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INTRODUCTION

Age-related macular degeneration (ARMD) is a primary
degenerative disorder of the central retinal area with loss
of visual acuity, most often apparent in people over 50
years of age (1).

The late stage of ARMD includes both dry (geographic)
and wet (disciform, exudative) form. In the exudative form,
retinal pigment epithel ium (RPE) detachment and
choroidal neovascularization is present (2).

Apart from age, the risk factors of ARMD are genetic
p redisposition (3, 4),  cigarette smoking (5), post-

PU R P O S E. Hyperhomocysteinemia is considered an independent risk factor for atheroscle-
rosis and thrombosis. The purpose of this study was to evaluate plasma homocysteine,
red blood cell folate, plasma folate, and plasma vitamin B12 concentration in patients
with exudative age-related macular degeneration (ARMD).
ME T H O D S. The participants of this study included 30 patients aged 60 to 71years (mean age
66.2±3.6) with exudative ARMD. Plasma homocysteine levels were determined by high per-
f o rmance liquid chromatography (HPLC). Red blood cell folate, plasma folate, and plasma
vitamin B12 concentration were determined using a standard kit (Dualcount Solid Phase No
Boill radioassay kit for B12/folic acid, DPC Diagnostic, USA) by radioassay method. 
RE S U LT S. The plasma concentration of Hcy (14.88±6.23 µmol/L) in ARMD patients was sig-
nificantly increased (p<0.0001) compared with the control group (8,.72±3,.34 µmol/L). 
We found not a significant decrease of the plasma vitamin B12 concentration in the ARMD
group (476.88±220.91 pg/mL) compared with the control group (527.08±208.97 pg/mL).
Red blood cell folate (158.44±56.30 ng/mL) and plasma folate (6.5±3.4 ng/mL) in ARMD pa-
tients were also not significantly decreased when compared with the control group (183.86±59.33
ng/mL and 7.93±5.05 ng/mL). 
CO N C L U S I O Ns. Hyperhomocysteinemia might be one of the risk factors for the exudative form
of ARMD. (Eur J Ophthalmol 2005; 15: 7 6 4- 7 )
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menopausal estrogen decrease (6), excessive exposure
to sunlight (7), oxidative stress (8, 9), and low macular
pigment level (10, 11). Recent articles discuss vascular
diseases and blood lipid disturbances as risk factors for
ARMD (12-15).

Homocysteine (Hcy) is an intermediate product of the
methionine metabolism. Folic acid, vitamin B12, and vit-
amin B6 deficiencies as well as reduced enzyme activi-
ties inhibit metabolism of the Hcy, thus increasing the
Hcy concentration.

Recent studies have shown a relationship between ele-
vated levels of Hcy and vascular disease including cere-
brovascular accidents and myocardial infarctions (16, 17).
Elevated Hcy plasma is considered an independent risk
factor for atherosclerosis and thrombosis (18). Moore et
al found that Hcy is toxic to neurons of the ganglion cell
layer and that apoptosis of the ganglion cells is faster in
simultaneous elevation of Hcy and glutamate (19). 

The purpose of this study was to determine plasma
homocysteine, red blood cell folate, plasma folate, and
plasma vitamin B12 concentration in patients with ex-
udative ARMD.

M E T H O D S

The participants of this study included 30 patients
aged 60 to 71years (mean 66.2±3.6) with exudative AR-
MD. Exclusion criteria were diseases other than ARMD
associated with neovascularization, retinal detachment,

s e v e re ocular trauma, high myopia, and intraocular in-
flammation. 

The control group consisted of 20 patients aged 55 to
70 years (mean 65.8±5.2) without ophthalmologic com-
plications or family history of ARMD reporting to an oph-
thalmologic outpatient clinic for routine tests and for
glasses correction. No patients were on antioxidant mi-
c ronutrients supplementation and all lived in the same
industrial area. Because of the small number of patients
in studied groups we excluded diabetic patients and
those with a current or past history of smoking. Both
g roups of patients were matched by age and sex.

The eye examination included visual acuity, biomi-
c ro s c o p y, ophthalmoscopy using either a 90-diopter
lens or a direct ophthalmoscopy after papillary dilation,
p h o t o g r a p h y, and fluorescein angiography of the re t i n a .
Exudative ARMD was found in eyes with serous or hem-
orrhagic detachment of the RPE, hemorrhage, or a gre y
s u b retinal fibrous membrane involving the macula (2). 

In the morning hours (after 8- to 12-hour fasting) blood
specimens for biochemical examination were collected.
Plasma homocysteine levels were determined by high
performance liquid chromatography (HPLC) method with
f l u o rescence detection. Red blood cell folate, plasma fo-
late, and plasma vitamin B12 concentration were deter-
mined using a standard kit (Dualcount Solid Phase No
Boill radioassay kit for B12/folic acid, DPC Diagnostic)
by radioassay method.

Statistical analysis was carried out using the Statistica
5.0 Pl program with Student t-test for normal distribution

TABLE I - PLASMA HOMOCYSTEINE, RED BLOOD FOLATE, PLASMA FOLATE, AND VITAMIN B12 CONCENTRA-
TIONS IN PATIENTS WITH AGE-RELATED MACULAR DEGENERATION (ARMD) AND THE CONTROL GROUP

A R M D C o n t ro l p value
( n = 3 0 ) ( n = 2 0 )

Hcy (µmol/L) 1 4 . 8 8 ± 6 . 2 3 8 . 7 2 ± 3 . 3 4 < 0 . 0 0 0 1

Vitamin B12 (pg/mL) 4 7 6 . 8 8 ± 2 2 0 . 9 1 5 2 7 . 0 8 ± 2 0 8 . 9 7 N S
0 . 0 6 1

Plasma folate (ng/mL) 6 . 5 ± 3 . 4 0 7 . 9 3 ± 5 . 0 5 N S
0 . 2 5 0 2

Red blood cell folate (ng/mL) 1 5 8 . 4 4 ± 5 6 . 3 0 1 8 3 . 8 6 ± 5 9 . 3 3 N S
0 . 3 6

Values are means ± standard deviation
Hcy = Homocysteine
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of the results in the study groups or Mann-Whitney U
test in other than normal distribution, assuming p<0.05
as statistically significant. 

The project was carried out with the permission of The
Bioethical Board of the Medical University of Silesia (NN
013-275/01/02). All subjects gave a formal consent be-
f o re participating in the study, and re s e a rch followed the
tenets of the Declaration of Helsinki.

R E S U LT S

The results obtained in the biochemical investigations in
the ARMD and control patients are presented in Table I. 

Plasma concentration of Hcy in patients with ARMD
was significantly increased (p<0.0001) compared with
the control group. Plasma vitamin B12, red blood cell fo-
late, and plasma folate concentration in patients with
ARMD were decreased when compared with the contro l
g roup, although not significant. 

D I S C U S S I O N

Hyperhomocysteinemia is the result of a disturbed
methionine metabolism. It may result from reduced en-
zyme activity and/or vitamin B12, B6, and folate defi-
ciency (18). 

Hyperhomocysteinemia is believed to play an impor-
tant role in the development of age-related and several
n e u rodegenerative disorders. Elevated Hcy levels have
been recognized as a risk factor for venous thro m b o s i s
(20, 21). Previous studies documented that an elevated
plasma Hcy level is also a risk factor for central re t i n a l
vein occlusion (22-25). 

The authors have found that patients with retinal ve-
nous occlusive disease have higher levels of homocys-
teine, which may serve as a modifiable risk factor.

H e u b e rger et al (26) have not found a correlation be-
tween total serum homocysteine, red blood cell folate,
and serum cyanocobalamin level and ARMD. They con-
cluded that ARMD does not appear to be associated
with homocysteine or its dietary determinants. Consis-
tent with our results, Chan et al (16) found that plasma
Hcy levels of patients with cardiovascular disease did
not correlate to their plasma vitamin B status. It is possi-
ble that most known forms of vascular damage or injury
are due to homocysteine mediated oxidative stress.

A t h e ro s c l e rotic vascular disease, due to its influence on
the choroidal circulation, has been hypothesized as a pos-
sible pathogenetic factor for development of ARMD (27).

In a recent study, Vingerling et al (28) found that macu-
lar degeneration was associated with athero s c l e ro s i s
determined by the presence of plaques in the carotid bi-
f u rcation and common carotid artery. 

Data from the National Health and Nutrition Examina-
tion Survey also showed that persons with a positive
history of athero s c l e rotic vascular disease had a higher
p revalence of ARMD (29). The athero s c l e rotic pro c e s s
could play an important role in ARMD development by
a ffecting the flow of choroidal vessels, but the mecha-
nism for this process is unclear (13). This can be the re a-
son for ischemia of the avascular macular zones of the
retina and disturbances in balance of angiogenic and
antiangiogenic factors, which might consequently lead
to neovascularization of the macular region. 

A possible explanation for the elevated Hcy level in
patients with ARMD is decreased concentration of vita-
min B12 and folate and consequent reduced enzymes
activities that inhibit the breakdown of Hcy.

C O N C L U S I O N S

Hyperhomocysteinemia might be one of the risk fac-
tors for exudative ARMD. Further studies are necessary
to define the usefulness of Hcy concentration measure-
ment in patients with ARMD.
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