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Abstract

Objective—To determine the longitudinal trends in the probability of blindness due to open-

angle glaucoma (OAG) in Olmsted County, Minnesota from 1965 to 2009.

Design—Retrospective, population-based cohort study.

Participants—All residents of Olmsted County, Minnesota (40 years of age and over) who were

diagnosed with OAG between January 1, 1965 to December 31, 2000.

Methods—All available medical records of every incident case of OAG were reviewed until

December 31, 2009 to identify progression to blindness, defined as visual acuity of 20/200 or

worse, and/or visual field constriction to 20° or less. Kaplan–Meier analysis was used to estimate

the cumulative probability of glaucoma-related blindness. Population incidence of blindness

within 10 years of diagnosis was calculated using United States Census data. Rates for subjects

diagnosed in the period 1965–1980 were compared with rates for subjects diagnosed in the period

1981–2000 using logrank tests and Poisson regression models.

Main Outcome Measures—Cumulative probability of OAG-related blindness, and population

incidence of blindness within 10 years of diagnosis.

Results—Probability of glaucoma-related blindness in at least one eye at 20 years decreased

from 25.8 % (95% Confidence interval [CI]: 18.5–32.5) for subjects diagnosed in 1965–1980, to

13.5% (95% CI: 8.8–17.9) for subjects diagnosed in 1981–2000 (P=0.01). The population

incidence of blindness within 10 years of the diagnosis decreased from 8.7 per 100,000 (95% CI:

5.9–11.5) for subjects diagnosed in 1965–1980, to 5.5 per 100,000 (95% CI: 3.9–7.2) for subjects

diagnosed in 1981–2000 (P=0.02). Higher age at diagnosis was associated with increased risk of

progression to blindness (P< 0.001).
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Conclusions—The 20-year probability and the population incidence of blindness due to OAG in

at least one eye have decreased over a 45 year period from 1965 to 2009. However, a significant

proportion of patients still progress to blindness despite recent diagnostic and therapeutic

advancements.

Introduction

Glaucoma is a leading cause of irreversible blindness worldwide. It has been estimated that

60.5 million people were affected with open angle glaucoma (OAG) and angle closure

glaucoma (ACG) in 2010, increasing to 79.6 million by 2020, and of these, 74% will have

OAG.1 Glaucoma affects more than 2.7 million individuals in the United States age 40 and

older, or about 1.9% of this population.2 It is the second leading cause of blindness among

blacks, after cataract, and the third leading cause of blindness in whites, after age related

macular degeneration and cataract.3–5

Diagnostic criteria for glaucoma have undergone significant modifications over the last 40

years with greater importance placed on characteristic changes in the optic disc and retinal

nerve fiber layer, and decreased reliance on elevated intraocular pressure (IOP).6

Nevertheless, reduction of IOP remains the only treatment for glaucoma.7, 8 New therapies

for IOP reduction, as well as new diagnostic and progression analysis tools continue to be

developed with significant advances occurring over the last 4 decades. These improvements

in glaucoma management techniques have undoubtedly benefited individual patients.

However, their effect on the rates of visual impairment in populations is poorly understood.

Although several studies have addressed the probability of progression to blindness,9–12

none have assessed longitudinal changes in the risk of progression to blindness or the

population incidence of glaucoma-related blindness. A better understanding of

epidemiological trends in glaucoma can help optimize the distribution of health and medical

resources, and provide feedback on the efficacy of novel management approaches on a

population basis. The purpose of this study was to determine the population incidence of

OAG-related blindness and the probability of progression to blindness for newly diagnosed

OAG patients, and to assess longitudinal changes in these metrics over a 45 year time

period.

Methods

Data Collection

This is a population-based study of all residents of Olmsted County, Minnesota, who were

newly diagnosed with OAG between 1965 and 2000. As a result of a unique resource known

as the Rochester Epidemiology Project (REP), Olmsted County is one of the few places in

the world where longitudinal population-based studies are conducted. REP13–15 is a

surveillance and medical records linkage system established to study the occurrence and

natural history of disease among the residents of Olmsted County, Minnesota. Population-

based studies are possible since the county is isolated from other urban centers, with

virtually all medical care to area residents provided by the Mayo Clinic and its affiliated

hospitals (St. Mary’s Hospital and Rochester Methodist Hospital), or the Olmsted Medical
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Group with its affiliated Olmsted Community Hospital. All providers in Olmsted County use

a medical record system whereby all medical information on each resident is accumulated

within a single dossier.13 Indices that contain all clinical and pathologic diagnoses and

surgical procedures have been created and can be used to retrieve records for various study

populations. The University of Minnesota Hospitals, the Veterans Affairs Medical Center in

Minneapolis, and other medical facilities in the region are contacted periodically to maintain

the completeness of the system.13

Data from a previously reported study examining glaucoma incidence and blindness in

Olmsted County residents diagnosed with OAG during the period 1965–1980,16, 17 with

follow up through the end of 1995, were pooled with newly collected data for subjects

diagnosed with OAG during the period from 1981–2000, with follow-up through the end of

2009. For this study, we defined OAG as primary open angle glaucoma, exfoliation

glaucoma, pigmentary glaucoma, and treated ocular hypertension (OHT). The inclusion of

treated OHT was necessary to harmonize the data sets, allowing comparison of the

previously collected data with our newly collected data. For the new data, study subjects

were identified by performing a computerized search of the REP database to identify all the

residents of Olmsted County, Minnesota with a coded diagnosis of OAG during the period

January 1, 1981 to December 31, 2000. All charts of subjects with a new diagnosis of OAG,

glaucoma suspect, and OHT between 1981 and 2000 were reviewed to verify a new

diagnosis of OAG or treated ocular hypertension during this period. Subjects with pre-

existing glaucoma, glaucoma due to secondary causes (e.g., neovascular, uveitic, congenital,

closed angle) or angle closure were excluded. Glaucoma was defined using the American

Academy of Ophthalmology Preferred Practice Pattern criteria18 as the presence of either

one or both of the following characteristics documented in the medical records: 1) Optic

nerve damage consistent with glaucoma (diffuse thinning, focal narrowing, or notching of

the optic disc rim, documented progression of cupping of the optic disc, diffuse or localized

abnormalities of the peripapillary retinal nerve fiber layer, disc rim or peripapillary retinal

nerve fiber layer hemorrhages or optic disc neural rim asymmetry of the two eyes); 2) Visual

field damage consistent with retinal nerve fiber layer damage (nasal step, arcuate field

defect, or paracentral depression in clusters of test sites). Treated OHT was defined as

subjects who were treated with ocular hypotensive medications due to increased IOP

without evidence of optic disc damage or visual field defects at diagnosis. This study was

approved by the institutional review boards of the Mayo Clinic and Olmsted Medical

Center.

For the 1981–2000 dataset, all available medical records of every incident case were

reviewed through December 31, 2009. Demographic and clinical information including age

at diagnosis, gender, date of initiation and type of therapy, type of OAG, visual acuity, IOP,

visual field test results, and optic disc appearance were reviewed at initial diagnosis and

during the entire period of follow up. If blindness occurred, the earliest date of documented

occurrence, affected eye, and etiology of the blindness were recorded. Blindness was

defined as best-corrected visual acuity of 20/200 or worse as measured by Snellen acuity,

and/or visual field constriction to 20° or less in its widest diameter using the Goldmann III4e

test object, or its equivalents on automated perimetry (size-III target at 10 dB with the

Humphrey automated perimeter or size-III target at 7 dB with the Octopus automated
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perimeter) or tangent screen (10-mm target at 1 m). Each eye was evaluated individually for

blindness. Cases in which blindness was not primarily caused by glaucoma were not

included in calculations of blindness risk or incidence. The distinction was almost always

clear by careful review of the charts and the sequence of eye disease progression. Any

ambiguous cases were not included as incident cases. Olmsted County residency for all

incident cases at the time of diagnosis was verified using the REP database.

Similar methods were used for the collection of the previous 1965–1980 data set16, 17 and

the new 1980–2000 data set. The only significant difference was the definition of treated

OHT utilized. For the 1965–1980 data set, subjects were classified as treated OHT if there

was no documented evidence of visual field or disc damage at diagnosis, even if damage

was documented at a later date. This may have resulted in selection bias and a very high

reported probability of blindness at 20-years of 27%.16 However, for the 1981–2000 data

set, we assumed that OHT patients who later developed visual field or disc damage were

actually patients with pre-perimetric glaucoma, and therefore classified them as OAG. In

order to allow comparison of the two datasets, we pooled OAG and treated OHT patients for

combined analyses.

Probability of glaucoma-related blindness

Kaplan–Meier analysis was used to estimate the 10, 15 and 20-year cumulative probability

of glaucoma-related blindness in at least one eye, as well as in both eyes, by either visual

acuity or visual field criteria adjusted for follow-up time. Statistical analyses were

performed on both current and previous data sets, and Kaplan–Meier cumulative probability

estimates of blindness for the two studies were compared using logrank tests. Statistical

significance was assumed for P<0.05. Cox proportional hazards models were used to

analyze age at diagnosis and gender as risk factors associated with the development of

blindness.

Population incidence of glaucoma-related blindness

Calculation of the population incidence of glaucoma-related blindness was necessary to

address the potential confounding effect of earlier diagnosis. Subjects who are diagnosed

with glaucoma at an earlier stage of disease would be expected to have a longer period of

time until blindness, assuming no change in management, and thus a lower probability of

blindness for a given time frame. However, calculation of the true population incidence of

blindness due to glaucoma requires following all subjects who have ever been diagnosed

with glaucoma for their entire lifetimes. Besides being impractical, this approach is

unreliable as a measure of shorter term improvements in management strategies since the

efficacies of all the different medical and surgical treatment modalities ever introduced

during a lifetime of follow up contribute to the blindness incidence rates. As well, increasing

longevity may result in an increase in the lifetime risk for glaucoma blindness.

To address these issues, we utilized two models to calculate and assess trends in population

incidence of blindness due to glaucoma. In the first model, we calculated the OAG-related

annual population incidence of blindness for the new dataset (1981–2000) based on the

development of blindness anytime during the follow-up period of the study (1981–2009).
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For the previous dataset (1965–1980), we used the same model to calculate annual

population incidence of blindness and the development of blindness anytime during the

follow up period of that study (1965–1995). Annual population incidence of OAG-related

blindness was also calculated and compared for 5-year intervals from 1965 to 2000. The

second model for assessing longitudinal trends in population incidence of glaucoma-related

blindness was based on the population incidence of blindness in at least one eye within 10

years of initial diagnosis of glaucoma. Since the follow-up period for our study continued

until end of 2009, this portion of the study included cases that were diagnosed from 1981 to

1999, instead of 1981 to 2000, in order to ensure that a full 10 years of follow up was

available for each newly diagnosed glaucoma patient.

Population data for blindness incidence calculations were drawn from United States Census

data for Olmsted County. The annual blindness incidence was determined by dividing the

number of incident cases by the estimated Olmsted County population. Incidences were then

age- and gender- adjusted to the U.S. white population age 40 years and above in 2000

(Olmsted County population was 90.3 % Caucasian in 2000).19 Poisson distributions were

used to calculate the 95% confidence intervals (CI) for incidences. Incidences for different

time period were compared using Poisson regression models. Statistical significance was

assumed for P<0.05 for all tests.

Results

Five hundred and sixty three new cases of OAG were diagnosed during the period from

1981 to 2000. There were 235 male and 328 female subjects, with the mean age of 65.2 ±

15.3 (mean ± standard deviation [SD]) years. The follow up time extended to the end of

2009 and ranged from less than a month to 28.2 years with a mean follow up time of 11.2 ±

6.7 years. Table 1 summarizes the characteristics of incident cases from this period, as well

as the previously collected study data set for the period 1965–1980.16, 17 The follow up

period of that study was from 1965 to 1995, with a mean follow up time of 15.0 ± 8.0 years.

Figure 1 depicts the age and gender adjusted annual incidence of OAG and treated OHT for

the period of 1965–2000 which encompasses both the current and previous studies.

Table 2 describes the characteristics of the OAG cases who developed blindness due to

glaucoma. Nine subjects were blind in at least one eye at the time of diagnosis. One of these

subjects was bilaterally blind and was excluded from the blindness incidence calculations.

The other 8 subjects were blind in one eye and were included in the calculations for the

bilateral blindness incidence but not for calculation of unilateral blindness incidence. The

same criteria were applied to the data set from the previous study period,16, 17 with 9

subjects unilaterally blind and 2 two subjects bilaterally blind at diagnosis. There was a

significant difference in the average time from glaucoma diagnosis to blindness between the

previous and current study periods (8.7 ± 6.9 years and 5.8 ± 5.6 years, respectively, P=

0.02). Age at blindness was not significantly different between the two periods (P=0.36).

Linear regression analysis of age at diagnosis indicated a marginally significant trend

towards increasing age at first diagnosis (P=0.0506, Table 2).
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Probability of glaucoma-related blindness

Kaplan–Meier cumulative probability of OAG-related blindness by visual acuity and/or

visual field definition at 20 years in at least one eye was estimated to be 13.5 % (8.8–17.9)

for the cases diagnosed during 1981–2000 and 25.8 % (18.5–32.5) for the cases diagnosed

during 1965–1980 (P = 0.01) (Figure 2). Table 3 (available at http://aaojournal.org) lists the

10, 15 and 20 year Kaplan-Meier probabilities of blindness in at least one eye by either

visual acuity (VA) or visual field (VF) definitions in 5 year intervals. Since case follow-up

extended only until the end of 2009, Kaplan–Meier estimates of probability of OAG-related

blindness were not possible for the 20-year timeframe for cases diagnosed after 1990, or for

the 15-year timeframe after 1996.

Kaplan–Meier cumulative probability of OAG-related blindness was also calculated

separately for VA criteria (Table 4 - available at http://aaojournal.org, Figure 2) and VF

criteria (Table 5 - available at http://aaojournal.org, Figure 2). There was no statistically

significant difference between 20-year estimates of blindness probability based on VA

criteria alone for the 1981–2000 period (6.7 %; 95% CI: 4.0–9.4) compared with the 1965–

1980 period (10.7 %; 95% CI: 5.1–16.0) (P= 0.85). However, there was a statistically

significant difference in the 20-year estimate of blindness probability by VF definition alone

for the 1981–2000 period (12.5 %; 95% CI: 8.0–16.9) compared with the 1965–1980 period

(22.0 %; 95% CI: 15.1–28.1) (P=0.03).

The 20-year Kaplan–Meier Cumulative probability of bilateral glaucoma-related blindness

by VA or VF was 4.3 % (95% CI: 1.9–6.6%) for cases diagnosed during the period from

1981–2000 (Table 6). This was not significantly different from the 20-year probability of

bilateral glaucoma-related blindness for subjects diagnosed during the period from 1965–

1980 (9.0 %; 95% CI: 4.2–13.5%) (P=0.33).

Population incidence of glaucoma-related blindness

Table 7 summarizes the annual population incidence of glaucoma-related blindness, in at

least one eye by either VA or VF criteria, occurring any time during the study follow-up

period for both the current and previous studies. For the current study, the annual population

incidence for 5-year intervals showed a trend towards a decrease from 1986–1990 to 1996–

2000 (P=0.10). For the entire period 1981–2000, the annual population incidence of

glaucoma-related blindness was 7.1 (5.2–9.0) per 100,000 population (>40 years). For the

previous study period, the annual population incidence increased from the period 1965–1970

until 1976–1980 (P= 0.007). For the entire study period 1965–1980, the annual population

incidence was 16.6 (12.6–20.5) per 100,000 population, which was significantly greater than

the incidence for the current study period (P<0.001).

Table 8 summarizes the annual population incidence of blindness due to glaucoma in at least

one eye by VA or VF criteria within the first 10 years after diagnosis. The incidence of

blindness within 10 years of diagnosis, in 5-year intervals, increased significantly during the

period of the previous study period from 1965–1980 (P<0.001). However, the current study

period from 1981–1999 had a significantly lower population incidence of glaucoma-related

blindness within 10 years of diagnosis (5.5 per 100,000; 95% CI: 3.9–7.2 per 100,000 over
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40 years old) than the previous study period from 1965–1980 (8.7 per 100,000; 95% CI:

5.9–11.5 per 100,000 over 40 years old) using a Poisson regression model (P=0.02).

Age and gender as risk factors for the progression to blindness

Cox proportional hazards models were used to analyze age at diagnosis and gender as risk

factors associated with the development of blindness. Gender was not a risk factor for

glaucoma-related unilateral blindness by VA or VF criteria (P=0.49 and 0.93, respectively),

or bilateral blindness by VA or VF criteria (P=0.24 and 0.40, respectively) during the period

1965–2000. However, older age at diagnosis was a significant risk factor for unilateral and

bilateral blindness, using either VA or VF criteria (P<0.001).

Discussion

The Rochester Epidemiology Project tracks the entire population of Olmsted County over

multiple decades, and is particularly well-suited for assessing longitudinal trends in OAG-

related blindness rates. In contrast, prospective population-based eye studies are primarily

designed to assess prevalence instead of incidence, and are unable to assess long-term trends

in a relatively rare condition like OAG-related blindness. Even if serial ophthalmic

examinations could be performed for the study populations, these studies typically have

sample sizes between 3000–6000 participants.20–24 As a result, they would only detect a

single case of OAG-related blindness every 3 to 5 years, based on our annual incidence of

7.1 cases per 100,000 population for patients diagnosed between 1981–2000. Assessment of

long-term trends in OAG-related blindness would therefore be difficult with prospective

population-based studies.

The probability of glaucoma-related blindness in our current study period (1981–2000) is

consistent with the results of Broman et al9, who used duration of follow up and rate of

change in Mean Deviation (MD) in standard automated perimetry to estimate that 15% of

OAG patients would be judged blind in at least one eye by visual field criteria in their

lifetime. Community or population based studies like our study often report higher

progression rates than those generally reported by clinical trials or clinical based

studies.10–12, 25–28 There are several reasons for this notable difference.9 First, the study

subjects of clinical studies do not represent the natural history of all persons affected by

OAG in a population due to selection bias. Second, study participation may result in

improved follow-up and compliance with therapy compared with the general population.

Third, OAG is a chronic disease with patients being affected for an average of 13 to 16

years.29 The relatively short term follow-up that is feasible for most clinical trials may lead

to an underestimate of the blindness rate of glaucoma. In our current study, the mean time

from OAG diagnosis to blindness was 7.2 years with a median time of 6.0 years, which is

similar to the maximum follow-up duration for large clinical trials. This suggests that as

many as half of the expected cases of blindness due to glaucoma may be missed due to

limited follow-up in clinical trials.

Our results indicate that the 20-year probability of progression to blindness in at least one

eye has decreased significantly from the previous study period of 1965–1980, originally

reported by Hattenhauer et al,16 to the current study period of 1981–2000. There was also a
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trend towards decreasing probability of progression to bilateral blindness, although the

difference was not statistically significant. This is likely due to the relatively small number

of patients progressing to bilateral blindness in either time period, which is consistent with

the results of population-based surveys.1

There are numerous possible reasons why the probability of OAG-related blindness in

Olmsted County may be decreasing. First, improvements in glaucoma management

techniques from 1965 to the end of the follow-up period in 2009 may have resulted in a real

decrease in the risk of OAG-related blindness. Numerous changes in glaucoma management

have occurred during this timeframe, including improvements in medical and surgical

therapy, the development of laser trabeculoplasty, automated perimetry, optic disc and nerve

fiber layer imaging, and a better understanding of glaucoma pathophysiology and the risk

factors for progression. However, it is also possible that changes in diagnostic criteria for

glaucoma have resulted in earlier diagnosis of glaucoma, which could manifest as an

increased duration until blindness, and a lower probability of blindness over 20-years. As

well, better public awareness of glaucoma may result in a higher diagnosis rate of

asymptomatic glaucoma, which would also reduce the risk of progressing to blindness in a

fixed time period. However, there was no statistically significant difference in the annual

incidence of OAG in the current study period (Figure 1) compared to the previous study

period, despite the technological advances and improved awareness of the disease that may

have caused glaucoma to be diagnosed at earlier stages.

To further assess the possible changes in OAG-related blindness rates, we investigated the

annual population incidence of OAG-related blindness. Population incidence can be

calculated using several different methods. As discussed previously, determination of true

population incidence of OAG-related blindness by using a medical record based study

requires identification of every case ever diagnosed with OAG and life long follow up. This

approach is impractical, and also does not reflect more recent changes in disease

management or changing life expectancy. To address this issue, we used two models to test

for possible recent changes in the population incidence of blindness. Our first model

assessed the annual population incidence of OAG-related blindness that occurred during the

study period. This method has the advantage that virtually all cases of blindness would be

captured given a long enough follow-up time. For our current study period, including cases

diagnosed from 1981–2000, the mean follow-up period was 11.2 ± 6.7 years (mean ± SD).

For the previous study period, including cases diagnosed from 1965–1980, the mean follow-

up period was 15.0 ± 8.0 years (mean ± SD). We found that the incidence of glaucoma-

related blindness was significantly lower in the current period compared with the previous

period. It is possible the differences in average follow-up time may contribute to the lower

rates in the current study period. However, patients in the 1981–2000 cohort tended to be

diagnosed at a later age than those in the 1965–1980 cohort. As well, most of the cases of

blindness in the previous study belong to those diagnosed during 1976–1980, with a

maximum follow-up time of 15–20 years. In comparison, the current study, the maximum

follow-up time for the period 1981–1990 was 14–29 years. Despite the similar follow-up

times, the population incidence of blindness was significantly less in the 1981–1990 time

period.

Malihi et al. Page 8

Ophthalmology. Author manuscript; available in PMC 2015 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



To address the issue of variable follow-up times, we calculated the incidence of glaucoma-

related blindness within 10 years of diagnosis. Using this fixed follow-up period, we found

that annual population incidence of glaucoma-related blindness within 10 years of diagnosis

was lower in the current study (1981–2000) than with the previous study (1965–1980). One

possible confounding factor is that, similar to the calculation of blindness probability, using

a fixed follow-up period may be affected by earlier diagnosis of glaucoma. However, the

lack of change in the annual population incidence of OAG indicates that there has been little

change in the stage of disease at diagnosis.30 The similar trends in all our models of

glaucoma-related blindness incidence and probability are suggestive of a real decrease in

blindness rates, rather than an artifact of follow up time or earlier diagnosis.

To address the issue of changing definitions of disease, it was necessary to combine OAG

and treated OHT patients. There was a marked difference in the percentage of patients with

OHT in the 1965 to 1980 period compared with the 1980 to 2000 period. Since diagnostic

criteria change over time, there is no ideal way of separating OAG patients from OHT

patients who later convert to OAG. For the earlier time period, it is possible that some of

these patients had pre-perimetric disease but were classified as OHT due to prevailing

definitions of glaucoma at the time. If only patients who had definite OAG at the time of

diagnosis were included, this would tend to bias the results as the patients from the later time

period would tend to have an earlier stage of disease and therefore would have a lower risk

of developing blindness over time. Although not ideal, combining treated OHT and OAG

provided the best possibility for minimizing this bias. Regardless of any potential bias in

disease definition, the population incidence of blindness would not be affected.

Even though blindness rates due to glaucoma appear to be decreasing, it is noteworthy that a

significant percentage of patients (15%) still progress to blindness within 20 years in at least

one eye, despite advances in diagnosis and therapy. This suggests that a subset of glaucoma

patients may have more aggressive disease and may be particularly susceptible to

progression, possibly due to non-IOP related factors that contribute to retinal ganglion cell

death and vision loss.

Our study did not show any difference in the risk of blindness based on gender but did

indicate that increasing age at diagnosis was a significant risk factor for progression to

blindness. These findings are in agreement with most published data,10, 11, 26, 31 and are

indicative of late diagnosis of disease. As well, the age of first diagnosis of glaucoma

appeared to increasing over time. This would tend to increase the probability of glaucoma-

related blindness in the later time periods, as older age at diagnosis was a significant risk

factor for blindness. Despite this trend, the probability of glaucoma-related blindness

decreased over time.

There are several disadvantages to a community based study. In particular, our study relied

on medical records filed by multiple examiners. Although glaucoma is a clinical diagnosis,

there was no unique protocol to assess the optic discs and visual fields used to diagnose

glaucoma and assess its progression. Several different perimetry techniques had been used

during the long course of study (1965–2009), ranging from tangent screen and Goldmann

perimetry, to standard automated perimetry. If changes in perimetry resulted in decreasing
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sensitivity over time, the blindness rate could have been artificially lowered in the later time

periods. However, automated perimetry tends to detect glaucomatous defects earlier,

potentially leading to earlier appearance of blindness based on visual field criteria.32, 33 In

contrast, our study found that the risk of blindness based on visual field criteria decreased

over time.

Another possible limitation to this study is that 90.8% of population of Olmsted County was

white in 2000, and the outcome of glaucoma may be different in communities with different

racial demographics. Race has been reported to be a risk factor for glaucoma-related

blindness, with a significantly higher probability of blindness in non-Caucasian

populations. 34, 35 Chen reported 14.6% unilateral and 1.7% bilateral blindness at 15 years in

a study on a predominantly Caucasian (82%) clinic-based population,36 consistent with the

results of our study. Similarly, in a study on 423 subjects with an average glaucoma duration

of 11.2 ± 6.6 years, Peters et al37 reported a 15.2% lifetime risk of bilateral blindness in an

almost entirely Caucasian population in Sweden. In contrast, Kooner et al.38 reported a

much higher rate of blindness rate of 42.1% in either eye in a more racially diverse (44.0%

Caucasian, 47.4% African American) study of 487 clinic and hospital patients over 5.5 ± 3.6

years of follow-up. However, only 195 of these patients were followed from the time of their

initial diagnosis. Furtado et al.39 reported on the risk of blindness from primary open angle

glaucoma in a tertiary care hospital in Brazil in patients with at least 15 years of follow-up.

Their patients had a 24.5% risk of unilateral and 34% risk of bilateral blindness at the end of

their follow-up period. However, this was a small study of 53 patients, and the time from

diagnosis was not reported. Although the results of our study are based on a predominantly

Caucasian population with reasonably good access to care, and should be cautiously

interpreted in different demographics, little other population-based data concerning the risk

of blindness from glaucoma exists.

In conclusion, the 20-year probability of progression to blindness in at least one eye due to

OAG, and the annual population incidence of OAG-related blindness, were both lower for

patients diagnosed between 1980 and 2000 compared with patients diagnosed between 1965

and 1980 in the same geographic location. However, a significant proportion of patients still

progress to blindness despite diagnostic and therapeutic advancements. Future studies will

be required to determine if these trends continue and if current advances in glaucoma

management result in further decreases in blindness rates.
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Figure 1.
Annual incidence of open angle glaucoma (including treated ocular hypertension) in 5 year

time intervals per 100,000 population (>40 years) from 1965–2000. OAG = open-angle

glaucoma
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Figure 2.
Kaplan–Meier cumulative probability of open angle glaucoma-related blindness (including

treated ocular hypertension). Red lines: blindness in at least one eye by visual acuity (VA)

criteria (≤20/200). Green lines: blindness in at least one eye by visual field (VF) criteria

(constriction to 20° or less). Blue lines: blindness in at least one eye by either visual acuity

criteria or visual field criteria. Solid lines: Current Study Period: 1981–2000; Dashed lines:

Previous Study Period: 1965–1980.
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Table 1

Characteristics of patients for the current and previous study periods. Numbers in parentheses indicate number

of subjects.

Current Study Period (1981–2000) Previous Study Period (1965–1980)

Number of cases 563 294

Age at Diagnosis (Years, mean ± SD) 65.2 ± 15.3 66.7 ± 13.1

Gender (%)

 Male 41.7% (235) 37.1% (109)

 Female 58.3% (328) 62.9% (185)

Type of Glaucoma

 Primary Open Angle 65.0% (366) 29.6% (87)

 Pseudoexfoliation 14.7% (83) 8.5% (25)

 Pigmentary 5.7% (32) 1.7% (5)

 Treated Ocular Hypertension 14.6% (82) 60.2% (177)

Definitions for treated ocular hypertension differed between the current and previous studies, as explained in the Methods section.

SD – standard deviation
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Table 6

Kaplan–Meier cumulative probability of open angle glaucoma-related blindness in both eyes by either visual

field or visual acuity criteria at different time intervals.

Diagnosis year
Probability of Blindness In Both Eyes (95% CI)

10-Year 15-Year 20-Year

1965–1970 0.0 % (0.0-0.0) 0.0 % (0.0-0.0) 4.4 % (0.0–11.1)

1971–1975 5.0 % (0.0–10.4) 8.8 % (1.1–15.9) 8.8 % (1.1–15.9)

1976–1980 2.3 % (0.0–5.4) 10.3 % (2.6–17.3) 12.6 % (3.8–20.6)

Overall: 1965–1980 2.2 % (0.3–4.1) 6.2 % (2.7–9.6) 9.0 % (4.2–13.5)

1981–1985 5.2 % (0.1–10.1) 5.2 % (0.1–10.1) 5.2 % (0.1–10.1)

1986–1990 6.0 % (1.2–10.6) 6.0 % (1.2–10.6) 7.7 % (1.9–13.1)

1991–1995 2.3 % (0.0–4.9) 2.3 % (0.0–4.9) *

1996–2000 1.7 % (0.0–3.3) * *

Overall: 1981–2000 3.4 % (1.7–5.1) 3.4 % (1.7–5.1) 4.3 % (1.9–6.6)

There was no significant difference in the probability of blindness by visual field criteria for patients diagnosed in the 1965–1980 period compared
with patients diagnosed in the 1981–2000 period (P= 0.33, 0.49, and 0.33 for the 20-year, 15-year, and 10-year time periods respectively, logrank
test).

*
Kaplan-Meier rate could not be calculated due to inadequate follow up time

CI – confidence interval
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Table 7

Annualized population incidence per 100,000 (40 years age and above) of open angle glaucoma related

blindness in at least one eye by visual acuity or visual field.

Diagnosis year Annualized Population Incidence Of Open Angle Glaucoma Related Blindness Per 100,000 (95% CI)

1965–1970 8.4 (3.7–13.2)

1971–1975 17.8 (10.5–25.1)

1976–1980 23.6 (15.6–31.7)

Overall: 1965–1980 16.6 (12.6–20.5)

1981–1985 6.7 (3.4–10.1)

1986–1990 7.5 (3.4–11.5)

1991–1995 6.8 (3.3–10.4)

1996–2000 5.0 (2.2–7.8)

Overall: 1981–2000 7.1 (5.2–9.0)

The incidence during the period 1981–2000 was significantly lower than during the period 1965–1980 (Poisson regression, P < 0.001).

CI – confidence interval
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Table 8

Annualized population incidence per 100,000 (above 40 years age) of open angle glaucoma that leads to

blindness in at least one eye within 10 years of initial diagnosis, by visual acuity or visual field criteria.

Diagnosis year Annualized Population Incidence Of Open Angle Glaucoma Related Blindness Within 10 Years of Diagnosis Per
100,000 (95% CI)

1965–1970 3.5 (0.4–6.6)

1971–1975 8.4 (3.4–13.4)

1976–1980 14.2 (8.0–20.5)

Overall: 1965–1980 8.7 (5.9–11.5)

1981–1985 5.5 (2.5–8.4)

1986–1990 6.3 (2.6–10.0)

1991–1995 3.9 (1.2–6.6)

1996–1999 4.6 (1.9–7.3)

Overall: 1981–1999 5.5 (3.9–7.2)

The incidence during the period 1981–2000 was significantly lower than during the period 1965–1980 (Poisson regression, P=0.02).

CI – confidence interval
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