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Purpose: To investigate the association and ethnic heterogeneity of lysyl oxidase-like 1 (LOXL1) single nucleotide
polymorphisms (SNPs) with exfoliation syndrome (XFS)/exfoliation glaucoma (XFG) and other types of glaucoma.
Methods: We performed meta-analysis and ethnicity-based subgroup analyses according to published studies. Allele and
genotype frequencies of SNPs rs1048661, rs2165241, and rs3825942 were extracted for analysis in Reviewer Manager:
(1) comparison of the allelic distributions between XFS and XFG, (2) allelic association of LOXL1 SNPs with XFS/XFG,
(3) associations in homozygote, heterozygote, and dominant and recessive models, and (4) allelic association with primary
open angle glaucoma (POAG).
Results: In total 24 reported articles were retrieved, including Caucasian, African, Japanese, Indian, and Chinese
populations. There was no significant difference in the distributions of rs1048661, rs2165241, and rs3825942 between
XFS and XFG. The G allele of rs3825942 was the common at-risk allele for XFS/XFG in all populations with a total odds
ratio (OR) of 10.89. The total homozygote OR of rs3825942 was 9.06 for XFS/XFG combined, but the total heterozygote
OR was not significant. We also found that in the recessive model, the total OR was 14.70. There was no association of
the three SNPs with POAG.
Conclusions: The association of rs3825942, but not rs2165241 or rs1048661, with XFS/XFG is consistent in different
ethnic populations in the recessive model. LOXL1 is not associated with POAG in all study populations.

Glaucoma is one of the leading causes of irreversible
blindness worldwide. It is a group of heterogeneous diseases
characterized by progressive loss of retinal ganglion cells and
degenerative optic neuropathy with or without elevated
intraocular pressure (IOP) [1]. Open angle glaucoma is a
major form of glaucoma and can be classified into primary
open angle glaucoma (POAG) and secondary open angle
glaucoma. Exfoliation glaucoma (XFG) is the most common
form of secondary open angle glaucoma and is caused by
obstruction of extracellular material in the anterior chamber
angle in exfoliation syndrome (XFS), which is an age-related
disease characterized by deposits of extracellular material in
the anterior segment, including the cornea, lens, iris, and
anterior chamber [2]. The prevalence of XFS varies widely
across different ethnic populations. In people aged 60 or
above, the prevalence of XFS is 0.4% in Hong Kong Chinese
[3], 0.7% in Singapore Chinese [4], 4.4% in Japanese [5], and
10%–20% in the Caucasian population [6].

The etiology and pathogenesis of glaucoma are complex
and involve multiple genetic and environmental factors.
Myocilin (MYOC) is a causative gene for POAG and
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cytochrome P450, 1B1 (CYP1B1) for congenital glaucoma
[7,8]. Mutations in optineurin (OPTN) and WD repeat domain
36 (WDR36) do not directly lead to POAG but increase the
risk [9,10]. As for XFS and XFG, significant association with
three single nucleotide polymorphisms (SNPs),
rs1048661,rs2165241, and rs3825942, in the Lysyl oxidase-
like 1 (LOXL1) gene was first discovered in 2007 in Icelandic
and Swedish populations by a genome-wide association study
[11]. SNP rs2165241 was marginally (p=0.04) associated with
POAG in the Icelandic but not in the Swedish population,
while rs3825942 and rs1048661 were not associated with
POAG in either population [11].

Since then the association of LOXL1 SNPs with XFS/
XFG has been reported in Caucasian populations in the USA
[12-16], Australia [17], Austria [18], Germany [19,20], Italy
[20], and Finland [21] and in other ethnic groups, including
Japanese [22-27], Indian [28], and Chinese [29,30]. LOXL1
SNPs in POAG have also been studied in Caucasian [14,21,
31], Japanese [22,24,27], Chinese [32], Indian [33], and
African populations [31]. Other types of glaucoma, such as
normal tension glaucoma and pigmentary glaucoma, have
been investigated in India [33], Japan [27], Germany [19], and
the USA [34]. Despite the large amount of information, the
overall association of SNPs and the discrepancies between
individual cohorts or subgroups remain to be characterized.

Meta-analysis is a very useful statistical tool not only to
summarize data from individual studies concerning a specific
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susceptibility gene of other types of glaucoma other than
XFG. Further genetic studies are required to unravel the
discrepancy in LD patterns of the LOXL1 gene among
different populations.
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