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INTRODUCTION

The number of people with primary open angle 
glaucoma  (POAG) is estimated to reach 58.6 million 
by 2020 worldwide, while primary angle closure 
glaucoma (PACG) will affect another 21 million.[1] More 
than 5.9 million people will be bilaterally blind from 
POAG in 2020.[1] However, half of all glaucoma induced 
blindness will be due to PACG. Asian populations 
represent 87% of all PACG cases.[1]

Intraocular pressure (IOP) is the key risk factor for 
glaucoma and any variable resulting in overestimation 
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Purpose: To quantitatively analyze central corneal thickness (CCT) in patients with primary angle closure 
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or underestimation of IOP in patients with glaucoma 
may significantly impact its treatment and prognosis. 
Goldmann applanation tonometry  (GAT) has been 
the gold standard for IOP measurement since its 
introduction in 1956.[2]

The effect of central corneal thickness (CCT) on IOP 
measurements using GAT has been studied extensively 
in patients with POAG, [3] ocular hypertension, 
normotensive glaucoma,[4,5] and congenital glaucoma.[6] 
CCT has also been identified as a substantial glaucoma 
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risk factor for progression of disease in open angle 
glaucoma[7] and normal tension glaucoma.[8‑10]

There are few studies which compare CCT in patients 
with PACG and POAG. Moreover, correlation between 
CCT and severity of glaucoma in PACG patients has not 
been investigated well. The aim of the current study was 
to evaluate CCT in eyes with PACG and POAG and to 
determine the correlation between CCT and the severity 
of glaucoma in each subgroup.

METHODS

We reviewed the records of patients with POAG or 
PACG who were referred to the glaucoma service at 
Farabi Eye Hospital, Tehran, Iran since March 2005 to 
May 2008. A group of non‑glaucomatous subjects were 
selected from the general eye clinic as controls.
Exclusion criteria included previous history of ocular 

trauma, intraocular laser or surgery, any systemic 
disease which may influence CCT, moderate to severe 
cataract, IOP more than 25 mmHg on the day of CCT 
measurement, chronic uveitis, central corneal opacity 
or scarring, corneal edema, and history of refractive 
surgery or penetrating keratoplasty. In healthy controls, 
exclusion criteria were IOP  >  22 mmHg, typical 
glaucomatous disc appearance, visual field changes, and 
other conditions already mentioned above for glaucoma 
cases. If both eyes were eligible for the study, the study 
eye was selected randomly.
Data collected from all subjects included age, gender, 

type of glaucoma, cup/disc ratio, IOP at initial visit, and 
medical therapy. Carbonic anhydrase inhibitors (CAI) 
use was defined as having used systemic or topical CAIs 
for at least 1 month before pachymetry. Best corrected 
visual acuity  (BCVA), slit lamp biomicroscopy, GAT, 
and dilated pupil ophthalmoscopy were performed for 
all subjects. Visual field  (VF) was evaluated with the 
Humphrey VF analyzer  (central 24‑2 SITA standard 
program; Carl Zeiss Meditec Inc., Dublin, CA, USA). 
VF reliability criteria included fixation losses and 
false‑positive and false‑negative rates of less than 
25%. Severity of glaucoma was categorized based on 

perimetry according to the Hodapp‑Parrish‑Anderson 
classification.[11]

Corneal thickness was measured during the 
day (between 9 a.m. and 12 a.m.) by a masked examiner. 
After corneal anesthesia using topical tetracaine, the 
probe of the ultrasound pachymeter was perpendicularly 
touched to the center of the cornea and five measurements 
were recorded. The same pachymeter  (Sonomed 
200P + Micropach, Sonomed Inc., NY, USA) was used for 
all measurements. Care was taken to be as perpendicular 
to the central cornea as possible.
Statistical analyses were performed by SPSS 

software  (version 13.0; SPSS, Chicago, IL, USA) using 
independent‑samples t‑test to evaluate normally 
distributed continuous variables. Pearson correlations 
and linear regression were used to examine the 
association between CCT and continuous variables in 
each group. CCT in POAG and PACG were adjusted 
for sex, age and disease severity and compared using 
analysis of covariance  (ANCOVA) test. P <0.05 were 
considered as statistically significant.

RESULTS

We evaluated a total of 215 eyes of 215 subjects with 
POAG (117 male and 98 female subjects), 115 eyes of 115 
subjects with PACG (33 male and 82 female subjects), 
and 100 normal controls (33 male and 67 female subjects) 
in the study. Mean age of the study subgroups was 
64.1 ± 10.4, 59.9 ± 10.5, and 62.0 ± 10.8 years, respectively. 
Patient demographics and clinical features have been 
summarized in Table 1.
There were significantly more female subjects 

(P  <  0.001) and mean age was significantly younger 
(59.97 ± 10.5 years vs. 64.16 ± 10.4 years, P = 0.002) in 
the PACG group as compared to POAG patients. There 
were no differences between the two glaucoma groups in 
MD on VF testing. The PACG and control groups were 
comparable in terms of sex and age [Table 1].
Mean CCT values were 531.7 ± 37.3, 545.5 ± 46.1, and 

531.0 ± 38.3  microns (µ)  in eyes with POAG, PACG and 
controls, respectively. CCT was significantly thicker in the 

Table 1. Patient characteristics and CCT in eyes with POAG, PACG, and control subjects

POAG PACG Control P* P§

Number of eyes 215 115 100 ‑ ‑
Age (years) 64.16±10.4 59.9±10.5 62.0±10.8 0.002 0.16
CCT (μm) 531.7±37.3 545.6±46.2 531.0±38.3 0.03 (0.05‡) 0.01 (0.03‡)
Sex (male/female) 117/98 33/82 33/67 <0.001 0.47
CAI usage 41 37 ‑ 0.44 ‑
Duration of CAI use (month) 8.1±5.1 9.2±6.1 ‑ 0.34 ‑
MD (dB) −9.19±8.09 −8.09±6.65 ‑ 0.11 ‑
Results are expressed as means±SD. *P value between PACG group and POAG group, §P value between PACG group and control group, ‡After 
adjusting with age and gender (ANCOVA test). CCT, central corneal thickness; POAG, primary open‑angle glaucoma; PACG, primary angle 
closure glaucoma; μm, microns; CAI, carbonic anhydrase inhibitors; MD, mean deviation; dB, decibel; SD, standard deviation; ANCOVA, 
analysis of covariance
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PACG group (P = 0.03) even after adjusting for age and 
gender [ANCOVA, P = 0.0, Table 1]. CCT was found to 
decrease with increasing age in the POAG group (β = -0.57, 
P = 0.01), however no relationship was found between age 
and CCT in the PACG group (β = -0.19, P = 0.65) [Figure 1]. 
We observed a non‑significant difference in CCT between 
male and female subjects in both POAG (535.1 ± 39.2 µm 
in female vs 528.8 ± 35.5 µm in male subjects) and PACG 
groups (550.4 ± 45.6 µm in female vs. 533.3 ± 45.9 µm 
in male subjects). CCT in female participants was 
non‑significantly thicker than male patients in both 
glaucoma groups even after adjusting for age (ANCOVA, 
P = 0.30 and P = 0.09 for the POAG and PACG groups, 
respectively).
Univariate analysis demonstrated that disease 

severity (MD) was significantly and inversely correlated 
with CCT in both POAG and PACG groups [r = 0.26, 
P = 0.001 and r = 0.24, P = 0.02, respectively, Figure 2]. The 
same results were obtained after multivariate analysis, in 
which MD was significantly associated with CCT in both 
POAG (β = 1.89, P = 0.02) and PACG (β = 1.38, P = 0.04) 
groups after age and sex adjustment.

DISCUSSION

In this clinic‑based study, we found that CCT in PACG 
was significantly thicker than POAG or normal controls. 
There are some studies on CCT in PACG reporting no 
difference in CCT between PACG and controls.[12,13] 
However, these studies suffer from small sample size. 
Two studies investigated CCT in Asian populations and 
reported no difference in CCT between various glaucoma 
subtypes.[14,15] On the other hand, Shah et  al reported 
significantly higher CCT in PACG eyes as compared 
to POAG and normal eyes.[16] Another recent report in 
an Asian population reported that CCT is significantly 
higher in both PACG and POAG as compared to the 
normal population.[17] The current study revealed that 
CCT in PACG eyes was significantly thicker than POAG 
cases. After adjustment for age and sex, CCT was still 
significantly higher in the PACG group. Considering 
these findings, it can be hypothesized that a thicker cornea 
may have a contributory effect on angle occludability, that 
is, a thicker CCT may be associated with a thick peripheral 
cornea and thus a more crowded angle.

Figure  2. Univariate analysis demonstrated that disease severity (mean deviation) was significantly correlated with central 
corneal thickness in both primary open angle glaucoma (a) and primary angle closure glaucoma (b) (r=0.26, P=0.001 and r=0.24, 
P=0.02, respectively).

ba

Figure 1. Relationship between age and central corneal thickness (CCT) in the two study groups: CCT was found to decrease 
with increasing age in the primary open angle glaucoma group (β = -0.57, P=0.01) (a) but no relationship was found between age 
and CCT in the primary angle closure group (β = -0.19, P=0.65) (b).

ba
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To our knowledge, this is the first report on CCT in 
patients with PACG in an Iranian population. There are 
a few studies measuring CCT in normal populations 
in different areas of Iran including a population‑based 
study in Tehran, Iran through which CCT was reported 
to be 528 µm.[18] Similar to many other reports in other 
communities,[19‑22] CCT in POAG eyes in our study was 
comparable to CCT in normal controls. Our data revealed 
a statistically significant higher CCT in eyes with PACG 
in comparison to the POAG group or normal controls.
There is no consensus on the effect of gender on 

CCT. Some reports have indicated that female gender is 
associated with a thicker cornea, although others have 
reported slightly thicker CCT in male subjects.[15,23‑26] The 
Beijing Eye Study reported higher CCT in male subjects 
in both the glaucomatous and normal populations.[15] 
Another study reported a similar association for subjects 
with normal tension glaucoma (NTG).[27] In the present 
study, there was no significant difference in CCT 
between male and female subjects in both glaucoma 
groups, although there was a trend toward thicker CCT 
in females with PACG  (P  =  0.09 after adjustment for 
age) which may explain the higher risk of PACG among 
women.
The correlation between CCT and age in normal 

population has been studied well before. Most of these 
studies have revealed an inverse correlation between 
CCT and age (a decrease of 3–7 µm in CCT per decade 
of older age).[22,24,25,28,29] A meta‑analysis by Doughty 
et al[3] reported a reverse relationship between age and 
corneal thickness only in non‑white populations. The 
inverse correlation between CCT and age in our Middle 
Eastern subjects is consistent with previous literature. 
Although we found a significant decrease in CCT with 
increase in age in our POAG cases, the relationship was 
not significant in PACG eyes.
Several investigators reported a reverse correlation 

between CCT and visual field defects in POAG;[30,31] 
however, there are few studies demonstrating this 
correlation in PACG. In the present study, we found a 
correlation between CCT and MD in both PACG and 
POAG. Similar to our study, Hong et  al showed that 
PACG patients with a cornea thinner than 540 µm are 
at greater risk for visual field progression even if they 
maintain low IOP after treatment.[32]

Few studies have evaluated the role of anterior chamber 
depth and lens parameters in Iranian populations;[33,34] 
but to our knowledge, this is the first report on CCT 
measurement in PACG in an Iranian population. Our 
results showed that in PACG eyes, similar to POAG 
cases, thinner cornea is a risk factor for advanced disease, 
therefore PACG cases with thinner cornea should be 
followed more carefully. Thinner lamina cribrosa in eyes 
with thinner CCT might be a reason for this finding; thus, 
evaluating the lamina cribrosa in these cases could be 
useful to address this hypothesis in PACG eyes.

The findings of our study should be interpreted in 
view of its limitations. As the patients were of Iranian 
descent, the results may not be applicable to other racial 
groups. Our patients were recruited from the glaucoma 
and general clinic at Farabi Eye Hospital, which is a 
tertiary care center and may not be generalizable to all 
races in Iran. Although the average difference of 14 µm 
in CCT in PACG eyes compared to normal controls may 
not be clinically significant or affect IOP measurements, 
it might predispose to a narrower drainage angle.
In summary, the current study revealed that CCT in 

PACG is significantly thicker than POAG and normal 
controls in a convenience sample from our hospital. 
We also found an inverse correlation between CCT and 
severity of glaucoma in patients with PACG and POAG. 
Population based studies may be required to generalize 
the results of this study to Iranian population.
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