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Abstract

Purpose To determine the incidence of

glaucomatous progression at mean intraocular

pressure (IOP) levels in patients with ocular

hypertension (OHT).

Methods A retrospective, multicentre, cohort

analysis of 230 OHT patients with 5 years of

follow-up evaluated for risk factors associated

with progressive optic disc and visual field

loss to determine the incidence of

glaucomatous progression.

Results Forty percent of patients with IOPs

X24mmHg, 18% of patients with IOPs of

21–23mmHg, 11% of patients with IOPs with

18–20mmHg, and 3% of patients with IOPs of

p17mmHg progressed to glaucoma. The mean

IOP was 19.872.4mmHg in the stable group

and 21.772.6mmHg in the progressed group

(P¼ 0.0004). The highest average peak IOP

was 23.474.0mmHg in the stable group and

25.273.1mmHg in the progressed group

(P¼ 0.006). Based on the pachymetry values

for central corneal thickness, patients with

thinner corneas more often progressed to

glaucoma (Po0.0001). A multivariant

regression analysis to determine risk factors

for progression was positive primarily for

higher peak IOPs, older age, male gender,

argon laser trabeculoplasty, visual acuity

X20/50, and no topical medical therapy or

b-blocker therapy prior to the study.

Conclusions IOP reduction within the

normal range over 5 years of follow-up reduces

the chance of progression to primary open-

angle glaucoma in OHT patients.
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Introduction

The Ocular Hypertension Treatment Study

(OHTS) showed that the reduction of

intraocular pressure (IOP) in patients with

ocular hypertension (OHT) may help prevent

glaucomatous progression.1 In addition, by

multivariant analysis this trial indicated several

risk factors that help physicians identify

patients more likely to progress, including

advancing age, higher IOPs, wider cup/disc

ratios, and thinner corneas.

Although the OHTS trial indicated the

importance in reducing the IOP in general, it did

not provide specific mean pressures that prevent

progression to primary open-angle glaucoma. In

addition, it did not show when, and in which

ocular hypertensive patients, treatment should

be initiated. Unfortunately, little information

currently exists that provides specific target

pressures to help a physician know when to

initiate therapy, and the extent to which an

ocular hypertensive patient should be treated to

prevent progression to open-angle glaucoma.

The purpose of this trial was to evaluate a

5-year follow-up of patients with OHT to

determine risk factors for progression and the

appropriate treatment target pressures that

could help prevent progression to glaucoma.

Methods and materials

Patients

This retrospective trial was conducted in seven

centres from seven primary investigators who

were each fellowship-trained glaucoma

subspecialists. Patients included in this study

were X22 years of age at Visit 1 and had a

clinical diagnosis of OHT (non-glaucomatous

visual field and optic disc findings) in at least
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one eye (study eye) at Visit 1. Also included were

patients who had been treated with at least 5 years

follow-up (unless progression to glaucoma occurred) and

had no closed angle component as a mechanism for their

pressure elevation.

Patients were excluded who had: abnormality

preventing reliable applanation tonometry in the study

eye; opacity or patient uncooperativeness that restricted

adequate examination of the ocular fundus or anterior

chamber in the study eye; poor follow-up (less than six

visits with IOP measured by Goldmann applanation

tonometry over 5 years (non-progressed patients only));

no reliable baseline visual field and optic disc exam

within 12 months before or within 6 months after Visit 1;

and a diagnosis of a primary or secondary glaucoma,

including exfoliation glaucoma.

In general, OHT was defined by an IOP of X22 mmHg

and a normal appearing optic nerve head and visual field

associated with an open and normal appearing anterior

chamber angle. Progression to glaucoma was typically

diagnosed by the development of glaucomatous visual

field loss and/or glaucomatous optic nerve head cupping.

Methods

Patients were chosen for this study from consecutively

reviewed charts from the practices of the study

investigators. Data collection began from the patient’s

initial examination by the investigator or the initial

diagnosis of OHT made by the investigator. However,

initial IOPs from patients requiring immediate treatment

were excluded from analysis until they were stabilized to

a level suitable for long-term follow-up. Data were

recorded from each available visit included in the follow-

up period. Data were gathered from the stable OHT

group for 5 years following the initial visit with the

investigator. In contrast, data were collected from the

records of progressed patients only until the time

glaucoma was diagnosed, so the information included

in this study would reflect the ocular condition that

progressed to glaucoma.

The following baseline information was collected

retrospectively from the patients’ charts: date of visit,

age, race, gender, medications to reduce IOP, surgeries to

treat OHT, IOP, visual acuity, baseline optic disc exam,

baseline automated perimetry, and central corneal

thickness (collected at any time during the 5-year follow-

up period) as well as the optic disc status characterized

by ‘normal’ (no other option available at Visit 1) or

‘glaucomatous findings,’ and automated perimetry

characterized by ‘no glaucomatous changes’ (no other

option available at Visit 1) or ‘glaucomatous changes.’

Data collected during the follow-up period were IOP,

visual acuity, central corneal thickness (if not measured

previously), medications to reduce IOP, glaucoma

surgeries, and date of each visit. Each investigator

determined progression to glaucoma based on visual

field and optic disc status of the patient. In general,

changes that would lead to a diagnosis of glaucoma

were the development of neural rim thinning, a disc

haemorrhage, or a nerve fiber layer defect and/or the

initiation of a visual field defect within the arcuate area.

In each case, progression must have been noted in the

chart with the associated clinical changes. Patients

without ‘progression’ noted were assumed to be stable.

Statistics

PRN Pharmaceutical Research Network, LLC, analysed

the data. The primary safety variable, the incidence of

glaucomatous progression, was described by the number

of patients progressed and non-progressed at each mean

IOP level and by corneal thickness as measured by

contact corneal pachymetry. Corneal thickness was

subdivided into the thinnest, thickest, and middle-third

as determined by the central corneal pachymetry

measurement. The division between the three levels of

corneal thicknesses was performed subjectively to

attempt to isolate the range of thin corneas with the

greatest incidence of progression compared to the range

of thick corneas with the lowest incidence of progression.

The corneal levels were divided in this fashion to help

isolate the level of corneal thickness that would be more

often associated with progression to glaucoma. The

OHTS trial had previously found generally that thin

corneas were a risk factor to develop glaucoma.1

The following variables were compared by a Student’s

unpaired t-test for progressed and non-progressed

patients: age, average number of visits per year, average

number of visits in the study, average and peak IOP as

well as the associated standard deviation over time,

number of medicines at the end of the study and study

term.2 Country, gender, study eye, glaucoma medicine,

and ophthalmic surgeries (both at baseline and during

follow-up) were evaluated by a Fisher’s exact test or

w2 test as appropriate. Visual acuity and optic disc at

baseline were evaluated by a Mann–Whitney U-test.

Cause for progression was not evaluated statistically.

A multivariant regression analysis was run to determine

treatment effectiveness related to both progression and

mean IOP level over the 5 years of follow-up.

Results

Patient characteristics

We included in this study 230 patients with OHT from

seven separate clinical sites in Spain, Turkey, Slovenia,
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Russia, the United States, Greece, and Hungary. The

number of progressed patients was 32 (14%) and of stable

patients was 198 (86%). The stable group had an average

of 10.273.5 visits per patient over 5.171.1 years and the

progressed group had 6.873.1 visits over 3.071.1 years

(Po0.0001).

Baseline patient characteristics at the beginning of the

follow-up period are shown in Table 1. At study baseline,

progressed patients demonstrated a higher average age

(P¼ 0.002), were more often male (P¼ 0.01), and had a

larger cup/disc ratio (P¼ 0.008) than patients who

remained stable. No baseline differences between groups

were noted for the eye included in the study, visual

acuity, or laser trabeculoplasty (P40.05). Table 2 shows

the topical medicines at baseline. At baseline no

differences between groups were noted for classes of

glaucoma medications, except the stable group had more

patients treated with b-blockers (P¼ 0.02). In addition,

more patients who were untreated were in the

progressed group (P¼ 0.01). The mean IOP at baseline

for treated patients was 20.173.7 mmHg and for

untreated patients was 22.173.0 mmHg (Po0.0001).

The mean pressure for all patients at baseline was

20.873.6 mmHg.

Patient follow-up

In the Figure 1, the number of progressed and stable

patients at each level of mean IOP is shown. Forty

percent of patients with pressures X24 mmHg (n¼ 10 of

25), 18% of patients with mean pressures of 21–23 mmHg

(n¼ 12 of 65), 11% of patients with pressures of 18–

20 mmHg (n¼ 9 of 106), and 3% of patients with

pressures of p17 mmHg progressed (n¼ 1 of 34) to

glaucoma.

Table 1 Baseline patient characteristics

Progressed
(n¼ 32)

Stable
(n¼ 198)

P-value

Age Years 61.177.7 55.8711.1 0.002
Gender a Female 12 122 0.01

Male 20 76
Study eye Right eye 16 96 0.87

Left eye 16 102
Visual acuity 20/20�20/25 26 178 0.17

20/30�20/40 5 11
20/50 and above 1 4

Optic disc
cup/disc ratio

0.0�0.2 3 42 0.008

0.3�0.4 14 110
0.5�0.6 15 40
0.7�0.8 0 6

Surgeries
(most common)

Argon laser
trabeculoplasty

1 3 0.55

aGender was not specified for all patients.

Table 2 Topical medicines at baseline

Progressed
(n¼ 32)

Stable
(n¼ 198)

P-value

Carbonic anhydrase inhibitors 1 11 0.54
b-Blocker 11 112 0.02
Prostaglandin analog 2 14 0.86
Cholinergic agonist 1 15 0.31
Tears 0 2 0.44
a-Adrenergic agonist 0 1 0.58
None 18 66 0.01
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Figure 1 The number of progressed (black) and stable (grey) patients over time at each mean IOP (mmHg).
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Follow-up characteristics are shown in Table 3. Both

the overall mean (P¼ 0.0004) and mean peak (P¼ 0.006)

IOPs were higher in the progressed compared to the

stable group. However, the mean standard deviation for

the IOP was not significantly higher in the progressed

than the stable group (P¼ 0.8). Laser trabeculoplasties

were statistically more common in the progressed group

(P¼ 0.04) No other statistical differences were observed

between groups including the number of medicines at

study end, the class of medication treatment during

follow-up or the incidence of cataract, and

trabeculectomy surgeries (P40.05). Most patients who

were diagnosed with glaucomatous progression

demonstrated changes in both their optic disc and visual

field together.

Based on the pachymetry values for central corneal

thickness, patients with thinner corneas more often

progressed to glaucoma (Po0.0001, Table 4). In addition,

statistical differences were observed between groups for

a higher average number of visits per year (P¼ 0.04) and

the incidence of laser trabeculoplasty (P¼ 0.04) in

progressed patients. No differences in corneal thickness

were found based on gender (P¼ 0.86) or patient age

(P¼ 0.33).

The multivariant regression analysis showed

numerous risk factors for progression, including higher

peak IOPs, older age, male gender, argon laser

trabeculoplasty, and visual acuity X20/50, as well as no

topical medical therapy and no b-blocker therapy prior to

the study. A complete list of statistically significant

values is shown in Table 5.

Discussion

Controversy still exists over the proper treatment end

points of patients with glaucoma. Several historical and

recent studies have demonstrated not only the benefit of

IOP reduction in primary open-angle glaucoma, but have

indicated specific target pressures that help prevent

progressive glaucomatous damage. These reports have

shown that IOPs of between 13 and 18 mmHg over 5

years helped prevent glaucomatous progression with

Table 3 Patient follow-up data

Progressed
(n¼ 32)

Stable
(n¼ 198)

P-value

Average visits/year 2.571.2 2.070.7 0.04
Average IOP over time (mmHg) 21.772.6 19.872.4 0.0004
Mean SD of IOP (mmHg) 2.171.0 2.271.3 0.75
Peak IOP (mmHg) 25.273.1 23.474.0 0.006
Number of medicines at study
end

1.070.8 1.070.6 0.91

Study term (years) 3.071.1 5.171.1 o0.0001

Surgeries
Argon laser trabeculectomy 4 6 0.04
Cataract 0 3 0.48
Yittrium–aluminum–garnet
laser

0 1 0.69

Topical medicines
b-Blocker 14 116 0.12
Prostaglandin analog 13 53 0.12
None 9 30 0.09
Carbonic anhydrase inhibitor 6 22 0.25
Cholinergic agonist 1 9 0.7
a-Adrenergic agonis 1 2 0.39

Cause for progression
Optic disc and visual field 12 0 NA
Optic disc 9 0
Visual field 6 0
Visual acuity 3 0
Visual field, optic disc, visual
acuity

1 0

Unavailable 1 0

IOP, intraocular pressure; NA, not available; SD, standard deviation.

Table 4 IOP (mmHg) at different corneal thickness levels (mm)

Corneal thickness
levels

N Progressed N Stable P-value Average thickness P-value

Thin (489–514) 9 23.072.4 13 20.072.2 0.008 50577 o0.0001
Medium (515–568) 19 20.672.2 96 19.372.1 0.03 545714
Thick (570–640) 3 23.973.0 77 20.172.5 0.2 589714

Table 5 Multivariant regression analysis for progression

Criteria P-value

Higher mean IOP 0.0001
Higher peak IOP 0.02
Greater mean number of visits/year 0.002
No topical drug therapy prior to study 0.01
No b-blocker therapy prior to study 0.02
Thin corneal thickness 0.0001
Less time in study (years) o0.0001
Argon laser trabeculoplasty 0.02
Male gender 0.01
Older age 0.01
Visual acuity 20/50 and above 0.04
Cup/disc ratio of 0.7–0.8 0.001

IOP, intraocular pressure.
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approximately 5–15% of patients with primary open-

angle, and 28% with exfoliation glaucoma worsening

over 5 years.3–12 Several studies, however, have indicated

a further benefit in advanced glaucoma patients of

pressures as low as 12–13 mmHg.6,10,11

In contrast, generally IOPs above 18 mmHg have led to

greater incidences of progressive glaucomatous damage.

For example, in several reports patients with slightly

higher mean pressures (19–21 mmHg) progressed in

approximately 50–67% of cases, and progression

occurred with pressures X22 mmHg in almost 100% of

patients.3,13 However, the level of mean or peak pressures

that would provide safety for all patients with primary

open-angle glaucoma has not yet been defined clearly.10

In addition, prior studies by both Medeiros et al15 and

Herndon et al14 have indicated that a thin cornea was a

risk factor for progression in glaucoma patients.14,15

Accordingly, Stewart et al16 recently evaluated target

pressures based on corneal thickness in patients with

primary open-angle glaucoma. They found that patients

with thinner corneas (p510 mm) progressed more often

than those with thicker corneas. The level of IOP,

however, that kept patients with thinner corneas stable

(p17 mmHg) was no different than for those with thicker

corneas.

The purpose of this trial was to evaluate

retrospectively a 5-year follow-up of patients with OHT

to determine risk factors for progression and appropriate

treatment target pressures that might help preserve long-

term vision.

This study helped confirm the results of the OHTS trial

by indicating that ocular hypertensive patients, over

5-years of follow-up, are less likely to progress to

glaucoma with a lower IOP. Patients at mean IOP levels

of X24 mmHg progressed to glaucoma in 40% of cases.

However, patients with progressively lower pressures

progressed less often. At mean pressures of 21–23 mmHg

patients worsened in 21% of cases, at pressures of

18–20 mmHg in 9% of cases, and at pressures of

14–17 mmHg in only 3% of cases.

The information in this paper is additive to the OHTS

because it helps the physician understand the chance of

progression long-term at specific mean pressure levels. In

general, the chance of progression appears to be reduced

by 50% with when pressure levels of X24 mmHg are

decreased to 21–23 mmHg and another 50% to

18–20 mmHg.

It remains unclear to the authors, however, why some

patients with normalized mean pressures would still

progress to glaucoma. Our data provide no clear answer.

Our follow-up, however, relied on multiple single IOP

measurements taken over time. This follow-up strategy

may not have fully delineated the 24-h pressure

characteristics in some patients. Perhaps progressed

patients had worse 24-h IOP characteristics associated

with large fluctuations. In contrast, non-compliance to

medical therapy in some treated patients may have

contributed to progression to glaucoma. In addition,

some patients may have had a genetic or vascular

component apart from IOP that contributed to their

disease.

The higher incidence of progression in patients with

thin (489–514 mm) corneas by a multivariant regression

analysis was not a surprise based on the results from the

OHTS trial.1 The reason for this finding is not known. It

has been suggested that patients with thin corneas may

have weaker collagen, which might cause the optic nerve

head to have a greater susceptibility to glaucomatous

damage.16 Alternatively, the Goldmann tonometer may

have underestimated the pressure in these patients

because of the greater ease with which this instrument

could applanate a thin cornea.17 More research is needed

to discern the basis for higher progression rates

associated with thin corneas.

The multivariant regression analysis showed other

numerous statistically significant risk factors for

progression. Consistent with previous studies in

exfoliation or primary open-angle glaucoma, our patients

with higher peak IOPs were also more likely to

progress.3–13 Also, older age has been noted previously.1

Furthermore, several findings probably were related to

the study design or the nature of glaucoma as a disease

and its treatment, including that progressed patients

were more often untreated prior to the study and

required argon laser trabeculoplasty probably to control

their disease.

Of interest, however, was that patients taking

b-blockers prior to the study were less likely to progress.

The percentage of progression among patients taking

b-blockers prior to the study was 8.9% compared to

12.5% among patients taking prostaglandins. This

finding was a surprise because latanoprost is known to

be a more effective ocular hypotensive agent.18 Still,

b-blockers may demonstrate a systemic vascular effect.

However, whether any systemic physiologic changes

associated with b-blockers would positively, or adversely,

impact the clinical course of an ocular hypertensive

patient currently remains unknown. Future research will

hopefully clarify this finding. In contrast, b-blocker use

during the follow-up period was not associated with less

progression.

In summary, this study suggests that pressure

reduction, close to or within the normal range, reduces

the chance of progression to primary open-angle

glaucoma over 5 years of follow-up in patients with OHT.

This study did not evaluate patients in a prospective

manner, nor were patients randomized in a masked

manner to individual medicines or therapies. In addition,
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this study was an initial evaluation only of target

pressures in OHT. Future studies should include more

patients to evaluate and define potential target pressures

for this disease. Hopefully, future studies will determine

treatment goals and options to better safeguard long-

term vision in these patients.
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