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Objective: To compare the intraocular pressure (IOP)
responses of self-identified African American and white
participants in the Ocular Hypertension Treatment Study
to therapeutic trials of topical, nonselective �-adrener-
gic antagonists or prostaglandin analogues.

Methods: Multivariate models that adjusted for base-
line IOP and corneal thickness were used to estimate IOP
response by race. Participants included 536 who were pre-
scribed topical �-adrenergic antagonists and 191 who were
prescribed prostaglandin analogues, 25% of whom were
African American.

Main Outcome Measure: Intraocular pressure re-
sponse in the ipsilateral eye after 4 to 6 weeks of a thera-
peutic trial.

Results: Intraocular pressure response to nonselective
�-adrenergic antagonists did not differ between African
American and white participants. Intraocular pressure re-
sponse to prostaglandin analogues was slightly greater

in African American participants, but this difference was
not statistically significant. With both classes of medi-
cation, greater IOP reduction was associated with higher
baseline IOP and thinner central corneal measurement.

Conclusions: We found no statistically significant dif-
ferences in IOP response to topical, nonselective �-ad-
renergic antagonists or prostaglandin analogues be-
tween self-identified African American and white
individuals.

Application to Clinical Practice: Studies of IOP re-
sponse to medication should statistically adjust for base-
line IOP and central corneal thickness. Clinicians should
consider factors other than ethnicity when choosing an
ocular hypotensive medication for a patient.

Trial Registration: clinicaltrials.gov Identifier:
NCT00000125
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P RIMARY OPEN-ANGLE GLAU-
coma (POAG) is approxi-
mately 3 times more preva-
lent and twice as likely to
cause bilateral blindness in

African American individuals as com-
pared with white individuals.1,2 Elevated
intraocular pressure (IOP) is the major risk
factor for developing glaucoma3,4 and is
present in approximately 8% of adults over
the age of 40 years in the United States.5

The Ocular Hypertension Treatment Study
(OHTS) demonstrated that medical treat-
ment of ocular hypertension decreases the
risk of developing POAG among all par-
ticipants,6 including self-identified Afri-
can American participants.7

Previous studies have examined the hy-
pothesis that African American individu-

als respond differently to topical ocular hy-
potensive medications from other racial or
ethnic groups. Some reports suggest that
African American individuals have a lesser
IOP response to topical �-adrenergic an-
tagonists when compared with white in-
dividuals8,9 while other reports show no
difference.10 Some studies have shown that
African American individuals have a
greater IOP response to prostaglandin ana-
logues when compared with white indi-
viduals11,12 while other reports have shown
no difference.8,13 The different results may
reflect the relative proportion of partici-
pants with ocular hypertension, POAG,
and secondary causes of glaucoma, such
as pigmentary dispersion or pseudoexfo-
liation, in the various studies.8,9,11,12 None
of these studies controlled for the effects
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of both central corneal thickness (CCT) and baseline IOP
on IOP response.

The OHTS is a multicenter, randomized controlled trial
that demonstrated the efficacy of topical ocular hypo-
tensive medication in delaying or preventing the onset
of POAG in participants with ocular hypertension.14 The
OHTS provides a unique opportunity to examine the re-
lationship between self-identified race and IOP re-
sponse to topical ocular hypotensive medications in a large
sample of participants, 25% of whom are self-identified
African American. This article compares the IOP re-
sponse of self-identified African American and white par-
ticipants to topical �-adrenergic antagonists or prosta-
glandin analogues in initial therapeutic trials in the OHTS.

METHODS

OCULAR HYPERTENSION
TREATMENT STUDY

The OHTS is a multicenter, randomized clinical trial to deter-
mine the safety and efficacy of ocular hypotensive medication
in delaying or preventing the onset of POAG in individuals with
elevated IOP. Eligibility criteria included age from 40 to 80 years,
IOP between 24 mm Hg and 32 mm Hg in one eye and be-
tween 21 mm Hg and 32 mm Hg in the other eye, and no evi-
dence of either glaucomatous structural or functional damage
by standard clinical measures. All participants provided writ-
ten informed consent for participation in the study. The pro-
tocol for the OHTS is described in detail elsewhere14 and the
manual of procedures for the study is available online.15 From
February 1994 to October 1996, participants (n=1636) were
randomly assigned to treatment with topical IOP-lowering medi-
cation or to observation.

Racial classification of participants was by self-identi-
fication. At the qualifying assessment visit, clinic staff read the
following script to potential participants: “Do you consider your-
self American Indian or Alaskan Native, Asian or Pacific Is-
lander, Black not of Hispanic origin, Hispanic, or White not of
Hispanic origin?” The analysis sample for this report is re-
stricted to participants who self-identified as “Black not of His-
panic origin” or as “White not of Hispanic origin,” hereafter re-
ferred to as African American participants or white participants,
respectively.

Two OHTS-certified examiners performed IOP measure-
ments with Goldmann applanation tonometry. An operator
measured the IOP without looking at the dial and a reader re-
corded the result. Two IOP measurements were performed
and a third was performed if the first two disagreed by more
than 2 mm Hg. For the purposes of this report, the baseline
IOP of participants was the mean of these IOP measurements
at the baseline randomization visit, which was separate from
the qualifying visits. Following the baseline randomization
visit, medication participants completed an initial therapeutic
trial in the eye with the higher IOP. If baseline IOP was equal
in the two eyes, one eye was chosen randomly for treatment.
The response to the medication was evaluated 4 to 6 weeks
later. Every attempt was made to keep subsequent IOP mea-
surements within a 4-hour time window to reduce diurnal
fluctuation.

Central corneal thickness measurements began 2 years af-
ter the start of randomization. Central corneal thickness was
measured with a calibrated ultrasonic pachymeter (Pachette 500;
DGH Technologies, Exton, Pa). A previously published ar-
ticle16 describes the protocol for measuring CCT.

TOPICAL MEDICATIONS IN THE OHTS
MEDICATION GROUP

The investigators selected the topical medication for the ini-
tial therapeutic trial at their discretion. They could use any topi-
cal ocular hypotensive medication that was commercially avail-
able in the United States. They chose nonselective �-adrenergic
antagonists for the majority of the initial therapeutic trials in
the medication group completed from 1994 to 1997.

TREATMENT OF THE OHTS
OBSERVATION GROUP AFTER JUNE 1, 2002

To determine whether earlier treatment of ocular hyperten-
sion is better than later treatment, investigators offered topi-
cal ocular hypotensive medication to participants originally ran-
domized to the observation group after the June 2002 publication
of the primary outcome article.6 Therefore, this report also in-
cludes data from observation participants who started an ini-
tial 4- to 6-week therapeutic trial after June 1, 2002, and who
completed the trial by October 3, 2003. We report on initial
therapeutic trials of prostaglandin analogues in the observa-
tion group (n=191) because these drugs were the predomi-
nate choice of the investigators.

STATISTICAL METHODS

Descriptive analyses compared baseline demographic and clini-
cal characteristics of self-identified African American and white
individuals. For participants randomized to the medication
group, the primary outcome was the IOP in the ipsilateral eye
after 4 to 6 weeks of treatment with a therapeutic trial of non-
selective �-adrenergic antagonists. For participants originally
randomized to the observation group who initiated a thera-
peutic trial after June 1, 2002, the primary outcome was IOP
in the ipsilateral eye after 4 to 6 weeks of treatment with a thera-
peutic trial of prostaglandin analogues. We used univariate analy-
ses, including �2 tests, t tests, and analysis of variance, to evalu-
ate the relationship of factors that could be related to IOP
response. In addition to race and baseline IOP, multivariate mod-
els adjusted for factors whose means or distributions differed
by race, CCT, patient-reported medical history (high blood pres-
sure and diabetes), age, and sex. Other factors screened for their
possible relationship to IOP response included asthma, lung
disease, stroke, heart disease, and use of oral �-adrenergic an-
tagonists or calcium channel blockers; however, these factors
were not included in the multivariate models because they oc-
curred infrequently, did not differ by race, or were highly cor-
related with other factors in the model. A Wald statistic with a
P value less than .10 was used for entrance and removal from
forward, stepwise, multiple regression models. All statistical
analyses were conducted using the SPSS advanced statistical
data analysis program (version 12.0; SPSS Inc, Chicago, Ill).

RESULTS

DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS OF THE
OHTS MEDICATION GROUP

Among the 817 participants randomized to the medica-
tion group, 780 participants self-identified as non-
Hispanic white or African American. Of these partici-
pants, 80% (621/780) started an initial therapeutic trial
with a nonselective �-adrenergic antagonist, 14% (109/
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780) with a selective �-adrenergic antagonist, 2% (17/
780) with a carbonic anhydrase inhibitor, 2% (17/780) with
a nonselective � agonist, and 1% (9/780) with other medi-
cations. Of those prescribed nonselective �-adrenergic an-
tagonists, investigators used timolol gel forming solution
in 206 participants (39%), timolol maleate in 141 (27%),
levobunolol hydrochloride in 134 (25%), carteolol in 43
(8.1%), and metipranolol in 5 (1%). There was no statis-
tical difference in the proportion of participants pre-
scribed each drug by race (P�.05 for all medications). We
report data only from participants who received a nonse-
lective �-adrenergic antagonist because of the small sample
sizes for the other classes of drugs. Of the 621 partici-
pants who received a nonselective �-adrenergic antago-
nist, 529 (85%) completed an initial therapeutic trial
and had CCT measurements. Of the 529 participants
available for analysis, 75% (403 of 529) self-identified
as white and 24% (126 of 529) self-identified as African
American.

Among participants who completed an initial thera-
peutic trial of a nonselective �-adrenergic antagonist, mean
central corneal measurement was thinner in self-
identified African American participants compared with
self-identified white participants. A higher percentage of
self-identified African American participants reported dia-
betes, usage of calcium channel blockers, and high blood
pressure when compared with self-identified white par-
ticipants (Table 1).

DEMOGRAPHIC AND CLINICAL CHARACTERIS-
TICS OF THE OHTS OBSERVATION GROUP

As noted earlier, after June 1, 2002, investigators of-
fered treatment with ocular hypotensive medication to
634 self-identified white and African American partici-
pants originally randomized to the observation group.
Among this group, 115 participants had been receiving
medication prior to June 1, 2002, because they devel-
oped glaucoma or because of other reasons and are ex-
cluded from this analysis. Of the remaining 519 obser-
vation participants, 278 participants consented to a

therapeutic trial with a topical ocular hypotensive medi-
cation and completed the initial therapeutic trial by Oc-
tober 3, 2003. Among these 278 participants, 191 (69%)
were prescribed prostaglandin analogues, 50 (18%) non-
selective �-adrenergic antagonists, 28 (10%) �-2 ago-
nists, and 9 (3%) other medications. Of those pre-
scribed prostaglandin analogues, investigators used
latanoprost 0.005% in 151 participants (79%), travo-
prost 0.004% in 23 (12%), and bimatoprost 0.03% in 17
(9%). There was no statistical difference in the propor-
tion of participants prescribed each drug by race (P�.05).
The analysis sample is limited to the 191 participants who
received prostaglandin analogues because of the small
sample sizes for the other classes of medication. Of the
191 participants available for analysis, 70% (133/191) self-
identified as white and 30% (58/191) self-identified as
African American.

Among observation participants who completed an ini-
tial therapeutic trial of prostaglandin analogues, mean cen-
tral corneal measurement was thinner in African Ameri-
can compared with white participants. A higher percentage
of African American participants reported diabetes, us-
age of calcium channel blockers, and high blood pres-
sure when compared with white participants (Table 1).
Because therapeutic trials for the prostaglandin ana-
logues were performed in the second phase of OHTS ap-
proximately 5 years later, participants were older and re-
ported more health problems when compared with the
original medication group in this report (Table 1).

COMPARISON OF IOP RESPONSE WITH
�-ADRENERGIC ANTAGONISTS IN AFRICAN

AMERICAN AND WHITE PARTICIPANTS

Among medication participants who received nonselec-
tive �-adrenergic antagonists in initial therapeutic trials,
we found no difference by race in the mean baseline IOP
(P=.52, Table 2) or mean IOP after 4 to 6 weeks of treat-
ment (P=.91 [unadjusted] and P=.90 [adjusted], Table 2).
There was no difference in mean percentage IOP change
from baseline by self-identified race in both unadjusted

Table 1. Baseline Characteristics of Self-Identified African American and White Participants Who Completed Therapeutic Trials
With Nonselective �-Adrenergic Antagonists or Prostaglandin Analogues

Variable

Nonselective �-Adrenergic Antagonists Prostaglandin Analogues

African American
(n = 126)

White
(n = 403)

African American
(n = 58)

White
(n = 133)

Age, mean ± SD, y* 55.2 ± 9.3 56.7 ± 9.1 59.5 ± 7.8 62.7 ± 9.8
Central corneal thickness, mean ± SD, µm*† 556.1 ± 39.0 574.2 ± 37.7 563.2 ± 35.1 583.4 ± 33.8
Sex, No. (%)†

Male 42 (33.3) 195 (48.4) 21 (36.2) 54 (40.6)
Female 84 (66.7) 208 (51.6) 37 (63.8) 79 (59.4)

Used oral �-blockers, No. (%) 6 (4.8) 17 (4.2) 15 (25.9) 21 (15.8)
Used calcium channel blockers, No. (%)*† 24 (19.0) 26 (6.5) 30 (51.7) 35 (26.3)
History of diabetes, No. (%)*† 25 (19.8) 30 (7.5) 20 (34.5) 20 (15.0)
History of high blood pressure, No. (%)*† 65 (52.0) 124 (30.8) 46 (79.3) 63 (47.4)

*Significant differences by race in baseline variable for participants receiving prostaglandin analogues (P�.05, �² test [for categorical variables] or t test [for
continuous variables]).

†Significant differences by race in baseline variable for participants receiving �-adrenergic antagonists (P�.05, �² test [for categorical variables] or t test [for
continuous variables]).
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analyses (P=.68) and multiple regression analyses that ad-
justed for other factors (P=.67). A forward, stepwise, mul-
tiple linear regression analysis selected higher baseline IOP
(P�.001) and thinner CCT measurement (P=.013) as sepa-
rate and independent factors associated with a lower mean
IOP after 4 to 6 weeks of treatment.

COMPARISON OF IOP RESPONSE WITH
PROSTAGLANDIN ANALOGUES IN AFRICAN

AMERICAN AND WHITE PARTICIPANTS

Among those receiving prostaglandin analogues, no dif-
ference by race was found in mean baseline IOP (P=.18)
nor the primary outcome of mean IOP after 4 to 6 weeks
(P=.15, Table 2). However, a greater mean percentage
IOP change from baseline was found in self-identified Afri-
can American participants when compared with self-
identified white participants: African American partici-
pants had a 30.3% decrease in IOP and white participants
had a 24.8% decrease in IOP (P�.02, unadjusted) after
an initial trial of prostaglandin analogues. This appar-
ent racial difference was of borderline significance
(P=.051) in the multivariate analysis, including CCT, age,
sex, history of high blood pressure, and history of dia-
betes. However, this multivariate model did not include
baseline IOP as a covariate because mean percentage IOP
change is derived in part from baseline IOP.

Forward, stepwise, multiple regression analyses, which
select the variables most associated with the outcome of
interest, did not select race (P�.05) as being indepen-
dently associated with mean IOP after 4 to 6 weeks in
therapeutic trials with prostaglandin analogues. The model
only selected baseline IOP (P�.001) and thinner CCT
measurement (P=.001). In summary, CCT and baseline
IOP had the strongest association with IOP response in
therapeutic trials of prostaglandin analogues.

COMMENT

This report examines the possible relationship between
race and IOP response to nonselective �-adrenergic an-
tagonists and prostaglandin analogues, the most fre-
quently prescribed classes of topical ocular hypotensive
medication for treating glaucoma and ocular hyperten-
sion in developed countries. The OHTS provides a unique

opportunity to address the question of whether race is
associated with the IOP response to these medications
because it has a large number of participants, of which
25% are self-identified African American.

Our results suggest that African American and white
individuals respond very similarly to nonselective �-ad-
renergic antagonists and prostaglandin analogues in ini-
tial therapeutic trials of 4 to 6 weeks’ duration after ad-
justing for CCT and baseline IOP. It is important to
emphasize that the responses to medication were not ob-
tained from dose-response curves but rather from thera-
peutic trials of fixed doses of commercially available medi-
cations. Dose-response curves in participants enrolled in
a clinical trial may differ from a representative sample
of individuals with ocular hypertension. Thinner CCT
measurement and higher baseline IOP were most strongly
associated with greater IOP response to nonselective �-ad-
renergic antagonists. The mean IOP response to a 4- to
6-week trial of a prostaglandin analogue was slightly
greater in self-identified African American participants
than in self-identified white participants. But this differ-
ence was not statistically significant in multivariate mod-
els after adjusting for CCT, age, sex, history of high blood
pressure, and history of diabetes. We would have needed
twice the sample size to detect a 1 mm Hg difference in
IOP response by race.

We performed a literature search of previous studies
concerning IOP response and race. From 1965 until July
2005, only 65 studies report race/ethnicity. Of these, only
14 studies included 40 or more African American par-
ticipants, and only 6 of them performed a subgroup analy-
sis by ethnicity.8-13 Katz and Berger9 found that African
American individuals required higher concentrations of
timolol maleate to achieve the same pressure-lowering
effect. However, nonresponders were excluded from the
analysis and the study did not control for baseline IOP
or CCT. Higginbotham et al8 found �-adrenergic antago-
nists to be less effective in black when compared with
white individuals, although there were no controls for
baseline IOP or CCT. Mundorf et al10 found no racial dif-
ference in IOP response to timolol maleate.

Regarding prostaglandin analogues, Netland et al11,12

found an augmented IOP response to travoprost in Afri-
can American individuals in comparison with white in-
dividuals in 2 studies. However, the first study did not

Table 2. Mean IOP at Baseline and After 4 to 6 Weeks of a Therapeutic Trial With Nonselective �-Adrenergic Antagonists
or Prostaglandin Analogues for Self-Identified African American and White Participants

Variable

Nonselective �-Adrenergic Antagonists Prostaglandin Analogues

African American,
Mean ± SD
(n = 126)

White,
Mean ± SD
(n = 403)

Unadjusted
P Value

Adjusted
P Value*

African American,
Mean ± SD

(n = 58)

White,
Mean ± SD
(n = 133)

Unadjusted
P Value

Adjusted
P Value*

IOP baseline, mm Hg 25.8 ± 3.0 26.0 ± 2.8 .52 .52 25.3 ± 3.9 24.5 ± 3.4 .18 .18
IOP after 4 to 6 weeks,

mm Hg
19.6 ± 2.8 19.6 ± 3.0 .91 .90 17.5 ± 3.8 18.3 ± 3.5 .16 .15

Abbreviation: IOP, intraocular pressure.
*P value is the F ratio probability for the association of race after adjustment for baseline IOP, central corneal thickness, age, sex, history of high blood

pressure, and history of diabetes.
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statistically control for baseline IOP or CCT,12 and the
second study did not control for baseline IOP.11 Finally,
both Higginbotham et al8 and Parrish et al13 found the
response to bimatoprost to be similar in African Ameri-
can and white individuals. In summary, no studies re-
ported to date examining racial differences in medica-
tion response have controlled for both baseline IOP and
CCT. We believe this is important for any further stud-
ies of IOP response to medication because CCT was in-
dependently associated with IOP response even when con-
trolling for baseline IOP.

Controlling for differences in baseline IOP is impor-
tant in medication response studies. Patients with higher
IOP on average have larger reductions in IOP in re-
sponse to a topical ocular hypotensive medication. In this
report, higher baseline IOP was strongly correlated with
greater IOP reduction after 4 to 6 weeks of a therapeutic
trial. In addition, eyes with higher baseline IOP may show
greater IOP reduction because of regression to the mean.17

The use of “percentage change from baseline” does not
fully address this problem because percentage change is
computed using baseline IOP.

Controlling for differences in CCT is important as well.
The relationship between CCT and measured IOP re-
sponse to medication is complex. Brandt and col-
leagues18 noted that OHTS participants with thicker cor-
neas had smaller measured IOP responses to topical
�-adrenergic antagonists and prostaglandin analogues as
compared with patients with normal or thin corneas. Mul-
tivariate analyses showed that a thinner central cornea
was a separate factor influencing IOP response and was
not merely an applanation artifact from a thin cornea.
Brandt et al18 postulated that thicker corneas have higher
rigidity, which reduces the ability to measure a decrease
in IOP by applanation tonometry. We did not include a
measure of ocular rigidity such as dynamic contour to-
nometry and are unable to investigate further. Another
explanation, decreased diffusion of ocular hypotensive
medication in an eye with a thicker cornea, is possible
but less likely because of known high concentrations of
active medication in the anterior chamber.19-21

Mean CCT was lower in self-identified African Ameri-
can individuals, but a considerable overlap in CCT was
found between self-identified African American and white
participants in the OHTS.16 Similarly, significant over-
lap in medical conditions (such as diabetes and high blood
pressure) and socioeconomic status exists between self-
identified African American and white participants. This
suggests that clinicians cannot infer CCT or other im-
portant possible risk factors for the development of glau-
coma from race alone.

The OHTS did not measure iris color. Melanin may
affect the IOP response to some medications by binding
active medication and preventing stimulation of target
tissues. Earlier publications found that eyes with darkly
pigmented irides required a higher concentration of pi-
locarpine and timolol to produce the same pressure-
lowering response.9,22 However, Hedman and Larsson23

showed no difference in IOP response with timolol 0.5%
or latanoprost in persons with “dark brown eyes” in com-
parison with those with “less brown eyes.” No differ-
ence in response may occur because of high concentra-

tions of active medication in the anterior chamber19-21 and
also because irides of varying color have a similar num-
ber of melanocytes within the epithelial and stromal lay-
ers but differ primarily in the number and size of mela-
nosomes within the stromal melanocytes.24,25 Future
studies should compare this relationship between iris color
and IOP response with different classes of topical ocular
hypotensive medication.

The OHTS only includes ocular hypertensive partici-
pants satisfying the inclusion and exclusion criteria of
the study. Clinicians should exercise caution when ap-
plying the results of this report to patients with POAG
or patients with elevated IOP from secondary causes such
as pigmentary dispersion syndrome.

The analysis for prostaglandin analogues was com-
pleted for participants initiating a therapeutic trial from
June 2002 to October 2003. These patients had not con-
verted to glaucoma, had thicker corneas, were older, and
had more systemic comorbidities in comparison with the
participants in the nonselective �-adrenergic antagonist
group. Because of these differences, it is not appropriate
to compare the IOP response to nonselective �-adren-
ergic antagonists with the response to prostaglandin ana-
logues in this study. It is important to understand that
the OHTS participants were not randomized to the type
of topical ocular hypotensive medication and that inves-
tigators chose the initial topical ocular hypotensive medi-
cation at their discretion.

The initial response to �-adrenergic antagonists and
prostaglandin analogues appears similar between self-
identified African American and white participants in the
OHTS. There was a trend toward a slightly greater IOP re-
sponse to prostaglandin analogues in African American
compared with white participants, although this differ-
ence was not statistically significant after controlling for
baseline IOP and CCT in multivariate analyses. From this
we can conclude that the IOP response of African Ameri-
can individuals is at least as great as white individuals to
the most commonly prescribed classes of glaucoma medi-
cation in developed countries. Clinicians should con-
sider factors other than race such as medical history, dos-
ing schedules, and possible adverse effects when prescribing
ocular hypotensive medication for patients.
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Ophthalmological Numismatics

S ir William Bowman (1816-1892), renowned English ophthalmologist, was
a surgeon at the Royal Ophthalmic Hospital in London, forerunner to Moor-

fields Eye Hospital, from 1846 to 1876. He revolutionized the histology of the
eye and discovered the anterior elastic lamina of the cornea (Bowman mem-
brane). He described a number of new surgical procedures for ptosis, lacrimal
disorders, and formation of an artificial pupil. He also invented his lacrimal probes,
which are still in use.

The Bowman medal was commissioned by the Ophthalmological Society of
the United Kingdom. The obverse depicts the bust of Bowman at a three-
quarter turn facing right. The reverse has an inscription within an inscription
with space for the name of the awardee to be engraved. It was produced by the
firm Spink and Son and engraved by the artist F. Kvacs around 1945.

Courtesy of: Jay M. Galst, MD, 30 E 60th St, New York, NY 10022.
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