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Abstract: Primary open-angle glaucoma (POAG) is an optic neuropathy characterized by irreversible
retinal ganglion cell damage and visual field loss. The global POAG prevalence is estimated to be
3.05%, and near term is expected to significantly rise, especially within aging Asian populations.
Primary angle-closure glaucoma disproportionately affects Asians, with up to four times greater
prevalence of normal-tension glaucoma reported compared with high-tension glaucoma. Estimates
for overall POAG prevalence in Asian populations vary, with Chinese and Indian populations repre-
senting the majority of future cases. Structural characteristics associated with glaucoma progression
including the optic nerve head, retina, and cornea are distinct in Asians, serving as intermediates
between African and European descent populations. Patterns in IOP suggest some similarities be-
tween races, with a significant inverse relationship between age and IOP only in Asian populations.
Genetic differences have been suggested to play a role in these differences, however, a clear genetic
pattern is yet to be established. POAG pathogenesis differs between Asians and other ethnicities, and
it may differ within the broad classification of the Asian race. Greater awareness and further research
are needed to improve treatment plans and outcomes for the increasingly high prevalence of normal
tension glaucoma within aging Asian populations.

Keywords: glaucoma; primary open angle glaucoma; normal tension glaucoma; Asian population;

race; intraocular pressure; optic nerve head; cornea; retina; genetics

1. Introduction

Glaucoma describes a family of optic neuropathies characterized by retinal ganglion
cell loss, optic nerve head alterations, and the retinal nerve fiber layer (RNFL) thinning with
associated progressive visual field loss, beginning in the peripheries. The global prevalence
of the disease has been estimated to be 3.54% in populations aged 40 to 80 and 3.05% for
primary open-angle glaucoma specifically (POAG) [1]. The disease is expected to afflict
over 100 million individuals by 2040 [1]. Currently, intraocular pressure (IOP) is the only
modifiable risk factor, with strong evidence establishing the reduction of IOP, even for
those with clinically normal pressures, to significantly decrease the risk of progression [2,3].
Several risk factors for glaucoma have been identified including elevated IOP, family
history, older age, and, of particular importance, race [1,3]. In fact, it has been estimated
that persons of African descent may have a 2.8 times higher prevalence of POAG than those
of European descent [1]. Additionally, normal-tension glaucoma (NTG), a particular type
of POAG characterized by IOP within normal limits, and primary angle-closure closure
glaucoma (PACG), have been established to be more prevalent in Asian populations [1].
More specifically, China and India have been predicted to have the most and second most
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total glaucoma cases, second and third most POAG cases, and most and second most
PACG cases in the world, respectively [4]. These racial differences in risk and potential
mechanistic pathways necessitate an improved understanding of glaucoma pathology
to more effectively treat individuals of Asian descent. To date, the most important data
available on the epidemiology of primary forms of glaucoma (including POAG with high
IOP, NTG, and PACG) in Asians are from a diverse set of studies [5-23]; however, findings
have not been well synthesized to properly evaluate the specifics of the disease within
the Asian population as well as its ethnic subgroups; therefore, in this review, we will
summarize the current literature on primary forms of glaucoma with an emphasis on
understanding NTG and its impact in aging Asian populations.

2. Materials and Methods

PubMed and Embase searches were conducted for all pertinent articles and abstracts
published between 1 January 2000 and 31 December 2021. Key words utilized in varying
combinations include glaucoma, primary open-angle glaucoma, open-angle glaucoma,
Asian, incidence, prevalence, intraocular pressure, ocular blood flow, ocular vasculature,
optic nerve head, retina, retinal nerve fiber layer, cornea, central corneal thickness, and
genetics. Only articles written in English were considered. Articles were screened for
relevance and analyzed for inclusion in the paper by the authors. The authors first sorted
through abstracts for relevance to the below outline. Abstracts that mentioned or described
these topics were included for further full article review. Additionally, citations of screened
articles were also reviewed and considered for inclusion based on relevance.

3. Results
3.1. Incidence and Prevalence

Asian populations, specifically of East Asian ethnic origin, have been commonly found
to have the highest prevalence of and be a major risk factor for PACG [5-8]. Additionally,
the pattern of disease has been described differently in Asian populations as compared
to European populations, potentially due to anterior chamber and angle anatomy [8].
In comparison, studies done on POAG have been conducted in a wide variety of Asian
populations, finding prevalence rates ranging from as low as 1.0% to as high as 6.5%
(Table 1) [9-23].

Table 1. Prevalence and Incidence of Glaucoma in Asian Populations. POAG: Primary open-angle
glaucoma; NTG: normal-tension glaucoma.

Prevalence/Incidence Prevalence/Incidence Prevalence/Incidence

Author Population of Glaucoma of POAG of NTG
Stein et al., 2011 [9] Asian Americans 6.52% 0.73%
Baskaran et al., 2015 [10] Chinese 4.0% 1.7%

Chan et al., 2016 [11] Asians 3.54% 2.34%

Guo et al., 2021 [12] Laos 1.54% 0.62%

Zhao et al., 2018 [13] Chinese 2.0% 1.0%
He et al., 2015 [14] Chinese 2.85%

Sales et al., 2014 [15] Filipino 11.9% 6.8%
Rauf et al., 2013 [16] Indian 1.0%

Narayanaswamy et al., 2013 [17]  Indian 1.95% 1.25%

Rosman et al., 2012 [18] Singapore Malay 4.6% 3.2%

Liang et al., 2011 [19] Chinese 1.0%

Shen et al., 2008 [20] Singapore Malay 3.4% 2.5%

He et al., 2006 [21] Chinese 2.1%

Rudnicka et al., 2006 [22] Asian 1.4%

Koh et al., 2021 [23] Indian 1.68% 1.37%

Additionally, studies have estimated that approximately 70% of all POAG cases in
Asians were of the normal-tension variety [13,24]. In comparison to other races, Asian
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populations have been found to have a relatively lower risk of POAG per decade in age,
along with subtle regional differences in risk [22,25]. This risk parameter was found
to be the highest in Hispanics followed by white populations; black populations had a
similar risk score as Asian populations, but also had the highest prevalence at any age
group [22,25]. Additionally, within Asian populations, POAG prevalence has been esti-
mated to increase significantly in South and Central Asia, increasing from 17.06 million in
2016 to 32.09 million individuals afflicted by 2040 [11]. This increase may potentially be
attributed to an aging population base or an increased access to primary care and glau-
coma screening; however, further study is necessary to develop an appropriate conclusion
regarding these epidemiological changes and the factors influencing them [26]. Asian pop-
ulations may not have the highest prevalence percentage or increase in prevalence as other
racial demographics, but their rapidly increasing population positions them to be a heavily
affected group in the future. In addition to primary forms of glaucoma, secondary forms of
the disease, including exfoliative and pigmentary glaucoma, exist and need further investi-
gation in the Asian populations. Moreover, another disease highly prevalent among Asians
is myopic maculopathy, a leading cause of irreversible blindness that shares a common risk
factor, represented by axial elongation, with glaucoma [27]. Myopic optic neuropathy is
expected to increase in the future and mostly in Asian populations, therefore, investigating
the natural course of the glaucomatous disease in high myopic eyes, specifically in the
Asian race, is suggested.

3.2. Risk Factors

Risk factors for glaucoma in Asian populations vary widely within the literature,
but similarly to other racial demographics, they include: older age, family history of
glaucoma, elevated IOP, thinner central corneal thickness (CCT), and myopia [28-33]. The
Beijing Eye Study found glaucoma progression to be associated with smaller optic disc
rim area in multiple regression analysis, but not with optic disc size, mean blood pressure,
ocular perfusion pressure, retinal vessel diameter, retinal microvascular abnormalities,
refractive error, and prevalence of dyslipidemia [33]. Additionally, systemic diabetes and
hypertension have been implicated to increase the risk for glaucoma in Asians, which is
similar to Western populations, but the role of these conditions in glaucomatous pathology
is still undefined [33-35]. Obstructive sleep apnea and hypopnea syndrome have also been
associated with an increased risk of glaucoma in Asian and Caucasian populations [36]. In
addition to systemic conditions, serum levels of vitamin C and D, uric acid, and ferritin
have been associated with glaucoma [37-39]. More specifically, lower serums levels of
vitamin C and increased levels of uric acid have been associated with NTG [37]. Similarly,
reduced vitamin D levels were associated, in a reverse J-shaped manner, with a significantly
elevated risk of POAG [38]. Additionally, IOP and vertical and horizontal cup-to-disc ratios
were significantly related to vitamin D level, potentially providing an explanation for this
association [38]. In terms of social risk factors, education level has not been demonstrated
to be associated with IOP or POAG in an Asian population [40]. Overall, risk factors for
glaucoma may not vary between racial demographics, but further research is necessary to
better understand their role in glaucoma pathology.

3.3. Association of Ocular Structures and Glaucoma
3.3.1. Optic Nerve Head

Racial variations in the ONH and their association with glaucoma have been pro-
posed, however, a consensus is yet to be established [41-44]. The Tanjong Pagar study
considered morphometric characteristics of the ONH in a Singaporean Chinese population,
and found that these parameters were incredibly similar to those described previously
in other populations [41]; however, another study looking at white, Asian, African, His-
panic, and Filipino-Americans found mean optic disc sizes of 2.15 mm, 2.38 mm, 2.55 mm,
2.57 mm, and 2.48 mm, respectively, with white-Americans having significantly smaller
optic discs than the other groups [42]. Mean data also suggested that Asian populations
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may present as a distinct intermediate between white and black patients, but this varies
within subgroups [42]. Additionally, a study conducted in European Caucasian and East
Asian children found that East Asian children had significantly larger mean cup-to-disc
ratios [43]. Finally, significantly greater disc area, cup-to-disc area, vertical cup-to-disc area,
and cup volume have been observed in Chinese populations compared with Caucasian
populations [44]. Additionally, Malay patients with NTG have been found to have larger
optic disc and cup areas than patients with POAG, which may further complicate its clinical
utilization [45].

3.3.2. Retina

Differences in retinal measurements have also been noted between Asian and Cau-
casian populations and within Asian ethnic groups. East Asian children have been found
to have a thicker RNFL compared with European Caucasian children [43]. Additionally, a
study comparing Caucasian and Chinese subjects found a significantly greater thickness in
all peripapillary RNFL parameters, except for the nasal quadrant, in Chinese subjects after
adjusting for age, sex, axial length, IOP, disc area, and ganglion cell complex thickness [44];
however, Caucasian subjects were found to have significantly greater ganglion cell complex
thicknesses [44]. These findings indicate potential racial differences in retinal parameters,
but further comparative studies are needed to appropriately draw conclusions with other
racial demographics. It is important to note that studies have found similar trends in
other ethnic groups. In Indian eyes, a negative correlation between age and average RNFL
thickness was identified without significant differences in RNFL thickness between males
and females [46]. Additionally, Indian patients with POAG were found to have signifi-
cantly thinner RNFL parameters than OHT patients whereas OHT patients were found to
have significantly thinner RNFL parameters than normal patients [47]. These trends have
generally been identified in other ethnicities, which may thus describe commonalities in
glaucoma pathogenesis in spite of population-based variations.

Looking specifically at Asian ethnic groups, the Singapore Epidemiology of Eye
Diseases Study examined normal eyes of Chinese, Malay, and Indian adults. The study
found the average ganglion cell-inner plexiform layer thickness to be 82.6 & 6.1, 81.5 & 6.8,
and 78.0 & 6.9 um in Chinese, Malay, and Indian participants, respectively [48]. This
parameter was found to be significantly thinner in Indians compared with Chinese and
Malays [48]. Additionally, the study found the average RNFL thickness to be 95.7 & 9.6,
94.9 £ 10.6, and 87.3 £ 10.6 um in Chinese, Malay, and Indian participants, respectively [49].
This parameter was also found to be significantly thinner in Indians compared with Chinese
and Malays [49]. No statistically significant difference was observed between Chinese and
Malay participants [49]. This recent, large-scale study proposes anatomical differences in
key glaucomatous parameters between various Asian ethnic groups. It is essential to better
identify racial differences to improve upon our understanding of glaucoma pathology as
well as to develop more individualized treatment options.

3.3.3. Cornea

Although corneal measurements, particularly CCT, have been studied in a range
of racial demographics, conclusions regarding Asians are still conflicted. It has been
established that patients of African descent have thinner corneas whereas those of European
and Latin American descent have relatively thicker corneas [50-53]. In comparison, Asians
are known to fall between these extremes; however, their exact position as intermediates
is yet to be established, with some studies identifying Asians as more similar to their
European descent counterparts and others with their African descent counterparts [50-53].
Additionally, differences in ethnic groups have been found within the broad classification
of Asian race. South and Southeast Asians, Filipinos, and Pacific Islanders have been found
to have 6 to 13 pm thicker corneas than Chinese, Japanese, and Koreans [54]. Studies have
identified Chinese participants to have the thinnest corneas within the Asian cohort [50,55],
but a definitive conclusion has yet to be established due to similar findings in Japanese
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participants [53]. Additionally, ethnic variations within rural Chinese populations have
been identified. A large-scale study examining 6504 adults categorized as ethnic Bai, Yi, or
Han over the age of 50 years showed that ethnicity contributed significantly to the presence
of thinner corneas compared with other factors including age, gender, body mass index,
blood pressure, and other anterior ocular structural parameters [56]. More specifically,
those of Han ethnicity were found to have the thinnest corneas [56].

Although the role of CCT in glaucoma pathogenesis is not clear, the parameter has
been found to explain, at least partially, the effect of older age on increased risk of glaucoma
in those of African and Latin American descent, but not in Asians [54]. The Singapore
Malay Eye Study found thinner CCT to be associated with a smaller rim area and greater
cup-to-disc area in POAG patients but not normal subjects, which may suggest a potential
relationship between CCT and glaucomatous pathogenesis [57]. Moreover, the role of CCT
in NTG compared to high-pressure POAG has yet to be understood. A Korean study found
CCT to be thinner in NTG patients compared with POAG patients and control subjects [58];
however, a Chinese study found no significant difference between the CCT of NTG patients
and healthy age- and gender-matched subjects [59]. Although ethnic differences may exist,
further study is necessary to better understand this relationship. Greater CCT has been
proposed, though, it is associated with higher IOP, younger age, male sex, non-hypertensive
status, and diabetes and hyperglycemia [60-63].

3.3.4. Ocular Vasculature

Retinal vascular geometry has been widely studied in Asian populations. Overall,
decreased retinal arteriolar and venular tortuosity or straighter retinal vessels, narrower
retinal venular branching angle, narrower retinal arteriolar and venular caliber, and de-
creased retinal vascular fractal dimension have been associated with an increased risk for
glaucoma and progressive alterations in structural parameters including increased cup-to-
disc ratio, reduced RNFL and ganglion cell-inner plexiform layer thickness, and thinner
neuroretinal rim [64-71]. Interestingly, the Handan Eye Study found that both POAG
and PACG patients had narrower retinal arteries and veins [71]. These findings in Asian
populations have been studied in Caucasian population-based studies with conflicting
results. The Blue Mountain Eye Study found that POAG eyes were much more likely to
have retinal arteriolar narrowing than normal eyes [72,73]; however, the Beaver Dam Eye
Study found no association between retinal vascular caliber and increased prevalence of
glaucoma or larger cup-to-disc ratio [72,74]. In comparison, the Montrachet study found
that decreased retinal vessel calibers were associated with decreased RNFL thickness in
healthy elderly eyes [75]. Importantly, the Montrachet study also established the diagnos-
tic ability of spectral-domain optical coherence tomography in discriminating between
glaucoma patients from healthy controls, a technique which needs to also be applied to
Asians and other populations to establish its diagnostic role in a clinician’s arsenal [76].
Another European study found that narrowing of both arterial and venous retinal vessels
was associated with POAG [77]. The large-scale European Eye Epidemiology study noted
peripapillary RNFL thickness to be associated with systemic vascular and neurovascular
disease [78]. These findings may describe common mechanisms of the vascular hypothesis
of glaucomatous progression; however, further research in diverse populations is required
to appropriately describe the pathogenesis in both of these racial groups.

Research on retinal vascular geometry within specific Asian ethnic groups is much
more limited. One study found, through multiple linear regression modeling, that healthy
Indian participants had the largest arteriolar and venular calibers and Chinese participants
had the smallest vessel calibers, with Malay participants falling between these groups [79].
In addition, Chinese participants were identified to have the largest arteriolar and venular
tortuosity and venular fractal dimension [79]. Both of these parameters have been previ-
ously associated with a reduced risk of glaucoma or structural progression in broader Asian
studies, which may be an important consideration in understanding disease pathogenesis
as it differs between ethnic groups. New developments in optical coherence tomography
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angiography have allowed for the collection of quantitative data on optic disc and peripapil-
lary nerve fiber layer plexus vessel density that could serve as normative clinical references,
as per a recent large-scale study conducted in Chinese adults [80]. Retinal vasculature and
blood pressure differences do exist between ethnic and racial demographics and may be
important in understanding the pathogenesis of glaucoma in these diverse groups.

3.3.5. Other Ocular Structures

Other ocular structures have been briefly studied in Asian populations. A cross-
sectional and meta-analysis study of healthy and POAG Chinese subjects found that there
was no significant difference in choroidal thickness between the groups after adjusting
for IOP, age, and axial length, indicating the choroid may not play a significant role in
glaucoma pathogenesis, at least in this population [81]. A Korean study found CCT and
anterior scleral thickness to be correlated only in NTG patients and anterior scleral thickness
to be thinner in NTG patients compared with POAG patients and control subjects [58].
A study comparing iris structural measurements in American Caucasians and Chinese
and mainland Chinese subjects found that Chinese subjects had thicker irises and greater
iris area under dark conditions that Caucasian subjects [82]. The group also found that
Chinese subjects had smaller angle recess area and trabecular-iris space area than Caucasian
subjects but greater dark-to-light changes in angle opening distance and trabecular-iris
space area [83]. Another study found that the lamina cribrosa thickness to be reduced
in the glaucomatous group compared with the normal group [84]. This finding supports
the mechanistic hypothesis postulating the role of pressures in damaging posterior ocular
structures and influencing visual function. Furthermore, in healthy Asian eyes, a greater
lamina cribrosa depth was found to be associated with age, the female gender, Indian race,
axial length, retinal nerve fiber layer thickness, choroidal thickness, vertical cup-to-disc
ratio, and disc size [85]. Although these measurements may not be directly related to the
pathogenesis of glaucoma, they are still important for a better understanding of the disease
and racial differences in the eye as a whole.

3.4. Intraocular Pressure

Due to the relatively higher incidence of NTG in Asian populations, it is thought
that these patients may have a lower IOP than other racial groups more commonly af-
flicted with high-pressure POAG. This, at least on the surface, goes against the popular
mechanistic hypothesis regarding glaucomatous progression and thus must be evaluated
carefully; however, a definite conclusion regarding racial variations in IOP is difficult to
establish [51,52]. A study comparing aqueous humor dynamics between Chinese and Cau-
casian adults found that Caucasians had lower IOP, a slower aqueous flow rate, and a faster
uveoscleral outflow rate [86]. Ethnic differences may also exist in IOP, with East Asians
having been suggested to have the lowest IOP [55]. The Singapore Epidemiology of Eye
Diseases Study found the mean IOP to be 14.3 £+ 3.1, 15.3 & 3.7, and 15.8 + 2.9 mmHg in
Chinese, Malay, and Indian participants, respectively, with multivariate regression analysis
suggesting Chinese participants to have significantly lower IOP [55]. Additionally, the
prevalence of study participants with elevated IOP, defined as 21 mm Hg or greater, was
found to be 2.6%, 6.2%, and 4% in Chinese, Malay, and Indians [55]. It has been suggested
that this variation may be highly heritable by a large-scale Korean study. Additive genetics
was found to estimate 36% of the total variance in the IOP phenotype, whereas a unique
environment explained the remaining 64% [87]. Additionally, a child’s risk of having high
IOP was almost 10 times greater if they have parents with high IOP [87]. Another study
conducted in Korean and Mongolian populations found higher heritability estimates of
approximately 50% [88]. Although IOP may display significant individual variation, it is
important to consider racial and ethnic variations when utilizing target IOPs as treatment
goals due to potential genetic predispositions.

Similar to other racial demographics, elevated IOP is known to increase the risk of
glaucomatous progression and has been associated with a number of ocular and systemic
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risk factors including the female sex, thicker central corneal thickness, high myopia, high
body mass index, high blood pressure, diabetes, and hyperlipidemia [88-95]; however,
rather surprisingly, older age has not been associated with increased IOP in Asian popu-
lations. Instead, IOP has repeatedly been found to significantly decrease with age in this
racial demographic [88,89,92,96-98]. A positive association between age and IOP has been
previously established in white and black populations by the Beaver Dam Eye Study and
Barbados Eye Study [99,100]. This racial discrepancy in IOP is incredibly significant for clin-
icians to consider as IOP reduction is currently the only therapy for preventing or limiting
disease progression. Asian glaucoma patients may therefore display artificial reductions in
IOP as they age, which is problematic as epidemiologic studies have indicated an increased
risk of glaucoma with age in this population, complicating disease management as current
medical therapies are focused on IOP reduction [25]. New treatment modalities may thus
be vital to adequately manage glaucomatous progression in Asian populations. Theories for
this discrepancy have been proposed, but further research is absolutely necessary to better
understand these varied patterns to effectively treat patients of different racial backgrounds
and to better understand this family of pathomechanisms classified as POAG.

3.5. Blood and Perfusion Pressures

Although hypertension and elevated blood pressure parameters have frequently been
associated with glaucoma in those of European and African descent, their role in Asian
populations is not as widely established, potentially due to the relatively lower incidence
of these cardiovascular conditions in these populations [101]; however, the study of these
vascular factors is incredibly important as it may provide a potential explanation, through
the vascular hypothesis, for the differences in glaucomatous progression noted between
Asian populations and other racial groups. The Beijing Eye Study found no significant
association between arterial hypertension, blood pressure parameters, ocular perfusion
pressure (OPP), and POAG progression or prevalence [33,102]; however, other studies
have identified an elevated prevalence of glaucoma, particularly NTG, in hypertensive
patients [103,104]. In fact, a study conducted in Chinese subjects with systemic hypertension
found that blood pressure was negatively correlated with a range of RNFL thickness
parameters and positively correlated with mean IOP [104]. Interestingly, the Singapore
Malay Eye Study found low diastolic blood pressure, mean OPP, and diastolic OPP to be
independent risk factors for POAG [105]. Additionally, the Singapore Epidemiology of
Eye Diseases Study found that both low and high levels of systolic OPP, but not mid-range
levels, were associated with an increased risk for POAG [106]. Studies comparing the role
of hypertensive status and OPP between racial demographics were not identified. A Korean
study of healthy participants found little difference between pulsatile ocular blood flow
between Koreans and Caucasians [107]. Studies do indicate that ocular and systemic blood
pressures may be important in the pathogenesis of POAG in Asian populations as well.

3.6. Genetics

The heritability of glaucoma has been widely studied in Asian populations, and many
genes have been implicated to play a role in its pathogenesis. Several of the structural
parameters involved in glaucomatous progression have been found to be highly heritable,
with one Chinese twin study identifying approximately 80% of phenotypic variations in
the optic disc to be determined genetically [108]. The study found that the correlation
coefficients of heritability for disc area, cup disc, and cup-to-disc ratio were 0.79, 0.83, and
0.80 in monozygotic twin pairs and 0.30, 0.37, and 0.35 in dizygotic twin pairs, respec-
tively [108]. Additionally, the literature suggests that less than one-tenth of POAG cases in
the general population may be caused by specific genetic mutations, and most are instead
explained by polygenic alterations [109]. Racial differences in genetic polymorphisms
have been identified, however, the significance of these in explaining population-based
differences in disease presentation has yet to be fully understood [110,111]. In fact, one
multi-ethnic genome-wide meta-analysis including 34,179 cases and 349,321 controls iden-
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tified 127 significant POAG loci across Europeans, Africans, and Asians [110]. It also
found moderately high cross-ancestry concordance of loci involved in POAG, but also
many racial-specific loci [110]. Important genes noted across ethnicities include SVEP1,
RERE, VCAM1, ZNF638, CLIC5, SLC2A12, YAP1, MXRAS5, and SMADS6 [110]. Another
study found that European, American, and South Asian populations may share similar
genetic heatmap patterns for single nucleotide polymorphisms of risk alleles for POAG,
whereas African, East Asian, and Korean populations each have a distinct pattern [111].
In addition, similar findings regarding the heritability and polygenic nature of PACG
have been identified, however, very different gene loci have been implicated in this dis-
ease compared with POAG [112,113]. The most common POAG genes studied in Asian
populations include populations include MYOC, OPTN, CYP1B1, CAV1-CAV2, TGFBR3,
ATOH?7, CDKN2B/CDKN2B-AS]1, SIX6, MMP, LOXL-1, TP53, TNE, APOE, TLR4, NFT4,
WDR36, IL-1, and VAV2-VAV3, but numerous other loci have been noted (Table 2). Overall,
genetic differences between populations are expected, and they do exist, but their role in
elucidating racial differences has yet to be uncovered.

Table 2. Genetic Findings in Adult Asian Populations. NTG: normal-tension glaucoma; PACG:
primary angle-closure glaucoma; PCG: primary congenital glaucoma; POAG: primary open-angle
glaucoma; HTG: high-tension glaucoma.

Associated Type of

Race/Ethnicity Genetic Change Glaucoma
MYOC
Fan et al., 2020 [114] Chinese c.622G > T, p.D208Y POAG
Lei et al., 2019 [115] Chinese ¢.1309T > C, p.Y437H POAG
Yang et al., 2015 [116] Chinese c.761C < G, p.P254R POAG
Guo et al., 2015 [117] Asian rs12035719, rs2075648 No association with POAG
Jin et al., 2015 [118] Han Chinese rs183532 PACG
Cai et al.,, 2012 [119] Chinese Uygur c.1151A > G, p.D384G POAG
Chen et al., 2011 [120] Chinese ¢.1099G > A, p.G367R POAG
Qu etal., 2010 [121] Chinese ¢.1084G>- POAG
Jia et al., 2009 [122] Northern Chinese p-Val53Ala POAG
. . ¢.38C > T, p.Pro13Leu; c.1009C >
Xie et al., 2008 [123] Chinese del, p.GIn337Stop POAG
¢.297G > C, p.GIn297His; ¢.363G >
Megkegale et al., 2008 [124] Japanese A, p.Ala363Thr POAG
Kumar et al., 2007 [125] Indian p-GIn48His POAG
Funayama et al., 2006 [126] Japanese c.227G > A, p.Arg76Lys No association with POAG
Chakrabarti et al., 2005 [127] Indian ¢.144G > T, p.GIn48His POAG, PCG
¢.1105T > C, p.Phe369Leu; c.1079T
. > A, p.lle360Asn; c.1087G > A,
Ishikawa et al., 2004 [128] Japanese p.Ala363Thr; c.1342A > C, POAG
p-Thr448Pro
. . ¢.1099G > A, p.Gly367Arg;
Kanagavalli et al., 2003 [129] Indian c1130C > T, p.Thr377Met POAG
. ¢.144G > T, p.GIn48His; ¢.1109C >
Mukhopadhyay et al., 2002 [130] Indian T, p.Pro370Leu POAG
OPTN
Cheng et al., 2010 [131] Asian T34T POAG
Xiao et al., 2009 [132] Chinese c.1274A > G, p.Lys322Glu POAG
Kumar et al., 2007 [125] Indian c.915C > G, p.Thr202Arg POAG
Ayala-Luge et al., 2007 [133] Asian M98K NTG
Sripriya et al., 2006 [134] Indian MOI8K; IVS7 + 24G > A POAG
c.412G > A, p.Thr34Thr; .
Funayama et al., 2004 [135] Japanese C.603T— A, p.Met98Lys POAG; NTG
Leung et al., 2003 [136] Chinese E103D; HA86R; VI8V IVSI3 + popg

21C>G
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Associated Type of

Race/Ethnicity Genetic Change Glaucoma
CYP1B1
Gong et al., 2015 [137] Chinese g{i;gi)pk% oC; p-A2ST; POAG
. rs180040, rs1056836, rs10012, .. .
Dong et al., 2012 [138] Asian 151056827, rs1056837, 152567206 No association with POAG
Chen et al., 2011 [120] Chinese %;1;11270102307(2 6>TE §’17120090C > POAG
Bhattacharjee et al., 2008 [139] Indian ¢.1666G, Leu432Val POAG
¢.578C > T, p.Pro193Leu; c.685G >
Kumar et al., 2007 [125] Indian gﬁﬁ;‘;ﬁ;ﬂsﬁgg éT:A‘f” POAG
p-Arg368His
CAV1-CAV2
Huang et al., 2019 [140] Chinese rs548030386 Intraocular pressure
Kim et al., 2015 [141] Korean minor allele G of rs17588172 HTG
Huang et al., 2014 [142] Asian rs4236601[A] POAG
Kato et al., 2013 [143] Japanese minor allele G of rs1052990 NTG
TGFBR3
Chai et al., 2020 [144] Indian, Malay, Chinese rs1192415 Optic disc parameters
Li et al., 2015 [145] Asian rs1192415 POAG
Khor et al., 2011 [146] Indian, Malay rs1192415 Optic disc parameters
ATOH7?7
Chai et al., 2020 [144] Indian, Malay, Chinese rs1900004 Optic disc parameters
Mabuchi et al., 2015 [147] Japanese rs1900004 POAG
Chen et al., 2012 [148] Chinese rs61854782, rs3858145 NTG, HTG
Khor et al., 2011 [146] Indian, Malay 1rs7916697 Optic disc parameters
CDKN2B/CDKN2B-AS1
Chai et al., 2020 [144] Indian, Malay, Chinese rs1360589 Optic disc parameters
Hu and He, 2017 [149] Asian rs1063192 POAG
Mabuchi et al., 2015 [147] Japanese rs1063192 POAG
rs523096:A; rs518394:C;
Nakano et al., 2012 [150] Japanese 1s564398:A. 157865618:A POAG, NTG
Osman et al., 2012 [151] Japanese rs1063192 POAG
Takamoto et al., 2012 [152] Japanese rs523096 NTG
SIX6
Chai et al., 2020 [144] Indian, Malay, Chinese rs33912345 Optic disc parameters
. rs10483727, rs33912345,
Lu et al., 2019 [153] Asian 512436579 POAG
. rs10483727, rs33912345,
Rong et al., 2019 [154] Chinese, Japanese 12436579 POAG
Mabuchi et al., 2015 [147] Japanese rs10483727 POAG
Osman et al., 2012 [151] Japanese rs10483727 POAG
MMP
Zhao et al., 2020 [155] Chinese rs2250889; rs3918242; rs17576 PACG; POAG; both
He et al., 2017 [156] Asian rs1799750 POAG, PACG
LOXL-1
Wu et al., 2015 [157] Asian rs1048661, C allele of rs2165241 POAG
Sun et al., 2014 [158] Asian rs2165241, rs1048661, rs3825942 No association with POAG
TP53
Zhang and Wang, 2019 [159] Chinese rs4938723, rs1042522 POAG
. PACG; No association with
Gupta et al., 2018 [160] Indian P72R POAG
Guo et al., 2012 [161] Asian Arg72Pro, intron 3 16-bp insertion POAG
Fan et al., 2010 [162] Chinese R72P; rs1042522 NTG
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Associated Type of

Race/Ethnicity Genetic Change Glaucoma
TNF
Passan et al., 2019 [163] North Indian ¢.-308G > A, ¢.-863C > A POAG
Wang et al., 2012 [164] Chinese (-863)A allele POAG
Fan et al., 2010 [162] Chinese -308G > A; rs1800629 HTG
APOE
Guo et al., 2015 [117] Asian rs405509, rs769446, rs449647 No association with POAG
Wang et al., 2014 [165] Asian e4e4 genotype POAG
—491A > T, —427T > C, —219T >
Jia et al., 2009 [122] Northern Chinese G, ¢.526C > T for €2, ¢.388T > C No association with POAG
for ¢4
Lam et al., 2006 [166] Chinese —219T > G; —427T > C NTG and HTG; NTG
TLR4
rs10759930, rs1927914, rs1927911,
Takano et al., 2012 [167] Japanese 1512377632, 152149356, rs7037117 POAG, NTG
Chen et al., 2012 [168] Southern Chinese rs7037117 POAG

Suh et al., 2011 [169]
NTF4

Chen et al., 2012 [170]

Rao et al., 2010 [171]

Vithana et al., 2010 [172]
WDR36

Lee et al., 2010 [173]

Jia et al., 2009 [122]

Fan et al., 2009 [174]
Miyazawa et al., 2007 [175]
IL-1

How et al., 2007 [176]

Wang et al., 2007 [177]
Wang et al., 2007 [178]
Wang et al., 2006 [179]
VAV2-VAV3

Shi et al., 2013 [180]

Rao et al., 2010 [171]

Chromosome 2p16.3
Meng et al., 2015 [181]
Chen et al., 2012 [168]
ABCA1

Huang et al., 2019 [140]
Chen et al., 2014 [168]
PMM?2

Chen et al., 2014 [182]
GLIS3

Li et al., 2020 [183]
Huang et al., 2019 [140]

Korean

Chinese

Indian
Chinese

Mongolian

Northern Chinese
Chinese
Japanese

Chinese

Chinese
Chinese
Chinese

Japanese

Indian

Chinese
Southern Chinese

Chinese
Southern Chinese

Southern Chinese

Han Chinese
Chinese

rs10759930, rs1927914, rs1927911,
1512377632, rs2149356, rs11536889,
rs7037117, rs7045953

c453G > A, p.Pro151Pro; c.470G >
C, p.Gly157Ala; c.545C > T,
p-Alal82Val

c.263C > T, p.A88V; c.453G > A,
p-P151P; ¢.790T > G, 3'UTR;
c.811G > A, 3'UTR

¢.338T > C, p.Leul13Ser

No specific polymorphism
studied

IVS5 +30C > T

p1713V

p.S664L; p.1264V; c.1965-30A > G

IL1o (c.-889C > T); IL1B (c.3953C
<T); IL1B (c.-511C < T)
IL1B c.-511; c.+3953

IL1ox c.-889C > T
IL1x c.-889C > T

rs2156323, rs2801219

rs2156323, rs2801219

151533428, rs12994401, rs10202118
rs1533428

rs2472494
rs2487032

rs3785176

rs736893
rs7047871

No association with NTG

POAG

No association with POAG,
PACG

POAG

Heritability of intraocular
pressure

No association with POAG
HTG

HTG

No association with POAG,
PACG

No association with NTG
No association with NTG
POAG

No association with POAG,
NTG

No association with POAG,
PACG

POAG
POAG

Intraocular pressure
POAG

POAG

POAG
Intraocular pressure
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Race/Ethnicity Genetic Change Glaucoma

RAMP2

p-Glu39Asp; p.Glu54Lys;
Gong et al., 2019 [184] Han Chinese p-Phel03Ser; p.Asn113Lysfs*10; POAG

p-Glul43Lys; p.Ser171Arg
ABCC5
Tang et al., 2017 [185] Chinese rs939336, rs1132776, rs983667 PACG
Nongpiur et al., 2014 [186] Asian rs1401999 PACG
HTR3D
Tang et al., 2017 [185] Chinese rs12493550 PACG
hOGG1
Zeng et al., 2017 [187] Han Chinese p-Ser326Cys PACG
APE1
Zeng et al., 2017 [187] Han Chinese p-Asp148Glu PACG
XRCC1
Zeng et al., 2017 [187] Han Chinese p-Arg399GIn PACG
Yousaf et al., 2011 [188] Pakistani c.1316G > A (rs25487) POAG
XPD
Yousaf et al., 2011 [188] Pakistani c.2298A > C (rs13181) POAG
MFRP
Wang et al., 2018 [189] Northern Chinese rs2510143, rs36015759, rs3814762 No association with PACG

Shi et al., 2013 [190]
ZNRF3

Wang et al., 2018 [189]
HGF
Wang et al., 2018 [189]

CAT

Gong et al., 2018 [191]
GJA1

Huang et al., 2015 [192]
SOD2

Zhou et al., 2015 [193]
CD2

Liu et al., 2014 [194]
GSTM1/GSTT1
Luetal., 2013 [195]
Huang et al., 2013 [196]
HSP70

Shi et al., 2013 [190]
OPA1

Guo et al., 2012 [197]
Woo et al., 2004 [198]
SLC1A3

Yasumura et al., 2011 [199]

HLA
Suzuki et al., 2010 [200]
GLC1F

Murakami et al., 2010 [201]

OLFM2

Funayama et al., 2006 [126]

EDNRA
Kim et al., 2006 [202]

Han Chinese

Northern Chinese

Northern Chinese

Chinese
Chinese
Chinese
Han Chinese

East Asian
Asian

Han Chinese

Asian
Korean

Japanese

Japanese

Japanese
Japanese

Korean

rs3814762

1s7290117, 152179129, rs4823006,
rs3178915

155745718, 1512536657, rs12540393,
rs17427817, rs3735520

rs769217

€.791_792delAA, p.K264Ifs*43
rs6917589, rs5746136
p-GIn596Trp

Null genotype
Null genotype

rs1043618

rs166850, rs10451941
IVS8 +4C > T, ¢.32T > C

rs13173144, rs1366632, rs1428967,
rs930072, rs2301066

27 HLA-DRBI alleles, 14
HLA-DQB1 alleles

163 allele of D751277i
p-Argl144GIn

c*¥1222C>T

PACG

No association with PACG

No association with PACG

POAG

POAG

POAG

POAG

POAG
POAG

PACG

No association with NTG
No association with NTG

No association with NTG

No association with NTG

NTG

POAG

NTG
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4. Discussion

The risk of glaucoma within aging Asian populations has never been higher or in
more need of targeted research. Although African and European descent populations
have been compared and contrasted to some degree, Asian populations and their specific
differential glaucoma risk and disease profiles are not as well understood outside of a large
number of NTG patients expected within these populations. Asians are a rapidly growing
population and will account for a majority of glaucoma cases in the near future. Both
PACG and NTG are known to be more prevalent in this group, but it is not yet definitively
known why this may be the case. Structural parameters including the optic disc, retina,
and cornea have shown both racial and ethnic differences across populations. It is not yet
known whether these variations may predispose populations to glaucoma or if they are
secondary to other population-based variations. Regardless, these structural differences
are clinically noteworthy and may impact diagnostic standards in different racial and
ethnic demographics.

Patterns in IOP and relevant parameters have also shown important differences.
Aqueous humor dynamics have been indicated to differ between Asian and Caucasian
populations. More significantly, in Asian populations, older age has been associated
with decreased IOP, which conflicts with previous findings of a positive association in
African and European descent populations. With medical therapies for glaucoma limited
to IOP reduction, lowering IOP may not be as effective in aging Asian populations given
their tendency to present with NTG and a decreasing IOP with age. Novel modalities of
treatment may thus be necessary to effectively manage glaucoma in this population.

Systemic blood pressure and OPP have both been specifically identified to be risk
factors for glaucoma in Asians, as well as other, populations. Additionally, retinal vascular
geometry has been studied in detail, with narrower retinal vessel calibers, decreased
tortuosity, and decreased fractal dimension having been associated with glaucoma and
parameters of progression. It is still unclear whether these findings differ from other
racial demographics, as ocular blood flow parameters have been studied in greater detail
in white and black populations. Further studies focused on ocular blood flow in Asian
populations are necessary, as well as studies on vascular geometry in other populations.
Finally, distinct genetic patterns have been identified between races; however, the extent
of these similarities and differences has yet to be elucidated along with associations of
genetic polymorphisms and definitive pathomechanisms. Further studies are needed to
specifically investigate glaucoma genes, which are commonly shared both in Asian and
other races, and genes unique to Asian populations. It is important to note that other factors
may interact with specific genetic patterns and influence the disease pathophysiology,
specifically in Asian ethnicities, including environmental conditions and dietary habits.
Asians make up a very large portion of the global population and will soon make up the
majority of glaucoma-afflicted population. With a significant impact expected both within
the communities and health care systems, studies are needed to investigate mechanisms
driving the different types of glaucoma within the Asian population. Focus should be
placed not only on POAG forms with both high and low IOP, but also within PACG
and secondary forms (such as exfoliative glaucoma, pigmentary glaucoma, and myopic
optic neuropathy). Looking forward, increased awareness for clinicians and patients
are important to help mitigate the outsized POAG and NTG burden within aging Asian
populations, and further targeted research is needed to understand specific risk factors and
pathophysiologic mechanisms driving different glaucoma types (primary and secondary)
in the Asian race. A greater understanding of ocular structure, including cup-to-disc
biomarkers and their differences to Western populations along with a better understanding
of IOP and vascular dynamics is needed, with a particular emphasis on accounting for both
genetical and environmental factors.



J. Clin. Med. 2022, 11, 2486 13 of 21

Author Contributions: Conceptualization, B.S.; methodology, A.B.; data curation, A.B.; writing—
original draft preparation, A.B., A.V.V,, FO. and B.S; writing—review and editing, A.V.V.,, AH.,, FO.,
A F-K. and B.S,; supervision, A.H. and B.S. All authors have read and agreed to the published version
of the manuscript.

Funding: Alon Harris is supported by NIH grant (RO1IEY030851), NSF DMS (1853222/2021192), NYEE
Foundation grant, and in part by a Challenge Grant award from Research to Prevent Blindness, NY.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: Alon Harris would like to disclose that he received remuneration from AdOM,
Qlaris, Luseed, and Cipla for serving as a consultant, and he serves on the board of AdOM, Qlaris,
and Phileas Pharma. Alon Harris holds an ownership interest in AdOM, Luseed, Oxymap, Qlaris,
Phileas Pharma, SlitLed, and QuLent. All relationships listed above are pursuant to Icahn School
of Medicine’s policy on outside activities. The contribution of the author Francesco Oddone was
supported by Fondazione Roma and by the Italian Ministry of Health. None of the other authors
listed have any financial disclosures. The authors declare no conflict of interest.

References

1. Tham, Y.-C; Li, X,; Wong, T.Y.; Quigley, H.A.; Aung, T.; Cheng, C.-Y. Global Prevalence of Glaucoma and Projections of Glaucoma
Burden through 2040: A systematic review and meta-analysis. Ophthalmology 2014, 121, 2081-2090. [CrossRef] [PubMed]

2. Kass, M.A,; Heuer, D .K,; Higginbotham, E.J.; Johnson, C.; Keltner, J.L.; Miller, ].P; Parrish, R.K.; Wilson, M.R.; Gordon, M.O. The
Ocular Hypertension Treatment Study: A randomized trial determines that topical ocular hypotensive medication delays or
prevents the onset of primary open-angle glaucoma. Arch. Ophthalmol. 2002, 120, 701-713. [CrossRef] [PubMed]

3. Leske, M.C; Heijl, A.; Hussein, M.; Bengtsson, B.; Hyman, L.; Komaroff, E. Factors for Glaucoma Progression and the Effect of
Treatment: The early manifest glaucoma trial. Arch. Ophthalmol. 2003, 121, 48-56. [CrossRef] [PubMed]

4. Quigley, H.A.; Broman, A.T. The number of people with glaucoma worldwide in 2010 and 2020. Br. ]. Ophthalmol. 2006,
90, 262-267. [CrossRef] [PubMed]

5. Zhang, N.; Wang, J.; Chen, B.; Li, Y,; Jiang, B. Prevalence of Primary Angle Closure Glaucoma in the Last 20 Years: A Meta-Analysis
and Systematic Review. Front. Med. 2021, 7, 624179. [CrossRef] [PubMed]

6. Jonas, ].B,; Aung, T.; Bourne, R R.; Bron, A.M.; Ritch, R.; Panda-Jonas, S. Glaucoma. Lancet 2017, 390, 2183-2193. [CrossRef]

7. Weinreb, R.N.; Leung, C.; Crowston, ].G.; Medeiros, EA.; Friedman, D.S.; Wiggs, J.L.; Martin, K.R. Primary open-angle glaucoma.
Nat. Rev. Dis. Primers 2016, 2, 16067. [CrossRef]

8.  He, M,; Foster, PJ.; Johnson, G.J.; Khaw, P.T. Angle-closure glaucoma in East Asian and European people. Different diseases? Eye
2006, 20, 3-12. [CrossRef]

9.  Stein, ].D.; Kim, D.S.; Niziol, L.M.; Talwar, N.; Nan, B.; Musch, D.; Richards, ].E. Differences in Rates of Glaucoma among Asian
Americans and Other Racial Groups, and among Various Asian Ethnic Groups. Ophthalmology 2011, 118, 1031-1037. [CrossRef]

10. Baskaran, M.; Foo, R.C.; Cheng, C.-Y.; Narayanaswamy, A.K.; Zheng, Y.-F.; Wu, R.; Saw, S.-M.; Foster, P.; Wong, T.-Y.; Aung, T. The
Prevalence and Types of Glaucoma in an Urban Chinese Population: The Singapore Chinese Eye Study. JAMA Ophthalmol. 2015,
133, 874-880. [CrossRef]

11.  Chan, EW,; Li, X,; Tham, Y.-C,; Liao, J.; Wong, T.Y.; Aung, T.; Cheng, C.-Y. Glaucoma in Asia: Regional prevalence variations and
future projections. Br. J. Ophthalmol. 2016, 100, 78-85. [CrossRef] [PubMed]

12. Guo, B.; Tan, Y;; Nygaard, S.; Carrillo, C.; Nouansavanh, K.O.; Souksamone, K.; Casson, R.J. Prevalence of glaucoma in the Lao
People’s Democratic Republic: The Vientiane Eye Study. Br. J. Ophthalmol. 2021; Online ahead of print. [CrossRef]

13.  Zhao, J.; Solano, M.M.; Oldenburg, C.E.; Liu, T.; Wang, Y.; Wang, N.; Lin, S.C. Prevalence of Normal-Tension Glaucoma in the
Chinese Population: A Systematic Review and Meta-Analysis. Am. ]. Ophthalmol. 2018, 199, 101-110. [CrossRef] [PubMed]

14. He,]; Zou, H,; Lee, RK; Tong, X,; Tang, W.; Zhang, Y.; Zhao, R.; Ge, L. Prevalence and risk factors of primary open-angle glaucoma
in a city of Eastern China: A population-based study in Pudong New District, Shanghai. BMIC Ophthalmol. 2015, 15, 134. [CrossRef]
[PubMed]

15. Sales, C.; Lee, R.; Agadzi, A.K.; Hee, M.R,; Singh, K.; Lin, S.C. Open-angle Glaucoma in Filipino and White Americans: A
comparative study. J. Glaucoma 2014, 23, 246-253. [CrossRef] [PubMed]

16. Rauf, A.; Malik, R.; Bunce, C.; Wormald, R. The British Asian Community Eye Study: Outline of results on the prevalence of eye
disease in British Asians with origins from the Indian subcontinent. Indian J. Ophthalmol. 2013, 61, 53-58. [CrossRef] [PubMed]

17.  Narayanaswamy, A.; Baskaran, M.; Zheng, Y.; Lavanya, R.; Wu, R.; Wong, W.-L.; Saw, 5.-M.; Cheng, C.-Y.; Wong, T.-Y.; Aung, T.

The Prevalence and Types of Glaucoma in an Urban Indian Population: The Singapore Indian Eye Study. Investig. Ophthalmol. Vis.
Sci. 2013, 54, 4621-4627. [CrossRef] [PubMed]


http://doi.org/10.1016/j.ophtha.2014.05.013
http://www.ncbi.nlm.nih.gov/pubmed/24974815
http://doi.org/10.1001/archopht.120.6.701
http://www.ncbi.nlm.nih.gov/pubmed/12049574
http://doi.org/10.1001/archopht.121.1.48
http://www.ncbi.nlm.nih.gov/pubmed/12523884
http://doi.org/10.1136/bjo.2005.081224
http://www.ncbi.nlm.nih.gov/pubmed/16488940
http://doi.org/10.3389/fmed.2020.624179
http://www.ncbi.nlm.nih.gov/pubmed/33537335
http://doi.org/10.1016/S0140-6736(17)31469-1
http://doi.org/10.1038/nrdp.2016.67
http://doi.org/10.1038/sj.eye.6701797
http://doi.org/10.1016/j.ophtha.2010.10.024
http://doi.org/10.1001/jamaophthalmol.2015.1110
http://doi.org/10.1136/bjophthalmol-2014-306102
http://www.ncbi.nlm.nih.gov/pubmed/26112871
http://doi.org/10.1136/bjophthalmol-2020-317658
http://doi.org/10.1016/j.ajo.2018.10.017
http://www.ncbi.nlm.nih.gov/pubmed/30352196
http://doi.org/10.1186/s12886-015-0124-x
http://www.ncbi.nlm.nih.gov/pubmed/26462564
http://doi.org/10.1097/IJG.0b013e318279b3e2
http://www.ncbi.nlm.nih.gov/pubmed/23221903
http://doi.org/10.4103/0301-4738.107191
http://www.ncbi.nlm.nih.gov/pubmed/23412521
http://doi.org/10.1167/iovs.13-11950
http://www.ncbi.nlm.nih.gov/pubmed/23745009

J. Clin. Med. 2022, 11, 2486 14 of 21

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Rosman, M.; Zheng, Y.; Lamoureux, E.; Saw, S.M.; Aung, T.; Tay, W.T.; Wang, ].J.; Mitchell, P; Tai, E.S.; Wong, T.Y. Review of key
findings from the Singapore Malay Eye Study (SIMES-1). Singap. Med. ]. 2012, 53, 82-87.

Liang, Y.B.; Friedman, D.S.; Zhou, Q.; Yang, X.; Sun, L.P.; Guo, L.X,; Tao, Q.S.; Chang, D.S.; Wang, N.L. Prevalence of Primary
Open Angle Glaucoma in a Rural Adult Chinese Population: The Handan Eye Study. Investig. Ophthalmol. Vis. Sci. 2011, 52,
8250-8257. [CrossRef]

Shen, S.Y.; Wong, T.Y,; Foster, P.; Loo, J.-L.; Rosman, M.; Loon, S.-C.; Wong, W.L.; Saw, S.-M.; Aung, T. The Prevalence and Types
of Glaucoma in Malay People: The Singapore Malay Eye Study. Investig. Ophthalmol. Vis. Sci. 2008, 49, 3846-3851. [CrossRef]
He, M.; Foster, P; Ge, J.; Huang, W.; Zheng, Y.; Friedman, D.; Lee, P.S.; Khaw, P.T. Prevalence and Clinical Characteristics of
Glaucoma in Adult Chinese: A Population-Based Study in Liwan District, Guangzhou. Investig. Ophthalmol. Vis. Sci. 2006, 47,
2782-2788. [CrossRef]

Rudnicka, A.R.; Mt-Isa, S.; Owen, C.; Cook, D.; Ashby, D. Variations in Primary Open-Angle Glaucoma Prevalence by Age,
Gender, and Race: A Bayesian Meta-Analysis. Investig. Ophthalmol. Vis. Sci. 2006, 47, 4254-4261. [CrossRef] [PubMed]

Koh, V.;; Tham, Y.-C.; Tan, N.Y.; Yu, M,; Thakur, S.; Teo, Z.L.; Mani, B.; Wong, T.-Y.; Aung, T.; Cheng, C.-Y. Six-Year Incidence
and Risk Factors of Primary Glaucoma in the Singapore Indian Eye Study. Ophthalmol. Glaucoma 2021, 4, 201-208. [CrossRef]
[PubMed]

Pekmezci, M.; Vo, B.; Lim, A K,; Hirabayashi, D.R.; Tanaka, G.H.; Weinreb, R.N.; Lin, S.C. The Characteristics of Glaucoma in
Japanese Americans. Arch. Ophthalmol. 2009, 127, 167. [CrossRef] [PubMed]

Kapetanakis, V.V.; Chan, M.P.Y;; Foster, P.; Cook, D.; Owen, C.; Rudnicka, A. Global variations and time trends in the prevalence
of primary open angle glaucoma (POAG): A systematic review and meta-analysis. Br. ]. Ophthalmol. 2016, 100, 86-93. [CrossRef]
Stein, J.D.; Khawaja, A.P.; Weizer, ].S. Glaucoma in Adults—Screening, Diagnosis, and Management: A Review. JAMA 2021, 325,
164-174. [CrossRef]

Song, Y.; Wang, W,; Lin, E; Chen, S; Jin, L.; Li, F.; Gao, K.; Cheng, W.; Xiong, J.; Zhou, R.; et al. Natural history of glaucomatous
optic neuropathy in highly myopic Chinese: Study protocol for a registry cohort study. BM] Open 2020, 10, e039183. [CrossRef]
Chiam, N.; Baskaran, M,; Li, Z.; Perera, S.; Goh, D.; Husain, R.; Khor, C.C.; Cheng, C.; Aung, T.; Vithana, E.N. Social, health
and ocular factors associated with primary open-angle glaucoma amongst Chinese Singaporeans. Clin. Exp. Ophthalmol. 2018,
46, 25-34. [CrossRef]

Doss, E.L.; Doss, L.; Han, Y.; Huang, S.; Porco, T.; Pekmezci, M.; Lin, S. Risk Factors for Glaucoma Suspicion in Healthy Young
Asian and Caucasian Americans. J. Ophthalmol. 2014, 2014, 726760. [CrossRef]

Perera, S.A.; Wong, T.Y.; Tay, W.-T.; Foster, PJ.; Saw, S.-M.; Aung, T. Refractive Error, Axial Dimensions, and Primary Open-Angle
Glaucoma: The Singapore Malay Eye Study. Arch. Ophthalmol. 2010, 128, 900-905. [CrossRef]

Suzuki, Y.; Iwase, A.; Araie, M.; Yamamoto, T.; Abe, H.; Shirato, S.; Kuwayama, Y.; Mishima, H.K.; Shimizu, H.; Tomita, G. Risk
Factors for Open-Angle Glaucoma in a Japanese Population: The Tajimi Study. Ophthalmology 2006, 113, 1613-1617. [CrossRef]
Tham, Y.-C.; Aung, T,; Fan, Q.; Saw, 5.-M.; Siantar, R.G.; Wong, T.Y.; Cheng, C.-Y. Joint Effects of Intraocular Pressure and
Myopia on Risk of Primary Open-Angle Glaucoma: The Singapore Epidemiology of Eye Diseases Study. Sci. Rep. 2016, 6, 19320.
[CrossRef] [PubMed]

Wang, Y.X;; Hu, L.N,; Yang, H.; Jonas, J.B.; Xu, L. Frequency and associated factors of structural progression of open-angle
glaucoma in the Beijing Eye Study: Table 1. Br. J. Ophthalmol. 2012, 96, 811-815. [CrossRef] [PubMed]

Luo, X.-Y.; Tan, N.Y.Q.; Chee, M.-L.; Shi, Y.; Tham, Y.-C.; Wong, T.Y.; Wang, ].J.; Cheng, C.-Y. Direct and Indirect Associations
Between Diabetes and Intraocular Pressure: The Singapore Epidemiology of Eye Diseases Study. Investig. Ophthalmol. Vis. Sci.
2018, 59, 2205-2211. [CrossRef] [PubMed]

Bae, HW.; Lee, N.; Lee, H.S.; Hong, S.; Seong, G.J.; Kim, C.Y. Systemic Hypertension as a Risk Factor for Open-Angle Glaucoma:
A Meta-Analysis of Population-Based Studies. PLoS ONE 2014, 9, €108226. [CrossRef]

Wu, X,; Liu, H. Obstructive sleep apnea/hypopnea syndrome increases glaucoma risk: Evidence from a meta-analysis. Int. J. Clin.
Exp. Med. 2015, 8, 297-303.

Yuki, K.; Murat, D.; Kimura, I.; Ohtake, Y.; Tsubota, K. Reduced-serum vitamin C and increased uric acid levels in normal-tension
glaucoma. Graefe’s Arch. Clin. Exp. Ophthalmol. 2010, 248, 243-248. [CrossRef]

Yoo, TK,; Oh, E.; Hong, S. Is vitamin D status associated with open-angle glaucoma? A cross-sectional study from South Korea.
Public Health Nutr. 2014, 17, 833-843. [CrossRef]

Lin, S.-C.; Wang, S.Y.; Yoo, C.; Singh, K,; Lin, S.C. Association Between Serum Ferritin and Glaucoma in the South Korean
Population. JAMA Ophthalmol. 2014, 132, 1414-1420. [CrossRef]

Xu, L.; Wang, Y.X.; Jonas, ].B. Level of education associated with ophthalmic diseases. The Beijing Eye Study. Graefe’s Arch. Clin.
Exp. Ophthalmol. 2010, 248, 49-57. [CrossRef]

Bourne, R.R.A ; Foster, P.; Bunce, C.; Peto, T.; Hitchings, R.A.; Khaw, P.T.; Seah, S.K.L.; Garway-Heath, D. The morphology of the
optic nerve head in the Singaporean Chinese population (the Tanjong Pagar study): Part 1—Optic nerve head morphology. Br. |.
Ophthalmol. 2008, 92, 303-309. [CrossRef]

Seider, M.L; Lee, R.; Wang, D.; Pekmezci, M.; Porco, T.C.; Lin, S.C. Optic Disk Size Variability Between African, Asian, White,
Hispanic, and Filipino Americans Using Heidelberg Retinal Tomography. J. Glaucoma 2009, 18, 595-600. [CrossRef] [PubMed]
Samarawickrama, C.; Wang, J.J.; Huynh, S.C.; Pai, A ; Burlutsky, G.; Rose, K.; Mitchell, P. Ethnic differences in optic nerve head
and retinal nerve fibre layer thickness parameters in children. Br. |. Ophthalmol. 2010, 94, 871-876. [CrossRef] [PubMed]


http://doi.org/10.1167/iovs.11-7472
http://doi.org/10.1167/iovs.08-1759
http://doi.org/10.1167/iovs.06-0051
http://doi.org/10.1167/iovs.06-0299
http://www.ncbi.nlm.nih.gov/pubmed/17003413
http://doi.org/10.1016/j.ogla.2020.09.004
http://www.ncbi.nlm.nih.gov/pubmed/32947057
http://doi.org/10.1001/archophthalmol.2008.593
http://www.ncbi.nlm.nih.gov/pubmed/19204234
http://doi.org/10.1136/bjophthalmol-2015-307223
http://doi.org/10.1001/jama.2020.21899
http://doi.org/10.1136/bmjopen-2020-039183
http://doi.org/10.1111/ceo.13008
http://doi.org/10.1155/2014/726760
http://doi.org/10.1001/archophthalmol.2010.125
http://doi.org/10.1016/j.ophtha.2006.03.059
http://doi.org/10.1038/srep19320
http://www.ncbi.nlm.nih.gov/pubmed/26758554
http://doi.org/10.1136/bjophthalmol-2011-301224
http://www.ncbi.nlm.nih.gov/pubmed/22408234
http://doi.org/10.1167/iovs.17-23013
http://www.ncbi.nlm.nih.gov/pubmed/29801155
http://doi.org/10.1371/journal.pone.0108226
http://doi.org/10.1007/s00417-009-1183-6
http://doi.org/10.1017/S1368980013003492
http://doi.org/10.1001/jamaophthalmol.2014.2876
http://doi.org/10.1007/s00417-009-1204-5
http://doi.org/10.1136/bjo.2007.123273
http://doi.org/10.1097/IJG.0b013e3181996f05
http://www.ncbi.nlm.nih.gov/pubmed/19826388
http://doi.org/10.1136/bjo.2009.158279
http://www.ncbi.nlm.nih.gov/pubmed/19822916

J. Clin. Med. 2022, 11, 2486 15 of 21

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Chansangpetch, S.; Huang, G.; Coh, P.; Oldenburg, C.; Amoozgar, B.; He, M,; Lin, S.C. Differences in Optic Nerve Head, Retinal
Nerve Fiber Layer, and Ganglion Cell Complex Parameters Between Caucasian and Chinese Subjects. J. Glaucoma 2018, 27,
350-356. [CrossRef] [PubMed]

Shatriah, I.; Adlina, A.-R.; Alisa-Victoria, K.; Liza-Sharmini, A.T.; Ahmad, M.S. Optic disc topography in Malay patients with
normal-tension glaucoma and primary open-angle glaucoma. Clin. Ophthalmol. 2014, 8, 2533-2539. [CrossRef] [PubMed]
Malik, A ; Singh, M.; Arya, S.; Sood, S.; Ichhpujani, P. Retinal nerve fiber layer thickness in Indian eyes with optical coherence
tomography. Nepal. |. Ophthalmol. 2012, 4, 59-63. [CrossRef] [PubMed]

Gyatsho, J.; Kaushik, S.; Gupta, A.; Pandav, S.S.; Ram, J. Retinal Nerve Fiber Layer Thickness in Normal, Ocular Hypertensive,
and Glaucomatous Indian Eyes: An optical coherence tomography study. J. Glaucoma 2008, 17, 122-127. [CrossRef] [PubMed]
Tham, Y.-C.; Chee, M.L.; Dai, W.; Lim, Z.W.; Majithia, S.; Siantar, R.; Thakur, S.; Rim, T.; Cheung, C.Y.; Sabanayagam, C.; et al.
Profiles of Ganglion Cell-Inner Plexiform Layer Thickness in a Multi-Ethnic Asian Population: The Singapore Epidemiology of
Eye Diseases Study. Ophthalmology 2020, 127, 1064-1076. [CrossRef]

Ho, H.; Tham, Y.-C.; Chee, M.L,; Shi, Y; Tan, N.Y.; Wong, K.-H.; Majithia, S.; Cheung, C.Y.; Aung, T.; Wong, T.Y.; et al. Retinal
Nerve Fiber Layer Thickness in a Multiethnic Normal Asian Population: The Singapore Epidemiology of Eye Diseases Study.
Ophthalmology 2019, 126, 702-711. [CrossRef]

Badr, M.; Solano, M.M.; Amoozgar, B.; Nguyen, A.; Porco, T.; Lin, S. Central Corneal Thickness Variances Among Different Asian
Ethnicities in Glaucoma and Nonglaucoma Patients. J. Glaucoma 2019, 28, 223-230. [CrossRef]

Shimmyo, M.; Ross, A.].; Moy, A.; Mostafavi, R. Intraocular pressure, Goldmann applanation tension, corneal thickness, and
corneal curvature in Caucasians, Asians, Hispanics, and African Americans. Am. J. Ophthalmol. 2003, 136, 603—-613. [CrossRef]
Knight, O.].; Girkin, C.A.; Budenz, D.L.; Durbin, M.K,; Feuer, W.J.; The Cirrus OCT Normative Database Study Group. Effect of
Race, Age, and Axial Length on Optic Nerve Head Parameters and Retinal Nerve Fiber Layer Thickness Measured by Cirrus
HD-OCT. Arch. Ophthalmol. 2012, 130, 312-318. [CrossRef] [PubMed]

Aghaian, E.; Choe, ].E.; Lin, S.; Stamper, R.L. Central corneal thickness of Caucasians, Chinese, Hispanics, Filipinos, African
Americans, and Japanese in a glaucoma clinic. Ophthalmology 2004, 111, 2211-2219. [CrossRef] [PubMed]

Wang, S.Y.; Melles, R.; Lin, S.C. The Impact of Central Corneal Thickness on the Risk for Glaucoma in a Large Multiethnic
Population. J. Glaucoma 2014, 23, 606-612. [CrossRef] [PubMed]

Chua, J.; Tham, Y.C,; Liao, J.; Zheng, Y.; Aung, T.; Wong, T.Y.; Cheng, C.-Y. Ethnic Differences of Intraocular Pressure and Central
Corneal Thickness: The Singapore Epidemiology of Eye Diseases study. Ophthalmology 2014, 121, 2013-2022. [CrossRef] [PubMed]
Pan, C.-W,; Li, J.; Zhong, H.; Shen, W.; Niu, Z.; Yuan, Y.; Chen, Q. Ethnic Variations in Central Corneal Thickness in a Rural
Population in China: The Yunnan Minority Eye Studies. PLoS ONE 2015, 10, e0135913. [CrossRef] [PubMed]

Wu, R.-Y,; Zheng, Y.-F,; Wong, T.-Y.; Cheung, C.; Loon, S.-C.; Chauhan, B.C.; Aung, T. Relationship of Central Corneal Thickness
with Optic Disc Parameters: The Singapore Malay Eye Study. Investig. Ophthalmol. Vis. Sci. 2011, 52, 1320-1324. [CrossRef]
[PubMed]

Yoo, C.; Eom, Y.S.; Suh, Y.-W.; Kim, Y.Y. Central Corneal Thickness and Anterior Scleral Thickness in Korean Patients with
Open-angle Glaucoma: An anterior segment optical coherence tomography study. . Glaucoma 2011, 20, 95-99. [CrossRef]
[PubMed]

Chen, H.-C.; Ho, J.-D.; Chang, S.H.-L.; Chen, Y.-H.S.; Wu, S.-C. Central corneal thickness of normal-tension glaucoma and
non-glaucoma populations in ethnic Chinese. Chang. Gung Med. |. 2004, 27, 50-55.

Su, D.H.; Wong, T.Y.; Foster, P; Tay, W.-T.; Saw, S.-M.; Aung, T. Central Corneal Thickness and its Associations with Ocular and
Systemic Factors: The Singapore Malay Eye Study. Am. J. Ophthalmol. 2009, 147, 709-716.e1. [CrossRef]

Hwang, YH.; Kim, T.-W.; Sohn, Y.H. Central Corneal Thickness in a Korean Population: The Namil Study. Investig. Ophthalmol.
Vis. Sci. 2012, 53, 6851-6855. [CrossRef]

Day, A.C.; Machin, D.; Aung, T.; Gazzard, G.; Husain, R.; Chew, PT.K,; Khaw, PT.; Seah, S.K.L.; Foster, PJ. Central Corneal
Thickness and Glaucoma in East Asian People. Investig. Ophthalmol. Vis. Sci. 2011, 52, 8407-8412. [CrossRef] [PubMed]

Luo, X.-Y.; Dai, W.; Chee, M.-L.; Tao, Y.; Chua, J.; Tan, N.Y.Q.; Tham, Y.-C.; Aung, T.; Wong, T.Y.; Cheng, C.-Y. Association of
Diabetes with Central Corneal Thickness Among a Multiethnic Asian Population. JAMA Netw. Open 2019, 2, e186647. [CrossRef]
[PubMed]

Wu, R.; Cheung, C.Y.-L.; Saw, S.M.; Mitchell, P.; Aung, T.; Wong, T.Y. Retinal Vascular Geometry and Glaucoma: The Singapore
Malay Eye Study. Ophthalmology 2013, 120, 77-83. [CrossRef] [PubMed]

Amerasinghe, N.; Aung, T.; Cheung, N.; Fong, C.W.; Wang, ].].; Mitchell, P.; Saw, S.-M.; Wong, T.Y. Evidence of Retinal Vascular
Narrowing in Glaucomatous Eyes in an Asian Population. Investig. Ophthalmol. Vis. Sci. 2008, 49, 5397-5402. [CrossRef] [PubMed]
Tham, Y.-C.; Cheng, C.-Y.; Zheng, Y.; Aung, T.; Wong, T.Y.; Cheung, C. Relationship between Retinal Vascular Geometry with
Retinal Nerve Fiber Layer and Ganglion Cell-Inner Plexiform Layer in Nonglaucomatous Eyes. Investig. Ophthalmol. Vis. Sci.
2013, 54, 7309-7316. [CrossRef] [PubMed]

Tham, Y.-C,; Siantar, R.G.; Cheung, C.; Tan, S.-P; Koh, V.T.; Aung, T.; Wong, T.Y.; Cheng, C.-Y. Inter-Relationships Between Retinal
Vascular Caliber, Retinal Nerve Fiber Layer Thickness, and Glaucoma: A Mediation Analysis Approach. Investig. Ophthalmol. Vis.
Sci. 2016, 57, 3803-3809. [CrossRef] [PubMed]

Wang, S.; Xu, L.; Wang, Y.; Wang, Y.; Jonas, ].B. Retinal vessel diameter in normal and glaucomatous eyes: The Beijing eye study.
Clin. Exp. Ophthalmol. 2007, 35, 800-807. [CrossRef]


http://doi.org/10.1097/IJG.0000000000000889
http://www.ncbi.nlm.nih.gov/pubmed/29394205
http://doi.org/10.2147/OPTH.S71136
http://www.ncbi.nlm.nih.gov/pubmed/25540578
http://doi.org/10.3126/nepjoph.v4i1.5852
http://www.ncbi.nlm.nih.gov/pubmed/22343998
http://doi.org/10.1097/IJG.0b013e31814b9817
http://www.ncbi.nlm.nih.gov/pubmed/18344758
http://doi.org/10.1016/j.ophtha.2020.01.055
http://doi.org/10.1016/j.ophtha.2018.11.031
http://doi.org/10.1097/IJG.0000000000001180
http://doi.org/10.1016/S0002-9394(03)00424-0
http://doi.org/10.1001/archopthalmol.2011.1576
http://www.ncbi.nlm.nih.gov/pubmed/22411660
http://doi.org/10.1016/j.ophtha.2004.06.013
http://www.ncbi.nlm.nih.gov/pubmed/15582076
http://doi.org/10.1097/IJG.0000000000000088
http://www.ncbi.nlm.nih.gov/pubmed/25055208
http://doi.org/10.1016/j.ophtha.2014.04.041
http://www.ncbi.nlm.nih.gov/pubmed/24950592
http://doi.org/10.1371/journal.pone.0135913
http://www.ncbi.nlm.nih.gov/pubmed/26274328
http://doi.org/10.1167/iovs.10-6038
http://www.ncbi.nlm.nih.gov/pubmed/21087973
http://doi.org/10.1097/IJG.0b013e3181dde051
http://www.ncbi.nlm.nih.gov/pubmed/20577104
http://doi.org/10.1016/j.ajo.2008.10.013
http://doi.org/10.1167/iovs.12-10173
http://doi.org/10.1167/iovs.11-7927
http://www.ncbi.nlm.nih.gov/pubmed/21917940
http://doi.org/10.1001/jamanetworkopen.2018.6647
http://www.ncbi.nlm.nih.gov/pubmed/30646192
http://doi.org/10.1016/j.ophtha.2012.07.063
http://www.ncbi.nlm.nih.gov/pubmed/23009894
http://doi.org/10.1167/iovs.08-2142
http://www.ncbi.nlm.nih.gov/pubmed/18719076
http://doi.org/10.1167/iovs.13-12796
http://www.ncbi.nlm.nih.gov/pubmed/24135760
http://doi.org/10.1167/iovs.15-18683
http://www.ncbi.nlm.nih.gov/pubmed/27421069
http://doi.org/10.1111/j.1442-9071.2007.01627.x

J. Clin. Med. 2022, 11, 2486 16 of 21

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Zheng, Y.; Cheung, N.; Aung, T.; Mitchell, P.; He, M.; Wong, T.Y. Relationship of Retinal Vascular Caliber with Retinal Nerve Fiber
Layer Thickness: The Singapore Malay Eye Study. Investig. Ophthalmol. Vis. Sci. 2009, 50, 4091-4096. [CrossRef]

Koh, V,; Cheung, C.; Zheng, Y.; Wong, T.Y.; Wong, W.; Aung, T. Relationship of Retinal Vascular Tortuosity with the Neuroretinal
Rim: The Singapore Malay Eye Study. Investig. Ophthalmol. Vis. Sci. 2010, 51, 3736-3741. [CrossRef]

Gao, J.; Liang, Y.; Wang, F.; Shen, R.; Wong, T.; Peng, Y.; Friedman, D.; Wang, N. Retinal Vessels Change in Primary Angle-Closure
Glaucoma: The Handan Eye Study. Sci. Rep. 2015, 5, 9585. [CrossRef]

Chan, KK.W.,; Tang, F.,; Tham, C.Y.C.; Young, A.L.; Cheung, C.Y. Retinal vasculature in glaucoma: A review. BM] Open Ophthalmol.
2017, 1, e000032. [CrossRef] [PubMed]

Mitchell, P; Leung, H.; Wang, ].].; Rochtchina, E.; Lee, A.].; Wong, T.Y.; Klein, R. Retinal vessel diameter and open-angle glaucoma:
The Blue Mountains Eye Study. Ophthalmology 2005, 112, 245-250. [CrossRef] [PubMed]

Klein, R.; Klein, B.E.; Tomany, S.C.; Wong, T.Y. The relation of retinal microvascular characteristics to age-related eye disease: The
Beaver Dam eye study. Am. J. Ophthalmol. 2004, 137, 435-444. [CrossRef] [PubMed]

Arnould, L.; Guillemin, M.; Seydou, A.; Gabrielle, P-H.; Bourredjem, A.; Kawasaki, R.; Binquet, C.; Bron, AM,;
Creuzot-Garcher, C. Association between the retinal vascular network and retinal nerve fiber layer in the elderly: The
Montrachet study. PLoS ONE 2020, 15, e0241055. [CrossRef]

Arnould, L.; De Lazzer, A.; Seydou, A.; Binquet, C.; Bron, A.M.; Creuzot-Garcher, C. Diagnostic ability of spectral-domain optical
coherence tomography peripapillary retinal nerve fiber layer thickness to discriminate glaucoma patients from controls in an
elderly population (The MONTRACHET study). Acta Ophthalmol. 2020, 98, €1009-e1016. [CrossRef]

Chiquet, C.; Gavard, O.; Arnould, L.; Mautuit, T.; Macgillivray, TJ.; Bron, A.M.; Semecas, R.; Trucco, E.; Florent, A. Retinal vessel
phenotype in patients with primary open-angle glaucoma. Acta Ophthalmol. 2020, 98, e88-€93. [CrossRef]

Mauschitz, M.M.; Bonnemaijer, PW.; Diers, K.; Rauscher, EG.; Elze, T.; Engel, C.; Loeffler, M.; Colijn, J.M.; Ikram, M.A;
Vingerling, ].R.; et al. Systemic and Ocular Determinants of Peripapillary Retinal Nerve Fiber Layer Thickness Measurements in
the European Eye Epidemiology (E3) Population. Ophthalmology 2018, 125, 1526-1536. [CrossRef]

Li, X.; Wong, W.L.; Cheung, C.; Cheng, C.-Y.; Ikram, M.K,; Li, J.; Chia, K.S.; Wong, T.Y. Racial Differences in Retinal Vessel
Geometric Characteristics: A Multiethnic Study in Healthy Asians. Investig. Ophthalmol. Vis. Sci. 2013, 54, 3650-3656. [CrossRef]
Zhu, M.M.; Choy, B.N.K,; You, Q.S.; Chan, J].C.H.; Ng, A.L.K,; Shih, K.; Cheung, J.J.C.; Wong, ] KW.; Shum, J.; Ni, M.Y,; et al.
Optic disc and peripapillary vessel density measured with optical coherence tomography angiography and its associations in
Chinese adults: A large population-based study. Br. J. Ophthalmol. 2021. [CrossRef]

Wang, W.; Zhang, X. Choroidal Thickness and Primary Open-Angle Glaucoma: A Cross-Sectional Study and Meta-Analysis.
Investig. Ophthalmol. Vis. Sci. 2014, 55, 6007-6014. [CrossRef]

Wang, D.; He, M.; Wu, L.; Yaplee, S.; Singh, K.; Lin, S. Differences in iris structural measurements among American Caucasians,
American Chinese and mainland Chinese. Clin. Exp. Ophthalmol. 2012, 40, 162-169. [CrossRef] [PubMed]

Wang, D.; Chiu, C.; He, M.; Wu, L.; Kao, A,; Lin, S. Differences in Baseline Dark and the Dark-to-Light Changes in Anterior
Chamber Angle Parameters in Whites and Ethnic Chinese. Investig. Ophthalmol. Vis. Sci. 2011, 52, 9404-9410. [CrossRef]
[PubMed]

Ren, R; Wang, N.; Li, B.; Li, L.; Gao, F; Xu, X,; Jonas, ].B. Lamina Cribrosa and Peripapillary Sclera Histomorphometry in
Normal and Advanced Glaucomatous Chinese Eyes with Various Axial Length. Investig. Ophthalmol. Vis. Sci. 2009, 50, 2175-2184.
[CrossRef] [PubMed]

Tun, T.A.; Wang, X.; Baskaran, M.; Nongpiur, M.E.; Tham, Y.C.; Nguyen, D.Q.; Strouthidis, N.G.; Aung, T.; Cheng, C.-Y.; Boote, C.;
et al. Determinants of lamina cribrosa depth in healthy Asian eyes: The Singapore Epidemiology Eye Study. Br. . Ophthalmol.
2021, 105, 367-373. [CrossRef] [PubMed]

Fan, S.; Guo, T.; Chen, B.; Xiong, J.; Havens, S.; Gulati, V.; Toris, C.B. Differences in ocular biometrics and aqueous humour
dynamics between Chinese and Caucasian adults. Br. J. Ophthalmol. 2019, 103, 1845-1849. [CrossRef] [PubMed]

Kim, N.R;; Park, H.J.; Suh, Y.J.; Chin, H.S.; Kim, C.Y. Heritabilities of Intraocular Pressure in the Population of Korea: The Korean
National Health and Nutrition Examination Survey 2008-2009. JAMA Ophthalmol. 2014, 132, 278-285. [CrossRef] [PubMed]
Lee, M.K,; Cho, S.-I; Kim, H.; Song, Y.-M.; Lee, K.; Kim, J.-I.; Kim, D.-M.; Chung, T.-Y.; Kim, Y.S; Seo, ].-S.; et al. Epidemiologic
Characteristics of Intraocular Pressure in the Korean and Mongolian Populations: The Healthy Twin and the GENDISCAN Study.
Ophthalmology 2012, 119, 450-457. [CrossRef]

Zhou, Q.; Liang, Y.; Wong, T.Y.; Yang, X.H.; Lian, L.; Zhu, D.; Sun, L.P; Wang, N.L.; Friedman, D. Intraocular Pressure and
its Relationship to Ocular and Systemic Factors in a Healthy Chinese Rural Population: The Handan Eye Study. Ophthalmic
Epidemiol. 2012, 19, 278-284. [CrossRef]

Wang, D.; Huang, W.; Li, Y.; Zheng, Y.; Foster, P.; Congdon, N.; He, M. Intraocular Pressure, Central Corneal Thickness, and
Glaucoma in Chinese Adults: The Liwan Eye Study. Am. J. Ophthalmol. 2011, 152, 454-462.el. [CrossRef]

Jonas, ].B.; Nangia, V.; Matin, A.; Sinha, A.; Kulkarni, M.; Bhojwani, K. Intraocular Pressure and Associated Factors: The central
India eye and medical study. J. Glaucoma 2011, 20, 405-409. [CrossRef]

Kawase, K.; Tomidokoro, A.; Araie, M.; Iwase, A.; Yamamoto, T.; Tajimi Study Group; Japan Glaucoma Society. Ocular and
systemic factors related to intraocular pressure in Japanese adults: The Tajimi study. Br. J. Ophthalmol. 2008, 92, 1175-1179.
[CrossRef] [PubMed]


http://doi.org/10.1167/iovs.09-3444
http://doi.org/10.1167/iovs.09-5008
http://doi.org/10.1038/srep09585
http://doi.org/10.1136/bmjophth-2016-000032
http://www.ncbi.nlm.nih.gov/pubmed/29354699
http://doi.org/10.1016/j.ophtha.2004.08.015
http://www.ncbi.nlm.nih.gov/pubmed/15691558
http://doi.org/10.1016/j.ajo.2003.10.020
http://www.ncbi.nlm.nih.gov/pubmed/15013865
http://doi.org/10.1371/journal.pone.0241055
http://doi.org/10.1111/aos.14448
http://doi.org/10.1111/aos.14192
http://doi.org/10.1016/j.ophtha.2018.03.026
http://doi.org/10.1167/iovs.12-11126
http://doi.org/10.1136/bjophthalmol-2020-318199
http://doi.org/10.1167/iovs.14-14996
http://doi.org/10.1111/j.1442-9071.2011.02658.x
http://www.ncbi.nlm.nih.gov/pubmed/21794048
http://doi.org/10.1167/iovs.11-8470
http://www.ncbi.nlm.nih.gov/pubmed/22076986
http://doi.org/10.1167/iovs.07-1429
http://www.ncbi.nlm.nih.gov/pubmed/19387083
http://doi.org/10.1136/bjophthalmol-2020-315840
http://www.ncbi.nlm.nih.gov/pubmed/32434775
http://doi.org/10.1136/bjophthalmol-2018-313132
http://www.ncbi.nlm.nih.gov/pubmed/30894342
http://doi.org/10.1001/jamaophthalmol.2013.7612
http://www.ncbi.nlm.nih.gov/pubmed/24435617
http://doi.org/10.1016/j.ophtha.2011.09.016
http://doi.org/10.3109/09286586.2012.708084
http://doi.org/10.1016/j.ajo.2011.03.005
http://doi.org/10.1097/IJG.0b013e3181f7af9b
http://doi.org/10.1136/bjo.2007.128819
http://www.ncbi.nlm.nih.gov/pubmed/18669541

J. Clin. Med. 2022, 11, 2486 17 of 21

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Foster, PJ.; Machin, D.; Wong, T.-Y.; Ng, T.-P.; Kirwan, J.E,; Johnson, G.J.; Khaw, P.T.; Seah, S.K.L. Determinants of intraocular
pressure and its association with glaucomatous optic neuropathy in Chinese Singaporeans: The Tanjong Pagar Study. Investig.
Ophthalmol. Vis. Sci. 2003, 44, 3885-3891. [CrossRef] [PubMed]

Kim, Y.-H.; Jung, SW.; Nam, G.-E.; Han, K.D.; Bok, A.R.; Baek, S.J.; Cho, K.-H.; Choi, Y.S.; Kim, S.M.; Ju, S.-Y,; et al. High
intraocular pressure is associated with cardiometabolic risk factors in South Korean men: Korean National Health and Nutrition
Examination Survey, 2008-2010. Eye 2014, 28, 672—679. [CrossRef] [PubMed]

Tham, Y.-C.; Liao, J.; Vithana, E.N.; Khor, C.C.; Teo, Y.-Y,; Tai, E.S.; Wong, T.Y.; Aung, T.; Cheng, C.-Y. Aggregate Effects of
Intraocular Pressure and Cup-to-Disc Ratio Genetic Variants on Glaucoma in a Multiethnic Asian Population. Ophthalmology
2015, 122, 1149-1157. [CrossRef] [PubMed]

Baek, S.U.; Kee, C.; Suh, W. Longitudinal analysis of age-related changes in intraocular pressure in South Korea. Eye 2015, 29,
625-629. [CrossRef]

Chua, J.; Chee, M.L.; Chin, C; Tham, Y.C,; Tan, N.; Lim, S.H.; Aung, T.; Cheng, C.-Y.; Wong, T.Y.; Schmetterer, L. Inter-relationship
between ageing, body mass index, diabetes, systemic blood pressure and intraocular pressure in Asians: 6-year longitudinal
study. Br. J. Ophthalmol. 2019, 103, 196-202. [CrossRef] [PubMed]

Nomura, H.; Ando, F,; Niino, N.; Shimokata, H.; Miyake, Y. The relationship between age and intraocular pressure in a Japanese
population: The influence of central corneal thickness. Curr. Eye Res. 2002, 24, 81-85. [CrossRef]

Klein, B.E.; Klein, R.; Linton, K.L. Intraocular pressure in an American community. The Beaver Dam Eye Study. Investig.
Ophthalmol. Vis. Sci. 1992, 33, 2224-2228.

Wu, S.-Y,; Leske, M.C. Associations with Intraocular Pressure in the Barbados Eye Study. Arch. Ophthalmol. 1997, 115, 1572-1576.
[CrossRef]

Huck, A.; Harris, A.; Siesky, B.; Kim, N.; Muchnik, M.; Kanakamedala, P.; Amireskandari, A.; Tobe, L.A. Vascular considerations
in glaucoma patients of African and European descent. Acta Ophthalmol. 2014, 92, e336—-e340. [CrossRef]

Xu, L.; Wang, Y.X; Jonas, J.B. Ocular perfusion pressure and glaucoma: The Beijing Eye Study. Eye 2009, 23, 734-736. [CrossRef]
[PubMed]

Gangwani, R.A.; Chan, J.; Lee, ]JW.,; Kwong, A.; Lai, ].5.M. Detection of Glaucoma in a Cohort of Chinese Subjects with Systemic
Hypertension. J. Ophthalmol. 2013, 2013, 463710. [CrossRef] [PubMed]

Gangwani, R.A,; Lee, ].W.; Mo, H.; Sum, R.; Kwong, A.S.; Wang, ].H.; Tsui, WW.; Chan, J.; Lai, ].S. The Correlation of Retinal
Nerve Fiber Layer Thickness with Blood Pressure in a Chinese Hypertensive Population. Medicine 2015, 94, €947. [CrossRef]
[PubMed]

Zheng, Y.; Wong, T.Y.; Mitchell, P; Friedman, D.S.; He, M.; Aung, T. Distribution of Ocular Perfusion Pressure and Its Relationship
with Open-Angle Glaucoma: The Singapore Malay Eye Study. Investig. Ophthalmol. Vis. Sci. 2010, 51, 3399-3404. [CrossRef]
[PubMed]

Tham, Y.-C; Lim, S.-H.; Gupta, P.; Aung, T.; Wong, T.Y.; Cheng, C.-Y. Inter-relationship between ocular perfusion pressure, blood
pressure, intraocular pressure profiles and primary open-angle glaucoma: The Singapore Epidemiology of Eye Diseases study. Br.
J. Ophthalmol. 2018, 102, 1402-1406. [CrossRef] [PubMed]

Kim, S.K,; Cho, B.J.; Hong, S.; Kang, S.Y.; Kim, ].S.; Kim, C.Y.; Seong, G.]. Pulsatile Ocular Blood Flow in Healthy Koreans. Korean
J. Ophthalmol. 2008, 22, 6-9. [CrossRef] [PubMed]

He, M,; Liu, B.; Huang, W.; Zhang, J.; Yin, Q.; Zheng, Y.; Wang, D.; Ge, J. Heritability of Optic Disc and Cup Measured by the
Heidelberg Retinal Tomography in Chinese: The Guangzhou Twin Eye Study. Investig. Ophthalmol. Vis. Sci. 2008, 49, 1350-1355.
[CrossRef]

Abu-Amero, K.; Kondkar, A.A.; Chalam, K.V. An Updated Review on the Genetics of Primary Open Angle Glaucoma. Int. J. Mol.
Sci. 2015, 16, 28886-28911. [CrossRef]

Gharahkhani, P; Jorgenson, E.; Hysi, P.; Khawaja, A.P,; Pendergrass, S.; Han, X.; Ong, ].S.; Hewitt, A.W.; Segre, A.V.; Rouhana, ].M;
et al. Genome-wide meta-analysis identifies 127 open-angle glaucoma loci with consistent effect across ancestries. Nat. Commun.
2021, 12, 1258. [CrossRef]

Shin, H.-T.; Yoon, B.W.; Seo, ].H. Analysis of risk allele frequencies of single nucleotide polymorphisms related to open-angle
glaucoma in different ethnic groups. BMC Med. Genom. 2021, 14, 80. [CrossRef]

Wang, J.; Yusufu, M.; Khor, C.C.; Aung, T.; Wang, N. The genetics of angle closure glaucoma. Exp. Eye Res. 2019, 189, 107835.
[CrossRef] [PubMed]

Shi, H.; Chen, Y.; Lu, H,; Zhu, R.; Zhang, ].; He, M.; Guan, H. In-depth analysis of eight susceptibility loci of primary angle closure
glaucoma in Han Chinese. Exp. Eye Res. 2021, 202, 108350. [CrossRef] [PubMed]

Fan, W,; Li, W,; Duan, C.; Zhang, W.; Guo, Y.; Chen, F. Characterization of a novel mutation in the MYOC gene in a Chinese family
with primary open-angle glaucoma. Mol. Med. Rep. 2020, 22, 3263-3270. [CrossRef] [PubMed]

Lei, L.; Li, S,; Liu, X.; Zhang, C. The clinical feature of myocilin Y437H mutation in a Chinese family with primary open-angle
glaucoma. Br. ]. Ophthalmol. 2019, 103, 1524-1529. [CrossRef] [PubMed]

Yang, Y.; Shi, Y.; Huang, X; Li, X,; Ye, Z.; Shuai, P.; Qu, C.; Chen, R.; Xu, ].; Yang, Z.; et al. Identification of a novel MYOC mutation
in a Chinese family with primary open-angle glaucoma. Gene 2015, 571, 188-193. [CrossRef] [PubMed]

Guo, H,; Li, M,; Wang, Z.; Liu, Q.; Wu, X. Association of MYOC and APOE promoter polymorphisms and primary open-angle
glaucoma: A meta-analysis. Int. J. Clin. Exp. Med. 2015, 8, 2052-2064. [PubMed]


http://doi.org/10.1167/iovs.03-0012
http://www.ncbi.nlm.nih.gov/pubmed/12939305
http://doi.org/10.1038/eye.2014.43
http://www.ncbi.nlm.nih.gov/pubmed/24603415
http://doi.org/10.1016/j.ophtha.2015.01.024
http://www.ncbi.nlm.nih.gov/pubmed/25745874
http://doi.org/10.1038/eye.2015.11
http://doi.org/10.1136/bjophthalmol-2018-311897
http://www.ncbi.nlm.nih.gov/pubmed/29632002
http://doi.org/10.1076/ceyr.24.2.81.8161
http://doi.org/10.1001/archopht.1997.01100160742012
http://doi.org/10.1111/aos.12354
http://doi.org/10.1038/eye.2008.342
http://www.ncbi.nlm.nih.gov/pubmed/18989341
http://doi.org/10.1155/2013/463710
http://www.ncbi.nlm.nih.gov/pubmed/23401742
http://doi.org/10.1097/MD.0000000000000947
http://www.ncbi.nlm.nih.gov/pubmed/26061324
http://doi.org/10.1167/iovs.09-4867
http://www.ncbi.nlm.nih.gov/pubmed/20164462
http://doi.org/10.1136/bjophthalmol-2017-311359
http://www.ncbi.nlm.nih.gov/pubmed/29331952
http://doi.org/10.3341/kjo.2008.22.1.6
http://www.ncbi.nlm.nih.gov/pubmed/18323699
http://doi.org/10.1167/iovs.07-1146
http://doi.org/10.3390/ijms161226135
http://doi.org/10.1038/s41467-020-20851-4
http://doi.org/10.1186/s12920-021-00921-2
http://doi.org/10.1016/j.exer.2019.107835
http://www.ncbi.nlm.nih.gov/pubmed/31634478
http://doi.org/10.1016/j.exer.2020.108350
http://www.ncbi.nlm.nih.gov/pubmed/33227294
http://doi.org/10.3892/mmr.2020.11441
http://www.ncbi.nlm.nih.gov/pubmed/32945492
http://doi.org/10.1136/bjophthalmol-2018-313069
http://www.ncbi.nlm.nih.gov/pubmed/30612094
http://doi.org/10.1016/j.gene.2015.06.042
http://www.ncbi.nlm.nih.gov/pubmed/26095806
http://www.ncbi.nlm.nih.gov/pubmed/25932136

J. Clin. Med. 2022, 11, 2486 18 of 21

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Jin, X.; Wang, D.-J.; Qu, L.-H.; Hou, B.-K,; Gong, Y.; Xu, W.-W. Haplotype Analysis of Association of the MYOC Gene with
Primary Angle-Closure Glaucoma in a Han Chinese Population. Genet. Test. Mol. Biomark. 2015, 19, 3-8. [CrossRef]

Cai, S.P.; Muhemaiti, P; Yin, Y.; Cheng, H.; Di Ya, A.; Keyimu, M.; Cao, X.; Fan, N,; Jiang, L.; Yan, N.; et al. A novel MYOC
heterozygous mutation identified in a Chinese Uygur pedigree with primary open-angle glaucoma. Mol. Vis. 2012, 18, 1944-1951.
Chen, J.; Cai, S.-P; Yu, W,; Yan, N; Tang, L.; Chen, X.; Liu, X. Sequence analysis of MYOC and CYP1B1 in a Chinese pedigree of
primary open-angle glaucoma. Mol. Vis. 2011, 17, 1431-1435.

Qu, X,; Zhou, X.; Zhou, K,; Xie, X.; Tian, Y. New mutation in the MYOC gene and its association with primary open-angle
glaucoma in a Chinese family. Mol. Biol. Rep. 2010, 37, 255-261. [CrossRef]

Jia, L.-Y;; Tam, P.O.-S.; Chiang, S.W.-Y.; Ding, N.; Chen, L.J.; Yam, G.H.-F,; Pang, C.-P.; Wang, N.-L. Multiple gene polymorphisms
analysis revealed a different profile of genetic polymorphisms of primary open-angle glaucoma in northern Chinese. Mol. Vis.
2009, 15, 89-98. [PubMed]

Xie, X.; Zhou, X.; Qu, X.; Wen, J.; Tian, Y.; Zheng, F. Two novel myocilin mutations in a Chinese family with primary open-angle
glaucoma. Mol. Vis. 2008, 14, 1666-1672. [PubMed]

Mengkegale, M.; Fuse, N.; Miyazawa, A.; Takahashi, K.; Seimiya, M.; Yasui, T.; Tamai, M.; Nakazawa, T.; Nishida, K. Presence of
myocilin sequence variants in Japanese patients with open-angle glaucoma. Mol. Vis. 2008, 14, 413—417. [PubMed]

Kumar, A.; Basavaraj, M.G.; Gupta, S.K.; Qamar, I.; Ali, A.M.; Bajaj, V.; Ramesh, T.; Prakash, D.R.; Shetty, ].S.; Dorairaj, S.K. Role
of CYP1B1, MYOC, OPTN and OPTC genes in adult-onset primary open-angle glaucoma: Predominance of CYP1B1 mutations in
Indian patients. Mol. Vis. 2007, 13, 667-676.

Funayama, T.; Mashima, Y.; Ohtake, Y.; Ishikawa, K.; Fuse, N.; Yasuda, N.; Fukuchi, T.; Murakami, A.; Hotta, Y.; Shimada, N.
SNPs and Interaction Analyses of Noelin 2, Myocilin, and Optineurin Genes in Japanese Patients with Open-Angle Glaucoma.
Investig. Ophthalmol. Vis. Sci. 2006, 47, 5368-5375. [CrossRef]

Chakrabarti, S.; Kaur, K.; Komatireddy, S.; Acharya, M.; Devi, K.R.; Mukhopadhyay, A.; Mandal, A K.; Hasnain, S.; Chandrasekhar,
G.; Thomas, R.; et al. GIn48His is the prevalent myocilin mutation in primary open angle and primary congenital glaucoma
phenotypes in India. Mol. Vis. 2005, 11, 111-113.

Ishikawa, K.; Funayama, T.; Ohtake, Y.; Tanino, T.; Kurosaka, D.; Suzuki, K.; Ideta, H.; Fujimaki, T.; Tanihara, H.; Asaoka, R.; et al.
Novel MYOC Gene Mutation, Phe369Leu, in Japanese Patients with Primary Open-Angle Glaucoma Detected by Denaturing
High-Performance Liquid Chromatography. J. Glaucoma 2004, 13, 466—471. [CrossRef]

Kanagavalli, J.; Krishnadas, S.R.; Pandaranayaka, E.; Krishnaswamy, S.; Sundaresan, P. Evaluation and understanding of myocilin
mutations in Indian primary open angle glaucoma patients. Mol. Vis. 2003, 9, 606—614.

Mukhopadhyay, A.; Acharya, M.; Mukherjee, S.; Ray, ].; Choudhury, S.; Khan, M.; Ray, K. Mutations in MYOC gene of Indian
primary open angle glaucoma patients. Mol. Vis. 2002, 8, 442-448.

Cheng, ].-W.; Li, P.; Wei, R.-L. Meta-analysis of association between optineurin gene and primary open-angle glaucoma. Med. Sci.
Monit. 2010, 16, CR369-77.

Xiao, Z.; Meng, Q.; Tsai, ].C.; Yuan, H.; Xu, N.; Li, Y. A novel optineurin genetic mutation associated with open-angle glaucoma in
a Chinese family. Mol. Vis. 2009, 15, 1649-1654. [PubMed]

Ayala-Lugo, RM.; Pawar, H.; Reed, D.M.; Lichter, PR.; Moroi, S.E.; Page, M.; Eadie, ].; Azocar, V.; Maul, E.; Ntim-Amponsah, C.;
et al. Variation in optineurin (OPTN) allele frequencies between and within populations. Mol. Vis. 2007, 13, 151-163. [PubMed]
Sripriya, S.; Nirmala, J.; George, R.; Hemamalini, A.; Baskaran, M.; Prema, R.; Ramesh, S.V.; Karthiyayini, T.; Amali, ].; Job, S.;
et al. OPTN gene: Profile of patients with glaucoma from India. Mol. Vis. 2006, 12, 816-820. [PubMed]

Funayama, T.; Ishikawa, K.; Ohtake, Y.; Tanino, T.; Kurosaka, D.; Kimura, I.; Suzuki, K; Ideta, H.; Nakamoto, K.; Yasuda, N.;
et al. Variants in Optineurin Gene and Their Association with Tumor Necrosis Factor-a Polymorphisms in Japanese Patients with
Glaucoma. Investig. Ophthalmol. Vis. Sci. 2004, 45, 4359-4367. [CrossRef]

Leung, Y.F; Fan, B.J.; Lam, D.S.C.; Lee, W.S.; Tam, P.O.S.; Chua, ] K.H.; Tham, C.Y.C.; Lai, ].5.M.; Fan, D.S.P,; Pang, C.P. Different
optineurin mutation pattern in primary open-angle glaucoma. Investig. Ophthalmol. Vis. Sci. 2003, 44, 3880-3884. [CrossRef]
Gong, B.; Qu, C,; Li, X,; Shi, Y,; Lin, Y.; Zhou, Y.; Shuai, P.; Yang, Y.; Liu, X.; Zhang, D.; et al. Mutation spectrum of CYP1Blin
Chinese patients with primary open-angle glaucoma. Br. ]. Ophthalmol. 2015, 99, 425-430. [CrossRef] [PubMed]

Dong, S.; Yang, J.; Yu, W.; Kota, P; Xia, X.; Xu, H. No association of genetic polymorphisms in CYP1B1 with primary open-angle
glaucoma: A meta- and gene-based analysis. Mol. Vis. 2012, 18, 786-796. [PubMed]

Bhattacharjee, A.; Banerjee, D.; Mookherjee, S.; Acharya, M.; Banerjee, A.; Ray, A.; Sen, A.; Indian Genome Variation Consortium;
Ray, K. Leu432Val polymorphism in CYP1B1 as a susceptible factor towards predisposition to primary open-angle glaucoma.
Mol. Vis. 2008, 14, 841-850. [PubMed]

Huang, L.; Chen, Y; Lin, Y.,; Tam, P.O.S.; Cheng, Y.; Shi, Y,; Gong, B.; Lu, F; Yang, J.; Wang, H.; et al. Genome-wide analysis
identified 17 new loci influencing intraocular pressure in Chinese population. Sci. China Life Sci. 2019, 62, 153-164. [CrossRef]
[PubMed]

Kim, S.; Kim, K.; Heo, D.W.; Kim, J.-S.; Park, C.K,; Kim, C.-S.; Kang, C. Expression-associated polymorphisms of CAV1-CAV2
affect intraocular pressure and high-tension glaucoma risk. Mol. Vis. 2015, 21, 548-554.

Huang, W.; Wang, W.; Zhou, M.; Zhang, X. Association of single-nucleotide polymorphism rs4236601 near caveolin 1 and 2 with
primary open-angle glaucoma: A meta-analysis. Clin. Exp. Ophthalmol. 2014, 42, 515-521. [CrossRef] [PubMed]


http://doi.org/10.1089/gtmb.2014.0130
http://doi.org/10.1007/s11033-009-9667-3
http://www.ncbi.nlm.nih.gov/pubmed/19145250
http://www.ncbi.nlm.nih.gov/pubmed/18776955
http://www.ncbi.nlm.nih.gov/pubmed/18334962
http://doi.org/10.1167/iovs.06-0196
http://doi.org/10.1097/0.ijg.0000138204.6d
http://www.ncbi.nlm.nih.gov/pubmed/19710941
http://www.ncbi.nlm.nih.gov/pubmed/17293779
http://www.ncbi.nlm.nih.gov/pubmed/16885925
http://doi.org/10.1167/iovs.03-1403
http://doi.org/10.1167/iovs.02-0693
http://doi.org/10.1136/bjophthalmol-2014-306054
http://www.ncbi.nlm.nih.gov/pubmed/25527694
http://www.ncbi.nlm.nih.gov/pubmed/22509109
http://www.ncbi.nlm.nih.gov/pubmed/18483560
http://doi.org/10.1007/s11427-018-9430-2
http://www.ncbi.nlm.nih.gov/pubmed/30591961
http://doi.org/10.1111/ceo.12201
http://www.ncbi.nlm.nih.gov/pubmed/24034151

J. Clin. Med. 2022, 11, 2486 19 of 21

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Kato, T.; Meguro, A.; Nomura, E.; Uemoto, R.; Nomura, N.; Ota, M.; Kashiwagi, K.; Mabuchi, F; Iijima, H.; Kawase, K,;
et al. Association study of genetic variants on chromosome 7q31 with susceptibility to normal tension glaucoma in a Japanese
population. Eye 2013, 27, 979-983. [CrossRef] [PubMed]

Chai, X,; Low, K.Y,; Tham, Y.C.; Chee, M.L.; Thakur, S.; Zhang, L.; Tan, N.Y.; Khor, C.C.; Aung, T.; Wong, T.Y,; et al. Association of
Glaucoma Risk Genes with Retinal Nerve Fiber Layer in a Multi-ethnic Asian Population: The Singapore Epidemiology of Eye
Diseases Study. Investig. Ophthalmol. Vis. Sci. 2020, 61, 37. [CrossRef] [PubMed]

Yu, C.C,; Allingham, R.R.; Nakano, M.; Li-Jia, C.; Chen, Y.; Ikeda, Y.; Mani, B.; Chen, L.-J.; Kee, C.; Garway-Heath, D.; et al. A
common variant near TGFBR3 is associated with primary open angle glaucoma. Hum. Mol. Genet. 2015, 24, 3880-3892. [CrossRef]
Khor, C.C.; Ramdas, W.D.; Vithana, E.N.; Cornes, B.K,; Sim, X.; Tay, W.-T.; Saw, S.-M.; Zheng, Y.; Lavanya, R.; Wu, R,; et al.
Genome-wide association studies in Asians confirm the involvement of ATOH7 and TGFBR3, and further identify CARD10 as a
novel locus influencing optic disc area. Hum. Mol. Genet. 2011, 20, 1864-1872. [CrossRef]

Mabuchi, F,; Sakurada, Y.; Kashiwagi, K.; Yamagata, Z.; lijima, H.; Tsukahara, S. Involvement of Genetic Variants Associated
with Primary Open-Angle Glaucoma in Pathogenic Mechanisms and Family History of Glaucoma. Am. J. Ophthalmol. 2015, 159,
437-444.e2. [CrossRef]

Chen, ].-H.; Wang, D.; Huang, C.; Zheng, Y.; Chen, H.; Pang, C.-P.; Zhang, M. Interactive Effects of ATOH7andRFTN1in Association
with Adult-Onset Primary Open-Angle Glaucoma. Investig. Ophthalmol. Vis. Sci. 2012, 53, 779-785. [CrossRef]

Hu, Z.; He, C. CDKN2B gene 151063192 polymorphism decreases the risk of glaucoma. Oncotarget 2017, 8, 21167-21176. [CrossRef]
Nakano, M; Ikeda, Y.; Tokuda, Y.; Fuwa, M.; Omi, N.; Ueno, M.; Imai, K.; Adachi, H.; Kageyama, M.; Mori, K; et al. Common
Variants in CDKN2B-AS1 Associated with Optic-Nerve Vulnerability of Glaucoma Identified by Genome-Wide Association
Studies in Japanese. PLoS ONE 2012, 7, €33389. [CrossRef]

Osman, W.; Low, S.-K.; Takahashi, A.; Kubo, M.; Nakamura, Y. A genome-wide association study in the Japanese population
confirms 9p21 and 14q23 as susceptibility loci for primary open angle glaucoma. Hum. Mol. Genet. 2012, 21, 2836-2842. [CrossRef]
Takamoto, M.; Kaburaki, T.; Mabuchi, A.; Araie, M.; Amano, S.; Aihara, M.; Tomidokoro, A.; Iwase, A.; Mabuchi, F;
Kashiwagi, K.; et al. Common Variants on Chromosome 9p21 Are Associated with Normal Tension Glaucoma. PLoS ONE
2012, 7, e40107. [CrossRef] [PubMed]

Lu, S.Y,; He, Z.Z; Xu, ].X,; Yang, C.; Chen, L.].; Gong, B. Association of Polymorphisms at the SIX1-SIX6 Locus with Primary
Open-Angle Glaucoma. Investig. Ophthalmol. Vis. Sci. 2019, 60, 2914-2924. [CrossRef] [PubMed]

Rong, S.S.; Lu, S.Y.; Matsushita, K.; Huang, C.; Leung, C.K.; Kawashima, R.; Usui, S.; Tam, PO.; Young, A.L.; Tsujikawa, M.; et al.
Association of the SIX6 locus with primary open angle glaucoma in southern Chinese and Japanese. Exp. Eye Res. 2019, 180,
129-136. [CrossRef] [PubMed]

Zhao, F; Fan, Z.; Huang, X. Role of matrix metalloproteinase-9 gene polymorphisms in glaucoma: A hospital-based study in
Chinese patients. J. Clin. Lab. Anal. 2020, 34, €23105. [CrossRef] [PubMed]

He, M.; Wang, W.; Han, X.; Huang, W. Matrix metalloproteinase-1 rs1799750 polymorphism and glaucoma: A meta-analysis.
Ophthalmic Genet. 2017, 38, 211-216. [CrossRef] [PubMed]

Wu, M.; Zhu, X.-Y,; Ye, J. Associations of polymorphisms of LOXL1 gene with primary open-angle glaucoma: A meta-analysis
based on 5293 subjects. Mol. Vis. 2015, 21, 165-172. [PubMed]

Sun, W.; Sheng, Y.; Weng, Y.; Xu, C.-X.; Williams, S.E.; Liu, Y.-T.; Hauser, M.A.; Allingham, R.R; Jin, M.-].; Chen, G.-D. Lack of
association between lysyl oxidase-like 1 polymorphisms and primary open angle glaucoma: A meta-analysis. Int. . Ophthalmol.
2014, 7, 550-556. [CrossRef]

Zhang, J.; Wang, L. Association between rs4938723 polymorphism and the risk of primary open-angle glaucoma (POAG) in a
Chinese population. J. Cell. Biochem. 2019, 120, 12875-12886. [CrossRef]

Gupta, S.; Chatterjee, S.; Chandra, A.; Maurya, O.P.S.; Mishra, R.N.; Mukherjee, A.; Mutsuddi, M. TP53 codon 72 polymorphism
and the risk of glaucoma in a north Indian cohort: A genetic association study. Ophthalmic Genet. 2018, 39, 228-235. [CrossRef]
Guo, Y.; Zhang, H.; Chen, X,; Yang, X.; Cheng, W.; Zhao, K. Association of TP53 Polymorphisms with Primary Open-Angle
Glaucoma: A Meta-Analysis. Investig. Ophthalmol. Vis. Sci. 2012, 53, 3756-3763. [CrossRef]

Fan, B.; Liu, K.; Wang, D.Y,; Tham, C.Y.C.; Tam, P.O.S.; Lam, D.S.C.; Pang, C.P. Association of Polymorphisms of Tumor Necrosis
Factor and Tumor Protein p53 with Primary Open-Angle Glaucoma. Investig. Ophthalmol. Vis. Sci. 2010, 51, 4110-4116. [CrossRef]
[PubMed]

Passan, S.; Goyal, S.; Bhat, M.A; Singh, D.; Vanita, V. Association of TNF-« gene alterations (c.-238G > A, ¢.-308G > A, ¢.-857C > T,
¢.-863C > A) with primary glaucoma in north Indian cohort. Gene 2019, 709, 25-35. [CrossRef]

Wang, C.-Y;; Shen, Y.-C.; Wei, L.-C.; Lin, K.-H.; Feng, S.-C.; Yang, Y.-Y.; Chiu, C.-H.; Tsai, H.-Y. Polymorphism in the TNF-x(—863)
locus associated with reduced risk of primary open angle glaucoma. Mol. Vis. 2012, 18, 779-785. [PubMed]

Wang, Y.; Zhou, Y.-F; Zhao, B.-Y.; Gu, Z.-Y;; Li, S.-L. Apolipoprotein E gene e4¢4 is associated with elevated risk of primary open
angle glaucoma in Asians: A meta-analysis. BMC Med. Genet. 2014, 15, 60. [CrossRef] [PubMed]

Lam, C.Y; Fan, B.J.; Wang, D.Y.; Tam, P.O.S.; Tham, C.C.Y.;; Leung, D.Y.L.; Fan, D.S.P.; Lam, D.S.C.; Pang, C.P. Association
of Apolipoprotein E Polymorphisms with Normal Tension Glaucoma in a Chinese Population. J. Glaucoma 2006, 15, 218-222.
[CrossRef]


http://doi.org/10.1038/eye.2013.123
http://www.ncbi.nlm.nih.gov/pubmed/23743525
http://doi.org/10.1167/iovs.61.10.37
http://www.ncbi.nlm.nih.gov/pubmed/32821913
http://doi.org/10.1093/hmg/ddv128
http://doi.org/10.1093/hmg/ddr060
http://doi.org/10.1016/j.ajo.2014.11.023
http://doi.org/10.1167/iovs.11-8277
http://doi.org/10.18632/oncotarget.15504
http://doi.org/10.1371/journal.pone.0033389
http://doi.org/10.1093/hmg/dds103
http://doi.org/10.1371/journal.pone.0040107
http://www.ncbi.nlm.nih.gov/pubmed/22792221
http://doi.org/10.1167/iovs.18-26489
http://www.ncbi.nlm.nih.gov/pubmed/31284308
http://doi.org/10.1016/j.exer.2018.12.014
http://www.ncbi.nlm.nih.gov/pubmed/30586556
http://doi.org/10.1002/jcla.23105
http://www.ncbi.nlm.nih.gov/pubmed/31713905
http://doi.org/10.1080/13816810.2016.1193877
http://www.ncbi.nlm.nih.gov/pubmed/27428613
http://www.ncbi.nlm.nih.gov/pubmed/25750511
http://doi.org/10.3980/j.issn.2222-3959.2014.03.29
http://doi.org/10.1002/jcb.28559
http://doi.org/10.1080/13816810.2017.1413661
http://doi.org/10.1167/iovs.12-9818
http://doi.org/10.1167/iovs.09-4974
http://www.ncbi.nlm.nih.gov/pubmed/20357201
http://doi.org/10.1016/j.gene.2019.05.035
http://www.ncbi.nlm.nih.gov/pubmed/22509108
http://doi.org/10.1186/1471-2350-15-60
http://www.ncbi.nlm.nih.gov/pubmed/24885013
http://doi.org/10.1097/01.ijg.0000212217.19804.a7

J. Clin. Med. 2022, 11, 2486 20 of 21

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

Takano, Y.; Shi, D.; Shimizu, A.; Funayama, T.; Mashima, Y.; Yasuda, N.; Fukuchi, T.; Abe, H.; Ideta, H.; Zheng, X.; et al.
Association of Toll-like Receptor 4 Gene Polymorphisms in Japanese Subjects with Primary Open-Angle, Normal-Tension, and
Exfoliation Glaucoma. Am. J. Ophthalmol. 2012, 154, 825-832.el. [CrossRef]

Chen, LJ.; Tam, PO.; Leung, D.Y.; Fan, A.H.; Zhang, M.; Tham, C.C.; Chiang, S.W.; Fan, B.J.; Wang, N.; Pang, C.P. SNP rs1533428
at 2p16.3 as a marker for late-onset primary open-angle glaucoma. Mol. Vis. 2012, 18, 1629-1639.

Suh, W,; Kim, S.; Ki, C.-S.; Kee, C. Toll-like Receptor 4 gene polymorphisms do not associate with normal tension glaucoma in a
Korean population. Mol. Vis. 2011, 17, 2343-2348.

Chen, L.].; Ng, TK,; Fan, A.H.; Leung, D.Y.; Zhang, M.; Wang, N.; Zheng, Y.; Liang, X.Y.; Chiang, S.W.; Tam, P.O.; et al. Evaluation
of NTF4 as a causative gene for primary open-angle glaucoma. Mol. Vis. 2012, 18, 1763-1772.

Rao, K.N.; Kaur, I.; Parikh, R.S.; Mandal, A.K.; Chandrasekhar, G.; Thomas, R.; Chakrabarti, S. Variations inNTF4, VAV2,
andVAV3Genes Are Not Involved with Primary Open-Angle and Primary Angle-Closure Glaucomas in an Indian Population.
Investig. Ophthalmol. Vis. Sci. 2010, 51, 4937-4941. [CrossRef]

Vithana, E.N.; Nongpiur, M.E.; Venkataraman, D.; Chan, S.H.; Mavinahalli, J.; Aung, T. Identification of a novel mutation in the
NTF4 gene that causes primary open-angle glaucoma in a Chinese population. Mol. Vis. 2010, 16, 1640-1645. [PubMed]

Lee, M.K.; Woo, S.J.; Kim, J.-I.; Cho, S.-I.; Kim, H.; Sung, J.; Seo, J.-S.; Kim, D.M. Replication of a Glaucoma Candidate Gene on
5q22.1 for Intraocular Pressure in Mongolian Populations: The GENDISCAN Project. Investig. Ophthalmol. Vis. Sci. 2010, 51,
1335-1340. [CrossRef] [PubMed]

Fan, B.].; Wang, D.Y.; Cheng, C.-Y.; Ko, W.C.; Lam, S.C.; Pang, C.P. Different WDR36 mutation pattern in Chinese patients with
primary open-angle glaucoma. Mol. Vis. 2009, 15, 646—653.

Miyazawa, A.; Fuse, N.; Mengkegale, M.; Ryu, M.; Seimiya, M.; Wada, Y.; Nishida, K. Association between primary open-angle
glaucoma and WDR36 DNA sequence variants in Japanese. Mol. Vis. 2007, 13, 1912-1919. [PubMed]

How, A.CS,; Aung, T.; Chew, X_; Yong, VH.K,; Lim, M.C.C.; Lee, K.Y.C,; Toh, J.-Y,; Li, Y,; Liu, J.; Vithana, E.N. Lack of Association
between Interleukin-1 Gene Cluster Polymorphisms and Glaucoma in Chinese Subjects. Investig. Ophthalmol. Vis. Sci. 2007, 48,
2123-2126. [CrossRef] [PubMed]

Wang, C.Y,; Shen, Y.C.; Su, C.H.; Lo, FY,; Lee, S.H.; Tsai, H.Y.; Fan, S.S. Investigation of the association between interleukin-1beta
polymorphism and normal tension glaucoma. Mol. Vis. 2007, 13, 719-723. [PubMed]

Wang, C.-Y.; Shen, Y.-C.; Lo, E-Y.; Su, C.-H.; Lee, S.-H.; Tsai, H.-Y.; Fan, S.-5. Normal Tension Glaucoma is not Associated with the
Interleukin -1 (—889) Genetic Polymorphism. J. Glaucoma 2007, 16, 230-233. [CrossRef] [PubMed]

Wang, C.-Y.; Shen, Y.-C.; Lo, E-Y,; Su, C.-H,; Lee, S.-H.; Lin, K.-H.; Tsai, H.-Y.; Kuo, N.-W,; Fan, S.-S. Polymorphism in the
IL-1alpha (-889) locus associated with elevated risk of primary open angle glaucoma. Mol. Vis. 2006, 12, 1380-1385.

Shi, D.; Takano, Y.; Nakazawa, T.; Mengkegale, M.; Yokokura, S.; Nishida, K.; Fuse, N. Molecular genetic analysis of primary
open-angle glaucoma, normal tension glaucoma, and developmental glaucoma for the VAV2 and VAV3 gene variants in Japanese
subjects. Biochem. Biophys. Res. Commun. 2013, 432, 509-512. [CrossRef]

Meng, N.; Ma, J.; Xia, L.; Zhang, Y.; Shi, C. Association between SNPs (rs1533428, rs12994401, rs10202118) on chromosome 2p16.3
and primary open angle glaucoma. Curr. Eye Res. 2015, 40, 839-846. [CrossRef]

Chen, Y,; Lin, Y,; Vithana, E.N; Jia, L.; Zuo, X.; Wong, T.Y; Chen, L.J.; Zhu, X.; Tam, P.O.S.; Gong, B.; et al. Common variants near
ABCAL1 and in PMM2 are associated with primary open-angle glaucoma. Nat. Genet. 2014, 46, 1115-1119. [CrossRef] [PubMed]
Li, K; Yang, C.; Wan, X,; Xu, J.; Luo, Q.; Cheng, Y,; Peng, J.; Gong, B.; Jiang, L.; Liu, Y.; et al. Evaluation of the association between
five genetic variants and primary open-angle glaucoma in a Han Chinese population. Ophthalmic Genet. 2020, 41, 252-256.
[CrossRef] [PubMed]

Gong, B.; Zhang, H.; Huang, L.; Chen, Y.; Shi, Y,; Tam, P.O.-S.; Zhu, X.; Huang, Y.; Lei, B.; Sundaresan, P.; et al. Mutant RAMP2
causes primary open-angle glaucoma via the CRLR-cAMP axis. Genet. Med. 2019, 21, 2345-2354. [CrossRef] [PubMed]

Tang, EY;; Ma, L.; Tam, P.O.S,; Pang, C.P,; Tham, C.C.; Chen, L.J. Genetic Association of the PARL-ABCC5-HTR3D-HTR3C Locus
with Primary Angle-Closure Glaucoma in Chinese. Investig. Ophthalmol. Vis. Sci. 2017, 58, 4384-4389. [CrossRef] [PubMed]
Nongpiur, M.E.; Khor, C.C,; Jia, H.; Cornes, B.K.; Chen, L.-].; Qiao, C.; Nair, K.S.; Cheng, C.-Y.; Xu, L.; George, R.; et al. ABCC5, a
Gene That Influences the Anterior Chamber Depth, Is Associated with Primary Angle Closure Glaucoma. PLoS Genet. 2014, 10,
€1004089. [CrossRef] [PubMed]

Zeng, K.; Zhong, B.; Fang, M.; Shen, X.-L.; Huang, L.-N. Common polymorphisms of the hOGG1, APE1 and XRCC1 genes
correlate with the susceptibility and clinicopathological features of primary angle-closure glaucoma. Biosci. Rep. 2017, 37,
BSR20160644. [CrossRef]

Yousaf, S.; Khan, M.1.; Micheal, S.; Akhtar, F.; Ali, S.H.B.; Riaz, M.; Ali, M.; Lall, P,; Waheed, N.K.; Hollander, A.I.D.; et al. XRCC1
and XPD DNA repair gene polymorphisms: A potential risk factor for glaucoma in the Pakistani population. Mol. Vis. 2011,
17,1153-1163.

Wang, S.; Zhuang, W.; Ma, J.; Xu, M,; Piao, S.; Hao, J.; Zhang, W.; Chi, H.; Xue, Z.; Ha, S. Association of Genes implicated in
primary angle-closure Glaucoma and the ocular biometric parameters of anterior chamber depth and axial length in a northern
Chinese population. BMC Ophthalmol. 2018, 18, 271. [CrossRef]

Shi, H.; Zhu, R.; Hu, N.; Shi, J.; Zhang, J.; Jiang, L.; Jiang, H.; Guan, H. Association of frizzled-related protein (MFRP) and heat
shock protein 70 (HSP70) single nucleotide polymorphisms with primary angle closure in a Han Chinese population: Jiangsu Eye
Study. Mol. Vis. 2013, 19, 128-134.


http://doi.org/10.1016/j.ajo.2012.03.050
http://doi.org/10.1167/iovs.10-5553
http://www.ncbi.nlm.nih.gov/pubmed/20806036
http://doi.org/10.1167/iovs.09-3979
http://www.ncbi.nlm.nih.gov/pubmed/19875670
http://www.ncbi.nlm.nih.gov/pubmed/17960130
http://doi.org/10.1167/iovs.06-1213
http://www.ncbi.nlm.nih.gov/pubmed/17460270
http://www.ncbi.nlm.nih.gov/pubmed/17563722
http://doi.org/10.1097/IJG.0b013e3180300818
http://www.ncbi.nlm.nih.gov/pubmed/17473736
http://doi.org/10.1016/j.bbrc.2013.02.003
http://doi.org/10.3109/02713683.2014.958172
http://doi.org/10.1038/ng.3078
http://www.ncbi.nlm.nih.gov/pubmed/25173107
http://doi.org/10.1080/13816810.2020.1747089
http://www.ncbi.nlm.nih.gov/pubmed/32281515
http://doi.org/10.1038/s41436-019-0507-0
http://www.ncbi.nlm.nih.gov/pubmed/31000793
http://doi.org/10.1167/iovs.17-22304
http://www.ncbi.nlm.nih.gov/pubmed/28813580
http://doi.org/10.1371/journal.pgen.1004089
http://www.ncbi.nlm.nih.gov/pubmed/24603532
http://doi.org/10.1042/BSR20160644
http://doi.org/10.1186/s12886-018-0934-8

J. Clin. Med. 2022, 11, 2486 21 of 21

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

Gong, B.; Shi, Y,; Qu, C; Ye, Z; Yin, Y,; Tan, C.; Shuai, P; Li, J.; Guo, X.; Cheng, Y.; et al. Association of catalase polymorphisms
with primary open-angle glaucoma in a Chinese population. Ophthalmic Genet. 2018, 39, 35-40. [CrossRef]

Huang, X.; Wang, N.; Xiao, X.; Li, S.; Zhang, Q. A novel truncation mutation in GJA1 associated with open angle glaucoma and
microcornea in a large Chinese family. Eye 2015, 29, 972-977. [CrossRef] [PubMed]

Zhou, Y; Shuai, P; Li, X.; Liu, X.; Wang, J.; Yang, Y.; Hao, F; Lin, H.; Zhang, D.; Gong, B. Association of SOD2 Polymorphisms
with Primary Open Angle Glaucoma in a Chinese Population. Ophthalmic Genet. 2015, 36, 43—49. [CrossRef] [PubMed]

Liu, T,; Xie, L.; Ye, J.; He, X. Family-based analysis identified CD2 as a susceptibility gene for primary open angle glaucoma in
Chinese Han population. J. Cell. Mol. Med. 2014, 18, 600-609. [CrossRef] [PubMed]

Lu, Y,; Shi, Y;; Yin, J.; Huang, Z. Are glutathione S-transferase polymorphisms (GSTM1, GSTT1) associated with primary open
angle glaucoma? A meta-analysis. Gene 2013, 527, 311-315. [CrossRef] [PubMed]

Huang, W.; Wang, W.; Zhou, M.; Chen, S.; Zhang, X. Association of glutathione S-transferase polymorphisms (GSTM1 and
GSTT1) with primary open-angle glaucoma: An evidence-based meta-analysis. Gene 2013, 526, 80-86. [CrossRef] [PubMed]
Guo, Y;; Chen, X.; Zhang, H.; Li, N.; Yang, X.; Cheng, W.; Zhao, K. Association of OPA1 Polymorphisms with NTG and HTG: A
Meta-Analysis. PLoS ONE 2012, 7, e42387. [CrossRef]

Woo, S.J.; Kim, D.M.; Kim, J.Y.; Park, S.S.; Ko, H.S.; Yoo, T. Investigation of the Association between OPA1 Polymorphisms and
Normal-Tension Glaucoma in Korea. . Glaucoma 2004, 13, 492-495. [CrossRef]

Yasumura, R.; Meguro, A.; Ota, M.; Nomura, E.; Uemoto, R.; Kashiwagi, K.; Mabuchi, F; lijima, H.; Kawase, K.; Yamamoto, T.;
et al. Investigation of the association between SLC1A3 gene polymorphisms and normal tension glaucoma. Mol. Vis. 2011, 17,
792-796.

Suzuki, M.; Meguro, A.; Ota, M.; Nomura, E.; Kato, T.; Nomura, N.; Kashiwagi, K.; Mabuchi, F,; lijima, H.; Kawase, K,; et al.
Genotyping HLA-DRB1 and HLA-DQBI alleles in Japanese patients with normal tension glaucoma. Mol. Vis. 2010, 16, 1874-1879.
Murakami, K.; Meguro, A.; Ota, M.,; Shiota, T.; Nomura, N.; Kashiwagi, K.; Mabuchi, E; lijima, H.; Kawase, K.; Yamamoto, T.;
et al. Analysis of microsatellite polymorphisms within the GLC1F locus in Japanese patients with normal tension glaucoma. Mol.
Vis. 2010, 16, 462—466.

Kim, S.H.; Kim, J.Y;; Kim, D.M.; Ko, H.S.; Kim, S.Y.; Yoo, T.; Hwang, S.S.; Park, S.S. Investigations on the association between
normal tension glaucoma and single nucleotide polymorphisms of the endothelin-1 and endothelin receptor genes. Mol. Vis.
2006, 12, 1016-1021. [PubMed]


http://doi.org/10.1080/13816810.2017.1342132
http://doi.org/10.1038/eye.2015.74
http://www.ncbi.nlm.nih.gov/pubmed/25976645
http://doi.org/10.3109/13816810.2014.985844
http://www.ncbi.nlm.nih.gov/pubmed/25417767
http://doi.org/10.1111/jcmm.12201
http://www.ncbi.nlm.nih.gov/pubmed/24597656
http://doi.org/10.1016/j.gene.2013.06.031
http://www.ncbi.nlm.nih.gov/pubmed/23827458
http://doi.org/10.1016/j.gene.2013.05.032
http://www.ncbi.nlm.nih.gov/pubmed/23747403
http://doi.org/10.1371/journal.pone.0042387
http://doi.org/10.1097/01.ijg.0000137870.25779.40
http://www.ncbi.nlm.nih.gov/pubmed/16971893

	Introduction 
	Materials and Methods 
	Results 
	Incidence and Prevalence 
	Risk Factors 
	Association of Ocular Structures and Glaucoma 
	Optic Nerve Head 
	Retina 
	Cornea 
	Ocular Vasculature 
	Other Ocular Structures 

	Intraocular Pressure 
	Blood and Perfusion Pressures 
	Genetics 

	Discussion 
	References

