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SYNOPSIS

This study on association of glaucoma and mortality found increasing cup:disc ratio as a risk
factor for mortality, thus generating hypothesis about the association of loss of nerve fibre
layer and mortality which needs exploration.
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ABSTRACT
Aim: To evaluate glaucoma-associated mortality in a rural cohort from India.

Methods: The study cohort comprised individuals aged 40 years and above who took part in
the Andhra Pradesh Eye Diseases Study (APEDS1) during 1996-2000. All participants
underwent detailed comprehensive eye examination. Glaucoma was defined using
International Society of Geographic and Epidemiologic Ophthalmology criteria. This cohort
was followed up after a decade (June 2009-Jan 2010; APEDS2). Mortality hazard ratio (HR)
analysis for ocular risk factors was performed using Cox proportional hazard regression after
adjusting for socio-demographic, lifestyle and clinical variables.

Results: In APEDS1 2,790 individuals aged more than or equal to 40 years were examined.
47.4% were male. 45 participants had primary open angle glaucoma (POAG) and 66 had
primary angle closure disease (PACD). Ten years later, 1, 879(67.3%) were available,
739(26.5%) have died and 172(6.2%) have migrated. While 22 of the 45(48.8%) with POAG
and 22 of the 66(33.3%) with PACD have died.

In univariate analysis a higher mortality was associated with POAG (HR=1.9;95% Cl:
1.23,2.94), pseudoexfoliation (HR=2.79;95% Cl:2.0,3.89), myopia (HR=1.78;95% Cl:1.54,2.06)
and unit increase in cup:disc ratio (HR=4.49;95% Cl:2.64,7.64). In multivariable analysis only
cup:disc ratio remained independently associated with mortality (HR 2.5;95% Cl:1.3,5.1).
The association remained significant when other ocular parameters were included in the
model (HR=2.1;95% Cl:1.03,4.2).

Conclusions: This is the first longitudinal study to assessing association of glaucoma and
mortality in a rural longitudinal cohort from India. Increased cup:disc ratio could be a
potential marker for aging and would need further validation.

Key words: Glaucoma, Mortality, APEDS
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INTRODUCTION

Glaucoma is the leading cause of irreversible blindness and visual impairment (VI) gIobaIIy.1
The number of glaucoma cases worldwide was estimated to be 64.3 million in 2013, which is
likely to increase to 76 million by the year 2020 and 111.8 million by 2040. In India
approximately 11.2 million adults above 40 years are estimated to have glaucoma: 6.5
million with primary open angle glaucoma (POAG) and 2.5 million with primary angle closure
glaucoma (PACG).? Various studies have shown association of cataract and mortality.>”’
However, the association between glaucoma and mortality is inconsistent with some studies
reporting an association 89 while others have not.'®*® Most of these studies were
undertaken in Caucasian populations and most focused on POAG - only one study
investigated a black population.16 In the only study from Asia there was a strong association
between mortality and primary angle closure glaucoma (PACG) but not with POAG."’
Reports on the association of mortality with raised intraocular pressure (IOP) and
pseudoexfoliation (PXF) are also inconsistent with some showing an association 1016
whereas others have not.'? *¥?° |n this study the association between mortality and all forms
of glaucoma (POAG and primary angle closure disease), as well as IOP, PXF and cup:disc
ratio (CDR) were investigated in a very well characterised population-based sample of adults
recruited to the Andhra Pradesh Eye Disease Study (APEDS).

MATERIAL AND METHODS

Details of the methodology for APEDS, which was conducted between 1996 and 2000, are
described elsewhere.? Data on mortality were obtained during an exercise undertaken
between June 2009 and January 2010 the purpose of which was to identify as many
participants as possible from the original APEDS, and recruit them for subsequent re-
examination. For brevity, the original APEDS survey will be called APEDS1 and the present
study will be referred to as APEDS2.

Detailed protocols for APEDS1 have been published.? # In brief, standard examination
included distance and near visual acuity (VA) at presentation (PVA) and best-corrected
(BCVA) following refraction measured for each eye separately using logMAR (logarithm of
minimum angle of resolution) charts. Detailed ocular examination included slit lamp
biomicroscopy, intraocular pressure (IOP) measurement by Goldmann applanation
tonometry, and gonioscopy with a NMR-K-2-mirror. Participants with suspicion of angle
closure underwent laser iridotomy before dilated examination. Lens opacities were graded
using the Lens Opacities Classification System (LOCS-Il) and the Wilmer classification 2324
after pupil dilation. Optic discs were evaluated using a 78 dioptre lens and the peripheral
fundus was examined with a 20-D lens. Visual fields were assessed with automated
Humphery Visual Fields (HVF) Analyser for those with any of the following features
suggestive of glaucomatous disc damage: vertical CDR of 0.65 or more in either eye;
asymmetry of CDR between eyes (>=0.2); notch; haemorrhage; rim <0.2 in any quadrant;
nerve fibre layer defect; peri-papillary chorioretinal atrophy (alpha or beta); glaucomatous
optic atrophy and non-glaucomatous optic atrophy. HVF was also performed if the IOP was
>22mmHg in either eye or if there was a difference in IOP of >6mmHg between eyes. Visual
field analysis was repeated if it was unreliable. Anderson's criteria were used to determine

https://mc.manuscriptcentral.com/bjo
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glaucomatous visual field defects: a field defect that correlated with optic disc damage and
met two of the three Anderson's criteria were considered to be significant.

Study definitions

These too have been described in our previous publication. Blindness was defined as
presenting visual acuity (PVA) less than 6/60 or central visual field less than 20° in the better
eye ». Visual impairment was defined as PVA less than 6/18-6/60 or equivalent visual field
loss 2*. The lens was examined after fully dilating the pupils. Because different types of
cataract frequently co-exist, for analysis we considered pure nuclear, pure cortical, pure
posterior subcapsular cataract (PSC) and mixed cataract. Those with total cataract were
categorized as mixed cataract and those having undergone cataract surgery (unilateral /
bilateral) formed a separate group. *°. Age related macular degeneration (ARMD) was
defined using the International Classification and Grading System %’ and diabetic retinopathy
was defined using a modification of the standard classification system . Glaucoma was
defined using International Society of Geographic and Epidemiologic Ophthalmology (ISGEQO)
criteria.?®>*

32122

Hypertension was defined as a history of high blood pressure diagnosed by a physician and /
or current treatment with antihypertensive medications and / or a blood pressure reading
of 2140/90 mm Hg. Diabetes was defined as a history of diabetes and / or taking diabetic
medication and / or diabetic retinopathy was detected on clinical examination. The duration
of diabetes since diagnosis was also documented. Body mass index (BMI) was calculated
from the measured height and weight according to the formula weight (in kilograms)
divided height (in meters) squared. World Health Organization categories of body mass
index (BMI) were used i.e. underweight (BMI <18.5), normal (18.5 < BMI < 25), over weight
(25 < BMI < 30), and obese (BMI > 30).>? For smoking, participants were categorized as never
smoker, former smoker and current smoker. Current and former smokers were those who
had smoked for a minimum of 1 year. Participants who had never smoked, or had smoked

for less than 1 year were considered to be “never smokers”. 2

Methods used in APEDS2

Extensive changes have taken place in the urban and semi-urban Hyderabad over the last
decade, and the original urban area could not be delineated. Hence the tracing exercise,
undertaken from 2009-2010, was limited to the three rural clusters. The purpose of tracing
the original participants was as follows: to assess the mortality rate amongst those at
APEDS1, and to determine factors at APEDS1 that predicted subsequent mortality e.g. lens
status, VI, ARMD and glaucoma (POAG and angle closure disease), IOP, PXF and CDR, after
adjusting for confounders.

The associations of mortality and visual impairment, lens status and ARMD have already
been published.3 The purpose of this study is to explore whether glaucoma (POAG and angle
closure disease), IOP, PXF and CDR are associated with a different mortality risk.

During APEDS1 7,771/8,832 (88%) of those enumerated in 70 clusters were examined

between 1996 and 2000; 2,790 (35.9%) were aged 40 years and above. Details of the tracing
exercise and assessment of the cause of mortality have already been described.? In brief,

https://mc.manuscriptcentral.com/bjo
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names and addresses of APEDS1 participants were extracted from the APEDS1 database.
Field investigators visited each cluster to trace APEDS1 participants. A pilot study was
undertaken to standardize data collection instruments. Following training, surviving
participants who could be traced were interviewed. In households where APEDS1
participant(s) had died or migrated, a structured questionnaire was administered to the
present household head to collect information on the cause and/or the reason of death and
the year of death or migration, as applicable. Among those who died, time to death since
the examination in APEDS1 was determined using date of examination in the database and
reported year of death. In situations where the entire household had migrated, these
guestions were administered to neighbors. As formal death certificates were not available,
the cause of death was based on verbal autopsy.

Ethics

The study was approved by the Institutional Review Board (IRB) of Hyderabad Eye Research
Foundation, L V Prasad Eye Institute and adhered to the Tenets of the Declaration of
Helsinki. As most participants were not literate, verbal consent was obtained after
explaining the purpose of the study in presence of the village head of the village.

Data Analysis:

Data were analyzed using STATA 11.%* For the continuous outcome variables (IOP and CDR),
student’s t test was used. For categorical data (ex, age group, gender, etc) Fisher’s exact test
was used. Cox-proportional hazard ratios were used to assess associations between
mortality and glaucoma (POAG and angle closure disease), family history of glaucoma, 10P,
CDR PXF, myopia and hyperopia.** Two models were used: in model 1 data were adjusted
for age, gender, level of education, diabetes, hypertension, BMI and smoking status. In
model 2, ocular variables likely to affect mortality risk (visual impairment, pure nuclear
cataract, pure cortical cataract, pure posterior subscasular cataract, mixed cataract, history
of cataract surgery and age related macular degeneration) were added to the model 1.2
Tests of significance for survival curves were assessed using the log-rank test. Multi-
colinearity between variables was assessed using variance inflation factors, and
proportionality of the model was tested based on Schoenfeld residuals. Interactions for age
and gender, age and CDR, and gender and CDR were assessed.

RESULTS

The interval between APEDS1 and APEDS2 ranged from 10-12 years (mean 11 years; SD:
0.81 year). Information was obtained on the status of all 2,790 individuals aged 40 years and
above examined during APEDS1: 739 (26.5%) had died by APEDS2; 172 (6.2%) had migrated
and 1,879 (67.4%) were still living in the area (i.e. they were “available”). 1322/2790 (47.4%)
were male.

Migration was higher in females (52.3%), and was higher in one of the rural areas
(Mahabubnagar, 9.1%). There was no significant difference in the mean age of those
available in APEDS2 (mean 51.9 years; SD: 8.9 years) compared to those who had migrated
(mean 52.7 years; SD: 10.9 years; P=0.34), but those who had died were significantly older
at APEDS1 compared with those available or who had migrated (mean 62.3 years; SD: 10
years; P<0.001)(Table 1). Similarly, there were more deaths in males, illiterates, those with
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hypertension and diabetes, current smokers and those with lower body mass index or
overweight and obese (Table 1)

Table 1: Socio-demographic, lifestyle and systemic risk factors for mortality in participants

available in APEDS2

Status at APEDS1 Risk Factors Alive Died Total
n (%) n (%) n (%) P value
Total 2051 (73.5) | 739 (26.5) 2790 (100)
Age group (years) 40-49 939 (91.3) 90 (8.7) 1029 (100)
50-59 632 (80.3) 155 (19.7) 787 (100)
60 — 69 397 (55.5) 319 (44.5) 716 (100)
>70 83(32.2) 175 (67.8) 258 (100)
<0.001
Gender Male 929 (70.3) 393 (29.7) 1322 (100)
Female 1122 (76.4) | 346 (23.6) 1468 (100)
<0.001
Education llliterate 1327 (71.9) | 518(28.1) 1845 (100)
Class 1-5 450 (73.8) | 160 (26.2) 610 (100)
Class 6-10 224 (83.9) 43 (16.1) 267 (100)
Class 11 and 50 (73.5) 18 (26.5) 131 (100)
above
0.001
Hypertension Absent 1224 (77.2) | 362 (22.8) 1586 (100)
Present 827 (68.7) | 377(31.3) 1204 (100)
<0.001
Diabetes Absent 2014 (74.1) | 703 (25.9) 2717 (100)
Present 36 (50) 36 (50) 72 (100)
<0.001
Smoking status® Never smoker 1648 (74.8) | 554 (25.2) 2202 (100)
Former smoker 170 (80.2) 42 (19.8) 212 (100)
Current smoker 233 (62) 143 (38) 376 (100)
<0.001
Body Mass Index Normal 978(78.2) | 272(21.8) 1250 (100)
(BMI)
Under weight 812 (71) 331(29) 1143 (100)
Over weight 155 (75.2) 51 (24.8) 206 (100)
Obese 34 (70.8) 14 (29.2) 48 (100)
0.001
Alcohol consumption | Never Drinker 1371 (74.1) | 480 (25.9) 1851 (100)
Former Drinker 500 (71.2) 202 (28.7) 702 (100)
Current Drinker 180 (76) 57 (25) 237 (100)
0.23

* Includes smoking cigarettes, Chuta (indigenous cigar) and Beedies (locally made cigarettes).

Table 2 shows the distribution of all forms of glaucoma, family history of glaucoma, PXF,
myopia and hyperopia and other clinical traits among those available and those who had

https://mc.manuscriptcentral.com/bjo
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died. There was a higher prevalence of POAG, PXF and myopia among participants who had
died. Similarly, those died had a higher mean CDR (0.37, 95% Cl 0.36,0.38) than those alive
(0.34, 95% Cl1 0.33,0.35) and the difference was statistically significant P<0.001). However,
there was no difference (p=0.43) in the mean IOP between those alive (15.2 mm of Hg, 95%
Cl 15.1, 15.3) and died (15.3 mm of Hg, 95% CI 15, 15.6).

Table 2: Distribution of glaucoma (POAG and angle closure disease), family history of

glaucoma, PXF and myopia and hyperopia, by mortality status

Risk Factors Alive Died Total
n (%) n (%) n (%) P value
POAG
Present 23 (51.1) 22 (48.9) 45 (100)
Absent 2028 (73.9) 717 (26.1) 2745 (100)
0.001
PACG+PAC (NS)
Present 18 (72) 7 (28) 25 (100)
Absent 2033 (73.5) 732 (26.5) 2765 (100)
0.86
PACS (NS)
Present 26 (63.4) 15 (36.6) 41 (100)
Absent 2025 (73.7) 724 (26.3) 2749 (100)
0.14
Family history of glaucoma
Present 3(75) 1(25) 4 (100)
Absent 2048 (73.5) 738 (26.5) 2786 (100)
0.9
Pseudoexfoliation
Present 24 (39.3) 37 (60.7) 61 (100)
Absent 2027 (74.3) 702 (25.7) 2729 (100)
<0.001
Myopia
Present 676 (64.6) 370 (35.4) 1046 (100)
Absent 1374 (78.8) 369 (21.2) 1743 (100)
<0.001
Hyperopia (NS)
Present 536 (76.6) 164 (23.4) 700 (100)
Absent 1514 (72.5) 575 (27.5) 2089 ((100)
0.03

POAG: Primary Open Angle Glaucoma; PAC: Primary Angle Closure; PACG: Primary Angle Closure Glaucoma;
PACS: Primary Angle Closure Suspect

Table 3 shows the univariable as well as multivariable analysis of ocular risk factors with

mortality. In univariate analysis there was a higher hazard of mortality in those with POAG
(1.9,95% Cl: 1.23-2.94), PXF (2.79, 95% Cl: 2.0-3.89], myopia (1.78, 95% ClI: 1.54-2.06) and
for every unit increase in CDR (4.49, 95% Cl: 2.64-7.64)(Table 3). A higher risk of mortality

was not associated with family history of glaucoma, unit increase in IOP, hyperopia and

PACD. In multivariable analysis mortality was higher with each unit increase in CDR i.e. the
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mortality hazard increased by 2.5 (95% Cl: 1.3, 5.1) in model 1, and by 2.1 (1.03, 4.2) in
model 2 (Table 3). There was no association of mortality with POAG, PACD, family history of
glaucoma, IOP, PXF, myopia or hyperopia. The association did not change when age was
used as a continuous variable or with stepwise regression (data not shown). No interactions
were observed between age and gender, age and CDR or gender and CDR (data not shown).
Proportionality of the model was tested based on Schoenfeld residuals which showed a p-

value of more than 0.05 (in models 1 and 2) suggesting that we accept proportional if

hazards.

Table 3. Univariable and multivariable association of ocular factors with mortality in two

different models

Univariable Multivariable Multivariable
Ocular factors Status . .. . -
association association association
Model 2"
Model 1$ Glaucoma and other
All glaucoma categories
ocular pathologies
HR (95% Cl) HR (95% Cl) HR (95% Cl)
POAG No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
.82 (0.4
Yes 1,9(1.23,2.94)* 0.79 (0.45, 1.38) 0.82 (046,
1.44)
PACG+PAC No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Yes 1.04 (0.5, 2.2) 1.38(0.59, 3.25) | 1.24 (0.5, 2.9)
PACS No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Yes 1.55 (0.93, 2.59) 1.41 (0.8, 2.5) 1.33(0.76, 2.3)
Family history of No
glaucoma
Yes 0.85 (0.12, 6.02) 0.78 (0.11,5.57) | 0.67 (0.1-4.8)
unitincrease in 1.01(0.99,1.04) | 0.99(0.96,1.02) |22 (0-%6,
intraocular pressure 1.02)
Cup:disc ratio unit 4.49 (2.64,7.64)* | 2.5(1.3,5.1)* 2.1(1.03, 4.2)*
increase
Pseudoexfoliation No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
1.22 (0.
Yes 2.79 (2.0, 3.89)* 13(0.92,1.84) | 73)(0 86,
Myopia No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Yes 1.78 (1.54, 2.06)* 1.12(0.93, 1.35) 2'3;)(0'71'
Hyperopia No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Yes 0.85(0.71, 1.0) 1.03(0.83,1.27) 1'22)(0'81’
Schoenfeld test” 0.2 0.07

sAdjusted for age, gender, education level, diabetes, hypertension, BMI and smoking status.
AAdjusted for age, gender, education level, diabetes, hypertension, BMI, smoking status, visual impairment, pure nuclear cataract, pure
cortical cataract, pure posterior subcapsular cataract, mixed cataract, history of cataract surgery and age related macular degeneration.
POAG: Primary open angle glaucoma; PACG: Primary angle closure glaucoma; PAC: Primary angle closure; PACS: Primary angle closure

suspect; “goodness-of it test; Ref: Reference group; *: statistically significant (p<0.05)
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After adjustment for age and gender, life table graphs of the probability of death by follow
up time showed no association for POAG (HR=1.23; 95% Cl: 0.8, 1.9), PAC and PACG
(HR=1.06; 95% Cl: 0.5, 2.25), PACS (HR=1.32; 95% CI: 0.8, 2.2) and PXF (HR=1.2; 95% Cl:
0.84, 1.7). However, life table graphs of the adjusted probability of death with different
baseline cup-disk ratios showed significant associations for three different cut-offs of cup-
disk ratio i.e. 0.35:1 (HR=1.25; 95% Cl: 1.1, 1.45), 0.5:1 (HR=1.27; 95% Cl: 1.01, 1.6) and 0.7:1
(HR=HR=1.6; 95% Cl: 1.2, 2.2). Figures 1-3 show life table graphs of the unadjusted
probability of death by follow up time with three different baseline cup-disk ratios (0.35:1,
0.5:1 and 0.7:1).

DISCUSSION

There is conflicting evidence whether glaucoma is associated with mortality.> 810 11 3151/
Most of the previous studies were on Caucasian populations and only included participants
with POAG. Some of these studies demonstrated an association in univarable analysis, but
this did not remain significant after adjusting for confounders.” **** 3> The present study
had similar findings for POAG. The United States National Health Interview Survey reported
an association between glaucoma and mortality ® but their definition of glaucoma was self
reported and likely subject to enrolment bias. The variability across studies could be due to
variation in study definitions, design, sample size, adjustment for confounders as well as the
population or ethnic groups studied.

Some studies have reported an association between POAG and cardiovascular mortality, i.e.,
the Barbados study and the Blue Mountain Eye Study.™*'® A meta-analysis supported an
association with cardiovascular mortality but not for all causes of mortality.™ In the present
study it was not possible to collect reliable information on the cause of death and we were
unable to explore this association.

Unlike Beijing Eye Study, we did not find an association between PAC and PACG with
mortality.” This could be attributed to factors specific to the population or study design or
the confounders adjusted in analysis as described above. As far as PXF was concerned, we
found an association in univariable analysis but the association was not significant in
multivariable analysis, as in other studies.™®?°

The eye as a model of aging has been previously described.®® We have also observed a
consistent and significant association between vertical CDR and mortality which has not
been described before. This finding raises the possibility that nerve fibre loss may be a
marker of aging, particularly as it has been associated with neurodegenerative diseases such
as Alzheimer’s and Parkinson’s disease.>**®, and neuro-imaging abnormalities of the central
nervous system (CNS) have been reported in patients with glaucoma.*® Although glaucoma
is undoubtedly a neurodegenerative condition of retinal ganglion cells, there is controversy
concerning whether glaucoma is a primary neurodegenerative condition of the CNS or a
primary optic neuropathy with secondary effects in the CNs. Unfortunately, we did not
measure nerve fibre layer thickness in the present study.

The major strengths of our study are that it was a population based sample with long-term
follow-up and high participation rates, and a standard definition of glaucoma was used.
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Limitations are lack of data on the causes of death and the possibility that the findings may
be explained by unknown confounders. We also did not collect information on the use of
anti-glaucoma medications. Apart from that, we did not measure disc size as cup-disc ratio
is related to disc size as well as neuro-degeneration. Hence a structural association is also
possible.

coONOULT A WN =

10 In conclusion, our data do not support an association between glaucoma and an increased
1 risk of all-cause mortality. However, there was an association with increasing CDR. Based on
12 our findings, after adjusting for disc size, the association between nerve fibre layer thickness
and mortality is to be explored.
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Figure 1
Survival curves for cumulative proportion of mortality at cut off of cup-disc ratio of 0.35:1
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Figure 2
Survival curves for cumulative proportion of mortality at cut off of cup-disc ratio of 0.5:1
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Figure 3
9 Survival curves for cumulative proportion of mortality at cut off of cup-disc ratio of 0.7:1

REFERENCES

60 https://mc.manuscriptcentral.com/bjo



coONOULT A WN =

British Journal of Ophthalmology Page 14 of 18

1. Tham YC, Li X, Wong TY, et al. Global Prevalence of Glaucoma and Projections of
Glaucoma Burden through 2040: A Systematic Review and Meta-Analysis.
Ophthalmology 2014

2. George R, Ve RS, Vijaya L. Glaucoma in India: estimated burden of disease. Journal of
glaucoma 2010;19(6):391-7.

3. Khanna RC, Murthy GV, Giridhar P, et al. Cataract, visual impairment and long-term
mortality in a rural cohort in India: the Andhra Pradesh Eye Disease Study. PLoS
One 2013;8(10):e78002.

4.Song E, Sun H, Xu Y, et al. Age-related cataract, cataract surgery and subsequent
mortality: a systematic review and meta-analysis. PloS one 2014;9(11):e112054.

5. Wang J], Mitchell P, Simpson JM, et al. Visual impairment, age-related cataract, and
mortality. Arch Ophthalmol 2001;119(8):1186-90.

6.Xu L, Cui TT, Wang YX, et al. Cataract and mortality. The Beijing eye study. Graefes
Arch Clin Exp Ophthalmol 2008;246(4):615-7.

7. Hennis A, Wu SY, Li X, et al. Lens opacities and mortality : the Barbados Eye Studies.
Ophthalmology 2001;108(3):498-504.

8. Lee D], Gomez-Marin O, Lam BL, et al. Glaucoma and survival: the National Health
Interview Survey 1986-1994. Ophthalmology 2003;110(8):1476-83.

9. Egge K, Zahl PH. Survival of glaucoma patients. Acta ophthalmologica Scandinavica
1999;77(4):397-401.

10. Akbari M, Akbari S, Pasquale LR. The association of primary open-angle glaucoma
with mortality: a meta-analysis of observational studies. Archives of
ophthalmology 2009;127(2):204-10.

11. Borger PH, van Leeuwen R, Hulsman CA, et al. [s there a direct association between
age-related eye diseases and mortality? The Rotterdam Study. Ophthalmology
2003;110(7):1292-6.

12. Grodum K, Heijl A, Bengtsson B. Glaucoma and mortality. Graefes Arch Clin Exp
Ophthalmol 2004;242(5):397-401.

13. Knudtson MD, Klein BE, Klein R. Age-related eye disease, visual impairment, and
survival: the Beaver Dam Eye Study. Arch Ophthalmol 2006;124(2):243-9.

14. Lee A], Wang J], Kifley A, et al. Open-angle glaucoma and cardiovascular mortality:
the Blue Mountains Eye Study. Ophthalmology 2006;113(7):1069-76.

15. McCarty CA, Nanjan MB, Taylor HR. Vision impairment predicts 5 year mortality. Br ]
Ophthalmol 2001;85(3):322-6.

16. Wu SY, Nemesure B, Hennis A, et al. Open-angle glaucoma and mortality: The
Barbados Eye Studies. Archives of ophthalmology 2008;126(3):365-70.

17. Xu L, Wang YX, Jonas JB. Glaucoma and mortality in the Beijing Eye Study. Eye
2008;22(3):434-8.

18. Ringvold A, Blika S, Sandvik L. Pseudo-exfoliation and mortality. Acta
ophthalmologica Scandinavica 1997;75(3):255-6.

19. Shrum KR, Hattenhauer MG, Hodge D. Cardiovascular and cerebrovascular mortality
associated with ocular pseudoexfoliation. American journal of ophthalmology
2000;129(1):83-6.

20. Svensson R, Ekstrom C. Pseudoexfoliation and mortality: a population-based 30-year
follow-up study. Acta ophthalmologica 2014

21. Dandona L, Dandona R, Naduvilath TJ, et al. Burden of moderate visual impairment
in an urban population in southern India. Ophthalmology 1999;106(3):497-504.

22.Dandona L, Dandona R, Srinivas M, et al. Blindness in the Indian state of Andhra
Pradesh. Invest Ophthalmol Vis Sci 2001;42(5):908-16.

https://mc.manuscriptcentral.com/bjo



Page 15 of 18

coONOULT A WN =

23.

24,

25.

26.

27.

28.

29.

30

31.

32.
33.

34.

35.

36.

37.

38.

39

British Journal of Ophthalmology

Chylack LT, Jr., Wolfe JK, Singer DM, et al. The Lens Opacities Classification System
[II. The Longitudinal Study of Cataract Study Group. Archives of ophthalmology
1993;111(6):831-6.

Taylor HR, West SK. A simple system for the clinical grading of lens opacities. Yan Ke
Xue Bao 1988;4(1):14-8.

Dandona L, Dandona R, Naduvilath TJ, et al. Is current eye-care-policy focus almost
exclusively on cataract adequate to deal with blindness in India? Lancet
1998;351(9112):1312-6.

Krishnaiah S, Vilas K, Shamanna BR, et al. Smoking and its association with cataract:
results of the Andhra Pradesh eye disease study from India. Invest Ophthalmol Vis
Sci 2005;46(1):58-65.

Bird AC, Bressler NM, Bressler SB, et al. An international classification and grading
system for age-related maculopathy and age-related macular degeneration. The
International ARM Epidemiological Study Group. Surv Ophthalmol
1995;39(5):367-74.

Krishnaiah S, Das T, Nirmalan PK, et al. Risk factors for diabetic retinopathy:
Findings from The Andhra Pradesh Eye Disease Study. Clin Ophthalmol
2007;1(4):475-82.

Foster P], Buhrmann R, Quigley HA, et al. The definition and classification of
glaucoma in prevalence surveys. The British journal of ophthalmology
2002;86(2):238-42.

. Garudadri C, Senthil S, Khanna RC, et al. Prevalence and risk factors for primary

glaucomas in adult urban and rural populations in the Andhra Pradesh Eye
Disease Study. Ophthalmology 2010;117(7):1352-9.

Senthil S, Garudadri C, Khanna RC, et al. Angle closure in the Andhra Pradesh Eye
Disease Study. Ophthalmology 2010;117(9):1729-35.

WHO. Global Database on Body Mass Index, 2006.

StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX: StataCorp
LP

Cox DR. Regressional models and life tables. J Roy Statist Soc Bull 1972;34:187-220.

Pathai S, Shiels PG, Lawn SD, et al. The eye as a model of ageing in translational
research--molecular, epigenetic and clinical aspects. Ageing research reviews
2013;12(2):490-508.

Danesh-Meyer HV, Levin LA. Glaucoma as a neurodegenerative disease. Journal of
neuro-ophthalmology : the official journal of the North American Neuro-
Ophthalmology Society 2015;35 Suppl 1:S22-8.

Davis BM, Crawley L, Pahlitzsch M, et al. Glaucoma: the retina and beyond. Acta
neuropathologica 2016;132(6):807-26.

Ramirez Al, de Hoz R, Salobrar-Garcia E, et al. The Role of Microglia in Retinal
Neurodegeneration: Alzheimer's Disease, Parkinson, and Glaucoma. Frontiers in
aging neuroscience 2017;9:214.

. Gupta N, Ang LC, Noel de Tilly L, et al. Human glaucoma and neural degeneration in

intracranial optic nerve, lateral geniculate nucleus, and visual cortex. The British
journal of ophthalmology 2006;90(6):674-8.

https://mc.manuscriptcentral.com/bjo



coONOULT A WN =

British Journal of Ophthalmology

1.0

0.8

0.6

Proportion of death

0.2

0.0

T T T T T T T T T T T

T T T
0o 1 2 3 4 5 6 7 8 9 10 11 12 13
Follow-up time (Years)

0035 ————- >0.35:1

Survival curves for cumulative proportion of mortality at cut off of cup-disc ratio of 0.35:1

106x77mm (300 x 300 DPI)

https://mc.manuscriptcentral.com/bjo

Page 16 of 18



Page 17 of 18 British Journal of Ophthalmology

coONOULT A WN =

1.0

0.6 0.8

Proportion of death

)
o
0.2

N
N
0.0

T T T T T T T T T T T

T T T
24 o 1 2 3 4 5 6 7 8 9 10 11 12 13
25 Follow-up time (Years)

27 — 05 e >0.5:1

Survival curves for cumulative proportion of mortality at cut off of cup-disc ratio of 0.5:1

32 106x77mm (300 x 300 DPI)

60 https://mc.manuscriptcentral.com/bjo



coONOULT A WN =

British Journal of Ophthalmology

1.0

0.8

0.6

Proportion of death

0.2

0.0

T T T T T T T T T T T

T T T
0o 1 2 3 4 5 6 7 8 9 10 11 12 13
Follow-up time (Years)

0l - >0.7:1

Survival curves for cumulative proportion of mortality at cut off of cup-disc ratio of 0.7:1

106x77mm (300 x 300 DPI)

https://mc.manuscriptcentral.com/bjo

Page 18 of 18



