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This observational study was designed to
compare corneal thickness in patients
with age-related macular degeneration
(AMD) with the thickness in healthy
control subjects to determine if there is a
correlation between corneal thickness and
the development of AMD. A total of 69
patients (119 eyes) with AMD and 31
healthy subjects (56 eyes) were evaluated.
Corneal thickness was measured with a
Galilei™ Dual Scheimpflug Analyser and

retinal thickness was measured using
optical coherence tomography. There was
no significant difference in mean corneal
thickness or mean retinal thickness
between the AMD and control groups and
no correlation between corneal and
retinal thickness in either group. The
results confirmed that corneal thickness is
not associated with the development of
AMD and cannot be used during
diagnosis.
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Introduction
Age-related macular degeneration (AMD) is
defined as a progressive degeneration of the
macula lutea in elderly patients. It is the
most prominent cause of permanent loss of
vision in the developed world among people
> 60 years of age, it affects over 25 million
people worldwide and it has a profound
impact on vision-related quality of life.1 – 3

The disease affects both genders equally and
occurs more frequently in Caucasians.4 – 8

AMD is a complex disease of unknown
aetiology, but there is thought to be a strong
genetic component in its pathogenesis, with
genetic defects found in 75% of AMD
patients.5,9 In addition to the genetic
component, there are several known
environmental factors associated with its

occurrence, such as smoking, obesity,
hypertension, atherosclerosis, diet and
cataract surgery.10 – 13 Corneal thickness is
associated with systemic ocular conditions
like active Behçet’s disease, Down’s
syndrome, diabetes mellitus, osteogenesis
imperfecta, keratoconus, dry eye, glaucoma
and retinal detachment,7,8,14 – 23 and the
changes in corneal thickness are clinically
very important.24

Corneal thickness is usually measured
using ultrasound pachymetry. This
technique has several negative features, such
as the need to use local anaesthetics, direct
contact between the device and the cornea
resulting in an increased risk of infection,
inappropriate positioning of the device, and
different speeds of sound in variously
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hydrated tissues.25,26 Recently, newer devices,
based on a rotating dual Scheimpflug
camera, have been introduced for use in this
area of ophthalmology; e.g. the Galilei™
and Pentacam corneal topography
systems.27,28 Galilei™ is a non-invasive
diagnostic system designed for analysis of
the anterior chamber of the eye in which a
rotating dual Scheimpflug camera is
integrated with a Placido topographer. It
measures corneal thickness by pachymetry.
Non-contact instruments have the
advantage of being able to create a
pachymetry map of thickness readings
across the cornea as opposed to the set of
single readings provided by ultrasound
pachymetry.29,30 In addition, with the
development of optical coherence
tomography (OCT), new possibilities for
retinal diagnosis have become possible.31 – 35

This study was designed to compare
corneal thickness between patients with
AMD and a group of healthy subjects using
a Galilei™ Dual Scheimpflug Analyser to
determine whether there is a correlation
between corneal thickness and the
development of AMD.

Patients and methods
PATIENT POPULATION
This observational study included patients
with AMD who were treated at the
Department of Ophthalmology, University
Clinical Centre Maribor, Slovenia, between
April and August 2008, and a group of
control subjects who were recruited from
healthy individuals admitted to the
Department of Ophthalmology for
preventive ophthalmic examination.
Participants in both groups were > 60 years
old with no known corneal pathology. The
study excluded all patients with AMD who
had other ocular conditions that might have
influenced corneal thickness (e.g. previous

eye surgery, corneal pathology, previous
corneal disease, ocular trauma, contact lens
users, tear film pathology and diabetes
mellitus). Since this was a routine
observational study there was no need for
ethics committee approval. All of the
participants were acquainted with the
procedure and purpose of the study. After
verbal informed consent was obtained, a
complete medical history and examination
were undertaken. The medical history
included whether there was current or
previous ocular disease or trauma, general
health status and therapies used. The date of
AMD diagnosis and the last noted
deterioration in visual acuity were also
recorded.

OPHTHALMIC EXAMINATIONS
All participants underwent a complete
ophthalmic examination including visual
acuity, slit-lamp biomicroscopy and
stereoscopic fundus evaluation in mydriasis.

Corneal thickness was measured at four
different locations: at the central,
paracentral and peripheral zones, and at the
thinnest point. The anterior chamber depth
and pupil diameter were also measured in
all participants. All measurements were
made with a Galilei™ Dual Scheimpflug
Analyser, version 3.0 (Ziemer Ophthalmic
Systems AG, Port, Switzerland).

Mean retinal thickness was evaluated
with OCT using the Zeiss Stratus OCT system,
version 4.0.1 (Carl Zeiss Meditech
Ophthalmic Systems Inc., Dublin, CA, USA),
which is based on the principle of Michelson
interferometry.36 – 38 Light passing through
the eye is reflected by structures in different
retinal tissue layers. Moving the light source
over the retinal surface produces a two-
dimensional, cross-sectional image that
resembles a histology section. The
instrument electronically detects, collects,
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processes and stores the echo delay patterns
from the retina. It displays the tomograms in
real-time using a false colour scale that
represents the degree of light backscattering
from tissues at different depths in the retina.

STATISTICAL ANALYSIS
Data were evaluated using descriptive
analyses. Student’s t-test and Pearson’s
correlation test were applied. Data were
analysed using the SPSS® statistical package,
version 15.0 (SPSS Inc., Chicago, IL, USA) for
Windows®. A P-value of < 0.05 was
considered to be statistically significant.

Results
This study evaluated 69 patients (119 eyes)
with AMD (51 women, 18 men) and a
control group of 31 healthy subjects (56 eyes)
(20 women, 11 men). The mean ± SD age in
the AMD group was 74.3 ± 7.9 years (range
60 – 89 years) and in the control group was
73.0 ± 7.0 years (range 61 – 86 years). There
was no significant difference in mean age
between the two groups. The two groups
were also comparable for gender
distribution: 73.9% women in the AMD
group versus 64.5% women in the control
group.

There were no statistically significant
differences between the AMD group and the
control group in the mean ± SD corneal
thickness in the central, paracentral and
peripheral zones or at the thinnest point of
the cornea (Table 1; Figs 1 – 4). There was,
however, a difference between the two
groups in the minimum and maximum
corneal thickness for all locations, with the
exception of the maximum values for the
central zone and thinnest point.

Mean retinal thickness was evaluated in
68 patient AMD patients (117 eyes) and 29
healthy subjects (53 eyes) (Table 2). Due to
cataracts, it was not possible to measure

retinal thickness in two eyes (one patient) in
the AMD group and three eyes (two patients)
in the control group. There was no
statistically significant difference in mean ±
SD retinal thickness between the AMD and
the control groups (Table 2; Fig. 5), although
there was a difference between the two
groups in the minimum and maximum
retinal thicknesses.

The anterior chamber in the control
subjects was significantly deeper than in the
AMD patients (P = 0.002) (Table 3). There
were no significant differences in pupil
diameter or intra-ocular pressure between
the two groups.

Pearson’s correlation test showed no
statistically important linear correlation
between corneal and retinal thickness in the
AMD (r = 0.067) and control groups (r = 0.074).

Discussion
The aetiology of AMD is still unknown but it
is related to many known risk factors. AMD
is a disease of epidemic proportions, so it is
very important to accelerate the
development of medicines and the quality of
healthcare in the various European
countries.39 A reduced corneal thickness was
expected among AMD patients in the
present study, as this is thought to be an
additional risk factor for AMD development.
This expectation was based on the
hypothesis that oxidative damage to the
retinal pigment epithelium is influenced by
exposure to sunlight and on the protective
role played by a healthy cornea, which is the
most important refractory medium in the
human eye. According to this hypothesis,
sunlight damages the cornea (this could be
evident from corneal thickness) and,
therefore, enters the eye to affect the retina.
Thus, the present study investigated whether
a direct correlation existed between corneal
thickness and AMD. Contrary to
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FIGURE 1: Distribution of central corneal thickness amongst 69 patients (119 eyes)
with age-related macular degeneration (AMD) and 31 healthy control subjects (56
eyes) measured using a Galilei™ Dual Scheimpflug Analyser
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FIGURE 2: Distribution of paracentral corneal thickness amongst 69 patients (119
eyes) with age-related macular degeneration (AMD) and 31 healthy control subjects
(56 eyes) measured using a Galilei™ Dual Scheimpflug Analyser
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FIGURE 3: Distribution of peripheral corneal thickness amongst 69 patients (119 eyes)
with age-related macular degeneration (AMD) and 31 healthy control subjects (56
eyes) measured using a Galilei™ Dual Scheimpflug Analyser
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expectations, after completing the ocular
examination and the described diagnostic
procedures, it was concluded that there was
no statistically significant difference in mean
corneal thickness in any of the four
measured zones between the AMD patients
and the control group.

These findings are very important in the
search for additional risk factors for AMD.
They showed that measuring corneal
thickness during the AMD diagnostic
examination is irrelevant. Similar results
were obtained from a previous study that

measured central corneal thickness, albeit
using a different diagnostic device,
ultrasound contact pachymetry.40 Despite
the fact that the present study included a
different number of participants, neither
study demonstrated a significant difference
in corneal thickness between AMD patients
and control subjects. The earlier study
implied that the measurements of corneal
thickness obtained using ultrasound contact
pachymetry were not as accurate as those
obtained using the newer device that was
used in the present study.40

FIGURE 4: Distribution of the thickness (µm) of the thinnest point of the cornea
amongst 69 patients (119 eyes) with age-related macular degeneration (AMD) and
31 healthy control subjects (56 eyes) measured using a Galilei™ Dual Scheimpflug
Analyser
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FIGURE 5: Distribution of retinal thickness amongst 68 patients (117 eyes) with age-
related macular degeneration (AMD) and 29 healthy control subjects (53 eyes)
measured using a Zeiss Stratus optical coherence tomography system
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Previously, considerable research efforts
have been focused on finding the risk factors
for AMD, including the influence of
sunlight.9,41,42 From a clinical point of view,
these findings suggest that sunlight somehow
contributes to the appearance of AMD. Based
on data acquired in the present study,
however, it could be concluded that the
amount of daily sunlight exposure does not
cause corneal impairment that could
contribute to the occurrence of AMD, and that
corneal thinning is not the means by which
sunlight exerts its influence. Additionally,
retinal thickness measurements showed no
statistically significant difference between the
AMD and control groups although, as
expected, mean retinal thickness was slightly
higher in AMD patients. Pearson’s correlation
test found no correlation between the corneal
and retinal thicknesses in either group.

The only statistically significant difference
between the two groups was the mean
anterior chamber depth, which was
significantly deeper in the control group.
Whether or not the anterior chamber depth
is important in the occurrence of AMD is a
matter for further investigation. Lens
thickness could also be a possible risk factor
for the development of AMD, but neither
anterior chamber depth nor lens thickness
have been fully investigated as potential risk
factors for AMD.

The results from the two groups in the
present study were comparable and, even
though the number of examined eyes was
different between the two groups, they did
not differ in terms of the parameters that
could interfere with corneal thickness.
Although it is not currently possible to
predict which patients might develop AMD
in the future, further investigations could
measure corneal thickness over a longer
period of time, starting from before the onset
of AMD and continuing throughout the

TA
B

LE
3:

C
o

m
p

ar
is

o
n

o
f

an
te

ri
o

r
ch

am
b

er
d

ep
th

,
p

up
il

d
ia

m
et

er
an

d
in

tr
a-

o
cu

la
r

p
re

ss
ur

e
in

69
p

at
ie

n
ts

(1
19

ey
es

)
w

it
h

ag
e-

re
la

te
d

m
ac

ul
ar

d
eg

en
er

at
io

n
(A

M
D

)
an

d
31

h
ea

lt
h

y
co

n
tr

o
ls

ub
je

ct
s

(5
6

ey
es

)

St
at

is
ti

ca
l

Lo
ca

ti
o

n
G

ro
up

N
o

.
o

f
ey

es
,

n
M

ea
n

±
SD

M
in

im
um

M
ax

im
um

si
g

n
if

ic
an

ce

A
nt

er
io

r
ch

am
be

r
de

p
th

(m
m

)
A

M
D

(n
=

69
)

11
9

2.
44

±
0.

34
1.

49
3.

37
P

=
0.

00
2

C
on

tr
ol

(n
=

31
)

56
2.

61
±

0.
34

1.
88

3.
31

Pu
p

il
di

am
et

er
(m

m
)

A
M

D
(n

=
69

)
11

9
2.

68
±

1.
30

0.
49

8.
00

N
S

C
on

tr
ol

(n
=

31
)

56
2.

80
±

1.
34

0.
18

7.
16

In
tr

a-
oc

ul
ar

p
re

ss
ur

e
(m

m
H

g)
A

M
D

(n
=

69
)

11
9

16
.5

6
±

2.
66

10
24

N
S

C
on

tr
ol

(n
=

31
)

56
16

.0
4

±
2.

64
10

21

N
S,

no
t

st
at

is
tic

al
ly

si
gn

ifi
ca

nt
(P

>
0.

05
).



References
1 Pelletier AL, Thomas J, Shaw FR: Vision loss in

older persons. Am Fam Physician 2009; 79: 963 –
970.

2 Hazin R, Freeman PD, Kahook MY: Age-related
macular degeneration: a guide for the primary
care physician. J Natl Med Assoc 2009; 101: 134
– 138.

3 Klein R, Klein BE, Knudtson MD, et al:
Prevalence of age-related macular
degeneration in 4 racial/ethnic groups in the
multi-ethnic study of atherosclerosis.
Ophthalmology 2006; 113: 373 – 380.

4 Basic and Clinical Science Course: Section 12:
Retina and Vitreous. San Francisco: American
Academy of Ophthalmology, The Eye MD
Association, 2007 – 2008; pp 54 – 79.

5 Lotery A, Trump D: Progress in defining
macular biology of age-related macular
degeneration. Hum Genet 2007; 122: 219 – 236.

6 Leys A, Zlateva G, Shah SN, et al: Quality of life
in patients with age-related macular
degeneration: results from the VISION study.
Eye 2008; 22: 792 – 798.

7 Roh S, Weiter JJ: Retinal and choroidal
circulation. In: Ophthalmology, 2nd edn (Yanoff
M, Duker JS, eds). St Louis: Mosby, 2004; pp 779
– 782.

8 Martidis A, Tennant MTS: Age-related macular
degeneration. In: Ophthalmology, 2nd edn
(Yanoff M, Duker JS, eds). St Louis: Mosby, 2004;
pp 925 – 933.

9 Patel N, Adewoyin T, Chong NV: Age-related
macular degeneration: a perspective on genetic
studies. Eye 2008; 22: 768 – 776.

10 Mattes D, Haas A, Renner W, et al: Analysis of
three pigment epithelium factor gene
polymorphisms in patients with exudative age-
related macular degeneration. Mol Vis 2009; 15:
343 – 348.

11 Chu J, Zhou CC, Lu N, et al: Genetic variants in
three genes and smoking show strong

associations with susceptibility to exudative
age-related macular degeneration in a Chinese
population. Chin Med J (Engl) 2008; 121: 2525 –
2533.

12 Clemons TE, Milton RC, Klein R, et al on behalf
of the Age-Related Eye Disease Study Research
Group: Risk factors for the incidence of
Advanced Age-Related Macular Degeneration
in the Age-Related Eye Disease Study (AREDS)
AREDS report no. 19. Ophthalmology 2005; 112:
533 – 539.

13 McBee WL, Lindblad AS, Ferris FL 3rd: Who
should receive oral supplement treatment for
age-related macular degeneration? Curr Opin
Ophthalmol 2003; 14: 159 – 162.

14 Kanski JJ: Clinical Ophthalmology, 6th edn.
Edinburgh: Elsevier, 2007; pp 627 – 642.

15 Evereklioglu C, Er H: Increased corneal
thickness in active Behçet’s disease. Eur J
Ophthalmol 2002; 12: 24 – 29.

16 Evereklioglu C, Yilmaz K, Bekir NA: Decreased
central corneal thickness in children with Down
syndrome. J Pediatr Ophthalmol Strabismus 2002;
39: 274 – 277.

17 Sanchis-Gimeno JA, Lleo-Perez A, Alonso L, et
al: Reduced corneal thickness values in
postmenopausal women with dry eye. Cornea
2005; 24: 39 – 44.

18 Jonas JB, Stroux A, Velten I, et al: Central
corneal thickness correlated with glaucoma
damage and rate of progression. Invest
Ophthalmol Vis Sci 2005; 46: 1269 – 1274.

19 Busted N, Olsen T, Schmitz O: Clinical
observations on the corneal thickness and the
corneal endothelium in diabetes mellitus. Br J
Ophthalmol 1981; 65: 687 – 690.

20 Pedersen U, Bramsen T: Central corneal
thickness in osteogenesis imperfecta and
otosclerosis. ORL J Otorhinolaryngol Relat Spec
1984; 46: 38 – 41.

21 Hensen FK, Ehlers N, Bentzen O, et al: Central
corneal thickness in retinal detachment. Acta

• Received for publication 14 April 2009 • Accepted subject to revision 30 April 2009
• Revised accepted 21 August 2009

Copyright © 2009 Field House Publishing LLP

course of the disease. Future studies could
also compare corneal thickness in AMD
patients in different age groups and at
different stages of disease.

In conclusion, this is the first study in
which the latest non-contact method of
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evaluate corneal thickness as a possible
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pathogenesis of AMD. The results confirmed

that corneal thickness is not associated with
the development of AMD. Further
investigations are necessary to confirm these
findings and to determine whether anterior
chamber depth may be a possible additional
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