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SUMMARY 

Forty patients with an intraocular pressure (lOP) 
between 30 and 49 mmHg in either eye (57 eyes) were 
recruited into a trial of timolol 0.25% versus timolol 
0.5%. Patients were randomised to receive the two con
centrations of drug in the order ABA or BAB. The study 
period was 12 weeks for each patient, with changes in 
drug concentration at 4 and 8 weeks. lOPs were 
measured at the same time every 2 weeks. Mean lOP of 
both eyes was used, excluding any eyes with initial lOPs 
of less than 30 mmHg. There was no difference between 
the 2-week and 4-week pressure readings, which were 
therefore combined. There was no statistically significant 
difference in the initial lOPs of the two groups (0.5%, 
33.45 mmHg; 0.25%,32.63 mmHg) nor in the initial fall 
in lOP with either concentration (0.5%, 12.03 mmHg; 
0.25%,11.31 mmHg). Furthermore, changing from one 
concentration to the other had no significant effect on 
lOP. Mean lOPs over the whole study period averaged 
21.12 mmHg for timolol 0.25 % and 20.75 mmHg for tim-
01010.5%. Again these differences were not statistically 
significant. The statistical power of the study was esti
mated to exceed 85 %. The authors suggest that there is no 
justification for use of the 0.5 % strength, which is more 

expensive and has no advantages. 

Timolol maleate is a non-selective, beta-1 and beta-2 
adrenergic antagonist. It is available in the United King
dom in two concentrations: 0.25% and 0.5%. The 0.5% 
concentration currently accounts for two thirds of pre
scriptions* despite previous work suggesting that the 
higher concentration was no more effective at lowering 
intraocular pressure (IOP)Y In 1987 Novack3 reported 
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that both these studies 1.2 suffered from low statistical 
power. The aim of this study, therefore, was to answer 
conclusively the question: 'Is there any difference in effi
cacy between the two available concentrations of tim
olol?' The study was designed to exceed the 80% 
statistical power level. 

PATIENTS AND METHODS 

This study followed the same recruitment criteria and 
methods as the study comparing metipranolol 0.1 %,0.3% 
and 0. 6% which preceded it.4 Previously undiagnosed 
patients with an lOP of 30-49 mmHg were eligible for 
inclusion in the study, as were those with known open 
angle glaucoma controlled on beta blockers alone, 
although no patients in this category were recruited. 
Patients with advanced disc cupping and field loss, con
comitant ocular disease, or known contraindications to 
systemic or topical use of beta blockers were excluded. 
lOP was measured using the Goldmann applanation 
tonometer with the calibration scale masked from the 
examiner. 

After informed consent patients were randomised to 
receive the two concentrations of drug in the order ABA or 
BAB. 'A' corresponded to 0.5% and 'B' to 0.25% timolol, 
although the randomisation code was not broken until all 
patients had completed the study. Both eyes were treated 
simultaneously with the same concentration and entered 
into the study if the lOP in each was 30-49 mmHg. If one 
eye had an initial lOP of 21-29 mmHg it was also treated, 
but data points from it were not used in the study. The study 
period was 12 weeks for each patient, with changes in drug 
concentration at 4 and 8 weeks (Table I). lOPs were 
measured between 2 pm and 4.30 pm every 2 weeks by 
one of the thre� investigators. This corresponds well with 
the period of relatively high lOP found in the diurnal 
cycle.5 Control of lOP over this period was felt to reflect 
accurately control over 24 hours. Patients whose lOP was 
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Table I. Alternate treatment regimes for the two groups of patients 

Strength (%) of timolol 

Group 

ABA 
BAB 

0---4 weeks 

0.5 
0.25 

4-8 weeks 

0.25 
0.5 

8-12 weeks 

0.5 
0.25 

Patients were randomi sed to receive the two concentrations of drug in 
the order ABA or BAB. 'A' corresponded to 0.5% and '8' to 0.25% tim-
0101, although the randomisation code was not broken until all patients 
had completed the study. 

inadequately controlled were withdrawn from the study. 
Systemic or ocular side effects were recorded at each visit. 

A placebo control group was not included because it 
was considered to be unethical to withhold treatment in 
patients with an initial lOP greater than 30 mmHg. For the 
same reason a washout period was not included at the 
changeover between concentrations of drug. Pressure 
measurements 2 weeks after the change of concentration 
were included in the protocol in an attempt to assess wash
out effects. Because this was a pharmacological study 
with a limited treatment period long-term disc and visual 
field changes were not monitored. The study design 
received local ethical committee approval. 

To eliminate errors arising from inter-eye correlation, 
estimated at r = 0.9 for IOP, 6 data from pairs of eyes were 
averaged. As stated above, any eyes in which the initial 
lOP was below 30 mmHg were excluded from this 
calculation. 

Two sample (two-tailed) Student's t-tests were used to 
compare the initial fall in lOP between each strength. 
Paired t-tests were used to compare lOPs on changing 
strengths; p values of less than 0.05 were considered 
statistically significant. Power analysis was carried out 
using nomograms. 3,7 

RESULTS 

Forty patients were recruited over a period of 20 months 
between December 1989 and August 1991. Fifty-seven 
eyes had an initial lOP of 30--49 mmHg and were there
fore included in the study. Patients were randomised into 
the two treatment groups, receiving the trial drug in the 
order ABA or BAB. Eyes were not randomised separately. 
Thirty-nine patients completed follow-up, and 1 patient 
was withdrawn after 4 weeks of treatment as a result of 
inadequate control of lOP in one eye. Initial lOP in this 
eye was 47 mmHg, the highest recorded lOP in the study; 
after 4 weeks it had fallen to 36 mmHg. 
Table II. Initial fall in lOP 

Timolol Timolol 
0.25% 0.5% p value 

n 20 20 
Mean initial lOP (mmHg) 32.63 33.45 >0.1 
Mean fall in lOP (mmHg) 11.31 12.03 >0.5 
Standard deviation 3.18 3.72 
Mean % fall in lOP 34.67% 35.95% 

The fall in lOP over the first 4 weeks of the study period for each patient. 
lOP readings after 2 and 4 weeks were combined. None of the differ
ences reached statistical significance. 
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Table III. Effect of changing the concentration of timolol 

11 
Mean change in lOP (mmHg) 
Standard deviation 
p value 

Timolol Timolol 
0.25% to 0.5% 0.5% to 0.25% 

39 
-0.81 

2.59 
>0.05 

39 
+0.36 

3.17 
>0.1 

The effect of chnaging from one concentration of timolol to the other at 
the 4-week and 8-week clinic visits. There was no significant effect on 
lOP. 

Both groups consisted of 11 men and 9 women. Group 
ABA had a mean age of 70.1 years and a mean initial lOP 
of 33.45 mmHg. The figures for group BAB were a mean 
age of 66.1 years and a mean initial lOP of 33.63 mmHg. 
There was no significant difference between the two 
groups in terms of age or initial lOPs. 

The results of the study are summarised in Tables II-IV. 
There was no significant difference between the 2-week 
and 4-week lOP readings which were therefore combined. 
This was true both during the first 4 weeks of the study 
when there had been no previous treatment, and following 
changes in drug concentration at the 4-week and 8-week 
visits. Table II shows the initial fall in lOP during the first 

4 weeks of the study. There was no statistically significant 
difference between the two groups. Table III shows the 
effect on lOP of changing from one concentration to 
another. Again there was no significant effect on lOP at 
the p = 0.05 level. Table IV shows the mean levels of IOP 
maintained over the whole study period during treatment 
with the two different concentrations. Again these differ
ences were not significant (p>0.5). 

Figure 1 is a scatter plot of the fall in lOP over the first 4 
weeks of the study against mean initial lOP. It demon
strates that the percentage fall remained constant at 
approximately 35% for mean levels of lOP ranging from 
30 to 40 mmHg. However, no statistical correlation was 
found after analysis of the data using Oldham's transfor
mation.8 This approach was recommended by Gill et al. 
for studies of antihypertensive treatment, and is equally 
applicable to glaucoma therapy.9 Since the fall in lOP is 
the initial lOP (lOP!) minus the post-treatment lOP 
(IOP2), then IOPl features in both variables if a direct 
comparison is made. This results inevitably in a positive 
correlation. Using Oldham's transformation, the fall in 
lOP was compared with the mean of the pre- and post
treatment values (IOP I +IOP2)/2. 

The two different concentrations of drug were both well 
tolerated. Fourteen patients complained of slight stinging 

Table IV. Mean lOPs on treatment 

Mean lOP (mmHg) 
11 
Standard deviation 

Timolol 
0.25% 

21.12 
40 

3.63 

Timolol 
0.5% 

20.75 
39 

3.18 

Mean lOPs of all patients on treatment during the whole study period. 
There was no significant difference between the two drugs (p>0.5). 
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Fig. 1. Scatter diagram showing the fall in lOP over the initial 
4-week study period , plotted against mean initial lOP, for the 
:two concentrations of timolol. The 2-week and 4-week lOPs 
tvere combined. Eyes with initial lOPs below 30 mmHg were 
,txcluded. A, 0.5% timolol; B, 0.25% timolol; 2, two data points 
.. the same spot. 

�r burning following instillation of drops, at one or more 
points in the study. This occurred with both drops for 9 
patients, with the 0.5% strength only in 3 patients and with 
.the 0.25% strength only in 1 patient. Three patients com-
9lained of slight breathlessness, 1 with both drops and 1 
tach with the two different strengths. 

Using nomograms3,7 we have calculated the power of 
lthis study to detect a difference in efficacy of 2 mmHg to 
ile in excess of 85%. 

DISCUSSION 

In this study we found no evidence that timolol 0.5% is 
any more effective at lowering lOP than the 0.25% con
tentration. We also found no evidence that changing the 
strength of timolol produced any additional lOP lowering 
effect. These results are supported by the high statistical 
power of the study. 

The two concentrations of timolol both produced an 
Initial reduction of lOP of approximately 35% 
(11.31 mmHg for 0.25% and 12.03 mmHg for 0.5%). 
These figures are higher than those obtained in most pre
vious studies of timolol and other beta blockers. This 
reflects two factors. Firstly, the mean initial lOPs of 
patients in this study, 32.63 mmHg (0.25%) and 
33.45 mmHg (0.5%), were high. None of the 56 studies 
quoted by Novack in his comprehensive review had higher 
Initial IOPs.3 The mean reduction in initial lOP of 35% 
was constant, hence the higher the initial lOP the greater 
the absolute fall in lOP (Fig. 1). Thus the large reduction 
ofIOP that occurred in comparison with these other stud
ies is not surprising. 

Secondly, the initial fall was recorded over the first 4 
weeks of the study period for each patient. This is before 
any effect of long-term drift would have developed. Mills 
reported that 8 of 30 patients initially controlled on timolol 
alone required supportive treatment to maintain normal 
lOPs, but only after 6--12 months follow-up. 

107 

One criticism of crossover studies is that an inadequate 
washout period may lead to erroneous results due to 
carryover effects from one drug to the next. In an effort 
to assess these effects, lOPs were recorded both at 2 and 
at 4 weeks after each change of drug concentration. Com
parison of the 2-week and 4-week readings did not reveal 
any significant differences. This was true both for 
patients who changed from 0.5% to 0.25% timolol and 
vice versa. Of course this may be accounted for either by 
the fact that the two drugs were equally effective, or by 
an absence of carryover effects at and beyond 2 weeks. 
Further analysis of the data showed no significant differ
ences in the levels of lOP maintained over the whole 
study period. These averaged approximately 21 mmHg, 
with standard deviations of 3.6 mmHg (0.25%) and 
3.18 mmHg (0.5%) during treatment with both drug 
concentrations. 

In 1983 Millsl concluded that there was 'little differ
ence in effectiveness between long-term topical timolol 
0.25% and timolol 0.5%'. Similarly, Uusitalo et al,z 
found no difference in the lOP lowering effect of each 
strength in 1985. However, Novack3 reported that the 
probability of detecting a 2 mmHg difference in efficacy 
between the two concentrations was only 21 % and 28% 
respectively. This was due to the non-crossover design 
and relatively small numbers in each treatment group. In 
fact, Mills did find statistically significant differences at 
the I-month and 12-month clinic visits. These differ
ences occurred in both cases only for right eyes, and both 
favoured timolol 0.25%. Additional evidence supporting 
our view that there is no therapeutic difference between 
the two strengths of timolol comes from studies of its 
concentration in the anterior chamber. These show that 
the level reached 1 hour after topical instillation is 1,000 
times that required to block either beta-lor beta-2 recep
tors.3 More recent work has shown that timolol concen
trations as low as 0.008% have an ocular hypotensive 
effect. 10 

Our study provides further evidence to support our 
belief that the substitution of timolol 0.25% for the 
'stronger' 0.5%, where lOP is inadequately controlled, is 
of no benefit. We suggest that the use of the 0.5% concen
tration could be abandoned since it has no therapeutic 
advantages and is more expensive. The relevance of our 
study is highlighted by annual sales figures from the 
manufacturers showing that sales of the 0.5% strength 
exceed those of the 0.25% concentration by 1.5 times 
(1,826,700 vs 1;179,900 units) at an additional cost of 
£1.2 million. 

Key words: Raised intraocular pressure, Statistical power, Timolol 
0.25% vs 0.5%. 
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