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ABSTRACT

Objectives To investigate the association between
glaucoma and 10-year mortality rate in an adult population
in China.

Design Population-based cohort study.

Setting The Liwan Eye Study, China.

Participants 1405 baseline participants aged 50 years
and older were invited to attend a 10-year follow-up
examination.

Primary and secondary outcome measures The
International Society of Geographic and Epidemiologic
Ophthalmology criteria was used to define glaucoma.
Detailed information of mortality was confirmed using
the Chinese Centre for Disease Control and Prevention.
Presenting visual impairment (PVI) was defined as

a presenting visual acuity of less than 20/40 in the
better-seeing eye. The 10-year mortality rates were
compared using the log-rank test. Cox proportional
hazards regression models were used to investigate the
association between glaucoma and mortality.

Results A total of 1372 (97.7%) participants with
available gonioscopic data were included in the analysis.
0Of these, 136 (9.9%), 33 (2.4%) and 21 (1.5%) participants
had primary angle closure (PAC) suspect (PACS), PAC and
PAC glaucoma (PACG), and 29 (2.1%) had primary open
angle glaucoma (POAG). After 10 years, 306 (22.3%)
participants were deceased. The 10-year mortality was
significantly associated with PACG (HR, 2.15, 95%Cl 1.14
to 4.04, p=0.018) but not associated with PAC (HR, 1.27,
95% C1 0.67 to 2.39, p=0.463), PACS (HR, 1.32, 95% Cl
0.95 to 1.83, p=0.099) and POAG (HR, 0.74, 95% Cl 0.36
to 1.49, p=0.395) when age and gender were adjusted for.
This association was no longer statistically significant (HR,
1.60, 95%Cl 0.70 to 3.61, p=0.263) when covariables,
such as income, education, body mass index, PVI, history
of diabetes and hypertension, were adjusted for. Larger
vertical cup-to-disc ratio (VCDR >0.30) was only a
significant risk factor in multivariable analysis (HR, 1.60,
95%Cl 1.11 10 2.33, p=0.011).

Conclusions PACG was significantly associated with
higher long-term mortality, but this association was

likely to be confounded by other systemic risk factors.
VCDR >0.3 was the only independent predictor, implying
that it may be a marker of ageing and frailty.

Strengths and limitations of this study

» The present study was a population-based cohort
study, which used a standardised study protocol.

» The International Society of Geographic and
Epidemiologic Ophthalmology criteria was used to
define glaucoma.

» Study limitations include the following: (1) small
number of patients with glaucoma, (2) several im-
portant confounding factors, such as smoking sta-
tus, were not available.

INTRODUCTION

Glaucoma is one of the leading causes of
irreversible visual impairment (VI) and blind-
ness worldwide, affecting approximately
64.3million people . It has been estimated
that the number of people diagnosed with
glaucoma in China was 13.1million in 2015,
more than half of which were diagnosed
with primary angle closure (PAC) glaucoma
(PACG).*> With the current ageing popu-
lation, this number is expected to reach
15.2million by 2050.%

In addition to its impact on vision and
quality of life, some studies have reported
that patients with glaucoma have higher
rates of mortality,?’_6 while others found no
association.”™® Disparate findings have led
to controversies regarding the risk of prema-
ture mortality of patients with glaucoma.
Similarly, inconsistent evidence has been
observed regarding the association between
levels of intraocular pressure (IOP), a well-
established functional risk factor for glau-
coma and survival.'* 7 ¥ The relationship
between mortality and vertical cup-to-disc
ratio (VCDR), a robust structural indicator
of glaucomatous loss of the neuroretinal
rim, has been exclusively investigated in the
Andhra Pradesh Eye Disease Study (APEDS),
implying that nerve fibre loss may be a marker
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of ageing and frailty.” Of note, previous studies, mainly
in white and black populations, investigated the relation-
ship between primary open angle glaucoma (POAG),
elevated TOP and long-term survival " 12 141518 19 1y
comparison, few studies have been conducted in Asian
populations.” *7 1 * 1 Furthermore, dominant subtypes,
clinical presentations and the underlying pathogenesis of
glaucoma in Asian populations vary from those in white
and black populations.” ' A better understanding of
the relationship between different subtypes of glaucoma
(POAG and PAC disease (PACD)), level of IOP, VCDR
and risk of mortality may provide insights into the poten-
tial mechanisms and clinical management of glaucoma.

Therefore, the aim of this study was to explore the rela-
tionship between different types of glaucoma, level of
I0P, VCDR and 10-year mortality in an adult population
in southern urban China.

METHODS

Study population

A detailed description of the methodology used in the
Liwan Eye Study has been described previously.” Briefly,
the Liwan Eye Study was a population-based cohort study
that commenced in 2003 with a 5-year follow-up (2008
to 2009) and a 10-year follow-up (2013 to 2014), both
follow-up examinations followed an identical protocol.
At baseline, 75.4% (1405 of 1864) of eligible participants
underwent a comprehensive eye examination and a
questionnaire regarding income, education and medical
history. All participants in the baseline study were invited
back for the 5-year and 10-year follow-up examinations.
A total of 924 participants (75.0% of survivors, 79.1% of
eligible participants) returned for the 5-year examination
and 791 (73.8% of survivors, 86.2% of eligible partici-
pants) for the 10-year examination.

Study procedure

All participants had their presenting visual acuity (PVA)
tested using an Early Treatment Diabetic Retinopathy
Study vision chart while wearing their habitual refractive
correction. Best-corrected visual acuity was measured for
those with PVA <20/40 in either eye. Presenting VI (PVI)
was defined as PVA less than 20/40 in the better-seeing
eye. The IOP was measured before mydriasis by a hand-
held tonometer (Tonopen; Mentor, Norwell, Massachu-
setts, USA) with three consecutive measurements of an
achieved SE of <56%. Central cornea thickness (CCT) was
evaluated using an ultrasound pachymetry (Echoscan
US1800; Nidek, Corp). Height and weight were measured
without shoes, using a standard calibrated scale. Body
mass index (BMI) was calculated as the weight in kilo-
grams divided by the square of the height in centime-
tres and was divided into three groups: underweight
(BMI <18.5kg/m?), normal to overweight (18.5 to 30kg/
m?) or obese (BMI 230.0 kg/mg). Diabetes mellitus and
hypertension were based on self-reported history of a
diagnosis and/or previous medication use.

Slitlamp examination (TopconSL-8Z, Tokyo, Japan)
with a 78-diopter lens was used to identify abnormalities of
the anterior segment and posterior segment by an expe-
rienced ophthalmologist (MH). Detailed information
of the gonioscopic examination in the Liwan Eye Study
has been described previously.** Briefly, all participants
underwent slit lamp-based static and dynamic gonios-
copy with a Goldmann-type, one-mirror lens (Haag Streit,
Bern, Switzerland) at 25x magnification by the same
experienced specialist-trained ophthalmologist (MH).
Narrow angle and open angle were stratified by status of
the iris insertion and recorded using five categories by the
Shaffer system.*According to the International Society
of Geographical and Epidemiological Ophthalmology
(ISGEO) classification, PAC suspect (PACS) was defined
as simply an angle in which >270°of the pigmented
trabecular meshwork cannot be seen without evidence of
trabecular obstruction and glaucomatous damage. PAC
was defined as eyes with PACS and features of peripheral
anterior synechiae, elevated IOP, iris wholing or exces-
sive pigment deposition on the trabecular surface, but
no evidence of glaucomatous damage. PAC glaucoma
(PACG) was defined as eyes with PAC and evidence of
glaucomatous damage. Participants with PACS, PAC or
PACG were grouped as PACD.

The optic disc was assessed using a 78-D lens at 16x
magnification. The VCDR was used as key indicator of
structural glaucomatous change. Visual field (VF) assess-
ment was performed in those with a VCDR of >0.7 (97.5th
percentile of the Liwan Eye Study) in either eye, VCDR
asymmetry >0.2or IOP of >21 mm Hg on a subsequent
day. The definition of glaucoma was based on three levels
of evidence using ISGEO criteria. The division of POAG
and PACG was based on the gonioscopic results of narrow
angle or open angle. If glaucoma status or VCDR was
observed in both eyes, the eye with more severe status or
larger VCDR value was used in the analysis.

Detailed data from the Chinese Centre for Disease
Control and Prevention (CDC) were used to confirm
the mortality of participants during the 10-year follow-up
period. After providing the CDC with a list of names, age,
year of birth, gender and latest address for the partici-
pants suspected of having passed away, based on which
researchers at the CDC provided a corresponding list of
‘matched’ deaths with dates and causes. The causes of
death recorded by the CDC were documented on the
death certificates using the International Classification of
Diseases, Ninth Revision.

Statistical analysis

All statistical analyses were performed using Stata (V.10.0;
Stata Corp, College Station, Texas). The student’s t-test was
used to compare continuous variables, while Pearson %* or
Fisher’s exact test for the comparison of categorical data.
Survival times were calculated for each participant from the
date of baseline examinations to the date of death or 30 April
2014. Univariable and multivariable Cox proportional hazard
regression models were used to test the associations between
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Figure 1
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Flowchart showing the enrolment and follow-ups of participants in the Liwan Eye Study. PAC, primary angle closure;

PACG, primary angle closure glaucoma; PACS, primary angle closure suspect; POAG, primary open angle glaucoma.

mortality and baseline PACS, PAC, PACG, POAG, IOP and
VCDR after adjusting for baseline characteristics of age,
gender, education level, family income, history of diabetes
and hypertension and PVI. These confounding factors were
chosen based on the previous evidence.**® The significant
association between PVI and long-term survival in this popu-
lation have been reported previously.® Analysis of IOP and
VCDR was based on both continuous and categorical level.
IOP was divided into three categorical groups: 10-21 mm Hg
(reference group), <10mm Hg and >21 mm Hg. The lowest
quartile of VCDR (<0.3), the third quartile of VCDR in this
population (£0.5) and VCDR of <0.7 (97.5th percentile of
the Liwan Eye Study) were used as the reference group to
assess associations of different VCDR cut-offs with long-term
survival. HRs and 95% Cls were given. A proportional hazard
test was used to check the assumption of Cox proportional
hazards model, and the log-rank test was used to compare
different groups with respect to their survival distributions.

RESULTS

Of the 1405 participants at baseline, 33 were excluded (30
without gonioscopic data, 2 with secondary glaucoma and 1
with unclassified reason due to cataract surgery), leaving 1372
participants with complete data available for analysis. Among
the 1372 participants, the prevalence of PACS, PAC, PACG
and POAG was 9.9% (136 participants), 2.4% (33 partici-
pants), 1.5% (21 participants) and 2.1% (29 participants),
respectively (figure 1). Compared with the 1153 normal

participants, those with PACD were more likely to be older
(p<0.001), women (p=0.001), underweight (p<0.001), have
a lower level of family income (p=0.005) and have a higher
proportion of PVI (p<0.001). There were no statistically
significant differences between groups in terms of level of
education, hypertension, diabetes, CCT and IOP. Compared
with the 1153 normal participants, those with POAG tended
to be older (p=0.003), men (p=0.003) and had a higher
proportion of PVI (p=0.001) (table 1).

By the end of April 2014 (median follow-up length: 9.38
years; range: 0.15-10.4), 306 (22.3%) of the 1372 participants
passed away, 289 (21.1%) did not return for re-examination
because they declined participation (126), relocated (122) or
were uncontactable (41), leaving 777 (56.6%) at the 10-year
follow-up examination. Detailed follow-up information is
found in figure 1. Those who passed away tended to be older
(p<0.001), men (p<0.001), have a lower level of educational
attainment (p=0.001), lower family income (p<0.001), higher
proportion of PVI (p<0.001), larger VCDR (p<0.001) and be
underweight (p=0.009). The medical history of hypertension
and diabetes, CCT and mean IOP value were similar between
the two groups (table 2).

Among the 1153 participants without PACD or POAG,
235 (20.4%, 95% CI 18.1% to 22.8%) passed away during
the 10-year follow-up period. The 10-year mortality rate of
the 1153 participants was significantly lower than those with
PACS (43/136,31.6%, 95% CI123.9% to 40.1%), PAC (10/33,
30.3%, 95% CI 15.6 to 48.7%), PACG (10/21, 47.6%, 95% CI
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Table 1 Baseline characteristics of participants with POAG, PACG, PAC and PACS
PACD
Basic characteristics Normal, N (%) PACS, N (%) PAC,N (%) PACG, N (%) Total,N (%) POAG, N (%)
Total number (%) 1153 (100) 136 (100) 33 (100) 21 (100) 190 (100) 29 (100)
Age (%)
50-59 440 (38.2) 17 (12.5) 5(15.2) 0 (0) 22 (11.6) 4 (13.8)
60-69 328 (28.5) 46 (33.8) 12 (36.4) 5(23.8) 63 (33.2) 7 (24.1)
+70 385 (33.4) 73 (63.7) 16 (48.5) 16 (76.2) 105 (55.3) 18 (62.1)
Female (%) 639 (55.4) 95 (69.9) 26 (78.8) 13 (61.9) 134 (70.5) 8 (27.6)
No more than middle school 809 (79.3) 93 (79.5) 19 (63.3) 12 (70.6) 124 (75.6) 22 (78.6)
education (%)
Income less than 1000 RMB 585 (72.7) 78 (82.1) 22 (88.0) 12 (92.3) 112 (84.2) 19 (70.4)
BMI (kg/m?)
Normal (18.5-30.0) 716 (91.6) 79 (85.0) 16 (72.7) 11 (84.6) 106 (82.8) 23(88.5)
Under weight (<18.5) 39 (4.99) 14 (15.1) 3(13.6) 1(7.69) 18 (14.1) 3 (11.5)
Over weight (>30.0) 27 (3.45) 0 (0) 3(13.6) 1(7.69) 4 (3.13) 0 (0)
Hypertension (%) 416 (40.1) 61 (45.9) 15 (45.5) 10 (50.0) 86 (46.2) 16 (57.1)
Diabetes (%) 105 (10.1) 16 (12.0) 3 (9.09) 4 (20.0) 23 (12.4) 3(10.7)
PVI (%) 228 (19.8) 45 (33.3) 12 (36.4) 10 (47.6) 67 (35.5) 13 (44.8)
CCT(um) 541.7+33.2 535.5+33.4 542.9+29.8  550.4+27.9 538.4+32.55 542.5+35.2
IOP (mm Hg, SD) 15.2+£3.04 15.1£2.88 14.8+4.25 19.4+5.36 15.5+3.71 15.8+£2.87

BMI, body mass index; CCT, central cornea thickness; IOP, intraocular pressure; PAC, primary angle closure; PACD, primary angle closure
disease; PACG, primary angle closure glaucoma; PACS, primary angle closure suspect; POAC, primary open angle glaucoma; PVI, presenting

visual impairment.

25.7 to 70.2%) and POAG (8/29, 27.6%, 95% CI 12.7% to
47.2%). The Kaplan-Meier survival estimates for types of glau-
coma and mortality are displayed in figure 2. The age and
gender-adjusted Cox proportional hazards model showed
that the presence of PACG (HR=2.15, 95% CI 1.14 to 4.04),
PACD (HR=1.46, 95% CI 1.10 to 1.95) and a VCDR of more
than 0.3 (HR=1.53, 95% CI 1.16 to 2.01) were significantly
associated with a higher risk of mortality. No association was
found between mortality and PACS, PAC, POAG and level
of IOP. After adjusting for age, gender, education, income,
history of diabetes and hypertension, BMI and PVI, the signif-
icant association between VCDR of more than 0.3 and poorer
survival rate was still observed (HR=1.60, 95% CI 1.11 to
2.33) (tables 3 and 4). A strong association between 10-year
mortality and a VCDR >0.5 (HR=1.37, 95% CI 1.06 to 1.78)
and VCDR >0.7 (HR=1.62, 95% CI 1.18 to 2.20) were found
in the univariable analysis, whereas these associations disap-
peared after adjusting for confounders (all p>0.05, online
supplemental table 1).

DISCUSSION

In this population-based cohort study, we found a higher
crude mortality rate among patients with POAG and any
form of PACD (ranging from 7.2% to 27.2%). However,
this difference was not replicated after multivariable
confounders were adjusted for. Level of IOP was not
significantly associated with an increased risk of 10-year

mortality in the multivariable model, while VCDR of
more than 0.3 was an independent predictor of long-term
poor survival.

Controversy still exists around the association between
POAG and the increased risk of mortality,>? 12 1161819
Almost 50 years ago, Egge et alfound a decreased 30-year
survival rate for patients with glaucoma in Norway. This
finding was more pronounced among men using acet-
azolamide.® Results of the National Health Interview
Survey (NHIS) 1986-1994 also supported the finding
that glaucoma was related to an increased risk of all-
cause and cardiovascular disease mortality among adults
residing in the USA.” However, the glaucoma-mortality
association in the NHIS is likely to have been impacted by
recall bias (self-reported definition of glaucoma), misclas-
sification error and underestimation of glaucoma cases.
Furthermore, the diagnostic methods, definition and
treatments of glaucoma have changed over the past five
decades, making its findings less generalisable to today’s
glaucoma patients. More recent studies are in favour of
the finding that POAG is not significantly associated with
long-term survival.®* 1012141618 The nonsignificant rela-
tionship in these studies is in agreement with the findings
of our study. Differences in ethnicity, age distribution,
study design, length of follow-up, definition of glaucoma
and confounding variables adjusted for in the multivar-
iate model may explain the inconsistent results between
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Table 2 Distribution of basic characters associated with mortality at baseline examination

Basic factors Died, N (%) Alive, N (%) P value
Total number (%) 306 (100) 1066 (100)
Age (%) <0.001

50-59 23 (7.52) 443 (41.6)

60-69 66 (21.6) 332 (31.1)

+70 217 (70.9) 291 (27.3)
Female (%) 147 (48.0) 634 (59.5) <0.001
No more than middle school education (%) 155 (67.7) 800 (81.4) <0.001
Income less than 1000 RMB 173 (83.2) 543 (71.7) 0.001
BMI (kg/m?) 0.009

Normal (18.5-30.0) 169 (85.8) 676 (91.5)

Under weight (<18.5) 22 (11.2) 38 (5.14)

Over weight (>30.0) 6 (3.05) 25 (3.38)
Hypertension (%) 111 (44.4) 407 (40.6) 0.277
Diabetes (%) 33 (13.2) 98 (9.79) 0.120
PVI (%) 120 (39.5) (39.5) 188 (17.6) <0.001
VCDR (mean=SD) 0.49+0.18 0.44+0.17 <0.001
CCT (um) 540.3+35.3 541.5+£32.5 0.582
IOP (mm Hg, SD) (mean+SD) 15.1+3.32 15.3+3.08 0.495

BMI, body mass index; CCT, central cornea thickness; IOP, intraocular pressure; PAC, primary angle closure; PACD, primary angle closure
disease; PACG, primary angle closure glaucoma; PACS, primary angle closure suspect; POAC, primary open angle glaucoma; PVI, presenting

visual impairment; VCDR, vertical cup-to-disc ratio.

studies. Alternatively, the small number of patients with
POAG in the current study (n=29) may also explain the
lack of association between POAG and 10-year mortality.

However, a recent meta-analysis of observational studies'”
supported the finding of a non-significant relationship
between POAG and risk of mortality.
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Few studies have explored the relationship between
different types of PACD and mortality. Similar to the
current study, previously investigations have reported that
the presence of PACD was not an independent risk factor
for all-cause mortality.” '' '*® Thus far, only 5-year data
from the Beijing Eye Study have reported that the pres-
ence of PACG was related to an increased risk of mortality
using multivariate analysis.” * Interestingly, the 10-year
data from the Beijing Eye Study found that mortality
was not significantly associated with PACG.'® Neither
the Tanjong Pagar Study'' nor the Singapore Malay Eye
Study" found significantly reduced survival among those
with glaucoma. In the current study, we found that PACG
was significantly associated with 10-year mortality in the
age and gender-adjusted model, but this significant asso-
ciation was not found in the multivariate model. This is
likely due to other confounding factors not accounted for
and the relatively small sample size.

The results of this study found a non-significant associ-
ation between the level of IOP and 10-year mortality rate.
Previous reports on the relationship between all-cause
mortality and elevated IOP have been inconsistent.” 1819
Excess all-cause mortality associated with ocular hyperten-
sion was found in the Barbados E;fe Study and the Fram-
ingham Study,'® while the APEDS’ and a Swedish study'*
found no statistically significant association between
elevated IOP and mortality risk. The APEDS was the only
study to explore the association between VCDR and all-
cause mortality. Consistent with the APEDS’s finding that
increasing VCDR was a predictor of 10-year mortality,” we
also reported a significantly increased risk of mortality
among participants with VCDR of more than 0.3. Consid-
ering that, previous studies have indicated that global
retinal nerve fibre layer decreased significantly with age
and larger VCDR,” * one can speculate that the poten-
tial mechanism underlying the VCDR-mortality associa-
tion may be caused by retinal nerve fibre layer thinning, a
marker of ageing and frailty. Furthermore, the close rela-
tionship between neurodegenerative diseases (eg, Alzhei-
mer’s disease and Parkinson’s disease) and glaucoma,
and the strong link between retinal nerve fibre layer
thinning and brain pathology adds weight to our specula-
tion.” The non-significant association of other cut-offs,
or linear of VCDR with all-cause mortality after adjusting
for confounders might be due to the small sample size
or non-linear relationship in our study. Alternatively, we
can only speculate that VCDR of less than 0.3 (ie, suffi-
cient retinal nerve fibre layer), which represent physio-
logical process of ageing or neurodegeneration might be
the threshold for better survival. Further studies with a
larger study sample are needed to investigate the associ-
ation between VCDR, retinal nerve fibre layer thickness
and mortality.

Even though the mechanisms underlying the associa-
tion between glaucoma/ocular hypertension—mortality is
still unclear, it has been speculated that increased risk of
mortality among patients with glaucoma or ocular hyper-
tension might be caused by IOP-lowering treatment.

Glaucoma-mortality association has been found to be
more pronounced among men using acetazolamide.’
The excess mortality linked to timolol maleate treatment
for POAG found in the Barbados Eye Study'® was also
parallel to the hypothesis of this study. In the BMES, a
dose-dependent pattern was observed in the association
between duration of timolol maleate use and increased
risk of cardiovascular disease mortality. In addition,
previous studies verified the adverse effects of IOP-
lowering treatments, including congestive heart failure,
raised blood pressure and adverse respiratory effects.”*’
However, the dose-dependent pattern observed in the
BMES may be due to detection bias. Approximately,
50%-90% of patients with glaucoma remain undiag-
nosed.” *® Participants in poorer health are more likely
to access healthcare services and, therefore, have their
glaucoma diagnosed and treated. The suggestion that
detection bias is a cause of variable findings was further
verified by the similar mortality rates between treated
and untreated patients with glaucoma in multicentre
randomised glaucoma treatment trials (Early Manifest
Glaucoma Trial and Ocular Hypertension Treatment
Study) and the observational Rotterdam study.”™*!
Even these two studies concluded that the use of glau-
coma medications was associated with a reduced risk of
mortality.” * Future investigations are required to assess
this association further.

The strengths of the present study included the
population-based study design, high participation rate,
long-term follow-up and standardised definition of glau-
coma used. Of note, the present study was limited by
the following points. First, the small number of patients
with glaucoma may explain the non-significant associa-
tion between different types of glaucoma and mortality.
Second, several important confounding factors, such
as smoking status, were not available in the present
study. Nevertheless, the additional adjustment for these
important confounding factors may further attenuate
the magnitude of statistical significance and again verify
the robustness of our results. Third, lack of data on the
causes of death prevented the possibility of exploring
the association between glaucoma and specific-cause
mortality. Previous studies have reported a significant
association between glaucoma and cardiovascular disease
mortality.” ** Fourth, the fact that only participants with
suspect glaucoma (VCDR of 20.7 in either eye (97.5th
percentile of the Liwan Eye Study population), VCDR
asymmetry =0.2or IOP of 221 mm Hg) underwent VF
assessment may underestimate the prevalence of glau-
coma because participants with early glaucomatous
changes may be missed. However, previous ocular history
and IOP measurements were collected for each partici-
pant, possibly lowering the risk of underestimation. Fifth,
the relationship between changes in glaucoma-related
parameters and long-term survival were unavailable due
to insufficient data and limited follow-up times. Finally, we
did not collect information on utilisation of IOP-lowering
treatment. Further studies are required to investigate the
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relationship between IOP-lowering treatment and long-
term survival.

In conclusion, our findings suggest there is a higher
level of crude mortality among patients with POAG, PACS
or PAC. However, this difference was unable to be repli-
cated after multivariable confounders were adjusted for.
PACG was significantly associated with 10-year mortality
in the age and gender-adjusted model, but this significant
association disappeared in the multivariable model. Level
of IOP was not significantly associated with increased risk
of 10-year mortality, while VCDR of more than 0.3 was
an independent predictor of long-term survival. Further
studies are needed to confirm these findings and to
explore the association between different subtypes and
treatments of glaucoma with long-term survival.
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