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ABSTRACT

Introduction: The aim of this study was to measure electroneurographic (ENG) parameters of the median 
and ulnar nerve in patients with metabolic syndrome and to determine whether the large imbalance in 
glycemic control came to neuropathic changes to the template.

Methods: The study included 100 patients with metabolic syndrome diagnosed according to the criteria 
of the National Cholesterol Education Program - Adult Treatment Panel III (NCEP-ATP III). The patients were 
divided into two groups. Group I – patients with normal glycemic control and Group II - patients with 
diabetes mellitus for up to fi ve years. We measured sensory conductive velocity (SCV), the amplitude of 
sensory nerve action potential (SNAP), motor conductive velocity (MCV), terminal motor latency (TML) and 
compose muscle action potential after distal stimulation (CMAP-I) and after proximal stimulation (CMAP-
II) for the ulnar and median nerve.

Results: Sensory and motor parameters in Group II were amended to neuropathic pattern compared to 
Group I. There were signifi cant differences in: SNAP amplitude for all tested nerves, SCV values for both 
left and right median and ulnar nerve; MCV and TML for left median nerve; MCV, TML and CMAP-I for 
right median nerve area; MCV and TML for left ulnar nerve; MCV, CMAP-I and CMAP-II for right ulnar 
nerve area. 

Conclusion: Patients with metabolic syndrome and diabetes mellitus duration of fi ve years have the 
signifi cant changes in sensory and motor peripheral nerves. Neuropathic changes are possible in patients 
with metabolic syndrome and normal glycemic control.
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INTRODUCTION
Metabolic syndrome is a group of risk factors for 
cardiovascular disease and type 2 diabetes due to 

the existence of abdominal obesity and insulin resis-
tance (1). A criterion for the diagnosis of metabolic 
syndrome is quite diff erent among the professional 
societies. According to the guidelines of the Na-
tional Cholesterol Education Program - Adult Treat-
ment Panel III (NCEP-ATP III), obesity is regarded 
as the most important criterion for the diagnosis 
of metabolic syndrome, defi ned waist size >102cm 
for men and >88cm for women. Other criteria for 
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diagnosis of metabolic syndrome include dyslipid-
emia (triglycerides ≥1.69 mmol/l or high-density 
lipoprotein concentrations ≤ 1.04 mmol/l for men 
and ≤1.29 mmol/l for women); elevated blood pres-
sure (systolic ≥130mmHg or diastolic ≥85 mmHg) 
and elevated levels of blood glucose concentration 
(≥6.1 mmol/l or according to diff erent literature 
≥5.6 mmol/l). Th ree or more criteria or two or more 
criteria with obesity defi ned by waist size are suffi  -
cient for the diagnosis of metabolic syndrome (2-4).
Diabetes mellitus is a chronic, incurable systemic 
metabolic disorder, which is characterized by perma-
nently elevated levels of glucose in the blood. Main-
ly conditioned by hereditary factors, and is due to 
reduced secretion or reduced biological eff ects of the 
hormone insulin, or the combination of these two 
factors. Th is defi ciency interferes with the exchange 
of carbohydrates, fats and proteins in the body, and 
after a long time aff ects the structure and function 
of blood vessels, nerves, and other vital organs and 
organ systems (5, 6).
Peripheral nerve in patients with metabolic syn-
drome or diabetes mellitus is particularly sensitive to 
pressure, stretching or repeated mechanical trauma. 
It is assumed that this is a disturbance of nerve re-
covery in areas normally exposed to damage (7,8).
Th e aim of this study was to determine the electro-
neurographic parameters of patients with metabolic 
syndrome and normal glycemic control, and in pa-
tients who along with the metabolic syndrome have 
diabetes mellitus for up to fi ve years, and that based 
on the results to check whether a disorder glycemic 
control in metabolic syndrome contributes to the 
development of neuropathic changes. 

METHODS
Th e study included 100 patients evaluated by teams 
of family medicine in Primary Health Centre Tuzla. 
Diagnosis of metabolic syndrome was based on lab-
oratory fi ndings and anthropometric measurements, 
and taking into consideration criteria of NCEP-ATP 
III for diagnosis of metabolic syndrome (2). Patients 
with diabetes mellitus type 1, with amputated one 
or both upper extremities, patients who had a sur-
gery or injury of deeper tissues and/or who had a tu-
mor localized in the areas of nerves tested, patients 

with uremia, hereditary neuropathy or autoimmune 
disease with neuropathic symptoms were excluded.
Patients were selected on the basis of data in medi-
cal records: information of diabetes mellitus, waist 
size, values of blood pressure, serum triglycerides 
and high density lipoproteins. Oral glucose toler-
ance test (OGTT) was used for diff erentiation of 
the level of disorder in glycemic control (9). Based 
on the results obtained by OGTT subjects were di-
vided into two groups:
Th e Group I was comprised of 50 patients (14 
males and 36 women) with metabolic syndrome 
and normal glycemic control, with a mean age 52.6 
years (range 38-65), blood glucose mean level 5.1 
mmol/l (range 4 to 5.5 mmol/l), glucose two hours 
after OGTT 4.5 mmol/l (range 2.2 to 6.1 mmol/l), 
waist circumference 104 cm (range 88-148), sys-
tolic blood pressure 134 mmHg (range 110-160), 
diastolic blood pressure 88.4 mmHg (range 70-
100 mmHg), high-density lipoproteins 1.2 mmol/l 
(range 0.8 to 1.9 mmol/l), and triglyceride levels 2.8 
mmol/l (0.9 to 12.3 mmol/l).
Th e Group II consisted of 50 patients (19 males and 
31 women) who had the metabolic syndrome and 
type 2 diabetes mellitus for up to fi ve years, mean 
age 61 years (range 38-78 years), fasting blood glu-
cose levels 8.3 mmol/l (range 5.3 to 12.3 mmol/l), 
glucose levels two hours after OGTT 11.7 mmol/l 
(range 5.4 to 18.2 mmol/l), waist circumference 
107 cm (range 85-142 cm), systolic blood pressure 
142.3 mmHg (range 100-200 mmHg), diastolic 
blood pressure 87.2 mmHg (range 70-120 mmHg), 
high-density lipoproteins 1.1 mmol/l (range 0.5 to 
2.4 mmol/l), triglyceride levels 3.1 mmol/l (range 
0.6 to 12.2 mmol/l).
Th e study was approved by the Ethics Committee of 
the Health Centre Tuzla. 
Electroneurographic testing of subjects was con-
ducted at room temperature and "physiological" 
skin temperature in a horizontal position with 
Electroneurographic Medelec Synergy unit (EMG 
and EP Systems, Oxford Instruments 2004, UK). 
Superfi cial stimulating and bipolar registering (so 
called Large touchproof ) electrodes were used. Elec-
trostimulation of nerves and registration evoked re-
sponses was done according to previously described 
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standard procedure (10). Electroneurographic 
examination included: sensory conductive veloc-
ity (SCV) in the hand of the primary defl ection 
of sensory nerve action potential (SNAP) and the 
maximum amplitude of sensory response; motor 
conductive velocity (MCV) in the forearm, after the 
so-called stimulating artifact to deviations from the 
isoelectric line compound muscle action potential 
(CMAP), and CMAP areas. Stimulation in deter-
mining the motor and sensory responses were done 
by stunting amplitude CMAP and SNAP. When 
sensory response could not be detected, conductive 
speed was considered 0 m/s.

Statistical analysis
Descriptive statistics and Mann - Whitney U - test 
were used for data analysis (11). P<0.05 was consid-
ered statistically signifi cant. Microsoft Offi  ce Excel 
2007 and Arcus Quickstat Biomedical software were 
used for data processing.

RESULTS 

Sensory electroneurographical parameters
In the Group I in 2 (4 %) cases SNAP could not be 
induced in the left median nerve, and in 3 (6 %) 
patients could not be induced in the right median 
nerve. In the Group II SNAP could not be induced 
in 4 (8 %) cases for the left median nerve, 2 (4 %) 
cases for the left ulnar nerve, 6 (12%) cases for the 
right median nerve and 1 (2%) for the right ulnar 
nerve. In these cases, the minimum values of the 
SNAP amplitude and conduction velocity were doc-
umented as 0 m/s and 0 μV, respectively. Th e results 
of SCV and SNAP amplitude in both of the groups 
of patients, and the diff erences in their values are 
shown in Figure 1 and 2.
 
Motor electroneurographical parameters
Th e results show that the neuropathic changes more 
prominent in patients with diabetes mellitus, but 
that may be encountered in patients with metabolic 
syndrome who have normal glycemic control. Th e 
results of MCV and value and CMAP-I areas, and 
the diff erences in their values are shown in Figure 3 
and 4. Th e value of TML and CMAP - II areas are 
shown in Figure 5 and 6.

FIGURE 1.  Sensory conductive velocity. Median value SCV 
for Group I was 49.15 m/s, and for Group II 44.35m/s. The 
difference was statistically signifi cant (p<0.001).

FIGURE 3.  Motor conductive velocity. Median MCV value for 
Group I was 54.75 m/s, and for the Group II 51.05 m/s. The 
differences were statistically signifi cant (p< 0.001).

FIGURE 2.  Sensory nerve action potential amplitudes. Me-
dian value SNAP amplitudes Group I was 17.25 μV, and for 
the Group II 9.30 μV. The difference was statistically signifi -
cant (p<0.001).
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DISCUSSION
Although they are not immediately recognizable 
during the classical neurological examination, neu-
ropathies are common disorders that are following 
the metabolic syndrome. Timely insight into these 
changes can determine the interim further therapeu-
tic strategy, whose aim should be to prevent further 
progression of the syndrome and of its potential de-
structive eff ect on the peripheral nerve, which then 
may aff ect the functionality and thus adversely im-
pact on quality of life of patients with this syndrome.
Th ere is little data in the literature about the inci-
dence of neuropathy within the metabolic syndrome 
without diabetes mellitus. Smith et al. (2008) have 
shown higher incidence of neuropathy in patients 
with metabolic syndrome and normal glycemic con-
trol compared to the incidence of neuropathy in the 
general population. Th e same study showed a higher 
incidence of dyslipidemia in patients with neu-
ropathy than in patients without neuropathy (12). 
On the other hand, the huge number of published 
studies that confi rm the negative impact of diabe-
tes mellitus on the occurrence and development of 
neuropathy. Shaw et al. (2003) have shown that the 
incidence of diabetic neuropathy increases with age, 
duration of diabetes and worse glycemic control 
(13), what has been confi rmed in our study. 
Our research has confi rmed once again that the met-
abolic conditioned changes in the motor nerve con-
duction, due to a greater imbalance in glycemic con-
trol leads to: extending the terminal motor latency, 
slow speed motor conductivity (more pronounced 
in the ulnar nerves) and reduction in CMAP areas.
All components of the sensory electroneurographical 
parameters were signifi cantly altered by neuropath-
ic pattern in the group of patients with metabolic 
syndrome and diabetes duration of up to fi ve years. 
In a similar survey Said et al. (1983). and Onder et 
al. (2012) has been proven that the paresthesia, as a 
sign of damage to the sensory nerve function, usu-
ally occur as the fi rst symptom of peripheral poly-
neuropathy and that about 74% of these subjects 
had carpal tunnel syndrome (14, 15). 
Th e results and conclusions of this study impose the 
need for expansion of protocols of keeping patients 
with metabolic syndrome, which includes an obli-
gation neurophysiological testing, for the purpose 

FIGURE 4.  Compound muscle action potential areas (after 
proximal stimulation). Median value CMAP-I areas for Group I 
was 19.55 mVms, and Group II 17.15 mVms. The differences 
were statistically signifi cant (p = 0.0032).

FIGURE 5.  Terminal motor latency. Median value TML for 
Group I was 3.10 m/s, and Group II 3.38 m/s. The difference 
was statistically signifi cant (p<0.001).

FIGURE 6.  Compound muscle action potential areas (after 
distal stimulation). Median value CMAP-II areas Group I was 
17.80 mVms, and Group II 15.25 mVms. Differences were 
statistically signifi cant (p = 0.0018).
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of early identifi cation and appropriate therapeutic 
treatment of these patients.

CONCLUSIONS 
Patients with metabolic syndrome and diabetes 
mellitus duration of fi ve years have the signifi cant 
changes in sensory and motor peripheral nerves. 
Neuropathic changes are possible in patients with 
metabolic syndrome and normal glycemic control.
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