
4 PHILIPP  J OPHTHALMOL   VOL 32  NO. 1    JANUARY - JUNE 2007  PHILIPPINE ACADEMY OF OPHTHALMOLOGY

ORIGINAL ARTICLE

PHILIPPINE JOURNAL OF

Ophthalmology  JANUARY – JUNE  2007VOL. 32 • NO. 1

ABSTRACT
Objective

This study determined the relationship between central corneal thickness
(CCT) and intraocular pressure (IOP) among patients with ocular hyperten-
sion (OHT) and glaucoma.

Methods
Patients diagnosed with OHT and primary glaucoma were recruited from

the Glaucoma Clinic of the University of the Philippines–Philippine General
Hospital. All underwent a comprehensive eye exam including determination
of CCT by ultrasonic pachymetry, measurement of IOP by Goldmann
applanation tonometry, axial-length determination and anterior-chamber-
depth measurement by biometry. Statistical analyses included chi square,
Kruskal Wallis analysis of variance, Pearson correlation, and linear regression.
A conversion factor for the corrected IOP was subsequently obtained.

Results
Eighty-three eyes of 47 patients were included. CCT was thickest among

patients with OHT (588 µm), followed by primary open-angle glaucoma
(538 µm), angle-closure glaucoma (531 µm), and normal-tension glaucoma
(526 µm). A moderate positive correlation between CCT and IOP was seen
among patients with OHT (r = 0.55, p = 0.04). An increase of 5.3 mm Hg per
100 µm increase in CCT was noted.

Conclusion
Central corneal thickness among Filipino patients with OHT was thicker

than those with glaucoma. A direct correlation was seen between CCT and
IOP of these patients.

Keywords: Central corneal thickness (CCT), Glaucoma, Pachymetry, Goldmann applanation
tonometry (GAT)
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GOLDMANN applanation tonom-
etry (GAT) gained widespread and
rapid acceptance after its introduc-
tion in the 1950s. Its status as a gold
standard went largely unchallenged
for 50 years. When Goldmann and
Schmidt presented their applanation
tonometer, they stressed certain pos-
sible sources of error. Central corneal
thickness (CCT) was one of them.1

In 1975, Ehlers cannulated a
number of otherwise normal eyes
undergoing cataract surgery and
correlated corneal thickness with
errors in GAT. He found that it most
accurately reflected true intracameral
intraocular pressure (IOP) when CCT
was 520 µm, and that deviations from
this value resulted in an over- or
underestimation of IOP by as much
as 7 mm Hg per 100 µm.2 Others
reported thicker corneas in patients
with higher IOP compared with
thinner corneas in patients with lower
IOP.3-7 On the other hand, some
reported that the effect of CCT on
IOP was small and not clinically
relevant.8-10

In a study by Ventura et al., CCT
was found to be significantly higher
in patients with ocular hypertension
(OHT) than in normal individuals or
those with either normal-tension glau-
coma, primary open-angle glaucoma,
or pseudoexfoliation glaucoma, there
being no significant differences
between the latter four groups.11

Some authors recommended a
recalculation of the IOP depending
on the CCT with a correction factor
ranging from 1 to 6.8 mm Hg per 0.1
µm CCT. 2, 4, 12-13 Differences in CCT
were also seen among different racial
and ethnic groups2, 4, 12, 14-15 and may
lead to misclassification of patients
with normal-tension glaucoma and
OHT.

CCT has recently been added to
the list of risk factors for glaucoma
and its progression.5, 16 The Ocular
Hypertension Treatment Study
(OHTS) was a National Eye Institute–
sponsored prospective multicenter

randomized study designed to deter-
mine the efficacy of early pressure-
lowering intervention in patients with
OHT. The OHTS convincingly
demonstrated that CCT plays an
important role in risk stratification
among patients in whom glaucoma
was of concern.5

At present, there are no published
data correlating IOP with CCT among
Filipino glaucomatous patients. The
only published data measured CCT
and IOP in normal Filipinos.13 The
SEAGIG Practice Guidelines Study
Group has cited the need for inform-
ation on CCT and ocular dimensions
of patients in the Southeast Asian
region.17

This study determined the distri-
bution of CCT, axial length, and
anterior-chamber depth among
patients with glaucoma and ocular
hypertension, and correlated the
average CCT and IOP, the average

aSignificant difference if p <.05, computed using Kruskal Wallis ANOVA, SPSS Version 10.
bComputed using Chi-square, SPSS Version 10.

CCT and age, the average CCT and
central AC depth, and the average
CCT and axial length, of ocular hyper-
tensives and each type of glaucoma.
A formula was generated for adjusting
IOP measured by applanation to
compensate for variations in CCT.

METHODOLOGY
Patients newly diagnosed with

OHT and primary glaucoma were
recruited from the Glaucoma Clinic
of the Philippine General Hospital
from March to May 2005. They were
classified as ocular hypertension if
IOP is > 21 mm Hg but less than 35
mm Hg on 2 determinations taken on
different days, with no glaucomatous
defects on standard achromatic
perimetry, and C/D ratio ≤ 0.5 and
no other glaucomatous features on
the optic-nerve head (ONH).

They were diagnosed with primary
open-angle glaucoma (POAG),

Table 1. Demographic and clinical profile of study population.

Characteristic

Age (years)
Range
Mean
Median
Sex
Male
Female
Intraocular Pressure (mm Hg)
Range
Mean
Median
Corneal Thickness (µm)
Range
Mean
Median
Axial Length (mm)
Range
Mean
Median
Anterior-Chamber Depth (mm)
Range
Mean
Median

Angle-

Closure

Glaucoma

Eyes = 24

Primary

Open-Angle

Glaucoma

Eyes = 21

46 to 77
59 ± 8

58

7
9

10 to 78
28 ± 15

26

471 to 593
531 ± 32

528

20 to 23
21.5 ±1.3

22

1.48 to 2.34
2.0 ± 0.2

1.9

45 to 78
59 ± 12

59

6
6

12 to 46
23 ± 7

23

482 to 609
538 ± 33

535

22 to 23.8
22.8 ±  0.5

22.6

1.8 to 3.0
2.3 ± 0.4

2.1

Normal-

Tension

Glaucoma

Eyes = 24

49 to 72
65 ± 7

67

2
10

7 to 20
13 ± 4

12

448 to 602
526 ± 40

526

21 to 23
22 ± 0.6

22

1.56 to 2.6
2.0 ± 0.2

1.9

Ocular

Hypertension

Eyes = 14

p

0.014a

0.24b

<.001 a

<.001 a

  .004 a

0.076 a

32 to 72
45 ± 15

42

4
3

16 to 29
23 ± 4

24

553 to 629
588 ± 28

584

22 to 23.2
22 ± 0.4

22

1.7 to 2.34
2.0 ± 0.17

2
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normal-tension (NTG), and primary angle-closure (ACG)
if optic neuropathy was present on the ONH and/or
characteristic glaucomatous defects on standard
achromatic perimetry. The following were excluded:
secondary glaucoma including pseudoexfoliation and
pigmentary glaucoma; primary glaucoma with corneal
pathology; contact-lens wearers of more than 6 months’
duration; those who underwent previous intraocular
surgery (cataract, penetrating keratoplasty, filtering, etc);
and those with history of antiglaucoma-medication use
for more than 6 months immediately preceding the
recruitment.

Patients included in the study were seen by a single
examiner (JGS). Proparacaine hydrochloride (Alcaine
0.5%, Alcon-Couvreur, Belgium) was given as a topical
anesthetic before IOP, CCT, and other ocular dimensions
were taken. IOP was measured 3 times using a Goldmann
applanation tonometer (Haag-Streit, Bern, Switzerland)
and the average was obtained and recorded. CCT was
measured 10 times using an ultrasonic pachymeter
(Tomey SP-3000, Tomey Corp., Nagoya, Japan) after
instilling a lubricant (Tears Naturale II, Alcon-Couvreur,
Belgium) and the results were averaged and recorded.
Ultrasound biometry (Ultrascan, Alcon, Fort Worth, Tx,
USA) was used to measure the central anterior-chamber
depth and axial length.

All instruments were disinfected with 70% isopropyl

IOP – intraocular pressure
CCT – central corneal thickness
AL – axial length
ACD – anterior-chamber depth

Table 2. Correlation matrix between central corneal thickness and

intraocular pressure, axial length, and anterior-chamber depth

(N = 47).

Association

CCT vs. IOP

CCT vs. AL

CCT vs. ACD

Angle-

Closure

Glaucoma

n = 24

Primary

Open-Angle

Glaucoma

n = 21

Normal-

Tension

Glaucoma

n = 24

Ocular

Hypertension

n = 14

alcohol between each use. The instruments were calibrated
daily prior to each use.

Descriptive statistics and measures of central tendency
were obtained. Discrete categories were compared using
Chi-square test and continuous variables were analyzed
by Kruskal Wallis analysis of variance. Pearson correlation
were obtained to determine relationships between
different variables (e.g. IOP and CCT). To calculate the
constant or conversion factor for the best corrected IOP,
a double comparison of 2 separate linear regression
analyses (with theoretical normal value of IOP as
dependent variable) was performed. Standardized
predicted values and their residual statistics were obtained
and compared.  All statistical tests were carried out using
Statistical Package for the Social Sciences (SPSS Version
10) and were pegged at an alpha .05 level of significance.

The study was approved by the ethics committee of the
Research Implementation and Development Office of the
University of the Philippines College of Medicine and
complied with the Helsinki Declaration.

RESULTS
Of the 47 patients recruited, 16 had ACG, 12 had

POAG, 12 had NTG, and 7 had OHT. A total of 83 eyes
were examined and included in the final analysis. The
mean age was 58 ± 11 years (range 32 to 78) (Table 1).
There were 28 females (60%) and 19 males (40%).

Patients with NTG tended to be older (mean = 65) than
those with ACG (mean = 59) and POAG (mean = 59),
while those with OHT were statistically younger (mean =
45) (p = 0.014). Gender distribution was not significantly
different among the categories (p = 0.24).

Patients who had ACG had statistically higher mean
IOPs (mean = 28 mm Hg) than those with OHT (mean =
23 mm Hg), POAG (mean = 23 mm Hg), and NTG (mean
= 13 mmHg) (p < 0.001).

The difference in CCT was statistically significant
among the groups; the thickest was observed among
patients with OHT (mean = 588 µm), followed by POAG
(mean = 538 µm), then ACG (mean = 531 µm), and the
thinnest was observed among those with NTG (mean =
526 µm). Axial length was statistically higher in POAG
than in NTG, ACG, and OHT (p = 0.004). There was no
statistically significant variation in anterior-chamber depth
(p = 0.076) across the four groups.

There was an inverse correlation between age and
central corneal thickness. The relationship was moderate
and statistically significant (r = -0.547, p = <0.001).

No significant correlation between IOP and CCT
was found among the different glaucomas. A moderate
positive correlation between CCT and IOP was found
among patients with OHT (r = 0.55, p = 0.04) (Table 2,
Figure 1).

r  = –0.37
p = 0.07
r  =  –0.20
p = 0.35
r  = –0.045
p = 0.83

r  = –0.069
p = 0.76
r  = 0.25
p = 0.28
r  = 0.21
p = 0.28

r  = 0.36
p = 0.08
r  = –0.10
p = 0.63
r  = –0.103
p = 0.63

r  = 0.55
p = 0.04*
r  = –0.31
p = 0.27
r  = 0.34
p = 0.23

r = 0 to 0.25 – little or no association
r = 0.25 to 0.5 – fair relationship
r = 0.5 to 0.75 – moderate relationship
r = >0.75 – strong relationship

Table 3. Regression-analysis summary for IOP adjustment (N = 47)

Model

*Significant if p-value <.05
**Computed using simple linear regression, SPSS version 10.

Nonstandardized

Coefficients

Standardized

Beta Coefficients Sig*

Constant
CCT

B
 5.3
-9.4

Std error
6.1

  0.05
-0.32   0.45

-0.17
0.23
0.71

t
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No association was found between CCT and axial
length, and between CCT and anterior-chamber depth
(Table 2).

Conversion factor for IOP adjustment in relation to CCT
measurements

Based on the normal value for CCT in Filipinos of
531.5 ± 33.813, we subtracted each value of the CTT per
glaucoma category and OHT to obtain the mean
difference from the normal value. The calculated
difference was entered into a simple linear-regression
model (IOP normal range of 10 to 21 mm Hg) to obtain
the standardized predicted values. Another regression
analysis compared the mean difference of the CCT and
the subtracted values of IOP per disease category and
the normal IOP range and obtained the standardized
predicted values. The two predicted IOP values were

averaged and divided by the mean CCT per disease
category to come up with a constant to be subtracted
from the existing IOP values as correction factor per CCT
(µm) increase (Table 3).

Results showed that the constant 5.3 mm Hg should be
substracted as a correction factor to the actual IOP mea-
surement obtained with GAT for every 100 µm increase
in CCT from the normal Filipino mean of 531 µm.13

DISCUSSION
Patients with OHT had significantly higher CCT than

those with NTG, POAG, or ACG. There were no signifi-
cant differences among the three glaucoma groups. Other
studies3-6, 11 showed similar results. In the studies of Copt6

and Singh,10 the thickest CCT was seen in OHT and the
thinnest in NTG.

OHT is a condition for which the major diagnostic crite-
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Figure 4. Central corneal thickness and intraocular pressure in normal-tension
glaucoma.
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Figure 3. Central corneal thickness and intraocular pressure in angle-closure glaucoma.
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Figure 2. Central corneal thickness and intraocular pressure in primary open-angle
glaucoma.

Figure 1. Central corneal thickness and intraocular pressure in ocular hypertension.
Diagonal line represents linearity.
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rion is increased IOP. Previous studies have demonstrated
the positive correlation between CCT and IOP. Patients
with OHT have statistically greater mean CCT than those
with glaucoma,3-6, 11 similar to the results of this study.

Patients with OHT have been found to be younger than
those with the three types of glaucoma.11 Our study showed
significant difference in age distribution; the youngest
were OHT patients. Rapuano19 and Nemesure12 reported
that a greater mean CCT was found in younger patients
who have glaucoma. This correlation is consistent with
our study wherein an inverse relationship between age
and CCT was found.

Herndon and associates5 noted that axial length did
not have any effect on CCT. There was no statistical
difference between correlation of axial length and CCT
in all of the four groups in our study.

Herndon et al.5 did not observe a correlation between
anterior-chamber depth and CCT. Our study yielded a fair,
positive relationship between these two factors in eyes
diagnosed with OHT, but the results were not statistically
significant.

An increase of 5.3 mm Hg in IOP per 100 µm increase
in CCT was noted. This constant should be subtracted
from (or added to) the actual IOP values obtained with
GAT to correct for CCT increase (or decrease) from the
normal Filipino mean of 531 µm to avoid overestimation
(or underestimation) of the true IOP.

Limitations of the study included the need for a larger
sample of patients with OHT and glaucoma and corre-
sponding normal variants to compare the corrected IOP
between the groups. Moreover, the equation with the con-
stant should be tested in a larger population.

In conclusion, this study showed that CCT among Fili-
pino patients with OHT was thicker than those with NTG,
ACG, or POAG. A direct correlation was seen between CCT
and IOP of OHT patients, also seen in  other studies.3-6, 11

Taken together, they suggest that corneal thickness may be
a significant confounding factor in the diagnosis and classi-
fication of OHT.
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