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Treatment of ocular hypertension and open angle
glaucoma: meta-analysis of randomised controlled trials
Philip C Maier, Jens Funk, Guido Schwarzer, Gerd Antes, Yngve T Falck-Ytter

Abstract
Objective Open angle glaucoma is one of the most
common causes of blindness in industrialised nations.
Treatments to lower ocular pressure are widely used
in glaucoma prevention and treatment, despite
conflicting evidence.
Design We performed meta-analyses to reassess the
effectiveness of pressure lowering treatment to delay
the development of glaucoma in ocular hypertension,
as well as progression of manifest open angle glaucoma.
Data sources Medline, Embase, and the Cochrane
Library.
Selection of studies Eligible studies were randomised
controlled trials with a concurrent untreated control
group and information on time to glaucomatous
changes to visual field and optic disc. Trial reports
were reviewed independently by two investigators in
an unblinded standardised manner.
Results Meta-analysis of trials in ocular hypertension
showed a significant preventive effect of reducing
intraocular pressure on progression to glaucoma
(hazard ratio 0.56, 95% confidence interval 0.39 to
0.81, P = 0.01; number needed to treat 12). Pooled
data of studies in manifest glaucoma showed a
significant delay of visual field deterioration (0.65,
0.49 to 0.87, P = 0.003; NNT = 7), with subgroup
analysis showing a larger effect in patients with raised
pressure and a reduced effect in normal tension
glaucoma (subgroup comparison: not significant).
Conclusions Lowering intraocular pressure in
patients with ocular hypertension or manifest
glaucoma is beneficial in reducing the risk of visual
field loss in the long term.

Introduction
Glaucoma is characterised by an acquired loss of
retinal ganglion cells and atrophy of the optic nerve. As
increased intraocular pressure may or may not be

present,1 the diagnosis of open angle glaucoma is now
based only on glaucomatous visual field defects or
typical changes of the optic disc (table). However,
raised intraocular pressure remains an important risk
factor for the development of primary open angle
glaucoma.2 Since symptoms present late, interventions
at an early stage of the disease promise to be most
effective, for example, in patients with ocular hyperten-
sion (table 1). However, because most people with ocu-
lar hypertension will not develop glaucoma3 and a
prior meta-analysis was unable to show a significant
effect,4 preventive therapy has been controversial. If
early visual field loss has occurred or the optic disc has
typical glaucomatous changes, then treatment to lower
the intraocular pressure is initiated in virtually all
patients. Since this approach includes patients with
normal tension glaucoma, a relative, rather than abso-
lute, reduction of intraocular pressure (for example,
20%) is the initial target.

The primary objective was to review systematically
the literature with regard to the effectiveness of
treatment of ocular hypertension and open angle glau-
coma (both primary open angle glaucoma and normal
tension glaucoma).

Methods
Databases searched included the Cochrane Central
Register of Controlled Trials (2004), Medline (1966-
2004), and Embase (1974-2004). We searched other
databases for guidelines and health technology assess-
ment reports covering glaucoma. We also searched ref-
erence lists of relevant articles and the Science Citation
Index. For ongoing trials we contacted investigators
and experts. The search was not restricted to specific
languages or years of publication. See bmj.com for
search strategy.

Study selection
We included only randomised controlled trials of pres-
sure lowering treatment (medical and surgical) with a
concurrent untreated control group and appropriate
end points, such as glaucomatous visual field defects or
glaucomatous changes to the optic disc, with follow up
for at least a year.

Table 1 Definitions of glaucoma and ocular hypertension

Pathology
Ocular

hypertension

Open angle glaucoma

Primary open angle
glaucoma

Normal tension
glaucoma

Raised intraocular pressure Yes Yes No

Optic disc changes or visual
field defects, or both

No Yes Yes

Symptoms No <50% at diagnosis <50% at diagnosis

This is the abridged version of an article that was posted on
bmj.com on 1 July 2005: http://bmj.com/cgi/doi/10.1136/
bmj.38506.594977.E0
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Description of studies
Literature search yielded 1213 reports, which con-
sisted mostly of studies comparing one drug with
another. Two authors reviewed retrieved abstracts
independently in an unblinded standardised manner.
We then critically appraised relevant articles and
extracted data independently. We resolved disagree-
ments by discussion. Five studies included a total of
2326 patients with ocular hypertension who were ran-
domly assigned to various pressure lowering eye drops
compared with placebo. Two studies in patients with
manifest glaucoma (total: 400) used either eye drops or
surgical approaches to lower intraocular pressure. See
bmj.com for details of studies.

Data extraction and analysis
We extracted data using a standardised form. We
included only patients with unequivocal glaucomatous
changes to the visual field or optic disc. We extracted
information on the time to definite visual field deterio-
rations and optic disc changes compatible with open
angle glaucoma. We performed separate meta-analyses
for ocular hypertension and for open angle glaucoma,
as well as predefined subgroup analysis of normal ten-
sion glaucoma compared with increased pressure
glaucoma. We assessed heterogeneity and carried out
sensitivity analysis using the random and fixed effects
model, as well as the pre-defined subgroup analysis of
elevated and normal tension glaucoma. We calculated
the number needed to treat to prevent the first glauco-
matous visual field defect in patients with ocular
hypertension and glaucoma progression in patients
with open angle glaucoma within five years after treat-
ment onset.

Results
Combining the results of the five trials for the
treatment of patients with ocular hypertension alone
showed a beneficial pressure lowering treatment effect
(hazard ratio 0.56, 95% confidence interval 0.39 to
0.81, P = 0.01; fig 1). We could not observe significant
heterogeneity of the included studies (�2 = 6.2,
P = 0.185; I2 = 35.4%, 95% confidence interval 0 to
75.8%).

To illustrate the baseline risk, estimates in the con-
trol group for remaining free of glaucomatous visual
field defects within five years after treatment onset
ranged from approximately 63% to 91% in the five tri-
als. Using the 80% mark as a realistic assumption and
the estimated hazard ratio of 0.56, we calculated that 12
patients with ocular hypertension alone need to be
treated to prevent the first glaucomatous visual field
defect or definite glaucomatous disc change within five
years of treatment (95% confidence interval for
number needed to treat 9 to 29).

Treatment of open angle glaucoma with and
without raised intraocular pressure
Combining the results from the two recent ran-
domised controlled trials in manifest open angle glau-
coma showed a significant pooled treatment effect of
lowering intraocular pressure to effectively prevent
glaucoma progression (hazard ratio 0.65, 95% confi-
dence interval 0.49 to 0.87, P = 0.003; fig 22). The

included studies were not significantly heterogeneous
(�2 = 0.13, P = 0.72).

The estimates in the control group for remaining
free of glaucoma progression within five years after
treatment onset were 42% and 43%. Accordingly, when
using the 40% mark and the estimated hazard ratio of
0.65, seven patients with glaucoma need to be treated
to prevent one patient with glaucoma progression
within five years of treatment (95% confidence interval
for number needed to treat 4 to 20).

Sensitivity and subgroup analysis
Changing our meta-analysis model from random to
fixed effects did not change the results in either meta-
analysis. The subgroup of patients with elevated ocular
pressure glaucoma responded well to pressure
lowering treatment, as seen in a subgroup analysis of
these patients in the early manifest glaucoma trial
(hazard ratio 0.57, 95% confidence interval 0.37 to
0.89, P = 0.013). When we calculated whether the sub-
group of patients with normal tension glaucoma would
fare equally well as all patients with open angle
glaucoma, the overall effect did not reach significance
and the confidence interval remained wide, indicating
uncertainty about the true treatment effect. However,
when we used methods described by Altman and
Bland,12 to compare these two subgroups we found no
significant difference.
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Fig 1 Visual field loss or deterioration of optic disc, or both, among patients randomised to
pressure lowering treatment v no treatment in ocular hypertension. Hazard ratios of less than
1.0 favour pressure lowering treatment. Boxed area is proportional to weight given to each
trial in the statistical model. Heterogeneity: �2=6.2 (P=0.185); I2=35.4% (95% confidence
interval 0 to 75.8%)
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Fig 2 Visual field loss or deterioration of optic disc, or both, among patients randomised to
pressure lowering treatment v no treatment in open angle glaucoma (panel A). Panel B shows
subgroup analysis of data in normal tension glaucoma. Hazard ratios of less than 1.0 favour
pressure lowering treatment. Boxed area is proportional to weight given to each trial in the
statistical model. Heterogeneity: �2=0.13 (P=0.72) for open angle glaucoma and �2=0.001
(P=0.97) for normal tension glaucoma

Papers

135BMJ VOLUME 331 16 JULY 2005 bmj.com



Discussion
Primary prevention of glaucomatous visual field
defects in patients with ocular hypertension by using
topical pressure lowering agents seems to be effective,
as shown in this meta-analysis of five methodologically
adequate trials. A 1993 meta-analysis of randomised
controlled trials4 identified only three appropriate ran-
domised controlled trials, out of a total of 102 trials.
Although the pooled treatment effect showed a
reduced risk for progression to glaucoma, the 95%
confidence interval was wide, indicating that worsening
of visual field defects could not be excluded in the
intervention group.

The recent ocular hypertension treatment study
had to exclude 1692 of 3328 patients screened for
inclusion in the study for various reasons.8 The overall
effectiveness of treatment may therefore be different in
real practice. Moreover, the effectiveness of the investi-
gators’ treatment strategy in patients with mildly raised
intraocular pressure (above 21 mm Hg, but below 24
mm Hg) remains unanswered.

The results of our meta-analysis, as well as the early
manifest glaucoma trial10 13 show that reducing the
intraocular pressure in patients with open angle glaucoma
leads to a significant delay of visual field loss, particularly
for those patients with increased intraocular pressure,
as seen in the subgroup analysis of these patients.

In normal tension glaucoma, lowering the
intraocular pressure may be beneficial as seen in the
normal tension glaucoma study,11 but this has to be
confirmed by larger trials and newer treatment
modalities, because in this study, the development of
excess cases of cataracts may have offset the treatment
effect. In addition, we were not able to show a
significant treatment effect in our subgroup analysis
probably because of low power.

Limitations
Firstly, we cannot fully exclude publication bias.
However, we did not impose restrictions by language
or year of publication, and the search results were
complemented by hand searching. Secondly, since our
meta-analysis would lose significance by excluding the
ocular hypertension treatment study,8 the overall
beneficial effect can only be safely assumed in patients
with intraocular pressure of 24 mm Hg or more. Four
of five included studies on ocular hypertension had
high dropout rates, and therefore the magnitude of
effect may have been biased.

Although the more recent trials seem methodo-
logically sound, some general questions remain. It is
not entirely clear why some patients may experience
disease progression much faster than others (with and
without treatment), even if they do not differ in terms
of their risk factor profile. More research is needed to
identify these subgroups.

Conclusions
Although lowering the intraocular pressure in patients
with ocular hypertension of 24 mm Hg or more to
prevent progression to primary open angle glaucoma
seems to be beneficial, uncertainty prevails about the
optimal treatment for patients with slightly raised
intraocular pressure of 22 mm Hg or 23 mm Hg. In
general, patients with manifest open angle glaucoma
showed a significant delay in progression of visual field

deterioration when treated with a pressure lowering
strategy. More research is needed in the subgroup of
patients without increased intraocular pressure to
determine which patients with normal tension
glaucoma will benefit most.
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What is already known on this topic

Primary open angle glaucoma is a leading cause
of blindness in industrialised countries

Lowering intraocular pressure is generally used to
prevent and to treat primary open angle
glaucoma, although a meta-analysis of trials on
ocular hypertension did not show a significant
preventive treatment effect

What this study adds

Medical reduction of ocular pressure seems to be
beneficial for the primary prevention of
glaucomatous visual field defects

Only one adequate trial has shown effective
secondary prevention of visual field deterioration
with topical treatment or surgery in patients with
manifest primary open angle glaucoma

A meta-analysis summarising data on normal
tension glaucoma was inconclusive
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