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Ocular hypertension and corneal thickness: 
A long-term prospective study. 
Results after two years
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I N T R O D U C T I O N

Ocular hypertension is frequently observed in peo-
ple over the age of 40. The management of patients
with an intraocular pre s s u re (IOP) greater than 21 mmHg
but without any detectable damage is debatable, and
t h e re is no general consensus on medical tre a t m e n t ,
if any. Many studies have demonstrated that IOP mea-
s u rement may be significantly influenced by corn e a l

thickness (1-7). According to some authors (4, 5, 8),
30% to 65% of patients with ocular hypertension ac-
tually only have a thick cornea, giving rise to an over-
estimation of the IOP values. Structural and function-
al damage should thus be minimally observed or ab-
sent in these patients having an overestimated IOP.

We began this long-term prospective study in the
autumn of 2000, with the aim of evaluating the im-
portance of corneal thickness when dealing with pa-

PU R P O S E. To study the importance of the central corneal thickness (CCT) in patients with oc-
ular hypertension in a 2-year follow-up.
ME T H O D S. A total of 110 subjects with ocular hypertension (intraocular pre s s u re [IOP] >21
mmHg and normal automated visual field test) were admitted to the study. All patients pe-
riodically underwent the following tests: 1) circadian IOP curve; 2) standard automated perime-
t ry (SAP, Humphrey 30-2 SITA test); 3) short wavelength automated perimetry (SWAP); 4)
f requency doubling technology perimetry (FDT, N-30 threshold test); 5) nerve fiber layer
analysis with GDx; 6) ibopamine test; 7) ultrasonic pachymetry. Patients were divided into
t h ree groups, based on corneal thickness. The frequency of abnormal tests within these
groups was evaluated with the Pearson’s χ2 test. Baseline IOP was corrected using the
Doughty and Zaman formula. CCT was also considered as a continuous variable. A control
group of 48 normal subjects was also considere d .
RE S U LT S. The mean CCT was 562.8 µm ± 37.7. The difference with respect to normal sub-
jects was statistically significant (p<0.01). Using the correction formula, 43 eyes (39.1%)
had an IOP <21 mmHg. Abnormal test results were more frequently found with FDT. The
percentage of abnormal results was found to be inversely proportional to CCT. The other
tests gave inconsistent or conflicting results. Using the values of CCT as a continuous vari-
able, no significant association was found with the GDx number and the visual field indices. 
CO N C L U S I O N S. The results of our 2-year study confirm the importance of CCT measure m e n t
in the evaluation of the risk of developing glaucomatous damage. (Eur J Ophthalmol 2005;
15: 5 5 0- 5 )
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tients with ocular hypertension and to establish the
diagnostic tools most useful in detecting those sub-
jects who were more prone to develop the disease.
The results after 2 years of this ongoing study, which
is planned to last more than 5 years, are pre s e n t e d
in this article. 

M ATERIALS AND METHODS

A total of 110 subjects with ocular hypertension (IOP>21
mmHg on more than two occasions), normal optic disc
at slit lamp biomicroscopic examination, and a nor-
mal standard automated visual field (Humphrey 30-2
t h reshold test) were admitted in the study (56 male
and 54 female; mean age 64.4 years ± 13.2; range 29
to 86 years). Only the right eye was taken into con-
sideration in the statistical analysis of the results. 

At baseline, 75 patients (68.2%) were under medical
t reatment with either b-blockers or pro s t a g l a n d i n s . P a-
tients with any of the following listed conditions were
excluded from this study: 1) other ocular disease apart
f rom mild cataract, 2) best-corrected visual acuity low-
er than 8/10, 3) previous ocular surg e r y, 4) a serious
systemic disease, 5) bad re l i a b i l i t y, 6) a refractive de-
fect higher than 4 diopters. Only reliable tests (fixa-
tion losses <20% and a false positive and negative
rate <33%) were considere d .

All patients periodically underwent the following tests: 
1 ) A circadian IOP curve at the beginning of the study:

four IOP measures were taken at 8, 12, 16, and 20
o’clock; the mean and the highest value were tak-
en into account; patients with either an IOP mean
value lower than 19 or a maximum IOP value low-
er than 22 were excluded from the study.

2 ) S t a n d a rd automated perimetry (SAP) every 6
months. SAP testing was performed using the Humphre y
Field Analyzer (HFA) II 745 (Carl Zeiss Meditec Inc.,
Dublin, CA) 30-2 test, with Swedish Interactive Thre s h-
old Algorithm (SITA) standard strategy. 

3 ) Short wavelength automated perimetry (SWAP) every
12 months (HFA 24-2 threshold test). SWAP uses
blue-on-yellow stimuli on a yellow background for
specifically assessing S-cones and small bistrat-
ificate ganglion cells. 

4 ) F requency doubling technology perimetry (FDT) every
6 months. FDT perimetry was performed with the
N-30 full-threshold test of the FDT Visual Field In-

strument (Welch-Allyn, Skaneateles Falls, NY, and
Z e i s s - H u m p h rey System, Dublin, CA). FDT selec-
tively analyzes the My ganglion cells, which have
a very low re d u n d a n c y. A pattern of sinusoid grat-
ings with a low spatial frequency and a high tem-
poral frequency counterphase flicker stimulus is dis-
played on a small CRT monitor. The threshold is
c o n s i d e red as the amount of contrast needed to
p e rceive the stimulus and is measured in 17 loca-
tions within the central 20 degrees plus two loca-
tions in the nasal area. 

5 ) Nerve fiber layer analysis with GDx (Laser Diag-
nostic Technologies, Inc., San Diego, CA, software
version 2.0.09) every 12 months. Scanning laser
polarimetry (SLP) with GDx is a noninvasive, ob-
jective, and re p roducible method, designed to eval-
uate the retinal nerve fiber layer (RNFL) thickness
in vivo. The technique involves measuring the phase
shift, otherwise known as re t a rdation, of a polar-
ized light passing though a birefringent medium,
such as the RNFL. The re t a rdation appears to be
linearly correlated to the RNFL thickness. 

6 ) Ibopamine test at the beginning of the study (IOP
m e a s u rement before and 45’ after instillation of a
d rop of ibopamine; the test was considered posi-
tive if the IOP increase was greater than 2 mmHg).

7 ) Central ultrasonic pachymetry (Altair pachymeter,
Optikon 2000, Italy) taken at the beginning of the
study: a mean of five measurements was taken in-
to consideration.

The study abided by the principles of the Declara-
tion of Helsinki, and informed consent was obtained
for all the patients. As this re s e a rch was an observa-
tional study, and no sensible data were used, appro v a l
f rom ethical committee was not re q u i re d .

A b n o rmality criteria

SAP was classified as abnormal if at least one of
the Hodapp et al criteria (9) was met: 1) a glaucoma
hemifield test (GHT) outside normal limits; 2) a clus-
ter of three or more points (not corresponding to the
blind spot) worse than 5% probability level on the pat-
t e rn deviation map with at least one of those points
worse than 1% probability level; and 3) PSD with p<5%. 

A SWAP test was defined as abnormal when one of
the following was observed: 1) a GHT outside normal
limits; 2) either a cluster of four or more points worse
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than 5% probability level or a cluster of three or more
points worse than 1% probability level (not corre s p o n d i n g
to the blind spot and not located along the periph-
ery) on the pattern deviation map; and 3) PSD with
p<5%. 

The Quigley criteria (10) were used to define an FDT
test, in which a test was considered abnormal if at
least two points on the total deviation map had a pro b-
ability level of p<5%. 

Using the GDx, a mean of three images per eye was
taken for the analysis. Those images that were ob-
tained during eye movement or were unfocused or
poorly centered were excluded. As the old GDx mod-
el with a fixed correction of corneal birefringence was
used in this study, a macular image was always tak-
en in advance to calculate the residual anterior seg-
ment birefringence (ASB) magnitude and axis, following
the method described by Zhou and We i n reb (11). An
inadequate GDx ASB compensation is indicated by
the presence of a “double hump-like” pattern in the
macular scans (12). This pattern limits the use of GDx
results for diagnostic purposes. Since the re p ro d u c i b i l i t y
of results has proven to be good (13, 14), these data
can be used for follow-up purposes.

A GDx test was considered to be abnormal when
one or more of the following conditions was met: 
1) more than two GDx indices statistically abnormal

(p<5%); 
2) a significant loss in the deviation map (p<2%); 
3) “the number” >35. Those tests having an inade-

quate ASB compensation were considered only for
the assessment of modifications over time. 

Functional tests resulting outside normal limits were
repeated within a 2-week period, and results were con-
s i d e red as abnormal only when the defect was re-
p ro d u c i b l e .

Baseline pre t reatment IOP values (an average of thre e
m e a s u rements) were corrected on the basis of the
c o rneal thickness, using the Doughty and Zaman for-
mula (a decrease of 0.46 mmHg for every 10 µm of
c o rneal thickness over 545 µm and vice versa) (15).
A control group of 48 normal subjects, ranging in age
f rom 21 to 90 years (mean 61.2 ± 19.3), was also tak-
en into consideration. Patients were arbitrarily divid-
ed into three groups, according to the corneal thick-
ness: A) <541 µm; B) 541 to 590 µm; C) > 590 µm.
The frequency of abnormal tests within these thre e
g roups was evaluated with the Pearson χ2 t e s t .

C o rneal thickness was also considered as a con-
tinuous variable and its association with the GDx num-
ber and with both the MD and PSD, resulting fro m
S A P, SWA P, and FDT, was evaluated with bivariate
c o r relation coeff i c i e n t s .

R E S U LT S

The following test results were observed at base-
line: 
1 ) S A P, as previously stated, was normal in all eyes.
2 ) C o rneal thickness: mean: 562.8 µm ± 37.7. A corn e a l

thickness <541 µm (Group A) was found in 37 eyes
(33.6%); from 541 to 590 µm (Group B) in 44 eyes
(40%); and >590 µm (Group C) in 29 eyes (26.4%).
Using the Doughty and Zaman correction formula,
43 eyes (39.1%) had an IOP <21 mmHg, while in
67 cases (60.9%) the IOP was ≥21 mmHg.

3 ) S WAP: abnormal in 15 eyes (13.6%), with the fol-
lowing distribution: Group A: 7 eyes (18.9%);
G roup B: 7 eyes (15.9%); Group C: 1 eye (3.5%)
( d i ff e rences not statistically significant).

4 ) F D T: abnormal in 30 eyes (27.3%); with the following
distribution: Group A: 15 eyes (40.5%); Group B:
10 eyes (23.3%); Group C: 5 eyes (17.2%) (statis-
tically significant diff e rence between Groups A and
B, p<0.05, χ2 t e s t ) .

5 ) GDx: abnormal in 35 eyes (31.8%), with the fol-
lowing distribution: Group A: 11 eyes (29.7%); Gro u p
B: 11 eyes (25%); Group C: 13 eyes (44.8%) (dif-
f e rences not statistically significant). An inadequate
GDx ASB compensation was found in 13 eyes (37.1%).

6 ) Ibopamine test: the test was positive in 70 eyes
(65.5 %), with the following distribution: Group A:
21 eyes (56.8%); Group B: 27 eyes (61.4%); Gro u p
C: 22 eyes (75.9%) (diff e rences not statistically sig-
n i f i c a n t ) .

In the control group, the mean corneal thickness
was 542.6µm±36.0 (diff e rence statistically significant,
p<0.01). SAP was normal in all but two cases, with a
specificity of 95.8%. SWAP was normal in 47 cases
(specificity of 97.9%), while with FDT, three false pos-
itive results were observed (specificity of 93.8%). GDx
gave normal results in 39 cases (specificity of 81.3%).
Ibopamine test was normal in all cases (100% speci-
f i c i t y ) .

At the end of the 2-year period, 85 patients com-
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pleted all of the tests. The total number of patients
in each group was as follows: 33 eyes (38.8%) with
a corneal thickness <541 µm (Group A); 29 eyes (34.1%)
f rom 541 to 590 µm (Group B); and 23 eyes (27.1%)
with a corneal thickness >590 µm (Group C).

The following test results were observed after 2 years:
1 ) SAP: abnormal in 6 eyes (7.1%), with the following

distribution: Group A: 3 eyes (9.1%); Group B: 3
eyes (10.3%); Group C: 0 eyes (0%) (diff e re n c e s
not statistically significant).

2 ) S WAP: abnormal in 8 eyes (9.4%), with the follow-
ing distribution: Group A: 3 eyes (9.1%); Group B:
4 eyes (13.8%); Group C: 1 eye (4.3%) (diff e re n c e s
not statistically significant). Of the total of 15 ab-
normals at baseline, the following was observed
after 2 years: 4 dropped out; 7 remained abnormal;
4 (all from Group A) converted to normal. Of the to-
tal of 8 abnormals at 2 years: 1 eye was normal at
baseline; 7 were already abnormal at baseline. 

3 ) F D T: abnormal in 31 eyes (36.5%), with the following
distribution: Group A: 14 eyes (42.4%); Group B:
11 eyes (37.9%); Group C: 6 eyes (26.1%) (diff e r-
ences not statistically significant). Of the total of
30 abnormals at baseline, the following was ob-
served after 2 years: 7 dropped out; 22 re m a i n e d
abnormal; 1 converted to normal. Of the total of 31
abnormals at 2 years: 9 eyes were normal at base-
line; 22 were already abnormal at baseline. 

4 ) GDx: abnormal in 26 eyes (29.4%), with the fol-
lowing distribution: Group A: 10 eyes (30.3%); Gro u p
B: 7 eyes (24.1%); Group C: 9 eyes (39.1%) (dif-
f e rences not statistically significant). Of the total
of 35 abnormals at baseline, the following was ob-
served after 2 years: 7 dropped out; 21 re m a i n e d
abnormal;  7 converted to normal. Of the total of
26 abnormals at 2 years: 5 eyes were normal at
baseline; 21 were already abnormal at baseline. 

Using the values of corneal thickness as a contin-
uous variable, no significant association was found
when evaluating bivariate correlation coeff i c i e n t s
with both the GDx number and the visual field indices
of SAP, FDT, and SWA P. 

D I S C U S S I O N

It has been established that corneal thickness plays
an important role when dealing with patients with oc-

ular hypertension. When diff e rent correction factors
a re taken into consideration, a significant perc e n t a g e
of eyes with ocular hypertension have, in essence,
only a thick cornea and an IOP that is statistically nor-
mal (pseudo-hypertension). The use of a reliable cor-
rection factor based on the central corneal thickness
is, however, difficult due to several problems (such
as the nonlinear relationship between these two pa-
rameters, the influence of scleral rigidity). In our sam-
ple, in applying a correction factor that was of the
medium range, a significant percentage of eyes with
ocular hypertension (39.1%) actually only had a thick
c o rnea and a statistically normal IOP, after corre c-
tion. In this study, patients with either a thin or nor-
mal corneal thickness gave rise to a greater perc e n t a g e
of abnormal tests with non-conventional visual field
testing after 2 years, especially with FDT, even if the
d i ff e rences were not statistically significant. These pa-
tients had an IOP that was either truly elevated, or at
times, underestimated. 

Functional defects, on the other hand, were less fre-
quent in eyes with a corneal thickness greater than
590 µm. The results of our study are in accord a n c e
with other recent reports (16, 17) and further support
the hypothesis that a thin cornea with an undere s t i-
mated IOP is an important risk factor in the genesis
of glaucomatous damage. 

The possibility of false positive results must of course
be taken into consideration and only re p roducible de-
fects should be accepted (18). Short wavelength au-
tomated perimetry, diff e rently from other studies (19,
20), did not provide any useful information. 

This may in part be due to the high interindividual
variability of this technique, which can contaminate
the results, thus lowering its sensitivity. More o v e r, a
consistent learning effect was observed during the
s t u d y, even if all patients had previous experience in
visual field examination. This learning effect can ex-
plain the lower percentage of abnormal SWAP re s u l t s
after 2 years in comparison with the baseline. 

S WAP showed a large variability over time. An ab-
normal result could be confirmed at the end of the
follow-up only in 64% of cases. These results sug-
gest prudence before defining a patient as having glau-
c o m a - related functional damage on the basis of on-
ly one test. Patients with an abnormal baseline SWA P
who became normal after 2 years could be explained
by the learning effect and long-term fluctuation.
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The analysis of the nerve fiber layer with GDx gave
conflicting results. This is probably due to the corn e a l
b i refringence, which at times is not adequately cor-
rected by the integrated compensation system (37%
of cases in our sample). 

The fact that 25% of abnormal GDx results at base-
line were not confirmed after 2 years can be explained
by occasional erroneous corneal compensation,
which can occur in the former GDx FCC. The new GDx
VVC, which is able to individually compensate the corn e a l
b i refringence, however, seems to be able to pre v e n t
these drawbacks and have an improved diagnostic
a b i l i t y. 

The ibopamine provocative test aims at evaluating
the trabecular meshwork functionality by means of
causing an increase in aqueous humor production (21).
The test can reveal early alterations in the outflow
system, even if the IOP is still in the normal ranges,
due to autoregulation mechanisms, as can be seen in
patients’ relatives with chronic glaucoma. In these cas-
es, the increase of aqueous production produces a
clear IOP increase. 

This test has proven to be highly sensitive and spe-
cific and thus allows glaucoma subjects to be diff e r-
entiated from normal controls (22). In the present study,
h o w e v e r, it did not show any statistical corre l a t i o n
with other tests. Its predictive value is to be further
assessed at the end of the follow-up period. 

Upon full completion of this study at the end of the
5-year period, further useful information pertaining to
the management of patients with ocular hypertension
can be obtained, which can thus provide valuable in-
formation and aid in the therapeutic approach to these
patients. 

C O N C L U S I O N S

This is an observational ongoing study, and thus its
power is due to increase in time owing to the addi-
tional data provided by the ongoing follow-ups. The
2-year results confirm what was found in the Ocular
Hypertension Treatment Study and in other studies
(6, 23, 24) in that a reduced corneal thickness, which
gives rise to an underestimated IOP, is an important
risk factor in the genesis of functional glaucomatous
damage. The FDT seems to be a useful technique in
detecting an early functional loss. Of course, data fro m
any psychophysical test must be considered with cau-
tion, owing to the subjectivity of these methods, phys-
iologic fluctuation, artifacts, and false positive re s u l t s .
At times, a test defined as abnormal at the baseline
was observed to be normal by the end of the follow-
up. This can make it difficult to assess the results of
the study. The specificity of functional tests shown in
our control sample, however, was good, as a low rate
of false positive results was observed. New diagnos-
tic devices, such as the GDx VCC, HRT 2, and RTA ,
could help in detecting the structural loss in the ear-
ly phases of the disease; however, further studies are
needed to establish their predictive value and clini-
cal usefulness in patients with ocular hypertension.
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