysis only used the single-marker analysis but not the haplotype analysis for the avail-
able data. Despite these limitations, this study also has some merits. First, we did not use the
language limitation opinion when searching the literature database to minimize the bias within
our research. Additionally, the sensitivity analysis indicated the results of the meta-analysis
were stable, and we found no evidence of publication bias among the included studies.

Conclusion

In summary, this meta-analysis provides evidence that IGF-1 rs12423791 or rs6214 gene
polymorphism is not associated with high myopia. Therefore, in view of the fact that myopia
is a polygenetic disease, IGF-1 would not play independently important roles in the develop-
ment of high myopia. Moreover, gene-gene and gene-environment interactions should

be considered.
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