
Myopia is the most common eye disease worldwide [1]. 
The condition may be classified as high myopia or common 
myopia based on a refractive error more severe than −6.00 
diopter (D) or an axial length greater than or equal to 26 mm 
[2,3]. High myopia can result in extreme complications 
such as retinal detachment, glaucoma, cataract, or myopia 
maculopathy [2,3] and is the fourth most common cause of 
irreversible blindness [4,5]. The prevalence of high myopia 
ranges from 0.7% to 10.1% [6-10]. A higher prevalence of 
high myopia has been reported in Chinese and Japanese 
populations [11]. Although the exact pathogenesis of high 
myopia is unknown, it is commonly acknowledged that high 
myopia is a multifactorial disease with genetic and environ-
ment factors [2]. The increasing intensity of education, near 
work, urbanization, and higher individual monthly income 

are the risk factors proposed for high myopia [12-15]. Addi-
tionally, a variety of high-susceptibility genes have been 
discovered, including transforming growth factor beta 1 
(TGFB1; gene ID 7040, OMIM 190180) [16-18], collagen type 
I alpha 1 (COL1A1; gene ID 1277, OMIM 120150) [19-21], 
lumican (LUM; gene ID: 4060, OMIM 600616) [5,22], paired 
box gene 6 (PAX6; gene ID: 5080, OMIM 607108) [23-25], 
Ras protein-specific guanine nucleotide-releasing factor 
1 (RASGRF1; gene ID: 5923, OMIM 606600) [26-29], and 
gap junction protein delta 2 (GJD2; gene ID: 57,369, OMIM 
607058) [30-32].

RASGRF1 was one of the first two genes reported in 
the earliest published genome-wide association studies 
(GWASs) for myopia in Europeans in 2010 [33]. The associa-
tion between RASGRF1 and myopia was identified in other 
GWASs or GWAS meta-analyses in European, American, 
Australian, and Asian populations as well [30,31]. However, 
a GWAS meta-analysis conducted in a Han Chinese popula-
tion did not find an association between RASGRF1 and high 
myopia [34]. Similarly, another GWAS meta-analysis also did 
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not identify an association between RASGRF1 and refrac-
tive error in Caucasians and Asians [35]. The low power of 
some studies, ethnic and location differences, and different 
recruitment criteria may explain these inconsistent results at 
least to some extent. Some genetic studies reported that the 
same loci were associated with common and high myopia 
[29,36,37]; however, it is still undetermined whether common 
myopia and high myopia share the exact same genetic back-
ground. Several studies have been conducted to investigate 
the relationship between high myopia and the RASGRF1 gene 
[1,26,28,38]; unfortunately, the results were inconsistent and 
inconclusive. Thus, we performed this meta-analysis with 

all available studies to shed light on the effect of RASGRF1 
rs8027411 on high myopia.

METHODS

Search strategy: A comprehensive literature research was 
conducted via the online databases PubMed, EMBASE, the 
Cochrane Library, Web of Science, and the China Biologic 
Medical Database (up to February 2015) for all relevant 
studies. The three main search terms were as follows: (1) 
myopia OR “high myopia” OR “near sight” OR nearsighted 
OR “refractive error”; (2) allele OR genotype OR SNP OR 
mutation(s) OR variant(s) OR polymorphism(s) OR single 
nucleotide polymorphism; and (3) the RASGRF1 gene: 

Figure 1. Flow diagram outlining 
the selection process for studies 
in the systematic review and the 
meta-analysis.
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RASGRF1 OR Ras protein-specific guanine nucleotide-
releasing factor 1 OR GNRP OR CDC25 OR GRF55 OR 
CDC25L OR H-GRF55 OR ras-GRF1 OR 15q25. References 
in the retrieved articles were also reviewed.

Articles meeting the following criteria were included: (1) 
A case–control or cohort study compared high myopia and 
non-high myopia in a Chinese or Japanese population, (2) 
high myopia was defined as refractive error more severe than 
−6.00 D or an axial length greater than or equal to 26 mm, 
(3) the study assessed the association between RASGRF1 
rs8027411 and high myopia, and (4) the study provided suffi-
cient data to estimate the odds ratio (OR) and the 95% confi-
dence interval (CI). If one of the following criteria was met, 
a study was excluded: (1) The study was a review, case series, 
conference, or sibling or family study, (2) the study was not a 
full-text article, or (3) the study was an animal study. If more 
than one cohort or ethnic population was reported in a study, 
each cohort or ethnic population was treated individually. 

When two or more of the same populations were used among 
the studies, the largest or the most recent one was selected.

Data extraction and quality assessment: Data extraction and 
quality assessment were performed independently by two 
investigators (TC, JM). The extracted information included 
the first author’s name, year of publication, ethnicity, sample 
size, definition of high myopia, mean age, source of controls, 
and genotyping method. The Newcastle–Ottawa scale (NOS) 
was used in the quality assessment [39]. Any disagreements 
were resolved by consensus.

Statistical analysis: Hardy–Weinberg equilibrium (HWE) in 
the controls was tested with a chi-square test. The association 
between RASGRF1 rs8027411 and high myopia was evalu-
ated with a pooled OR and 95% CI in five models: allelic (G 
versus T), homozygote (GG versus TT), heterozygote (GT 
versus TT), dominant ((GG+CT) versus TT), and recessive 
(GG versus (GT+TT)) models. Heterogeneity between studies 
was explored with the Q-statistic test, and the inconsistency 

Table 1. CharaCTerisTiCs of inClude sTudies in This meTa-analysis.

Study (year) Ethnicity Sample 
size High myopia

Mean age 
(cases;control)

Genotyping 
method

Control NOS 
score

Qiang, Y (2014) Chinese 1,461 ≤ −6.00

36±14.95;

42.5±13.3/31±10.66 Taqman

Free of myopia and 
fundus diseases

7

Zhu, J (a; 2014) Chinese 741
≤ −8.00 and 
AL>26 mm 39.32±16.94; 71.14±8.52

PCR 
-MassArray

Normal 7

Zhu, J (b; 2014) Chinese 234
≤ −8.00 and 
AL>26 mm 40.96±17.63; 70.17±7.37

PCR 
-MassArray

Normal

Jiao, X (a; 2012) Chinese 192 ≤ −6.00
21.80±1.27; 
21.68±1.30 PCR-DS

Without refractive 
error

8

Jiao, X (b; 2012) Chinese 608 ≤ −6.00 22.19±1.67; 21.66±1.54 PCR-DS
Without refractive 
error

Hayashi, H (a; 
2011) Japanese 1491 AL>26.1 57.57±14.75; 74.40±8.37 Taqman

AL<25.0 mm 7

Hayashi, H (b; 
2011) Japanese 2054 AL>26.1

57.57±14.75; 
38.81±11.83 Taqman

No history of ocular 
disease

AL: axial lengths; DS: directional sequencing; NOS: Newcastle –Ottawa scale

Table 2. Pooled resulTs of The assoCiaTions beTween rs8027411 and high myoPia.

Models cases controls
Associations Heterogeneity
OR 95%CI P Q PQ I2, %

G versus T 1966/3058 2721/3491 0.83 0.77–0.89 <0.001 5.04 0.54 0
GG versus TT 400/946 593/978 0.70 0.61–0.82 <0.001 4.79 0.57 0
GT versus TT 1166/946 1535/978 0.78 0.70–0.88 <0.001 5.84 0.44 0
(GG+GT) versus TT 1566/946 2128/978 0.76 0.69–0.85 <0.001 5.18 0.52 0
GG versus (GT+TT) 400/2112 593/2513 0.82 0.72–0.93 0.003 6.12 0.41 2.0

CI=confidence interval; OR=odds ratio.
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index I2 was used to evaluate the extent [40]. I2 ranged from 
0% to 100%, with 0% representing no heterogeneity, and the 
larger value the higher heterogeneity (I2 values of 25%, 50%, 
and 75% indicate low, moderate, and high heterogeneity, 
respectively) [41]. A p value of less than 0.05 was defined as 
significant in the Q-statistic test. When there was significant 

heterogeneity, a random-effects model was used; otherwise, 
a fixed-effects model was selected. Egger’s test and Begg’s 
test were performed to assess publication bias. Sensitivity 
analysis was performed by removing one study at a time 
to assess the effect of the individual data on the combined 
results. Statistical analyses were performed with Stata 11.0 

Figure 2. Forest plots of RASGRF1 rs8027411 polymorphism and high myopia in overall and subgroup analysis. A: Allelic model (G versus 
T). B: Homozygote model (GG versus TT). C: Heterozygote model (GT versus TT). D: Dominant model ((GG+GT) versus TT). E: Recessive 
model (GG versus (GT+TT)). CI=confidence interval; OR=odds ratio.
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software (Stata Corporation, College Station, TX). Two-sided 
p<0.05 was considered statistically significant. A power 
calculation showed that this study had 92.8%, 99.5%, 98.6%, 
99.8%, and 80.5% power to detect the associations in the 
allelic, homozygote, heterozygote, dominant, and recessive 
models, respectively.

RESULTS

Literature search and study characteristics: Twenty-
three publications about RASGRF1 and high myopia were 
retrieved. The detailed search process is shown in Figure 1. 
Nine studies were excluded after the titles and abstracts were 
reviewed for the following reasons: irrelevant to the topic or 
a conference, review, or family study. The remaining four-
teen articles were retrieved for full-text reading, and another 
ten studies were excluded. Among them, six studies had 
insufficient data, and four studies provided no data about 
rs8027411 and high myopia. Finally, four case–control studies 
were included in this meta-analysis [26-29]. Two different 
cohorts were included in studies published by Zhu et al. [27], 
Jiao et al. [28], and Hayashi et al. [29], and the cohorts were 
treated separately. The detailed information of these studies 
is shown in Table 1. Three studies were conducted in China, 
and one was performed in Japan. A total of 2,529 patients 
with high myopia and 3,127 controls were included in this 
meta-analysis. The genetic distributions of all control groups 
were consistent with HWE. The average NOS score was 7.25 
(range: 7 to 8).

Main results of the meta-analysis: There was no heteroge-
neity across the studies (Table 2); thus, we used fixed-effects 
models with the Mantel–Haenzel method. The meta-analysis 
indicated that the rs8027411 polymorphism was signifi-
cantly associated with high myopia in all genetic models (G 
versus T, OR=0.83, 95% CI=0.77−0.89; p<0.001; GG versus 
TT, OR=0.70, 95% CI=0.61–0.82; p<0.001; GT versus TT, 

OR=0.78, 95% CI=0.70–0.88; p<0.001; (GG+GT) versus TT, 
OR=0.76, 95% CI=0.69–0.85; p<0.001; GG versus (GT+TT), 
OR=0.82, 95% CI=0.72–0.93; p=0.003). The Q-statistic test 
and I2 showed only low but not significant heterogeneity in 
the recessive model (Q=6.12, p=0.41, I2=2.0%). No heteroge-
neity was found in the other genetic models (Table 2). The 
subgroup analysis was based on ethnicity. In the Chinese 
populations, a significant association between rs8027411 and 
high myopia was found in all genetic models (Figure 2A-E). 
Similarly, in the Japanese population, except the recessive 
model (GG versus (GT+TT), OR=0.87, 95% CI=0.72–1.05), 
there was a significant association between rs8027411 and 
high myopia in all other genetic models (Figure 2A-E).

Sensitivity analysis: Sensitivity analysis showed that when 
Qiang’s study [26] was excluded, the observed estimates 
between RASGRF1 rs8027411 and high myopia were still 
significant in the allelic, homozygote, heterozygote, and 
dominant genetic models (Table 3). However, in the recessive 
model, the association was not significant (OR=0.87, 95% 
CI=0.75–1.01). When the possible causes were investigated, 
the OR in Qiang’s study [26] was distinct from that in the 
other studies in the recessive model (Figure 2E). Thus, once 
Qiang’s study was excluded, the result was no longer signifi-
cant. However, excluding Qiang’s study did not change the 
results of the four other genetic comparison models (Table 3). 
When other six single studies were excluded, the associations 
between RASGRF1 rs8027411 and high myopia remained 
significant in all genetic models (Table 3).

Publication bias: When publication bias was quantitatively 
evaluated with Begg’s and Egger’s tests, no significant 
publication bias was found in any genetic model as well (G 
versus T: Begg p=0.76 and Egger p=0.85; GG versus TT: 
Begg p=1.00 and Egger p=0.62; GT versus TT: Begg p=0.23 
and Egger p=0.21; (GG+GT) versus TT: Begg p=0.76 and 

Table 3. resulTs of leave-one-ouT sensiTiviTy analysis.

Study excluded
OR, 95% CI

G versus T* GG versus TT* GT versus TT* (GG+GT) versus 
TT*

GG versus 
(GT+TT)*

Qiang, Y, 2004 0.85 (0.78–0.92) 0.74 (0.62–0.87) 0.77 (0.68–0.88) 0.76 (0.68–0.86) 0.87 (0.75–1.01)
Zhu, JY(a), 2014 0.85 (0.79–0.92) 0.73 (0.62–0.86) 0.81 (0.73–0.92) 0.79 (0.70–0.88) 0.83 (0.72–0.95)
Zhu, JY(b), 2014 0.83 (0.77–0.89) 0.69 (0.60–0.81) 0.79 (0.70–0.88) 0.76 (0.69–0.85) 0.80 (0.70–0.92)
Jiao, X(a), 2012 0.82 (0.76–0.89) 0.69 (0.59–0.81) 0.77 (0.69–0.87) 0.75 (0.67–0.84) 0.81 (0.71–0.94)
Jiao, X(b), 2012 0.83 (0.77–0.90) 0.70 (0.61–0.82) 0.79 (0.71–0.89) 0.77 (0.69–0.86) 0.81 (0.71–0.93)
Hayashi, H(a), 2011 0.82 (0.76–0.89) 0.68 (0.58–0.80) 0.80 (0.70–0.90) 0.76 (0.68–0.86) 0.78 (0.68–0.90)
Hayashi, H(b), 2011 0.82 (0.75–0.90) 0.69 (0.58–0.83) 0.75 (0.66–0.86) 0.74 (0.65–0.84) 0.83 (0.70–0.97)

CI=confidence interval; OR=odds ratio. * All the analysis was in fixed-effects models.
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Egger p=0.41; GG versus (GT+TT): Begg p=0.37 and Egger 
p=0.25).

DISCUSSION

RASGRF1, a large gene with 28 exons, is expressed at high 
levels in the retina [42]. A proposed mechanism has indi-
cated that RASGFR1 has significant influence on myopia. 
One suggestion is that this gene encodes Ras protein-specific 
guanine nucleotide-releasing factor-1, which is highly 
expressed in the retina and neurons, and then activates Ras 
[33]. In addition, RASGRF1 is a nuclear exchange factor that 
promotes GDP/GTP exchange on the Ras family GTPases 
and is related to synaptic transmission of the photoreceptor 
responses [43]. Moreover, muscarinic receptors and retinoic 
acid can regulate RASGRF1 expression [33,44]. Animal 
models and human interventional studies showed that 
muscarinic inhibitors prevent the development of myopia 
[45,46], and reduction synthesis of choroidal retinoic acid 
was detected in myopia animal models [47]. Therefore, 
RASGRF1 was presumed to be a strong candidate gene in 
association with high myopia. To date, the single nucleotide 
polymorphism (SNP) rs8027411, located in the transcription 
initiation site of RASGRF1, has been widely investigated for 
an association with high myopia, but the results are contro-
versial [26-29].

In the present meta-analysis, it was surprising that 
rs8027411 was associated with high myopia in all five genetic 
models. These results indicated that the G allele of rs8027411 
had a strong protective effect on high myopia (OR=0.83). 
Individuals with the GG (OR=0.70) or GT (OR=0.78) geno-
type also had a lower risk of high myopia than those with the 
TT genotype. Heterogeneity should be considered a potential 
factor that may influence the interpretation of the results. In 
this meta-analysis, only low but not significant heterogeneity 
was found in the recessive model, and no heterogeneity was 
found in the four other genetic models. In the subgroup 
analysis, the results showed that this association was more 
prominent in the Chinese population. This indicated that the 
protective effect of rs8027411 variants was different among 
races, and stronger in Chinese populations. Sensitivity 
analysis indicated that although the association between 
RASGRF1 rs8027411 and high myopia was not robust in the 
recessive model, the association was highly consistent in the 
allelic, homozygote, heterozygote, and dominant models. No 
evidence of publication bias was detected among the included 
studies. These results indicated the reliability of the combined 
results.

The limitations of this meta-analysis should be noted. 
First, the results were based on Chinese and Japanese 

populations. Therefore, the meta-analysis may be appli-
cable only to these specific populations. Second, since the 
association with only one SNP rs8027411 in RASGRF1 was 
confirmed, other polymorphisms in RASGRF1 may also be 
important in other populations that were not studied in this 
analysis. Third, the association between RASGRF1 rs8027411 
and high myopia in the recessive model was inconclusive. 
Additional studies are needed to confirm this association. 
Last, since high myopia is a multifactorial disease, many 
factors such as age, levels of education, lifestyle, and other 
polymorphisms of susceptible genes may play roles in the 
pathogenesis. However, insufficient information impeded a 
more precise analysis.

In conclusion, despite these limitations, our meta-
analysis delineated the association between the RASGRF1 
polymorphism and high myopia in Chinese and Japanese 
populations. In these populations, carriers of the rs8027411 G 
allele have a lower risk of high myopia. However, large-scale 
studies are required for further confirmation. Gene–gene and 
gene–environment interactions also must be considered in 
future studies.
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