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Abstract
Purpose: To compare the serum homocysteine (Hcy) level in healthy control individuals and in
patient with primary open angle glaucoma (POAG) and pseudoexfoliative glaucoma (PEXG)
Methods: In this cross sectional study, 79 subjects including 36 patients with PEXG, 23 patients
with POAG, and 20 matched healthy control individuals were recruited. Those who used alcohol
and mediations affecting Hcy levels were excluded. The level of serum Hcy was measured by
Enzyme Immunoassay (EIA) method. Analysis of variance (ANOVA) was used to compare Hcy
levels among PEXG, POAG and control groups.
Results: The mean ages were 68.9, 63.3, and 64.7 years in PEXG, POAG, and control groups,
respectively (P=0.053); and 64%, 52%, and 60% were male in three study groups, respectively
(P=0.67). The mean Hcy levels in PEXG, POAG and control groups were 12.21±4.93, 10.20±5.25,
and 11.59±3.87 µmol/l, respectively (P=0.293; ANOVA). There was not a significant correlation
between Hcy levels and diabetes, hyperlipidemia (HLP), hypertension (HTN), and cigarette
smoking among diagnostic groups.
Conclusion: No significant difference was found in Hcy levels among PEXG, POAG, and normal
control group.
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Introduction
Glaucoma, which is characterized by
progressive optic neuropathy resulting in
visual field disturbance, is the prominent
cause of blindness. The pathogenesis of optic
nerve damage in glaucoma has not been
clearly understood, yet. Even though,
intraocular pressure (IOP) has been known to
be the most important risk factor, many
evidences support the role of ischemia and
vascular risk factors.1 Inadequate perfusion
due
to
arteriosclerosis
or
vascular
dysregulation may lead to glaucomatous
damage of optic nerve.1-3 Also retinal ganglion
cell apoptosis (seen in glaucoma) may be the
result of either reduced optic nerve perfusion
or direct toxic effect of cytotoxic agents.4-5
Homocysteine (Hcy) is an amino acid
known to be vasculopathic and cytotoxic.6-9
Recently, many studies have been conducted
to
assess
the
association
of
hyperhomocysteinemia and cardiovascular
diseases. High levels of Hcy seems to be a
possible risk factor for arteriosclerosis in
coronary artery, cerebral artery and peripheral
vessels.10-15
Compared with healthy subjects, there is
about a 30% higher Hcy concentration in
patients with vascular diseases.12 Although
the association between retinal vascular
diseases and hyperhomocysteinemia has
been demonstrated in a number of
studies,16-24 evaluation of Hcy and glaucoma
has yielded conflicting results, some
implicating an association with primary open
angle
glaucoma
(POAG)
and
pseudoexfoliative
glaucoma
(PEXG),25-29
Whilst others have not.30 On the other hand,
there is no study evaluating this association in
our country. In this regard, we studied the
level of Hcy in groups of PEXG and POAG
patients and compared them with a healthy
control group.

Methods
In this cross sectional study, 36 patients with
PEXG, 23 patients with POAG, and 20 control
healthy
subjects
were
recruited.
All
participants were thoroughly explained about
the purpose of the study and signed an
informed consent. The study was approved by
the Institutional Review Board at Farabi Eye
Hospital and was conducted in compliance
with the tenets of the Declaration of Helsinki.
20

All glaucoma patients were recruited from the
Glaucoma Clinic, Farabi Eye Hospital, Tehran,
Iran.
For each subject, a comprehensive
ophthalmic examination including slit-lamp
biomicroscopy,
measurement
of
IOP
(Goldman applanation tonometer), evaluation
of visual field (Humphrey Visual Field
Analyzer), funduscopic examination, and
gonioscopy was performed by the same
examiner (Gh.F.).
Criteria to be identified as POAG were:
evidence of glaucomatous optic nerve head
damage, an open angle on gonioscopy, and
typical glaucomatous visual field defects on
perimetry. PEXG group had above features
plus
typical
pseudoexfoliative
material
deposits on pupillary margin and/or anterior
lens capsule. Control group was selected from
the referred patients to the hospital without
any history of glaucoma. Based on the
published data, and for a study power of 80%,
a sample size of at least 20 cases was
estimated for each group.
A complete medical history was obtained to
identify any other vascular risk factors
affecting perfusion of the optic nerve;
including hypertension (HTN), diabetes
mellitus (DM), hyperlipidemia (HLP), and
cigarette smoking. Age, gender, and
abovementioned risk factors were matched
between patients and control groups. Those
with a history of chronic alcohol abuse and
taking medications that may affect serum Hcy
levels, such as anticonvulsant therapy, lipid
lowering drugs, psychiatric illness, recent
exposure to nitrous oxide, methotrexates and
other
folate
antagonists,
L-Dopa,
cholestyramine, and niacin were excluded
from our study.
Specimen collection
Blood samples were collected into tubes. After
30 minutes and complete coagulation of
blood, centrifugation at 3,500 rpm for 6
minutes was performed. Serum was
separated from clot and immediately freezed
at -20o C. Thereafter, all specimens were
stored at -70o C and kept there until Hcy level
was measured.
The level of serum Hcy was measured by
Enzyme Immunoassay (EIA) method. The
assay principles in this method were reduction
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Results
of protein–bound Hcy to free Hcy and
enzymatic conversion to S-adenosyl –L–
homocysteine (SAH) in a separate procedure
prior to immunoassay. Standard curves
according to calibrator concentration were
obtained. Quality control samples were also
run with our batch. Normal range for Hcy level
was considered between 5 and 20 µmol/L.
Statistical method
Statistical analysis was performed using
SPSS for Windows version 11.5 (SPSS Inc.,
Chicago, IL). Analysis of variance (ANOVA)
was used to compare age and Hcy levels
among PEXG, POAG and control groups.
Mann-Withney test was performed to
demonstrate differences in Hcy level among
glaucoma (totally) and control groups. χ2 test
was used to assess differences in sex and
vascular risk factors between our diagnostic
groups. Analysis of Covariance (ANCOVA)
test was performed to assess differences in
Hcy levels among the study groups according
to the mentioned vascular risk factors. For all
measurements, a two-tailed test was used
and a P value of <0.05 was considered
significant for measured variables.

Patients’ demographics and characteristics
are summarized in Table 1. Patients’ mean
age and gender were matched among our
groups and had no statistically significant
differences (ANOVA; P=0.053 and χ2 test;
P=0.67, respectively).
The mean±SD of Hcy levels in PEX, POAG
and control groups were 12.21±4.93,
10.20±5.25,
and
11.59±3.87
µmol/L,
respectively (Figure 1). There was no
statistically significant differences among
these
groups
(ANOVA;
P=0.293).
Furthermore, when we considered all
glaucoma patients (PEXG and POAG)
together, there was no statistically significant
difference in Hcy levels between glaucoma
and control groups (Mann-Withney; P=0.640).
All vascular risk factors such as diabetes,
HLP, HTN, and smoking had no significant
differences among our diagnostic groups (χ2
test; all P>0.05) (Table 1).
Among our diagnostic groups and in a
univariate analysis, no significant differences
in Hcy levels between cases with diabetes,
HTN, HLP, and smoking were identified
(Table 2).

Table 1. Patients’ characteristics and demographics
Study groups
Variables

P
PEXG

Mean age (year)

POAG

Control

68.97

63.3

64.75

0.053

23 (64 %)

12 (52%)

12 (60 %)

0.67

Diabetes

4 (11%)

6 (26%)

4 (20%)

0.324

Hypertension

6 (17%)

5 (22%)

3 (15%)

0.825

Hyperlipidemia

3 (8%)

3 (13%)

3 (15%)

0.721

Smoking

7 (19%)

3 (13%)

4 (20%)

0.783

Total vascular risk factors

10 (28%)

11 (48%)

7 (35%)

0.291

Gender; male

PEXG: Pseudoexfoliative glaucoma
POAG: Primary open angle glaucoma

Table 2. Serum homocysteine level differences in the
groups according to vascular risk factors (ANCOVA;
univariate analysis)
Vascular risk factors

P

Diabetes mellitus

0.388

hypertension

0.281

hyperlipidemia

0.316

Smoking

0.338

Total risk Factor

0.367
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Figure 1. Serum homocysteine levels in
pseudoexfoliative glaucoma, primary open angle
glaucoma, and control groups

Discussion
In this study we found no significant
differences in Hcy levels among our
diagnostic groups (PEXG, POAG and control).
This finding is in contrast with some previous
reports indicating higher levels of Hcy in
PEXG and POAG in comparison with healthy
control group. For example, in Vessani et all
study,
including
25
patients
with
pseudoexfoliaton syndrome, 50 with PEXG,
25 with normal tension glaucoma (NTG) and
24 healthy control individuals, higher levels of
Hcy in pseudoexfoliation syndrome and PEXG
was noted.28 Finding of increased Hcy level,
specially in PEXG patients, in several studies
has led some authors to suggest that
deposited material of PEX may be a product
of elastolysis induced by toxic effect of Hcy.31
Also, increased values of Hcy level in
aqueous humor of PEXG patients has been
reported.32 Evaluation of Hcy level in a
number of studies comparing this value in
PEXG, POAG and NTG patients with control
groups, demonstrated significant correlation
between increased levels of Hcy and PEXG
but not POAG or NTG.33,34 In one case control
study; using high performance liquid
chromatography
(HPLC)
method,
no
significant differences was found in Hcy
values between POAG, non-POAG and
control group (P=0.93 ANOVA).30
22

Bleich et al reported only borderline increased
levels of Hcy in Caucasians with PEXG.27
Considering these results and our findings,
and also, another study performed in Turkey,
which showed no significant difference in Hcy
levels in PEX and control groups35; we
hypothesized that ethnic variation may have
some impact on the Hcy levels in different
populations. Another example for ethnic group
differences is Vermaak et al report on a group
of black South Africans who had been
exposed to the same environment and
western diet for at least 2 years. They
reported
a
significantly
lower
Hcy
concentration (46% differences) than a
comparable group of age-matched whites.36
Additionally we should remember that different
population characteristics such as nutritional
status and presence of associated illness may
account for the conflicting results. Renal
failure, hypothyroidism, diseases that may be
associated with impaired folate status and so
with an increased concentration of Hcy
(leukemia and solid tumors), psoriasis, and
hepatic insufficiency may be accompanied by
hyperhomocysteinemia
in
different
37
populations.
In our study we matched
possible confounding factors such as
diabetes, HTN, HLP, and cigarette smoking
among our groups. No significant correlation
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in Hcy levels according to these confounding
factors was identified.
And finally, we should emphasize that
conflicting results in experiments evaluating
Hcy level as a risk factor in cardiovascular
disease, have also been reported.38 So, it is
not clear whether Hcy is a causative factor or
only a marker of vascular diseases.
One of the shortcomings of our study was a
relatively small samples size in each cases
and control groups that could affect our
results. Conducting a study with a larger

sample size may provide more conclusive
results.

Conclusion
We concluded that, the Hcy level does not
have any correlation with POAG and PEXG.
Also, we found no correlation in Hcy levels
between
our
diagnostic groups. We
recommend conducting a study with a larger
sample size, which considers all clinical
conditions and nutritional status that may have
influence on Hcy levels, so that more
confident results could be obtained.
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