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ABS TRACT
Objective: Asymmetric dimethylarginine (ADMA) is a novel marker of endothelial
dysfunction. ADMA is an endothelial nitric oxide synthase inhibitor. Due to
scarcity of studies on the role of ADMA in pathogenesis of diabetic neuropathy, it
remains to be determined whether blood ADMA and nitric oxide (NO) levels are
associated with diabetic neuropathy. In this case control study, we aimed to
evaluate the relationship between serum NO and ADMA levels among diabetic
neuropathy cases
Methods: 48 patients with diabetic neuropathy and 34 healthy subjects were
included in the study. All type 2 diabetic patients underwent electrophysiological
and neurological examination. NO levels were determined using the Griess
method. Serum ADMA levels were determined by using the ELISA method.
Results: The serum ADMA levels in diabetic neuropathy patients were found to be
statistically significantly lower than those of the control group (p=0.005). However, a
statistically significant increase was observed in serum NO levels in patients with
diabetic neuropathy compared with those in the control group (p = 0.009). A negative
correlation was found between NO levels and ADMA levels (p=0.041, r=-0.23).
Discussion: Changes in NO and ADMA levels in the blood of diabetic neuropathy
patients may indicate oxidative stress and endothelial dysfunction in the pathogenesis
of diabetic neuropathy. (Arc hi ves of Neu ropsy chi atry 2012; 49: 183-187)
Key words: Diabetic neuropathy, nitric oxide, ADMA, oxidative stress, endothelial
dysfunction
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ÖZET 
Amaç: Asimetrik dimetil arginin (ADMA) endotel fonksiyon bozukluğunun yeni bir
belirtecidir. ADMA endotelyal nitric oksit (NO) sentaz inhibitörüdür. Diyabetik
nöropatinin patogenezinde ADMA’nın rolü ile ilgili çok az çalışma vardır. Bu
yüzden diabetik nöropatinin serum ADMA ve NO düzeyleri arasında ilişki olup
olmadığı belirlenmemiştir. Bu vaka kontrol çalışmamızda diyabetik nöropatili
hastalarda serum NO ve ADMA seviyeleri arasında ilişkiyi araştırmayı amaçladık.  
Yöntem: Diyabetik nöropatili 48 hasta ve 34 sağlıklı kişi çalışmaya alındı. Tüm tip 2
diyabetik hastalara elektrofizyolojik inceleme ve nörolojik muayene yapıldı. NO
seviyesi Griess metoduyla belirlendi. Serum ADMA düzeyi ELİSA metoduyla
ölçüldü.
Bulgular: Serum ADMA düzeyi diyabetik nöropatili hastalarda kontrol grubuna
göre istatistiksel olarak anlamlı düzeyde azalmış bulundu (p=0,005). Bununla
birlikte diyabetik nöropatili hastalarda NO düzeyinde kontrol grubuna göre anlamlı
düzeyde artış saptandı (p= 0,009). Bu çalışmada NO düzeyleri ile ADMA düzeyleri
arasında negative bir korelasyon bulundu (p=0,041, r=-0,23). 
Sonuç: Sonuç olarak diyabetik nöropatili hastaların kanında NO ve ADMA
düzeyinde değişiklikler olması diyabetik nöropatinin patogenezinde oksidatif
stresi ve endotel fonksiyon bozukluğunu işaret edebilir. (Nöropsikiyatri Arşivi
2012; 49: 183-187)
Anah tar ke li me ler: Diabetik nöropati, nitrik oksit, ADMA, oksidatif stres,
endoteliyal disfonksiyon

Çıkar çatışması: Yazarlar bu makale ile ilgili olarak herhangi bir çıkar çatışması
bildirmemişlerdir.
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Introduction

Diabetic peripheral neuropathy (DPN) is an important
microvascular complication of diabetes mellitus (DM) (1). Patients
with DPN report a poor quality of life due to neuropathic pain,

impaired wound healing, disability and recurrent hospitalizations.
Although the exact pathogenesis of diabetic neuropathy is
unknown and is likely to be multifactorial, some studies suggest a
potential link to the production of nitric oxide (NO) and to
endothelial dysfunction (2,3,4). Endothelial dysfunction plays a key
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role in the pathogenesis of atherosclerosis and its presence has
been documented in patients with DM. Different markers may be
used to assess endothelial dysfunction, such as endothelin-1,
vascular endothelial growth factor (VEGF), and asymmetric
dimethylarginine (ADMA) levels (2,3,4,5). It has been demonstrated
that serum vascular endothelial growth factor (VEGF) level is
increased in patients with DPN, particularly in patients in the
neurologically symptomatic stage (6). Likewise, it is reported that
diabetic neuropathy is closely associated with arterial stiffening
and thickness in DM (7). Endothelial dysfunction (ED) is a key early
feature of diabetic complications including atherogenesis. Nitric
oxide, a versatile signal molecule, is an important endogenous
vasodilator that regulates many processes including collagen
synthesis and matrix remodeling (5,8,9). Various studies have
claimed an increase or decrease in NO levels increase in diabetic
patients (4,10). Nitric oxide synthase (NOS), an enzyme that uses 
L-arginine and molecular oxygen as substrates for the production
of NO and L-citrulline, is the key enzyme for the regulation of NO
availability. Asymmetric dimethylarginine is a novel marker of ED
and an endogenous inhibitor of NOS, and is derived from the
catabolism of proteins containing methylated arginine residues.
Increased oxidative stress has been shown to lead to increased
levels of ADMA. Increased levels of ADMA have been reported in
patients with diabetic nephropathy and retinopathy (5,11). In a
recent study, it was shown that ADMA levels were increased in
diabetic patients (12). However, the relationship between ADMA
and NO in these patients was not investigated. Thereby, it remains
to be determined whether plasma ADMA and NO levels are
associated with diabetic neuropathy. Accordingly, we conducted
this case-control study to examine the association between serum
ADMA and NO levels in patients with diabetic neuropathy. 

Methods

Subjects
The study was conducted at the Dicle University Medical

Faculty, Department of Endocrinology, Clinical Biochemistry, and
Neurology. Diagnosis of DM type II was established according to
the revised American Diabetes Association criteria (13). 48 patients
(16 men, 32 women) with diabetic neuropathy (neuropathy group)
and 34 healthy subjects (control group) were included in the study.
All patients underwent ophthalmological and neurological
examination. The procedures were developed in accordance with
the revised form of the Helsinki Declaration 2004 and all
participants signed an informed consent form. The study protocol
was approved by the local ethics committee. The control group and
the neuropathy group were comparable with regard to age and
gender. In the control group, inclusion criteria required that no
symptoms or signs of neuropathy were present, and exclusion
criteria were: intake of potentially neurotoxic and antioxidant
drugs, a history of lumbosacral pathology affecting the tested side,
or general medical problems, such as metabolic or endocrine
disorders with potential involvement of neuropathy. Exclusion
criteria also included renal failure, coexistent illness (i.e. infections,

thyroid disease, B12 vitamin, and folic acid deficiency), congestive
heart failure, acute myocardial infarction, and diabetic
macroangiopathic complications (i.e. coronary artery disease,
peripheral vascular disease, and stroke). 

An independent examiner evaluated each patient with DM
using the Michigan neuropathy screening instrument (MNSI). This
instrument consisted of inspection of both feet, examination of the
ankle reflexes and determination of the vibratory perception
threshold at the lateral malleolus with a 128 Hz tuning fork.
Evaluation of all parameters was made in both feet. The outcome
was an ordinal numeric variable (going up in steps of 0.5) ranging
from a minimum of 0 to a maximum of 8 points (14). The diagnosis
of diabetic neuropathy was made according to the criteria
suggested by the San Antonio conference. In accordance with
these criteria, two or more abnormalities were found by
evaluating the symptoms of diabetic neuropathy, neurological
examination or electrophysiological examination. Patients, who
were not diagnosed with diabetic neuropathy, were excluded from
the study (15).

Nerve Conduction Study
Sensory nerve conduction studies (NCSs) were made using

antidromic technique on the median, ulnar and sural nerves. Each
patient's skin temperature was confirmed to be ≥32 °C on the
dorsum of the hands and feet during measurement of the NCS.
Motor conduction studies were performed on the median
(recorded from the abductor pollicis brevis), ulnar (recorded from
the abductor digiti minimi), peroneal (recorded from the extensor
digitorum brevis), and tibial (recorded from the abductor hallucis)
nerves. The amplitudes of compound muscle action potentials
(CMAP) were determined from the baseline to the negative peak,
and sensory action potentials were determined from the positive
peak to the negative peak using supramaximal percutaneous
nerve stimulation with surface recordings. The latencies for
CMAPs were determined as the onset of the negative deflection
from the baseline, and the latencies of the sensory action
potentials were determined as the negative peak. The motor and
sensory NCSs were performed primarily on the right side of the
body. The left side was used if patients complained of
predominant findings or signs on the left side. In nerve
conduction function, diagnosis of DPN was confirmed
electrophysiologically by the existence of two or more
abnormalities in nerve conduction function according to the
abnormality criteria of our electromyography (EMG) laboratory. All
NCSs were performed using standard electrodiagnostic
equipment (Nihon Kohden, Japon, Tokyo, 2007).

Biochemical Analyses
Blood sampling was performed on diabetic patients and

healthy controls. After collection, each blood sample was
immediately centrifuged at 4000 rpm at +4 ºC for 10 min and then
transferred to an Eppendorf tube. Samples were transferred on  ice
and kept in deep freeze at -80 C° until the end of the study, which
was completed within three months. NO levels were determined
using the Griess method (16). Plasma ADMA levels were
determined by using an enzyme-linked immunosorbent assay
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method (Immundiagnostik, Bensheim, Germany) as previously
described (17). Routine biochemical measurements such as
glucose, HbA1c, LDL, HDL, and total cholesterol were done using
standard methods.

Statistical Analysis

All statistical analyses were performed using SPSS 11.5 for
Windows. Data were expressed as mean ± standard deviation.  The
normality of the distribution for all variables was assessed by the
Kolmogorov-Smirnov test. Student’s t-test was used for normally
distributed variables and the Mann-Whitney U-test was used for
non-parametric variables. Relationships between variables were
analyzed by Pearson or Spearman correlation coefficient
according to the distribution type of the parameters. A p value of
less than 0.05 was considered to be statistically significant.

Results

Table 1 gives a comparison of various demographic and
laboratory data for the diabetic neuropathy and control groups.
There was no statistically significant difference between the
groups with regard to age, gender, LDL, HDL, triglyceride and total
cholesterol levels (p>0.05). The mean duration of DM was 10.3±5.9
years. The average HbA1c level was 15.7±10.6. The average MNSI
score of diabetic patients was 3.3±1.2. Fifteen patients were
receiving oral antihyperglycemic medication, and 33 were
receiving insulin treatment. The serum ADMA levels of diabetic
neuropathy patients were found to be statistically significantly
lower than those of the control group (p=0.005). However, a
statistically significant increase was observed in the NO levels in
the serum of diabetic neuropathy patients compared with the
control group (p=0.009). A negative correlation was found in this
study between NO levels and ADMA levels (p=0.041, r=-0.23). A
positive correlation was found between serum ADMA levels and
HbA1C (p=0.021, r=0.4). Table 2 shows the results of nerve
conduction studies in the diabetic polyneuropathy patients. It was
not possible to obtain sural nerve conduction in 16 patients. No
significant difference was found between NO and ADMA levels in
neuropathy patients in whom sural nerve conduction had or had

not been obtained (p>0.05). MNSI scores did not correlate with
ADMA and NO levels (p>0.05). No relationship was found between
the nerve conduction values of diabetic patients and serum NO
and ADMA levels (p>0.05). Diabetic retinopathy was not found in 20
patients. No statistically significant difference was found in NO
and ADMA levels between patients with and without diabetic
retinopathy (p>0.05).

Discussion

In this study, we investigated the possible physiopathological
mechanisms involved in the genesis of oxidative stress in patients
with diabetic neuropathy, when hyperglycemia could be considered
as a risk factor affecting endothelial function and oxidant
parameters. The etiopathogenesis of DPN is not well known and
various pathogenetic mechanisms may be involved in this process,
one of which is oxidative stress and endothelial dysfunction (4,8).
Oxidative stress plays an important role in the pathogenesis of
diabetic microvascular complications, changing the bioavailability
of NO. NO is generated from the metabolism of L-arginine by the
enzyme NOS, and plays an important role in the regulation of
endothelial function and in oxidative stress (8). ADMA is an
endogenous NOS inhibitor and a competitive inhibitor of cellular
arginine uptake (5). In the literature, there are few data relating to
ADMA and NO levels in DPN. It was reported in one study that
ADMA levels were higher in diabetic patients with neuropathy than
in controls (12). In a study by Yaşar et al., no difference was found
between the ADMA levels of diabetic patients with and without
diabetic neuropathy, but a higher level of ADMA was found in
diabetic neuropathy patients in comparison with the control group
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Table 2. Abnormality criteria and results of nerve conduction studies
in patients with diabetic neuropathy 

Nerve conduction parameters Mean ± SD Abnormality criteria

Median motor distal latency (ms) 3.87±0.73 >3.5
Median CMAP amplitude (mV) 10.7±4.8 <8
Median MNCV (m/s) 49.0±6.6 <50
Ulnar motor distal latency (ms) 3.01±0.51 >2.8
Ulnar CMAP amplitude (mV) 10.9±3.4 <8
Ulnar MNCV (m/s) 53.3±6.6 <50
Tibial motor distal latency (ms) 5.2±0.6 >4
Tibial CMAP amplitude (mV) 6.5±3.1 <8
Tibial MNCV (m/s) 41.6±3.5 <40
Peroneal motor distal latency (ms) 4.4±1.2 >4
Peroneal CMAP amplitude (mV) 3.8±2.1 <4
Peroneal MNCV (m/s) 42.2±7.3 <40
Median SCV (m/s) 52.3±7.1 <50
Ulnar SCV (m/s) 51.3±5.8 <50
Sural SCV (m/s) 29.4±23.5 <40
Sural SNAP amplitude (μV) 19.2±6.4 <20 

SD: Standard deviation, SDL: Sensory distal latency, CMAP: Compound motor action
potential, SCV: Sensory conduction velocity, SNAP: Sensory nerve action potential,
MNCV: Motor nerve conduction velocity

Table 1. Demographic and laboratory data of the control and diabetic
neuropathy groups

Control group DPN Group P values*
Age (years) 49.4±9.5 52.8±11.3 N.S.
Sex (M/F) (N) 10/24 16/32 N.S.
Cholesterol (mg/dl) 189.3±33.2 176.1±41.8 N.S.
HDL (mg/dl) 44.8±12.8 45.0±12.7 N.S.
LDL (mg/dl) 97.9±18.6 90.6±31.8 N.S.
Trigliseride (mg/dl) 233.0±111.1 217.5±146.7 N.S.
ADMA (μmol/L) 0.54±0.11 0.46±0.14 0.005
NO (μmol/L) 84.8±36.1 102.9±25.6 0.009

DPN: Diabetic polyneuropathy, N.S.: Not significant between groups, M:Male,
F: Female, N: number of subjects, * Student’s t-test
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(12). In our study, the ADMA level in diabetic neuropathy patients
was comparable to that of the control group. The reason for this may
be that triglyceride and LDL levels were similar to those of the
control group, or it may be related to diabetic patients’ use of oral
antiglycemics, or to insulin resistance. Besides, strict glycemic
control may lower ADMA levels (19). It has been found that ADMA
takes part in insulin resistance, and that oral anti-diabetic
medicines are related to lower plasma ADMA levels (20). In the
literature, there are some conflicting data related to ADMA levels in
patients with DM. In one study, ADMA levels in children with type 1
DM were found to be similar to those of the control group (21).
Yonem et al. also found that ADMA levels in diabetic nephropathy
patients were similar to those in the control group (18). But in
another study, Sibal et al. found, similar to our findings, that there
was a reduction in ADMA levels in adults with type 1 DM compared
to controls (22). It has been reported in some studies that ADMA
levels are both higher in diabetic patients with retinopathy than in
those without retinopathy, and higher in diabetic patients with or
without diabetic retinopathy than in controls (23).  In another study,
it was demonstrated that patients with severe diabetic retinopathy
had higher ADMA levels in plasma and aqueous humor than did
those without diabetes (24).  On the other hand, Tornow et al. found,
as in our study, that ADMA levels was not significant in type 1
diabetic patients with or without retinopathy (25). Likewise, Lin et al.
reported an increase in plasma ADMA levels in patients with
diabetic nephropathy (26). Also, Hanai et al. reported that ADMA
was closely associated with the development and progression of
nephropathy in patients with type 2 diabetes  (11). It has been
emphasized that levels of ADMA in plasma have diagnostic value
for diabetic nephropathy patients (27). It has been proposed that a
high ADMA level increases glucose intolerance (28). The difference
between type 1 and type 2 diabetic patients with or without
microvascular complications in terms of ADMA levels was claimed
to be due to insulin resistance in type 2 diabetic patients (24). ADMA
may be both a result and a cause of insulin resistance (29). ADMA
is eliminated by renal excretion and metabolic degradation. It is
partially excreted in urine and thereby may accumulate in 
patients with diabetic nephropathy (27). ADMA is predominantly
removed by catabolism via the enzyme dimethylarginine
dimethylaminohydrolase (DDAH), which catalyses one molecule of
ADMA into one molecule of L-citrulline and one molecule of
dimethylamin (30).  DDAH activity in diabetic rats was found to be
higher than in non-diabetic rats (31). Both the synthesis and
degradation of ADMA appear to be highly regulated with
dysregulation leading to increased levels, which may contribute to
endothelial dysfunction. In our study, serum ADMA levels were
found to be lower in diabetic neuropathy patients than in controls.
However, serum NO levels in these patients were found to be lower
than in the control group. This increase in NO in diabetic neuropathy
patients may indicate the existence of oxidative stress. The reason
why ADMA levels were found to be low in our study in contrast to
previous work may be increased activity of the ADMA-destroying
enzyme DDAH, or an increase in NO.

The exact mechanism that causes an increase in NO
concentration is not understood. In this study, we showed that a

reduced inhibition of NOS could have a relevant role in such a
phenomenon, as we found lower levels of ADMA in subjects with
diabetic neuropathy than in controls, and a negative correlation
with ADMA and NO levels, supporting the biochemical observation
of ADMA as an inhibitor of NOS (32). Nitric oxide is a free radical
gas molecule which is produced from L-arginine by the catalytic
action of enzymes, NOSs. NO at physiological levels participates in
a variety of physiological processes including neurotransmission
and regulation of blood vessel walls. However, increased NO,
especially when associated with oxidative stress, is harmful to
neuronal tissues (33). In this study, NO levels were significantly
increased in patients with diabetic neuropathy compared to
controls.  The excess production of NO can cause oxidative
damage to nerve tissue by forming peroxynitrite with a superoxide
anion. Peroxynitrite rapidly causes protein nitration or nitrosylation,
lipid peroxidation, DNA damage and cell death, and has direct toxic
effects on nerve tissue (33,34). In a previous study, it was found that
inducible nitric oxide synthase (iNOS) was upregulated in retinal
neurons and glial cells and, retinal NO levels raised in diabetic
animals (34). In a similar way, increased NOS activity has been
reported in the sciatic nerves of diabetic rats (35). Elevated levels of
serum NO have been found in patients with type II diabetic
retinopathy compared with non-diabetic controls, and a
relationship has been observed between NO and diabetic
retinopathy severity (36). An association has been reported
between the existence of neuropathy in diabetic patients and
endothelial NOS gene polymorphism (37). Similarly, Ozkul et al. (4)
showed an increase in NO in diabetic neuropathy. In the light of
these data, the increase in NO in diabetic neuropathy patients in our
study may be an indicator of oxidative stress and endothelial
dysfunction in the pathogenesis of diabetic neuropathy. As far as
we can tell from the literature, ours is the first study to show a
reduction in ADMA levels along with an increase in NO in the serum
of diabetic neuropathy patients. Because ADMA is an endothelial
nitric oxide synthase (eNOS) inhibitor, it may be inhibited in diabetic
neuropathy patients to compensate for an increase in NO. This may
show that this parameter may play a role in the pathogenesis of
diabetic neuropathy but that it may not be related to the severity of
the disease. One of the limitations of our study was that we did not
compare the levels of ADMA and NO among patients with and
without diabetic neuropathy. Thus, we could not be able to reach a
conclusion about the exact role of ADMA and NO in the etiology of
diabetic neuropathy which requires further investigation.  

Finally, the changes in NO and ADMA levels in the blood of
diabetic neuropathy patients may indicate oxidative stress and
endothelial dysfunction in the pathogenesis of diabetic neuropathy.
DDAH activity in diabetic neuropathy patients should be examined
in further clinical studies.
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