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ABSTRACT

Purpose: To determine any relationship between the deve-
lopment of age-related macular degeneration (AMD) and 
central corneal thickness (CCT).

Material and Methods: The CCT of patients with neovascu-
lar or nonneovascular AMD and of healthy control subjects 
were measured by using ultrasound corneal pachymetry. 
ANOVA test was used to compare the CCT between the 
groups.

Results: The mean age was 71.1 years in the AMD group, 
and 65.5 years in the control group. There were 100 eyes 
(100 patients,1 eye from each patient) in the AMD group 
and 116 eyes (116 patients,1 eye from each patient) in the 
control group. Half of the 100 eyes with AMD had neovas-
cular AMD and the remaining had nonneovascular AMD. 
The mean CCT was 550.29±28.58 μ (462-620) in the 
AMD group as a total and 547.75±33.80 μ (485-650) in 
the control group (p>0.05). The CCT of neovascular AMD 
eyes was thinner (545.45±25,26 μ) (472-589) than that 
of both the control group (547.75±33.80 μ) and the non-
neovascular AMD group (557.35±31.00 μ) (462-620), 
but the difference was not statistically significant. The diffe-
rence between the neovascular and nonneovascular AMD 
groups was not statistically significant (545.45 vs. 557.35 
μ, p=0.07).

Conclusion: CCT do not seem to have an association with the 
development of neovascular or nonneovascular AMD. 

Key Words: Corneal thickness, age related macular degene-
ration.

ÖZ

Amaç: Yaşa bağlı makula dejeneresansı (YBMD) ile santral 
kornea kalınlığı (SKK) arasındaki muhtemel ilişkiyi 
değerlendirmek. 

Gereç ve Yöntem: YBMD tanısı almış hastalar ve yaşa göre 
eşleştirilmiş sağlıklı bireylerin ultrason pakimetri kullanılarak 
SKK ölçümü yapıldı. YBMD grubu sağlıklı grupla SKK’ları 
açısından ANOVA testi kullanılarak karşılaştırıldı. 

Bulgular: YBMD grubunda yaş ortalaması 71.1, kontrol 
grubunda 65.5 idi. YBMD grubunda 100 göz (100 
hasta, herbir hastanın 1 gözü), kontrol grubunda 116 
göz (116 hasta,herbir hastanın 1 gözü) çalışmaya dahil 
edildi. YBMD grubunda 100 gözün yarısında yaş tip diğer 
yarısında kuru tipte YBMD mevcuttu. Ortalama SKK YBMD 
grubunda 550.47±28.58 μ (462-620) iken normal grupta 
547.75±33.80 μ (485-650) idi (p>0.05). SKK yaş tipte 
YBMD olan gözlerde (545.45±25.26 μ) (472-589) kontrol 
grubu (547.75±33.80 μ) ve kuru tipteki YBMD olan 
gözlere (557.35±31.00 μ) (462-620) kıyasla daha ince 
idi, fakat istatistiksel olarak anlamlı değildi (p>0.05). Yaş 
ve kuru tipte YBMD olan gözlerde iki grup arasındaki farkta 
istatistiksel olarak anlamlı değildi (545.45 vs. 557.35 μ, 
p=0.07).

Sonuç: SKK, YBMD olgularında hangi tip dejenerasyon 
gelişeceğini göstermede yardımcı bir faktör değildir. 

Anahtar Kelimeler: Santral kornea kalınlığı,yaşa bağlı 
makula dejeneresansı.
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INTRODUCTION    

Age-related macular degeneration (AMD) is a very 
common cause of central vision loss in the elderly pe-
ople.1 As the name suggests, it is a condition that tends to 
become more common as people get older. The cause of 
AMD is poorly understood, but it is most likely a complex 
disease in which several risk factors seem to have a po-
tential role.2 Cigarette smoking, the most consistent risk 
factor for onset of the disease, and, less consistently, blo-
od pressure, pulse pressure, lipid levels, abdominal obe-
sity, physical activity, dietary fat, sunlight exposure and 
cataract surgery have been associated with development 
and progression of AMD.3

The knowledge of central corneal thickness (CCT) 
is of great significance clinically. Patients with primary 
open-angle glaucoma who had thinner corneas tended 
to have more severe glaucomatous damage on initial 
examination by a glaucoma specialist. CCT was the most 
consistent predictor of degree of glaucomatous dama-
ge.4 In addition, CCT has been associated with several 
systemic ocular conditions such as aging, diabetes, acti-
ve Behcet disease, Down syndrome, osteogenesis imper-
fecta, pregnancy, dry eye, keratoconus, and retinal de-
tachment.5-11,21,22

The aim of the present paper was to investigate the 
CCT values in different types of AMD patients and to 
check if they differ from the healthy subjects. 

MATERIALS AND METHODS

Patients with dry or wet AMD and healthy subjects 
without AMD were evaluated to be included in the study. 
A complete ophthalmologic examination was performed 
to all eyes including visual acuity, slit-lamp examination, 
and indirect ophthalmoscopy. Exclusion criteria were the 
use of contact lens, presence of any corneal pathology, 
glaucoma, hypertensive retinopathy,retinal disease other 
than AMD or history of previous ophthalmic surgery (ex-
cept photodynamic therapy for patients with neovascular 
AMD), smoking, atherosclerosis, collagen tissue disease, 
refractive pathology other than myopia more than -3 D 
and presbyopia. An informed consent was obtained from 
all of the cases. Patients with AMD were divided into wet 
and dry group and formed the study groups and healthy 

patients with only refractive problems formed the cont-
rol group. 

The CCT was measured by using ultrasound pach-
ymetry (Advent Pachymeter; Mentor). All of the measu-
rements were performed by the same experienced oph-
thalmologist and same time of day. Distribution of the 
patients were unaware of the person who made measu-
rement. Corneal thickness measurements were carried 
out during the morning hours. to avoid the diurnal va-
riation in corneal thickness and before any corneal in-
vasive examination procedure (such as Goldmann tono-
metry). Corneal anesthesia was achieved using propara-
caine hydrocloride 0.5% (Alcaine, Alcon) applied imme-
diately before measurement. The probe tip of the pach-
ymeter was held perpendicular to the cornea and cente-
red over the pupil. Each patient was asked to blink be-
fore CCT measurements to prevent corneal drying. Five 
concecutive measurements were made at the center of 
the cornea of each eye. The lowest CCT measurement 
was used in the statistical analysis because it was thought 
to most likely reflect a perpendicular placement of the 
pachymeter probe and therefore to be the most accura-
te measurement.5,6,12

Patients were classified as having AMD on the basis 
of standard findings by clinical examination, optical co-
herence tomography and fluorescein angiography. AMD 
was named as neovascular AMD (wet form) or nonneo-
vascular AMD (dry form) according to the following crite-
ria; Neovascular AMD included both classical and occult 
membranes of any age. Nonneovascular AMD was de-
fined as the presence of hyperpigmentation or hypopig-
mentation associated with drusen or geographic atrophy 
without choroidal neovascularization. The control group 
included patients who were examined for presbyopia wit-
hout evidence of drusen or retinal pigmentary changes. 

The CCT values of the groups were compared using 
ANOVA test. P values below 0.05 were considered as 
statistically significant. 

RESULTS

A total of 100 eyes (100 patients,1 eye from each 
patient) with AMD (AMD group) (50 exudative and 50 
nonexudative AMD) and 116 age matched control eyes 

Table: The demographic and clinical characteristics of the participants.

Charesterictics Age
(yr; mean±SD)

F/M Visual acuity
(mean±SD)

CCT
(μm; mean ±SD)

AMD group 

Neovascular    

Nonneovascular

71.17±17

72.25±9.51

70.10±8.72

57/43

28/22

29/21

0.42±0.35

0.36±0.33

0.48±0.36

551.29±29.65

545.45±25.26

557.35±31.00

Control Group 68.0±24 66/50 0.85±0.23 547.75±33.80

p=0.18, ANOVA test.
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(116 patients,1 eye from each patient) (control group) 
were involved in the study. 

Table 1 presents the demographic, and clinical cha-
racteritics of the participants. There was no statistically 
significant difference between the groups with respect 
to age and gender. The visual acuity of the AMD group 
(0.42±0.35) was significantly lower than the control gro-
up (0.85±0.23), (p=0.00) as expected.

CCT measurements were also similar in two groups; 
AMD group: 550.4±28.5 (462-620) and control group: 
547.7±33.8 (485-650). When we further divided the 
AMD group into two as neovascular and nonneovascular 
group, the mean CCT was lower in the neovascular AMD 
group 545.4±25.2 (472-589) and higher in the nonne-
ovascular AMD group 557.3±31.0 (462-620) than the 
control group 547.7±33.8 (Grphic). However the diffe-
rences between the groups were not statistically signifi-
cant (p=0.18). 

DISCUSSION

Corneal thickness could be representing a biomec-
hanical parameter of the eye with several implications. 
An association between CCT and several clinical condi-
tions has been documented (such as optic nerve drusen, 
p, tuitary adenoma, pregnancy, osteogenesis imperfecta, 
glaucoma, diabetes, and retinal detachment).4-11

Several ocular risk factors such as cataract extracti-
on, iris color, and refractive errors have been described 
to be involved in the development of AMD in addition to 
systemic factors like smoking, atherosclerosis, and ge-
netic factors.1,2,13-17 The possible pathophysiologic mec-
hanism by which corneal thickness may be implicated 
in the pathogenesis of choroidal neovascularization in 
AMD could be the correlation between corneal thickness 
and corneal elasticity, scleral stiffness, and ocular rigi-
dity.18 In 1989, Friedman and associates found that inc-

reased ocular rigidity may be a significant risk factor in 
the development of AMD. The possible pathophysiologic 
mechanism that has been proposed to explain this as-
sociation was that the sclera in eyes with AMD becomes 
increasingly rigid and noncompliant, which increase the 
resistance of venous outflow and decreases the choroidal 
blood flow. The final result of this cascade is that there is 
a decompensation of the choroidal venous system at the 
posterior pole, the Bruch membrane, and the retinal pig-
ment epithelium of the macular area, leading to the de-
velopment of AMD.19,20

In the present study, we failed to demonstrate any 
association between AMD and CCT. Although CCT me-
asurements were lower in the neovascular AMD group 
and higher in the nonneovascular AMD group than the 
control group, the differences were not statistically sig-
nificant. This finding is also supported by the study by 
Kymionis et al; however, they have only studied on ne-
ovascular AMD patients.23 On the other hand, the diffe-
rence may reach to a statistically significant level when 
the numbers of patients are increased in the study. If so, 
CCT could be used as a practical indicator in identifying 
patients at risk of developing different types of AMD. The 
most important limitation of this study is the small samp-
le size. The results would be more reliable when it is en-
larged. 

In coclusion, despite the described limitations of the 
study, our study suggests that CCT do not seem to have a 
role in the development of neovascular or nonneovascu-
lar AMD. Further studies with larger sample size are ne-
eded to elucidate a possible correlation of CCT with ne-
ovascular AMD. 

REFERENCES/KAYNAKLAR

1. Klein R, Klein BEK, Jensen S, et al.: The relationship of ocular 
factors to the incidence and progression of age-related maculo-
pathy. Arch Ophthalmolology. 1998;116:506-513.

2. Smith W, Assink J, Klein R, et al.: Risk factors for age-related ma-
cular degeneration: pooled findings from three continents. Oph-
thalmology. 2001;108:697-704. 

3. Clemons TE, Milton RC, Klein R, et al.: Age-Related Eye Disea-
se Study Research Group. Risk factors for the incidence of ad-
vanced age-related macular degeneration in the age-related eye 
disease study (AREDS). AREDS report no. 19. Ophthalmology. 
2005;112:533-539.

4. Jonas JB, Stroux A, Velten I, et al.: Central Corneal Thickness 
Correlated with Glaucoma Damage and Rate of Progression. In-
vest Ophthalmol Vis Sci. 2005;46:1269-1274.

5. Evereklioglu C, Er H.: Increased corneal thickness in active 
Behcet’s disease. Eur J Ophthalmol. 2002;12:24-29.

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

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

8. Busten N, Olsen T, Schmitz O.: Clinical observations on the cor-
neal thickness and the corneal endothelium in diabetes mellitus. 
Br J Ophthalmol. 1981;65: 687-690.

9. Pedersen U, Bramsen T.: Central corneal thickness in osteoge-
nesis imperfecta and otosclerosis. ORL J Otorhinolaryngol Relat 
Spec. 1984;46:38-41.

Graphic: Graphical view of the distribution of patients.



254 Association Between Central Corneal Thickness and Age-Related Macular Degeneration

10. Hansen FK, Ehlers N, Bentzen O, et al.: Central corneal thickness 
in retinal detachment. Acta Ophthalmol (Copenh). 1971;49:467-
472.

11. Ehlers N, Hjordal J.: Corneal thickness: measurement and impli-
cations. Exp Eye Res. 2004;78:543-548.

12. Copt RP, Thomas R, Mermoud A.: Corneal thickness in ocular 
hypertension, primary open-angle glaucoma, and normal tensi-
on glaucoma. Arch Ophthalmol. 1999;117:14-16.

13. Mitchell P, Smith W, Attebo K, et al.: Prevalance of age-related 
maculopathy in Australia. The Blue Mountains Eye Study. Oph-
thalmology. 1995;102:1450-1460.

14. VanNewkirk MR, Nanjan MB, Wang JJ, et al.: The prevalance 
age-related maculopathy: the visual impairment project. Oph-
thalmology. 2000;107:1593-1600.

15. Seddon JM, Rosner B, Sperduto RD, et al.: Dietary fat and risk for 
advanced age-related macular degeneration. Arch Ophthalmol. 
2001;119:1191-1199.

16. Klein BE, Klein R, Lee KE.: Cardiovascular disease, selected cardi-
ovascular disease risk factors, and age-related cataracts: Beaver 
Dam Eye Study. Am J Ophthalmol. 1997;123:338-346.

17. Wanh JJ, Mitchell P, Smith W.: Refractive error and age-related 
maculopathy: The Blue Mountains Eye Study. Invest Ophthalmol 
Vis Sci. 1998;39:2167-2217.

18. Friedenwald JS.: Contribution to the theory and practice of tono-
metry. Am J Ophthalmol. 1937;20:985-1024.

19. Pallikaris IG, Kymionis GD, Ginis HG, et al.: Ocular rigidity in pa-
tients with age-related macular degeneration. Am J Ophthalmol. 
2006;141:611-615.

20. Friedman E, Ivry M, Ebert E, et al.: Increased scleral rigi-
dity and age-related macular degeneration. Ophthalmology. 
1989;96:104-108.

21. Evereklioglu C, Madenci E, Bayazıt YA, et al.: Central corneal 
thickness is lower in osteogenesis imperfecta and negatively cor-
relates with the presence of blue sclera. Ophthalmic Physiol Opt. 
2002;22:511-515.

22. Shah S, Laiquzzaman M, Bhojwani R, et al.: Assessment of the bi-
omechanical properties of the cornea with the ocular response 
analyzer in normal and keratoconic eyes. Invest Ophthalmol Vis 
Sci. 2007;48:3026-3031.

23. Kymionis GD, Panagiotoglou TD, Yoo SH, et al.: Central corneal 
thickness in patients with neovascular age-related macular dege-
neration. Cornea. 2007;26:182-184.


