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Abstract

Purpose: To determine the prevalence of fast global and central visual field (VF) progression in 

individuals with glaucoma under routine care.

Design: Observational study.

Participants: Six hundred ninety-three eyes of 461 individuals with glaucoma followed up over 

a median 4.5 years.

Methods: This study included (i) patients at a private ophthalmology clinic in Melbourne, 

Australia, and (ii) individuals in two prospective longitudinal observational studies across three 

sites in the USA. All individuals had glaucoma under routine care and had performed ≥5 reliable 

24–2 VF tests over a 1- to 5-year period. Ordinary least squares regression analyses were used to 

calculate the rate of global mean deviation (MD) change over time, and of the mean total deviation 

values of the 12 locations within the central 10° region (MTD10), for each eye.

Main Outcome Measures: Prevalence of progression based on the rate of MD and the MTD10 

change across various fixed cut-offs and cut-offs based on the estimated normal distribution (from 

the positive slopes).

Results: Based on the MD and the MTD10, 12.5% and 11.7% of the eyes respectively 

exhibited a rate of change that was < -1.0dB/year (being a rate that is typically defined as “fast 

progression” for MD values), and 29.0% of the eyes showed a change of < -0.5dB/year on MTD10. 

Furthermore, 12.7% and 9.1% of the eyes exhibited a rate of change that exceeded the 1% cut-off 

of the estimated normal distribution MD and the MTD10 values respectively.

Conclusions: This study found that approximately one in eight eyes with glaucoma under 

routine care showed fast progression based on global MD values (< -1.0dB/year), and nearly 

one in three eyes with < -0.5 dB/year decline centrally. These findings highlight the clinical 

importance of assessing progressive central visual field loss and reinforce the need for new 

therapies to prevent functional disability in a notable proportion of individuals who continue to 

exhibit fast progression.

Précis:

This study observed that one in eight eyes with glaucoma under routine care exhibit fast global 

visual field progression, and importantly that a similar proportion also exhibit the same magnitude 

of central visual field progression.

Keywords

Glaucoma; Visual Fields; Progression

INTRODUCTION

A key goal in the clinical management of glaucoma is to prevent functional disability. Visual 

field (VF) testing remains an essential tool to estimate the current degree and future risk of 

functional impairment for individuals with glaucoma.1, 2 Both fast global rates of VF loss 

(based on the current conventional testing of the central 30° of the visual field) and central 
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involvement of glaucomatous VF loss (i.e., within the central 10° of the visual field, or the 

macular region) are strongly associated with functional disability and poorer vision-related 

quality of life.1, 3–8 It is thus critical to understand the prevalence of individuals with 

glaucoma exhibiting fast global VF progression and/or central VF progression under routine 

clinical care in order to appreciate what proportion of these individuals are at high risk of 

functional impairment.

A commonly used definition for a ‘fast progressor’ for an eye with glaucoma in one 

exhibiting a < -1dB/year decline in the global measure of mean deviation (MD), estimated 

from at least 5 VF tests.9–15 Such a rate is considered ‘fast’ as, for example, an eye a 

baseline MD of -3 dB (which would be considered to have early glaucoma) would develop 

advanced glaucoma (MD of -12 dB) within nine years. Such a rate is also considered ‘fast’ 

because eyes with advanced glaucoma would reach the definition of statutory blindness (MD 

of -22 dB, as defined by the US Social Security Administration) in 10 years or less. Based 

on this definition, the prevalence of fast progressors under routine clinical care has been 

reported to be between 5% and 12%,10–12, 15–18 although large studies of individuals from 

Canada (n = 2,324),10 the United Kingdom (n = 3,790)11 and North Carolina (n = 3,981)15 

report a more specific prevalence of between 5% and 7.5%.

However, it remains to be determined what proportion of the population progress 

specifically in the central visual field, either as ‘fast progressors’ (based on a change of 

< -1 dB/year) in this region or at even slower rates, given the functional significance of the 

central visual field.1, 6–8, 19–23 With the commonly used 24–2 VF test on the Humphrey 

Field Analyzer (Carl Zeiss Meditec; Dublin, CA, USA), central visual field progression can 

be assessed by analyzing the central 12 locations of the 24–2 VF, which fall within the 

central 10° radius of vision.24–26 This study therefore sought to determine the prevalence 

of fast progressors, based on measurement of global and central VF sensitivities, across 

various thresholds in order to determine the proportion of glaucoma individuals under 

routine clinical care that are at higher risk of functional disability.

METHODS

This study included (i) a retrospective review of patients seen at a private ophthalmology 

clinic in Melbourne, Australia that were under routine care, and (ii) participants that were 

examined as part of two prospective, longitudinal observational studies of visual function 

and structural changes in glaucoma (the Diagnostic Innovations in Glaucoma Study [DIGS] 

and the African Descent and Glaucoma Evaluation Study [ADAGES]), who were also under 

routine care.27 DIGS and ADAGES were conducted at three sites: the Hamilton Glaucoma 

Center at the Viterbi Family Department of Ophthalmology, University of California, San 

Diego, the Edward S. Harkness Eye Institute at Columbia University Medical Center 

(site formerly located at New York Eye and Ear Infirmary), and the Department of 

Ophthalmology, University of Alabama, Birmingham. Institutional board approvals were 

obtained at all sites in the abovementioned studies, which were all conducted in accordance 

Declaration of Helsinki for research involving humans. DIGS and ADAGES were also 

conducted in adherence to the Health Insurance Portability and Accountability Act, and all 

participants provided written informed consent.
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Eligibility Criteria

Individuals from Melbourne, Australia, included in this study were those under routine care 

within a private academic ophthalmology clinic. Patients from this clinic were eligible for 

inclusion if they were 18 years or older, and with a confirmed diagnosis of glaucoma in 

at least one eye according to a comprehensive review of their clinical record. Individuals 

with all types of glaucoma were included, including those with primary open angle and 

angle closure glaucoma, or secondary glaucoma. Eyes were excluded if they had any other 

ocular or systemic conditions apart from glaucoma that could significantly affect their VF 

test results (such as neovascular age-related macular degeneration).

In DIGS and ADAGES, all participants underwent a comprehensive ophthalmologic 

examination at baseline. This examination included a medical history review, visual acuity 

and visual field testing, slit lamp biomicroscopy and fundoscopy, stereoscopic optic disc 

photography, intraocular pressure measurements and gonioscopy. In DIGS and ADAGES, 

participants were required to be 18 years or older, have a best-corrected visual acuity of 

20/40 or better, and open angles on gonioscopy at study entry. This study included eyes 

with glaucoma defined on the basis of: (i) evidence of glaucomatous optic neuropathy on 

stereophotographs (using methods described previously27, 28), and (ii) having a history of ≥3 

consecutive abnormal visual field tests (based on a pattern standard deviation value of P < 

0.05 or glaucoma hemifield test outside normal limits). As such, all participants from DIGS 

and ADAGES included in this study had primary open angle glaucoma (POAG).

Visual Field Testing

This study included individuals who underwent visual field testing using the Swedish 

Interactive Thresholding Algorithm Standard 24–2 strategy on the Humphrey Field Analyzer 

II-i (Carl Zeiss Meditec, Inc., Dublin, CA, USA). Only tests with ≤ 33% fixation losses 

≤ 15% false-positive errors were considered reliable and included for the analyses. In this 

study, the first visual field test available from the data exported of each eye at the site was 

excluded to minimize the impact of a potential learning effect. Thereafter, only eyes that had 

≥ 5 reliable visual field tests within a 1- to 5-year period were included in this study.

The main outcome measures from the visual field tests included: (i) the mean deviation from 

the entire 24–2 visual field test (MD), which is calculated on the Humphrey Field Analyzer 

as a weighted average of the total deviation (TD) values (the difference in visual sensitivity 

from age-expected values29), and (ii) the mean TD values from the 12 test locations in the 

central 10° region (MTD10).26, 30, 31

Statistical Analysis

The rate of MD and MTD10 change for each eye was calculated using ordinary least squares 

regression analyses. The prevalence of eyes exhibiting a rate of change exceeding a different 

range of cut-offs (less than -0.25, -0.50, -0.75 and -1.00 dB/year, and greater than 0.25, 0.50, 

0.75 and 1.00 dB/year) for both MD and MTD10 were calculated using mixed-effects binary 

logistic regression models, to account for the correlations between two eyes of an individual.
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The prevalence of eyes exhibiting a rate of change (or slopes) exceeding different probability 

cut-offs based on the estimated normal distribution of the slopes of MD and MTD10 was 

also determined to enable a more equivalent comparison between the two measures. These 

cut-offs included probabilities of less than 5%, 2%, 1% and 0.5%. The normal distributions 

were estimated by evaluating the positive slopes (rate of change >0 dB/year), which would 

represent half of the normal distribution of all slopes (positive or negative) in a scenario 

where none of the eyes were truly progressing, and when assuming that true improvements 

in visual field sensitivity were not occurring. Based on probability theory, the standard 

deviation (SD) of a normal distribution with a mean of zero can be calculated by multiplying 

the mean of its absolute values by

π/2
. The positive slopes could thus be used to calculate the SD of the estimated normal 

distribution, since its distribution would match the distribution of the absolute values of all 

slopes in a scenario where true progression was not occurring. Linear mixed models were 

used to calculate this mean absolute value from the eyes exhibiting positive rates of change, 

to account for correlations between two eyes of an individual and between individuals within 

the same site. This mean absolute value was then used to calculate the SD and thus the 

abovementioned probability cut-offs. The percentage of eyes exhibiting a rate of change 

exceeding these probability cut-offs were also evaluated using mixed-effects binary logistic 

regression models, which also accounted for correlations at the site and individual level. 

Furthermore, the percentage of eyes exhibiting a rate of change based on both MD or 

MTD10, or based on either alone, were also calculated using mixed-effects multinomial 

logistic regression models to account for correlations between two eyes of an individual and 

individuals from the same site.

RESULTS

Participant Characteristics

This study included a total of 693 eyes from 461 individuals, who had a median of 7 visual 

field tests (interquartile range [IQR] = 5 to 10 tests) over a median follow-up period of 4.5 

years (IQR = 4.0 to 4.8 years).

These individuals were on average 66 ± 11 years old (range, 23 to 95 years old) and 

232 (50%) patients were female. A total of 627 (90%) eyes had POAG and 18 (6%) eyes 

had primary angle closure glaucoma. At baseline, the median 24–2 visual field MD and 

PSD was -4.07 dB (IQR = -9.57 to -1.50 dB) and 4.51 dB (IQR = 2.39 to 9.58 dB) 

respectively. The characteristics of the individuals included at each of the four sites are 

shown in Supplementary Table 1.

Rates of Visual Field Progression

The median rate of MD change was -0.20 dB/year (IQR = -0.54 to 0.10 dB/year), and the 

median rate of MTD10 was -0.19 dB/year (IQR = -0.55 to 0.10 dB/year); the distribution of 

the rates of change are shown in Figure 1.
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The prevalence of eyes exhibiting a rate of visual field change exceeding a range of cut-offs 

are presented in Table 2. These findings show how 28.1% and 12.5% of eyes had < -0.50 

and < -1.00 dB/year decline in MD in this cohort, whilst 7.9% showed a > 0.5 dB/year 

increase. Similarly, 29.0% and 11.7% of eyes showed a < -0.50 and < -1.00 dB/year decline 

in MTD10, and 8.5% of eyes showed a > 0.5 dB/year increase.

The prevalence of glaucoma eyes exhibiting a rate of change in visual field sensitivity 

exceeding various cut-offs based on the estimated normal distribution are shown in Table 3. 

These findings demonstrate how 12.7% and 9.1% of eyes exhibited a rate of change for MD 

or MTD10 respectively that exceed the 1% cut-off of the estimated normal distribution.

Table 3 further examines the proportion of eyes exhibiting a decline on either MD and 

MTD10 exceeding various cut-offs based on the estimated normal distribution that were 

detected on both MD and MTD10, or based on either alone. These findings demonstrated 

how amongst eyes that exhibited a decline < 1% estimated normal distribution on either MD 

and MTD10, 50% of the eyes showed a decline on both MD and MTD10, and 33% and 17% 

showed a decline on only MD and only MTD10 respectively.

These findings mean that 17%, 23%, 20% and 26% of eyes that progressed by MTD10 

would not have progressed by MD based on the cut-off that was < 5%, 2%, 1% and 0.5% 

of the estimated normal distribution respectively. Furthermore, amongst eyes deemed to have 

progressed based on MD, it was estimated that 74%, 69%, 60% and 61% of these eyes 

would also have progressed by MTD10 respectively.

DISCUSSION

In this study, we found that approximately one in eight eyes with glaucoma under routine 

care across four different sites exhibited fast progression, when defined by a change in MD 

< -1dB/year. Importantly, a similar proportion of eyes also exhibited this rate of decline 

in the central 10° region, and nearly one in three eyes showed a < -0.5dB/year decline 

in this region. These findings highlight how a notable proportion of glaucoma patients 

under routine care exhibit clinically important rates of central visual field progression, 

underscoring the importance of assessing this region in the clinical management of 

glaucoma when seeking to prevent functional disability.

Our finding that 12.5% of eyes in the entire cohort progressed at < -1.0dB/year, defined as 

‘fast progressors’,10, 14, 32 was generally within the range of between 5% to 12% reported 

in previous studies with a similar design.10–12, 15–18 For example, the prevalence of fast 

progressors in this study was similar to the 10% prevalence seen in a cohort of eyes with 

clinically diagnosed glaucoma across five private ophthalmology clinics in Australia.18 

However, it was higher than the prevalence reported in studies in France (11.3%; n = 223),12 

the UK (7.5%; n = 3790),11 and Canada (5.7%; n =2324).10 Nonetheless, note that these 

studies also included eyes with ocular hypertension, suspected glaucoma, and/or unaffected 

eyes of individuals with unilateral glaucoma, which are expected to have a lower prevalence 

of fast progressors than eyes with established glaucoma.
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To the best of our knowledge, this is the first study that has reported specifically on the 

prevalence of central VF progression in individuals with glaucoma under routine care, where 

we observed that 11.7% of eyes exhibited a < -1.0 dB/year change in mean TD values 

within the central 10° radius and 29.0% of eyes showed of decline of < -0.5 dB/year. Whilst 

the former rate has been described as representing “fast progression” when considering the 

global MD on the entire 24–2 VF test9–14, 33, an equivalent magnitude of change centrally 

is likely to lead to a greater degree of functional impairment. The importance of the central 

visual field has been reflected in a commonly used staging systems for visual field loss, 

whereby eyes with abnormalities in this region – irrespective of the overall MD – are 

assigned to a more severe category.34 As such, a decline of -0.5 dB/year could potentially be 

considered to represent “fast progression” if occurring in the central region, and this study 

observed that one in three eyes exhibited such a level decline. However, future studies are 

needed to understand what rate of progression in this central region would result in a similar 

degree of functional impairment (such as based on decline in vision-related quality of life) 

as fast progression (i.e., < -1.0 dB/year) based on the global MD. Note further that it may 

not simply be the rate, but the characteristics of the visual field loss (e.g., location of the 

abnormalities, and/or whether they are diffuse or focal35, 36) that is related to the degree of 

functional impairment.

As well as comparing VF progression against thresholds of clinical significance, we also 

compared our results against thresholds determined from the estimated normal distribution 

of truly stable eyes. This analysis was undertaken because the variability of the MTD10 

is expected to be higher than MD, given that the MTD10 is derived from only 12 out of 

the 54 locations tested. Indeed, the SD of the residuals – being the difference between the 

measured and estimated sensitivity from the linear regression analysis of the longitudinal 

data of each eye, which provides an estimate of measurement variability – was 1.30 and 

1.17 dB for MTD10 and MD respectively. This larger degree of variability for MTD10 

also resulted in a higher prevalence of positive slopes based on fixed thresholds (e.g., 

18.7% and 15.2% showed a rate of change > 0.25 dB/year on MTD10 and MD). To thus 

enable a more equivalent comparison between the two VF outcome measures, we estimated 

the normal distribution of the rates of change from the half-normal distribution of eyes 

exhibiting a positive slope for the VF outcomes, which was assumed to have occurred due 

to measurement variability. We observed that approximately one in five (20.2%) and one in 

eight (12.7%) eyes progressed at a rate exceeding the lower 5% and 1% of the estimated 

normal distribution for global MD respectively, and one in six (17.6%) and one in eleven 

(9.1%) eyes progressed at these rates respectively for MTD10.

We also observed in this study that there is a notable proportion of individuals that exhibit 

changes in the central visual field, but not globally. For example, when considering eyes that 

exhibited a rate of change exceeding the lower 0.5% of the estimated normal distribution 

based on MTD10, only one in four of these eyes also exhibited a change on MD exceeding 

the same cut-off. These findings were similar when considering other thresholds, and this 

highlights how there could be progressive decline in the central visual field in a notable 

proportion of individuals that would not be detected if only MD values are considered.
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The findings of this study underscore the need for device manufacturers to consider 

incorporating a simple-to-derive metric of mean central visual sensitivity in their progression 

analysis software to aid clinical management. Until such a metric has been incorporated, 

these findings highlight the clinical importance of paying particular attention to the central 

visual field when assessing progressive changes qualitatively. The findings of this study also 

reinforce the notion that there is still a notable proportion of individuals with glaucoma 

under routine care that are fast progressors. Furthermore, note that whilst the definition of 

“fast progression” has often been defined as a < -1 dB/year change in global MD, a recent 

study showed that functional disability can already occur when the better eye has an MD 

of -6 dB.37 As such, even slower rates of VF progression could arguably be considered as 

“fast progression” when occurring in the better eye because it would, for example, only 

take six years for an individual with a baseline MD of -3 dB in the better eye to develop 

such disability if progression was occurring at a -0.5 dB/year. Finally, the findings of this 

study also further highlights the need to better understand the underlying disease processes 

driving vision loss in fast progressors, and the need to develop new therapies to complement 

currently available IOP-lowering strategies.38–40

Limitations of this study include the sample size of the cohort, which although is larger than 

several previous studies that have reported on the prevalence of fast progressors,12, 13, 18 

is smaller than several previous studies that included thousands of individuals.10, 11, 15–17 

However, this study included individuals under routine glaucoma care from four different 

sites across Australia and the USA, which we suggest aids the generalizability and clinical 

relevance of its findings. That said, all individuals in this study were seen at centers that 

were within an academic setting. A a recent study using the Intelligent Research in Sight 

(IRIS) Registry by the American Academy of Ophthalmology showed that individuals 

seen in such academic settings generally had more severe glaucoma, and also underwent 

diagnostic procedures such as visual field testing more frequently, than those in non-

academic settings.41 The findings of this study should thus be interpreted in light of this 

consideration.

Furthermore, only individuals with POAG were included in DIGS/ADAGES, whilst 

individuals with any type of glaucoma were included at the site in Australia. However, 

the findings of this study remained similar even when limiting the analyses only to eyes with 

POAG (data not shown). Another limitation is that a quarter of the eyes in this study only 

had 5 VF tests available for analyses, limiting the precision of rate of change estimates when 

using ordinary least squares (OLS) regression analyses.42 Future studies may benefit from 

using Bayesian linear mixed models, which a recent study has demonstrated outperforms the 

OLS regression approach for predicting future MD values, especially when fewer tests are 

available.15 Bayesian linear mixed models may provide more precise estimates of the rate 

of MD change through leveraging information from the entire population to better inform 

its estimates. Note that a previous study observed that the prevalence of fast progressors 

based on the Bayesian linear mixed model with an optimal posterior distribution was slightly 

lower than based on the OLS estimates (4.0% and 5.0% respectively),15 meaning that the 

OLS-based analyses used in this study might slightly over-estimate the true prevalence of 

fast progressors. Nonetheless, a key strength of this study is how only individuals who 

met a robust set of eligibility criteria were included. Another strength of this study is our 
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estimation of the prevalence of MD and MTD10 progression based on the estimated normal 

distribution, which enabled a more equivalent comparison of the two outcome measures. 

Note that we sought to minimize the potential impact of a learning effect – which might 

especially have an impact on the estimation of the normal distribution – by excluding the 

first visual field test available from the data exported of each eye. This was performed as 

we did not have data on how much prior experience each individual had with visual field 

testing.

Note also that whilst this study examined the center-weighted MD metric and the non-

weighted metric of MTD10, the evaluation of the non-weighted metric of the mean total 

deviation values across the entire 24–2 visual field test showed similar findings as those 

based on MD (data not shown).

In conclusion, this study found that approximately one in eight eyes with glaucoma under 

routine care exhibited fast progression (< -1.0dB/year). Importantly, a similar proportion 

of eyes exhibited a rate of progression of their central visual field that also exceeded 

this rate, and nearly one in three eyes showed a < -0.5dB/year decline centrally. These 

findings underscore the importance of assessing central vision in the clinical management of 

glaucoma, and the need for new therapies for the notable proportion of fast progressors to 

prevent functional disability.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Distribution of the rates of change for the mean deviation from the entire 24–2 visual field 

test (left) and from the mean total deviation of the central 10° region (right).
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Table 2:

Prevalence (%) of glaucoma eyes with different rates of change in visual field sensitivity

Rate of Change MD MTD10

Negative Slopes

 < −0.25 dB/year 45.4 46.5

 < −0.50 dB/year 28.1 29.0

 < −0.75 dB/year 18.5 18.6

 < −1.00 dB/year 12.5 11.7

Positive Slopes

 > 0.25 dB/year 15.2 18.7

 > 0.50 dB/year 7.9 8.5

 > 0.75 dB/year 3.8 4.2

 > 1.00 dB/year 2.4 3.0

Notes: MD = mean deviation from the entire 24–2 visual field test; MTD10 = mean total deviation from the 12 locations in the central 10° region.
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Table 3:

Prevalence (%) of glaucoma eyes with visual field sensitivity decline exceeding different cut-offs based on the 

estimated normal.

Cut-Off (dB/year) Prevalence (%) Detected Based On (%)

MD MTD10 MD MTD10 Both Only MD  Only MTD10

< 5% of estimated normal distribution −0.69 −0.79 20.2 17.6 62 23 15

< 2% of estimated normal distribution −0.87 −0.99 14.7 12.2 57 26 17

< 1% of estimated normal distribution −0.98 −1.12 12.7 9.1 50 33 17

< 0.5% of estimated normal distribution −1.09 −1.24 10.4 7.9 49 31 20

Notes: MD = mean deviation from the entire 24–2 visual field test; MTD10 = mean total deviation from the 12 locations in the central 10° region.
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