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Abstract
Purpose To investigate the intravitreal and blood Asymmetric dimethylarginine (ADMA) level in diabetic
retinopathy (DR). Materials and Methods Twenty eyes of 20 patients with DR with the decision of
vitrectomy, and 20 eyes of 20 patients without diabetes as a control group were included in the study.
During vitrectomy, vitreous and minimum 3ml peripheral blood samples were taken simultaneously.
Serum and vitreous ADMA levels were compared between the two groups. Results The serum ADMA level
was higher in the diabetic group compared to the non-diabetic group (p=0,009). However, there was no
statistically signi�cant difference between the mean vitreous ADMA levels. There was no correlation
between serum and vitreous ADMA levels. Conclusion In patients with diabetic retinopathy, serum ADMA
levels increased, but no increase in vitreous ADMA levels was detected.

Introduction
Diabetic retinopathy (DR) is a common complication of diabetes mellitus (DM), which causes vision loss
in people of working age. Over the past 25 years, its frequency has increased markedly throughout the
world [1-3]. In many studies, it has been reported that serum nitric oxide (NO) levels increased
signi�cantly in patients with DM [4, 5]. NO is an important pulmonary vasodilator that is synthesized from
L-arginine in pulmonary vascular endothelial cells by NO synthetase [6]. NO has positive effects on
vascular smooth muscle proliferation, platelet aggregation and vascular superoxide production, as well
as anti-atherosclerotic characteristics [6, 7]. Asymmetric Dimethyl Arginine (ADMA) is an active molecule
that occurs during the proteolysis of post-translationally methylated arginine in proteins, and is an
endogenous inhibitor of all isoforms of NOS. ADMA is mainly excreted through the kidney. It is also
metabolized intracellularly through the activity of dimethylarginine dimethylamino hydrolase (DDAH)
enzymes. ADMA accumulation was �rst reported in patients with characterized by endothelial
dysfunction including hypertension, hypercholesterolemia, hyperglycemia, renal failure and tobacco
exposure [8]. The Serum ADMA level was accepted as a marker of endothelial dysfunction because of its
high values in coronary artery disease, end-stage renal failure, stroke, hypertension, and DM [9-11]. In
addition to macrovascular complications, there was a strong correlation between ADMA and
microvascular complications such as diabetic retinopathy [12]. It has been shown that the Aqueous
Humor level of ADMA increased in diabetic patients [13].

The aim of this study was to determine whether the level of vitreous ADMA increases in patients with
diabetic retinopathy.

Methods
Twenty eyes of 20 patients diagnosed with DR and vitrectomy decision given, and as a control group, 20
eyes of 20 patients without diabetes were taken into the scope of the study. A complete ophthalmologic
examination was performed on all patients. Patients undergone vitrectomy operations, ones with
additional ophthalmological diseases other than cataracts and DR; and others with a systemic disease
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except diabetes and hypertension were not included in the research. A three-port 23-gauge pars plana
vitrectomy was performed on all eyes. Vitreous samples were taken using 23-gauge vitrectomy cutter.
Infusion �uid were opened after vitreous samples were taken to prevent the samples from mixing with the
infusion �uid. Approximately 0.3-0.5 ml of liquid was taken. Simultaneously with surgery, a minimum 3ml
peripheral blood sample was taken. The sample was centrifuged at 4000 rpm for 10 minutes and stored
at -80°C in deep freezer.

Samples were taken by the same surgeon. No complication related to vitreous removal has occurred in
any of the operations. The results were calculated as μmol/lL for ADMA. Serum and vitreous ADMA
analyses were performed using ELISA (Immuniagnostic Bensheim, Germany) kit.

         Statistical evaluation was performed using the SPSS 19.0 program. Normal distributions of
numerical variables were examined by Shapiro-Wilks test. Differences between groups in terms of
variations in the categorical structure were inspected by Chi-square and Fisher's exact Chi-square tests.
When parametric test assumptions are provided for the comparison of two groups in terms of numerical
variables, the signi�cance test of the difference between the two means; If not, the Mann-Whitney U test
was used. When the parametric test assumptions provided, the linear relationship between two variables
was compared with the Pearson correlation coe�cient; if not, it was examined by the Spearman's
correlation coe�cient. The results were evaluated at 95% con�dence interval and p <0.05 was considered
signi�cant.

Results
A total of 40 eyes of 40 patients, 20 in Group 1 and 20 in Group 2, were included in the study. The mean
age of the patients was 58.80±11.4 years in group 1 and 59.55±13.6 years in group 2. There was no
signi�cant difference between the groups by means of age averages. Sixty-�ve percent of the patients in
Group 1 were diagnosed as tractional retinal detachment. In group 2, 85% of patients were diagnosed
with vitreous hemorrhage. Preoperative BCVA was similar between groups, whereas postoperative BCVA
was signi�cantly higher in Group 2 than Group 1 (p = 0.021). The patient’s characteristic and indication of
surgery are shown in Table 1. The mean duration of diabetes in patients in group 1 is 14,95±5,78 (2-25)
years.

Serum ADMA level was found to be 0.59±0.10 µmol/L and vitreous ADMA level was 0.25±0.09 µmol/L in
diabetic group. In the nondiabetic group, serum ADMA level was 0.54±0.08 µmol/L, and vitreous ADMA
level was 0.26±0.08 µmol/L. The difference between serum ADMA levels of diabetic and non-diabetic
group was statistically signi�cant (p=0.009), but there was no signi�cant difference between vitreous
ADMA levels (p=0.059). Serum and vitreous ADMA levels were not correlated between the two groups (r =
-0.07, p = 0.683). There was no correlation between serum and vitreous ADMA levels in the diabetic and
non-diabetic groups. (respectively; r = -0.13, p = 0.590; r = 0.03, p = 0.916) (Table 2). There was no
signi�cant relationship between the duration of diabetes and serum ADMA level in Group 1 (r=0.19,
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p=0.424). As the duration of diabetes increased, vitreous ADMA levels decreased, but the negative
correlation between them was not signi�cant (r=-0.42, p=0.062).

Discussion
In this study, serum and vitreous ADMA levels in patients with diabetic retinopathy were investigated and
compared with the control group with the same demographic characteristics. Serum ADMA levels were
higher in patients with diabetic retinopathy compared to the control group, but there was no elevation in
the vitreous ADMA level. In the literature, there are many studies on plasma ADMA levels in patients with
Type 2 diabetes mellitus [11, 14-16]. Krzyzanowska et al.[16] measured the level of plasma ADMA and
homocysteine in 136 patients with type 2 diabetes. Fifty-�ve of these patients were being diagnosed
some macrovascular disease such as stroke, myocardial infarction, coronary artery disease, and
peripheral artery disease. The relationship among with macrovascular disease, ADMA and homocysteine
was investigated. ADMA and homocysteine levels were signi�cantly higher in the group diagnosed with
macrovascular disease. One year later, Krzyzanowska et al.[17] reported that elevated ADMA levels in
patients with type 2 diabetes were a strong indicator of cardiovascular events such as myocardial
infarction, cerebrovascular event, and death from all causes. In addition, in terms of diabetic
complications, it has been reported that there is a strong relationship between ADMA and microvascular
complications such as macrovascular and retinopathy [12, 17-19]. There are also studies showing
increased plasma ADMA levels in patients with diabetic retinopathy. Malecki et al.[12] examined the
relation between plasma ADMA levels and Type 2 diabetic retinopathy in 182 diabetes Type 2 patients
and 52 healthy control groups. They identi�ed that the ADMA levels were the highest in patients with
diabetic retinopathy (0.60±0.06 μmol/l), moderate in diabetic patients without diabetic retinopathy
(0.51±0.06 μmol/l), and the lowest in the control group (0.45±0.05 μmol/l). In our study, mean serum
ADMA level was found 0.59±0.10 μmol/L in diabetic patient group and 0.54±0.08 μmol/L in control
group. Serum ADMA levels were similar to those found by Malecki et al.[12] In our study too, there was
statistically signi�cant difference in serum ADMA levels between the patient group and the control group.

In the literature, no study has been found about vitreous ADMA levels in patients with Type 2 diabetes.
Sugai et al.[13] investigated ADMA levels in serum and aqueous humor in 17 diabetic and 21 nondiabetic
patients and reported that ADMA levels were higher in diabetic patients, especially in patients with
advanced diabetic retinopathy, in both serum and aqueous humor. Serum ADMA levels were 0.67±0.26
μmol/L in the advanced diabetic retinopathy group and 0.53±0.08 μmol/L in the nondiabetic group.
ADMA levels in aqueous humor were 0.55±0.20 μmol/L in the diabetic patient group and 0.32±0.16
μmol/L in the nondiabetic group. However, there was no relationship between serum and aqueous humor
ADMA levels in both groups. Du et al.[20] reported that ADMA levels increased in the aqueous humor of
diabetic rats and ADMA contributes to the neovascularization of retina in diabetes mellitus. In our study,
vitreous ADMA levels in group 1 and group 2 were 0.25 ± 0.09 μmol / L and 0.26 ± 0.08 μmol / L,
respectively. There was no increase in the vitreous ADMA level as in the aqueous humor. The aqueous
humor is continuously in circulation and renewed. It is estimated that the aqueous humor completes this
cycle in about 2 hours [21]. But the vitreous gel is not renewed. It has also been reported that the glucose
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concentration of the aqueous humor and the serum are almost the same [22]. When glucose
concentrations of vitreous and serum were compared, vitreous glucose concentration was found to be
lower than serum glucose concentration [23].  Increased plasma levels of glucose, are associated with
decreased levels of DDAH that plays a role in the metabolism of ADMA [24]. Due to hyperglycemia in the
aqueous humor, ADMA production is stimulated in the anterior chamber. Because the same
hyperglycemia is not in the vitreous gel, ADMA production in the vitreous is not the same. Therefore, the
concentration of ADMA in the vitreous may not be related to the serum level.

            In our study, a decrease in vitreous ADMA level was observed in diabetic group as the duration of
diabetes increased. Ersoy et al.[25] found a decrease in serum ADMA levels  as the duration of diabetes
increased in 83 disease groups. In our study, the same �nding was found for the vitreous ADMA level. But
there was no signi�cant correlation between serum ADMA level and the duration of diabetes. This may be
due to a small number of patients in our diabetic group. Marcovecchio et al.[26] also found a decrease in
serum ADMA level with an increase in the duration of diabetes. The authors could not give a complete
explanation to this inverse relationship and they hypothesized that chronic hyperglycemia could lead to
damage that would adversely affect ADMA production.

Conclusions
In this study, although the serum ADMA level was higher in the diabetic patient group. At the vitreous
ADMA level of the diabetic patient group, the same increase was not observed. We did not �nd a
relationship between vitreous and serum ADMA levels in diabetic retinopathy. A second �nding is that the
level of vitreous ADMA in diabetic patients decreases as the duration of diabetes increases. Since the
present �ndings are derived from a small number of patients, in vivo and in vitro studies with groups with
a greater number of patients are needed to fully demonstrate the role of ADMA in diabetic retinopathy.
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Tables
Table 1. Demographic profiles of patients. 
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  Patient Group

n=20

Control Group

n=20

p

Age (year) 58,80±11,4 59,55±13,6 0.883

Gender Male n (%)
Female n (%)

6 (30)
14 (70)

14 (70)
6 (30)

0.027

Best corrected visual Acuity (Logmar)      
Preoperative 2,04±0,73 2,07±1,11 p=0.942)
Postoperative 0,96±0,55 1,67±1,02 p=0.021
Vitreous hemorrhage 13 3  
Tractional retinal detachment 7    
Rhegmatogenous retinal detachment   17  

         

 

Table 2. Comparison of serum and vitreous ADAM levels in cases. 

  s ADMA (µmol/L) v ADMA   (µmol/L) r p

Group 1 n=20 0.59 ±0.10 0.25 ±0.09 -0.13 0.590

Group 2 n=20 0.54 ±0.08 0.26 ±0.08 0.03 0.916

p 0,009 0,059    

s; serum, v; vitreous


