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Purposk. To evaluate the nighttime intraocular pressure (IOP) and blood pressure (BP) response to
timolol treatment in patients with ocular hypertension or primary open-angle glaucoma.

MetHoDs. This was a meta-analysis of previously published studies that must have been randomized,
prospective, crossover or parallel, single or double-masked trials. The treatment period must have
been >2 weeks with >19 patients per treatment arm for a crossover, and 250 patients for a parallel
designed trial. Studies must have included both baseline and treated 24-hour curves.

ResuLts. For the IOP analysis, we included 8 articles with 340 patients. A reduction from baseline was
observed for timolol at each time point and for the 24-hour curve (p<0.009). When 2 studies, in which
timolol was used adjunctively, were removed, a similar difference was observed as above at each time
point and for the 24-hour curve (p<0.003). In 2 studies, there were small reductions from baseline for
the mean diastolic and systolic BPs at most time points and for the 24-hour curve (3.9 and 4.2 mmHg,
respectively) with timolol treatment. The ocular perfusion pressure did not show any difference betwe-
en baseline and timolol treatment at any time point or for the 24-hour curve (p>0.05).

ConcLusions. This meta-analysis suggests that topical timolol therapy provides an ocular hypotensive
effect over the 24-hour curve, including the nighttime hours, and while small reductions in the systolic
and diastolic pressures occur, the ocular perfusion pressure is not altered over 24 hours.
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INTRODUCTION

that patients in the supine position at night did not expe-
rience any pressure reduction with beta-blockers (5).

Over the past several decades, beta-blockers have been a
commonly used ocular hypotensive medication, showing
effective diurnal pressure control in many studies and night-
time control by a number of authors (1-3). Many clinicians
have expressed concern that beta-blockers demonstrate
limited efficacy and reduced blood pressure (BP) at night.
Specifically, Topper and Brubaker found that beta-blockers
did not reduce aqueous production or intraocular pressure
(IOP) at night (4). Liu and associates more recently showed

Hayreh and coworkers have noted that patients with nor-
mal tension glaucoma demonstrated lower BP and heart
rates on timolol at night (6). Netland and associates sho-
wed that a greater percentage of patients on timolol had
nocturnal heart rate dipping (<60 beats/minute) (7). These
findings have led to a concern that patients dosed with
timolol, especially at night, may demonstrate reduced BP
generally or episodic dips in BP that might decrease perfu-
sion pressure and cause glaucomatous progression. Low
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BP is believed by a number of investigators to be a risk
factor for low normal-tension glaucoma (8-11). Unfortuna-
tely, there is little consensus regarding the effect of timolol
at night on either IOP or the BP.

The purpose of this meta-analysis was to evaluate stu-
dies with IOP or BP data with ocular timolol at night in
patients with ocular hypertension or primary open-angle
glaucoma.

MATERIALS AND METHODS

Procedures

Articles evaluated in this meta-analysis were those that met
the inclusion criteria and were found through the PubMed
database (www.pubmed.gov) from its inception in 1966
to April 2008 or by the full articles in the personal file of
one of the authors (W.C.S.). Search terms were glaucoma,
ocular hypertension, primary open-angle glaucoma, night-
time, IOP, BP, ocular perfusion pressure, BP dipping, and
specific glaucoma medicines including timolol and timolol
gel forming solution. Generic names of single agent pre-
parations, and these same medicines combined into fixed
combinations, were used as search terms.

After potentially relevant studies were identified and stu-
dies were excluded based on the inclusion/exclusion cri-
teria, complete articles were retrieved for more details and
studies then were excluded based on inclusion/exclusion
criteria. Accepted articles for this study met the inclusion
criteria of randomized, prospective, crossover or parallel,
single or double-masked trial, evaluating a single prepa-
ration, with a treatment period of at least 2 weeks and at
least 19 patients per treatment arm for a crossover, and 50
patients for a parallel, designed trial. This criterion limiting
the sample size was used to assure that individual trials
were large enough to have a minimum sufficient statistical
power to draw clinically meaningful conclusions. Five of
the articles had a sample size calculation. Only subjects
with ocular hypertension, exfoliation, or open-angle glau-
coma were included. Studies also must have had both ba-
seline and treated 24-hour curves measured with only 1
product (monotherapy preparation or a fixed combination).
Included articles also must have measured the IOP at least
3 times during the nocturnal period, from 18:00 to 06:00,
and no more than 5 hours should have separated any 2

measurements. At least 3 time points should have been
measured in the daytime for comparison. Intraocular pres-
sures must have been measured with Goldmann appla-
nation tonometry when in the sitting position. If nighttime
pressures were measured in the supine position a Perkins
or Tono-Pen tonometer must have been used. These me-
thods were chosen because Goldmann tonometry is con-
sidered the gold standard for measuring the pressure in
clinical practice while the Perkins emulates this method in
the supine position (12).

In a similar fashion, if the article included BP data at le-
ast 3 daytime and 3 nighttime readings must have been
provided to be included in the meta-analysis. The ocular
perfusion pressure should have been made available in the
article or the associated nighttime BP readings and the IOP
measurements, +1 hour from the BP readings, so that the
perfusion pressure could be calculated (see formula in Sta-
tistics). These data had to be available from the final active
treatment visit and from baseline. Each article was eva-
luated independently to assure it met the inclusion criteria
specified above (PW.L. and C.J.K.). All articles meeting the
above criteria were used in the meta-analysis. No specific
exclusion criteria were defined for the study.

Potential articles were further evaluated independently
(PW.L.) for quality according to the Delphi criteria (13).
These measures help assure the quality of an article used
for a meta-analysis. Each included article did not meet all
criteria. All articles met the level Il criteria. Two articles by
Konstas et al and Stewart et al (15, 18) did not meet all the
level la and Ib criteria (Tab. I) (14-22). Specifically, in both
articles timolol was not randomized, but in both articles
the primary intent was not to evaluate timolol efficacy. The
first of these studies compared primarily the effect of timo-
lol in exfoliation versus primary open-angle glaucoma (15).
The second of these studies evaluated primarily the timing
of latanoprost dosing. In this study, patients were treated
first with timolol and then randomized to latanoprost either
dosed in the morning or evening (18). Since the primary
purpose of these studies was not to compare timolol to
another active control, we judged based on the Delphi cri-
teria, that these articles should not be excluded.

Statistics

Mean IOP values for the 24-hour curve, and for individual
time points, were analyzed for the reduction in pressure
from baseline for each treatment arm. Baseline levels could
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have been untreated or with prior treatment with one other
medicine before timolol was added. Results were analyzed
separately for timolol added as monotherapy as well as
all monotherapy and adjunctive studies together. We also
summarized the reduction in ocular pressure from the 3
nighttime time points (18:00-05:00) and the 3 daytime time
points (06:00-17:00). A test of heterogeneity was perfor-
med on the 24-hour IOP (23).

The BP, IOP, and perfusion pressure were also analyzed
for changes from baseline for timolol for the 24-hour cur-
ve, and for individual time points. The perfusion pressures
were calculated as 2/3 [diastolic BP + 1/3 (systolic — dia-
stolic BP)] - IOP (24).

Six individual time periods were utilized in the meta-analysis
to describe mean changes in intraocular, blood, and per-
fusion pressures over the 24-hour curve. We summarized
time points into the following time periods: 02:00-05:00,
06:00-09:00, 10:00-13:00, 14:00-17:00, 18:00-21:00, and
22:00-01:00 (example: a time point of 03:00 was used as
a 02:00 time point). For studies that included 2 time points
within an individual range described above, an average
was taken for both measurements and this number was
used as 1 time point (example: pressures taken at 02:00
and 04:00 were averaged and used as the 02:00-05:00

TABLE | - ARTICLES INCLUDED IN THIS ANALYSIS

time point). The 24-hour curve was the mean of the 6 in-
dividual time points. Quaranta and associates measured
only supine nighttime pressures during the nighttime hours
(17). The reduction in intraocular pressure from baseline
was within the range of the other studies and therefore the
Quaranta article was included in this meta-analysis.
Statistical analysis between baseline and timolol treatment
for BP, IOP, and ocular perfusion pressure were performed
using a random effects model (25).

RESULTS

Patients

The articles used in this meta-analysis are shown in Ta-
ble I. Originally, from the searched databases, 77 articles
were believed to potentially meet the guidelines for the
meta-analysis and were obtained for a complete review.
Of these, 8 met the inclusion and exclusion criteria, in-
cluding 8 timolol treatment arms and 340 patients, for
the IOP portion of the analysis. Two articles received
some level of financial support (14, 21).

Reference Abbreviated citation Article use Position Baseline Treatment No. patients Weeks
14 Konstas et al, Arch Ophthalmol 2006; 124: 1553-7 Sitting None Timolol 33 8
LTFC 33 8
15 Konstas et al, Arch Ophthalmol 1997; 115: 975-9 Sitting None Timolol-POAG 38 26
Timolol-EXG 38 26
16 Orzalesi et al, Invest Ophthalmol Vis Sci 2000; 41: 2566-73 Sitting None Timolol 20 4
Latanoprost 20 4
17 Quaranta et al, Invest Ophthalmol Vis Sci 2006; 47: 2917-23 Sitting and None Timolol 27 6
supine Latanoprost 27 6
18 Konstas et al, Am J Ophthalmol 1999; 120: 15-20 IOP and BP Sitting None Timolol 34 8
Latanoprost AM 34 4
Latanoprost PM 34 4
19 Konstas et al, Arch Ophthalmol 2005; 123: 898-902 I0P Sitting None Latanoprost PM 37 8
LTFC 37 8
20 Tamer and Oksuz, Ophthalmic Res 2007; 39: 24-31 I0P Sitting  Latanoprost Timolol 36 4
21 Feldman et al, Curr Med Res Opin 2008; 24: 2403-12 I0P Sitting None Timolol 115 8
DTFC 117 8
22 Costagliola et al, Graefes Arch Clin Exp Ophthalmol 2008; 246: 389-96 BP Sitting None Timolol 30 4
Latanoprost 30 4

BP = blood pressure; DTFC = dorzolamide/timolol fixed combination; EXG = exfoliation glaucoma; IOP = intraocular pressure; LTFC = latanoprost/timolol fixed com-
bination; POAG = primary open-angle glaucoma.

© 2010 Wichtig Editore - ISSN 1120-6721 1037

EJO_D_09_00533_STEWART.indd 1037 5-08-2010 17:37:59



Meta-analysis of timolol on diurnal and nighttime IOP and BP

We excluded the other articles (n = 69) if they did not isola-
te the effect of timolol (n = 16), there were not enough IOP
measurements (n = 14), there were no comparative non-
timolol measurements (baseline or parallel placebo arm, n
= 10), subjects were not qualified for this analysis (n = 10),
there was insufficient sample size (n = 6), required data for
inclusion were not available (n = 4), the article was a review
article (n = 4), the article was of insufficient study design
(n = 4), or the article was in a foreign language (Japanese,
n=1).

One of these 8 articles, as well as 1 additional article, met
the BP analyses inclusion criteria which included 2 timolol
treatment arms and 57 patients (18, 22). The 7 other arti-
cles, included in the IOP evaluation, were excluded from
this portion of the analysis because they did not measure
the BP.

Intraocular pressure

The results of the IOP analyses are shown in Table Il and
Figure 1. A statistical reduction in IOP from baseline for ti-
molol was observed at each time point, and for the 24-hour
curve pressure (p<0.009). When the 2 studies, in which ti-
molol was used adjunctively, were removed, a similar stati-
stical difference was observed, as above, at each time point
and for the 24-hour pressure curve (p<0.003). The mean
reduction of pressure from baseline at night (3.6 mmHg)
was lower than during the day (5.1 mmHg, p=0.144). Wi-
thout the one article that measured the pressure at night in
the supine position, the results were a 5.0 mmHg reduction

T L
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Fig. 1 - The mean intraocular pressure measurements of the 8 uti-
lized articles at each time point at baseline (grey, diamonds) and with
treatment (black, squares).

during the day and a 3.6 mmHg decrease during the night.
A test of heterogeneity showed the 8 articles were not si-
gnificantly heterogeneous (p=0.55).

Blood pressure

In 2 studies, there were small reductions from baseline for
the mean diastolic and systolic BPs at most time points
(p<0.288) and for the 24-hour curve (p=0.019) for both
diastolic and systolic pressures with timolol treatment.
The ocular perfusion pressure did not show any difference
between baseline and timolol treatment at any time point

TABLE Il - BASELINE, TREATMENT, AND 24-HOUR AVERAGE INTRAOCULAR PRESSURES FOR EACH ARTICLE (mmHg)

Reference 06:00-09:00 10:00-13:00 14:00-17:00 18:00-21:00*  22:00-01:00* 02:00-05:00* 24-hour

B T B T B T B T B T B T B T
14 25,7 20.0 272 19.8 25.3 18.9 248 194 24.0 18.8 231 185 25.0 19.2
15 211 189 24.0 1841 211 18.2 21.2 18.5 201 177 19.7 17.8 212 18.2
16 23.0 195 231 20.3 22.0 18.0 22.5 18.8 20.4 18.0 19.0 17.7 21.7 18.7
17 26.4 20.9 26.5 19.2 227 174 21.7 179 214 18.6 23.5 19.9 23.7 19.0
18 23.2 2041 26.4 19.7 22.6 18.8 23.3 19.6 221 18.5 20.8 18.0 231 1941
19 25.0 16.2 26.5 16.4 245 174 23.8 174 22.7 16.5 229 16.5 24.2 16.7
20 226 19.6 214 18.8 22.0 19.0 22.7 20.2 21.2 193 19.8 18.9 21.6 19.3
21 247 199 243 19.3 246 19.7 251 207 22.8 18.7 221 19.0 239 196
p value 0.0004 <0.0001 0.0001 0.001 0.001 0.009 <0.0001

*Nighttime hours.
B = baseline; T = treatment.
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or for the 24-hour pressure curve (p=0.537).

DISCUSSION

Low nighttime BP remains a concern in glaucoma treat-
ment because it potentially may compromise ocular perfu-
sion pressure, which theoretically could lead to progressi-
ve optic disc damage. Several prior studies have indicated
that patients with normal-tension glaucoma or progressed
primary open-angle glaucoma may have an increased in-
cidence of nocturnal BP dipping or reduced 24-hour mean
BP (8-10, 26, 27), although these findings have not been
completely consistent (11).

Additional concern has existed that timolol, a common
ocular hypotensive medicine (2), might aggravate noctur-
nal ocular perfusion pressure because it may decrease BP
without potentially reducing the nocturnal IOP (17). Net-
land and associates found in patients with primary open-
angle glaucoma that timolol reduced the nocturnal heart
rate, and increased episodes of bradycardia, compared
to controls (7). Hayreh and coworkers found that timolol-
treated patients with normal tension glaucoma had a lower
nocturnal minimum heart rate, a greater drop in diastolic
BP, and an increased incidence in glaucomatous progres-
sion than untreated patients (6).

Gherghel and coworkers showed that, in patients with glau-
coma with excessive BP dipping, no differences existed in
this parameter between patients treated with or without a
beta-blocker (28). Quaranta and associates recently found
no change from untreated levels in ocular perfusion pres-
sure with timolol while noting an increase in this parameter
with latanoprost (17). In a similarly designed 24-hour stu-
dy, Konstas and coworkers demonstrated that neither the
latanoprost/timolol fixed combination nor timolol reduced
nocturnal BP or perfusion pressure (29).

In a review of beta-blocker studies, Lama suggested that
the maximum systemic impact from a single drop of timolol
may not produce a clinically important BP effect (30). This
medicine may be relatively short-acting, with a peak pla-
sma level approximately 10 minutes after instillation (31).
Controversy remains regarding timolol’s effect upon night-
time BP and ocular perfusion pressure, especially when
dosed at night.

The purpose of this meta-analysis was to evaluate studies
with IOP or BP data with ocular timolol at night in patients
with ocular hypertension or primary open-angle glaucoma.

This meta-analysis showed that in studies evaluating the
effect of timolol on the IOP over 24 hours a statistical re-
duction was observed over the 24-hour day, including the
nighttime hours. These data are clinically important becau-
se it helps confirm the ocular hypotensive effect of timolol
at night.

The extent of the decrease of the nocturnal IOP was not
as great as that observed in the daytime hours (3.6 and
5.1 mmHg, respectively), although the difference was not
statistically significant. The reason for this trend to a lower
pressure decrease at night is not known exactly but it may
have resulted from the fact that the baseline pressures at
night were less than daytime readings. Therefore, the lo-
wer baseline pressures, probably resulting from diminished
aqueous production as noted above, may have limited the
percent reduction derived from timolol during the nighttime
hours (4).

It must be noted that the nighttime pressures in this trial
were measured in the sitting position after being moved
from a sleeping state and supine position. Although Gold-
mann applanation tonometry is the gold standard for mea-
suring the pressure clinically, a change to the sitting posi-
tion may reduce pressure. Also, the sympathetic activation
upon awakening potentially could have increased aqueous
flow and influenced the pressure (32). The most accurate
way to measure the pressure clinically at night remains un-
known.

Several historical concerns exist about using timolol at
night, including a lack of an ocular hypotensive effect and
an adverse influence on ocular perfusion. Although not a
direct measure of IOP, Topper and associates were unable
to detect an aqueous suppressant effect from timolol du-
ring the night (4). The reason why no reduction in aqueous
production at night might be observed in spite of a number
of clinical trials showing an ocular hypotensive effect is not
clear by the studies evaluated in this meta-analysis.

Both the systolic and diastolic pressures were statistically
decreased at most time points and over the 24-hour pres-
sure curve, from baseline with timolol treatment, including
at night. The extent of these reductions was small and con-
sistent with prior studies evaluating data on IOP effects
with timolol (32). The calculated ocular perfusion pressure
remained unaltered from baseline over the 24-hour pres-
sure curve and at each individual time point with timolol
treatment. Our results are fairly consistent with additional
internal data by Konstas and Stewart evaluating the 24-
hour data of timolol which also demonstrated that timolol
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did not affect blood or ocular perfusion pressure (29).

The results of this meta-analysis potentially differ from the
results found by Netland and associates, who found a gre-
ater percentage of patients dipping to a heart rate of less
than 60 beats/minute when treated with timolol (7). This
parameter was not specifically evaluated in the current
study. Our results potentially differ from those of Hayreh
and associates, who indicated that patients demonstrated
lower BPs and heart rates at night (6). However, this study
did not contain baseline measures and included patients
with normal tension glaucoma, which makes comparisons
to the current meta-analysis difficult.

This meta-analysis suggests that topical timolol therapy
provides an ocular hypotensive effect over the 24-hour
pressure curve, including the nighttime hours. While small
reductions in the systolic and diastolic pressures occur the
ocular perfusion pressure is not altered over 24-hours in-
cluding the nighttime hours.

This meta-analysis was limited by the number of articles
that met the inclusion and exclusion criteria, especially
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