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Purpose: Contrast sensitivity sometimes increases in patients with open-angle glaucoma when intraocular
pressure (IOP) is decreased. Although often interpreted as demonstrating reversible glaucoma-induced
dysfunction, this result, if true, could simply reflect a general relationship between sensitivity and IOP in visual
mechanisms unaffected by glaucoma. To investigate this relationship, we test the hypothesis that reducing IOP in
eyes without glaucoma (ocular hypertension) does not increase perimetric contrast sensitivity.

Design: Comparative case series.
Participants: A total of 692 participants drawn from the Ocular Hypertension Treatment Study (OHTS) (22

clinical centers).
Methods: Commercially available topical ocular hypotensive medications.
Main Outcome Measures: Post hoc analysis of IOP and perimetric contrast sensitivity (mean deviation [MD]

and pattern standard deviation [PSD]) both at baseline (0 months, immediately before ocular antihypertensive
therapy) and at 6-month review. An additional 618 control eyes from OHTS that did not receive treatment were
examined over the same period. Data from the second phase of OHTS also were examined, and control eyes then
received treatment.

Results: Treated eyes had a decrease in IOP at 6 months (5.1 mmHg, P<0.001) but no significant change in
MD (0.04 decibels [dB], P ¼ 0.59) or PSD (0.03 dB, P ¼ 0.19), relative to controls. A similar decrease in IOP was
found for eyes that began treatment in the second phase of OHTS, but no significant change in MD or PSD.

Conclusions: Despite using a large sample size, we found no relationship between perimetric contrast
sensitivity and IOP reduction in ocular hypertension, which suggests that previous sensitivity changes seen in
patients with glaucoma, if true, are indicative of reversible glaucoma-induced dysfunction rather than a general
relationship between sensitivity and IOP in visual mechanisms unaffected by glaucoma. Ophthalmology 2014;-
:1e5 ª 2014 by the American Academy of Ophthalmology.

Although it is well established that retinal ganglion cells die in
glaucoma, what is less clear is whether glaucoma induces a
potentially reversible ganglion cell dysfunction before this
death. One piece of evidence in favor of reversible dysfunction
comes from studies that report an increase in contrast sensi-
tivity in patients with open-angle glaucoma when intraocular
pressure (IOP) is decreased.1e5 Contrast sensitivity in such
studies is commonly assessed bymeans of grating targets1,2,4,5

or standard automated perimetry.2,3 When contrast sensitivity
improvements are found with standard automated perimetry,
typically only average sensitivity changes (mean deviation
[MD]) rather than the degree of patterned loss (pattern stan-
dard deviation [PSD]),2,3 suggesting that the relative depth of
glaucomatous scotomata may not alter.3 Therefore, improved
sensitivity could reflect a general relationship between
sensitivity and IOP in normal visual mechanisms, rather
than reversible glaucoma-induced dysfunction per se. That
flicker sensitivity was found to correlate with IOP for normal
eyes measured cross-sectionally suggests such a relationship
could exist.6 However, whether altering IOP in a given eye
would change visual sensitivity by the amount predicted by
this population-derived correlation is unknown. If present,

such changes are likely to be relatively small, which may also
in part explain why an effect of lowering IOP on contrast
sensitivity is not universally found.7,8

Determining whether altering IOP modifies contrast
sensitivity in eyes without glaucoma is therefore an impor-
tant control experiment, without which previous studies of
an increase in contrast sensitivity in treated glaucoma are
difficult to interpret unambiguously. If lowering IOP in
observers without glaucoma results in an increase in average
contrast sensitivity like that reported in treated patients
with glaucoma, this would argue against such shifts being
the result of reversible glaucoma-induced ganglion cell
dysfunction. Conversely, if such IOP lowering has no effect
in observers without glaucoma, this would significantly
strengthen the argument that previous studies1e4 have
demonstrated glaucoma-induced dysfunction rather than
simply a relationship between IOP and contrast sensitivity.
A study lowering IOP in normal eyes would have 2 prob-
lems: First, IOP-lowering medications are not without side
effects, and so it may be difficult to justify treating a large
enough group of normal observers for a study of sufficient
statistical power. Second, such observers would likely have
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pre-treatment IOPs significantly lower than those of patients
with glaucoma, and so a failure to find an effect of lowering
IOP might be because IOP only causes a reduction in
contrast sensitivity when it is above typical normal limits
(e.g., >21 mmHg). A better approach might be to examine
the influence of IOP-lowering in ocular hypertensive pa-
tients. Such patients have pre-treatment IOPs more in
keeping with glaucoma, yet lack any observable glaucoma-
induced changes on standard diagnostic measures (e.g., vi-
sual field assessment, optic nerve head evaluation). It may
be thought that because visual field results are statistically
normal, there exists no opportunity for visual field sensi-
tivity to further improve. The statistical limits defining
normal sensitivity are large,9,10 relative to the changes in
MD seen in glaucoma with lowered IOP (0.84 decibels
[dB], medical lowering,2 and 1.7 dB, surgical lowering3),
providing substantial opportunity for improved visual
sensitivity even in statistically normal visual fields.

There have been investigations of the influence of IOP
lowering on contrast sensitivity in ocular hypertensive pa-
tients. Flammer and Drance11 found no change in mean
sensitivity on automated perimetry in ocular hypertensive
patients (n ¼ 16) treated with acetazolamide despite finding
a þ2.4 dB improvement in eyes with glaucoma (n ¼ 9) and
having a similar IOP reduction (w8e9 mmHg), although
they questioned whether this may have been due to a
pharmacologic effect of acetazolamide rather than via its
effect on IOP. Tytla et al12 found that reducing IOP had
variable effects, with approximately equal proportions of
their ocular hypertensive groups showing unchanged,
normal flicker sensitivity, others showing normal sensitivity
post-IOP treatment, and some continuing to show abnormal
sensitivity despite treatment. In a small (n ¼ 15) sample by
Farinelli et al,13 acute reduction of IOP by an average of 8.4
mmHg using glycerol produced no effect on visual field
indices on automated perimetry, but decreased contrast
sensitivity at mid-range spatial frequencies. Flammer and
Drance14 have also argued that changes in perimetric
sensitivity are dependent on medication, not on IOP
reduction although they provide no statistical analysis for
the relatively small differences they present. Overall, a clear
consensus does not emerge from previous investigations,
with studies often being of limited sample size and without
appropriate control groups.

In this study, we perform a post hoc analysis on data
from the Ocular Hypertension Treatment Study (OHTS)15 to
see whether reducing IOP improves contrast sensitivity in
the absence of glaucoma, thereby not supporting the
hypothesis of reversible glaucoma-induced ganglion cell
dysfunction. The OHTS investigated the influence of IOP-
lowering treatment on the rate that ocular hypertensive pa-
tients developed glaucoma and found that the majority
(>90%) of patients failed to develop the disease over a 6-
year follow-up period even when their ocular hypertension
was not treated.16 Because the cohort investigated in OHTS
is large (>1600 participants), our study can have a high
statistical power, and so a failure to find an effect on
contrast sensitivity from lowering IOP can be taken as
strong evidence that an effect is genuinely absent. This
large sample contrasts with the low numbers typically

investigated in previous studies examining the effect of
IOP reduction on contrast sensitivity.1e4,7,8

Methods

Subjects

For our principal analysis, we evaluated measurements from the
OHTS dataset, the characteristics of which have been reported.15

Briefly, OHTS enrolled more than 1600 patients with ocular
hypertension (repeatedly normal optic nerve and visual fields,
and IOP �24 and <32 mmHg), with half of them randomized to
treatment with topical ocular hypotensive medications and the
other half followed for observation only. Baseline data for each
group were similar.17 For our treatment group, we compared 2
visits for those randomized to treatment: the visit immediately
before medication commencing and the 6-month follow-up visit
after this. Most treated patients received medication in both eyes
except with the onset of treatment delayed for 6 months in the
second eye. For our study, we selected only those treated patients
who had a single eye treated for the first 6 months (n ¼ 692 [390
right eyes, 248 left eyes]) and used this eye for all analyses. For our
control group for this portion of our study, a single eye from pa-
tients in the observation arm of OHTS was selected at random for
analysis (n ¼ 618 [309 right eyes, 309 left eyes]) at similar times
(initial visit and 6-month follow-up). For both our treatment
and control groups, only those who did not convert to glaucoma
within the first phase of OHTS (i.e., approximately a further 5
years16 beyond the data we analyze) were included to minimize
the possibility that our cohort included those with nascent
glaucoma. Participants in OHTS provided informed written
consent approved by each participating center’s institutional
review board.16 The IOP reduction in OHTS was approximately
6 mmHg,16 which is higher than the 2.3 mmHg reduction
previously shown to significantly improve contrast sensitivity
across a range of spatial frequencies in persons with glaucoma
(n ¼ 16).5

In the second phase of OHTS (OHTS II), a large number of
participants initially randomized to observation in OHTS were
placed on medication, whereas the originally medicated group was
continued on the same regimen.18 This gave us a further
opportunity to assess the influence of lowering IOP in ocular
hypertensive patients. When analyzing OHTS II data, for our
treatment group we analyzed the last scheduled visit when
medication had not been used and then 6 months later (typically
the 6- and 12-month visits in OHTS II, respectively). We
randomly selected an eye for those patients binocularly treated. For
our control group in OHTS II, we analyzed similar visits (i.e., 6-
and 12-month follow-up visits) for those patients already on
medication from OHTS. For both our treatment and control groups,
we analyzed only those patients who never achieved a diagnosis of
glaucoma over the duration of the study (approximately a further 5
years18 beyond the data we analyze), being 515 potential patients
in the treatment group (i.e., medication given for the first time at
the beginning of OHTS II) and 581 potential patients in the
control group. Of the potential treatment group, we analyzed 269
patients (156 right and 113 left eyes) after the following
sequential deletions: never actually medicated (114), already
medicated at first visit (31), missing �1 measures (IOP, PSD, or
MD) at the visits to be analyzed (67), and no 12-month follow-
up visit (34). Of the potential control group, we analyzed 492
patients (246 right and 246 left eyes, randomly assigned) after the
following sequential deletions: <3 follow-up visits (7), missing �1
measures (IOP, PSD, or MD) at the visits to be analyzed (25), and
no 6-month follow-up visit (0).
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