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Abstract

Objective: To determine the rate of distal symmetrical
polyneuropathy (DSP) in patients with type 2 diabetes
mellitus, to evaluate the role of history, neurological ex-
amination and the electrodiagnostic methods in the di-
agnosis of DSP, and to determine the association be-
tween electromyography-supported neuropathy (ESN),
neuropathic complaints (NCs) and risk factors. Subjects
and Methods: A total of 191 type 2 DM patients (109 fe-
male, 82 male; mean age 58.7 = 10 years) were recruited.
The NCs were recorded. All patients had electromyo-
graphic (EMG) examinations. The relationship between
ESN, NCs and risk factors were evaluated. Results: Of the
191 patients, 83 (43.5%) had DSP on EMG examinations
and 92 (48.2%) patients suffered from NCs. Among the
ESN patients, a significant relationship existed with
HbA1,. level, illness duration, smoking, male gender or
insulin usage (p < 0.05) but not with age, hypertension,
hypercholesterolemia or hypertriglyceridemia. The fre-
quency of NCs was higher in patients with ESN. There
was also a significant association between NCs and ESN
(p < 0.05). The presence of NCs was not related to age,
gender, smoking, hypertension, hypercholesterolemia
and hypertriglyceridemia (p > 0.05) but NCs were corre-

lated to HbA1, level, iliness duration and insulin usage
(p < 0.05). Conclusion: Our data show that a strong as-
sociation exists between the presence of DSP and iliness
duration, HbA1,, smoking, thereby indicating that cessa-
tion of smoking and near normal glycemic control would
be additional precautions to delay the beginning or pro-
gression of polyneuropathy.

Copyright © 2006 S. Karger AG, Basel

Introduction

Diabetes mellitus (DM) is a metabolic disorder char-
acterized by abnormal carbohydrate metabolism. DM in-
creases the risk of arteriosclerosis and development of
microvascular and neurological complications. Diabetic
distal symmetrical polyneuropathy (DSP) is the most
common cause of peripheral neuropathy in developed
countries [1]. DSP is not a single entity and includes a
number of different syndromes. The most frequent dis-
order of the peripheral nervous system in diabetic pa-
tients is a DSP that not only predominantly involves the
sensory fibers in the legs but also motor and autonomic
fibers, leading to progressive degeneration with loss of
nerve fibers [1]. Focal or multifocal neuropathies and less
frequently truncal neuropathy, radiculopathy and proxi-
mal diabetic neuropathy may also occur [2].

The pathophysiology of diabetic neuropathy is multi-
factorial (genetic, environmental, behavioral, metabolic,
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neurotrophic, and vascular) [3]. Smoking, duration of
DM, high serum levels of HbA 1, and low serum levels of
high-density lipoprotein cholesterol increase the risk of
neuropathy [4]. Immune disorder may be responsible for
the clinical neuropathic syndrome, especially in those
with proximal neuropathy and those with a more marked
motor component. Progression of diabetic neuropathy is
related to glycemic control in both type 1 and type 2 DM
[5]. Subclinical neuropathy is determined by abnormali-
ties in electrodiagnostic and quantitative sensory testing.
It is important to identify subclinical neuropathy before
the clinical findings appear because the patients may re-
spond better to an early treatment if the condition is di-
agnosed early [6].

Hence, the aim of this study was to determine the rate
of DSP in patients with type 2 DM, to evaluate the role
of history, neurological examination and the electrodiag-
nostic methods in the diagnosis of DSP, and to determine
the relationship between electromyography-supported
neuropathy (ESN), neuropathic complaints (NCs) and
risk factors.

Subjects and Methods

Subjects

A total of 191 type 2 DM patients (109 female and 82 male)
were recruited; mean age was 58.7 * 10 years. The study was ap-
proved by the Ethics Committee and informed consent was ob-
tained. Parameters such as age, smoking, duration of illness, the
presence of hypertension (HT), and drug usage were recorded and
neurologic examination was performed. NCs such as numbness,
weakness, pain and sensation of needle were recorded. ‘Cold feeling
in the feet’, ‘stinging and pricking’, ‘cramping of gastrocnemius’,
‘feeling as if a piece of paper is attached to the sole of the feet’, ‘tin-
gling sensation in the feet” and ‘burning sensation in the feet” were
accepted as NCs. Peripheral neuropathy was diagnosed clinically
by vibratory, pinprick, temperature sensation and tendon reflex
abnormalities. Electromyographic (EMG) examination was per-
formed using a Nicolet Viking Select IV Channel EMG machine.
Motor and sensory conduction studies in lower extremities and one
upper extremity (if necessary, the other one also), tibial F respons-
es and soleus muscle H reflexes were recorded. The obtained values
of the nerve conduction velocity (NCV) were compared with nor-
mal values of our laboratory.

NCYV values less than 40 m/s for lower and 50 m/s for upper
extremities were considered as abnormal. Sural sensory nerve ac-
tion potential amplitudes less than 9 pV, median and ulnar sen-
sory nerve action potential amplitudes less than 10 WV were deemed
as abnormal. The F wave latencies and H reflex latencies were com-
pared with the height-adjusted normal values given by Oh [7].

EMG examinations were used to diagnose DSP, the level of
which was classified as mild, moderate or severe: (1) mild: one or
two abnormalities — mild decrease in motor and/or sensory NCV,
loss or decrease of amplitude of the sural nerve sensory response,
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delay in tibial F response, loss or delay of soleus H reflex; (2) mod-
erate: more than two abnormalities — mild to moderate decrease in
motor NCV, the loss of sural nerve sensory responses, decrease of
the tibial and/or peroneal motor responses, mild decrease in motor
and/or sensory NCV and mild decrease of amplitude of the distal
sensory responses at upper extremities; (3) severe: abnormalities in
all parameters — having severer abnormalities than those men-
tioned in moderate polyneuropathy, severe decrease in amplitudes
of tibial and peroneal motor responses, mild to moderate decrease
in motor and sensory NCV and moderate decrease or loss of am-
plitude of the distal sensory responses at upper extremities, neuro-
genic changes in distal muscles of the lower extremities in needle
EMG.

Patients using oral antidiabetic drugs and insulin or those with
a plasma glucose level =200 mg/dl 2 h after an oral glucose toler-
ance test were diagnosed as diabetic. Patients with total cholesterol
levels over 200 mg/dl or triglyceride levels over 150 mg/dl were
diagnosed as hyperlipidemic. Patients with blood pressure over
140/90 mm Hg were considered hypertensive, including those tak-
ing antihypertensive medication. The cigarette-smoking patients
were referred to as smokers. The subjects were classified as dia-
betic patients treated with diet only, oral antidiabetic or insulin.
The duration of illness was presented in months. After 12 h of fast-
ing, blood total cholesterol, triglyceride and HbA 1. levels were mea-
sured by the standard methods.

The subjects were also divided into four groups: ESN, normal
EMG patients and those with and without NCs. The relationship
between NCs, DSP and risk factors was evaluated.

Exclusion Criteria

Those patients with any other cause of peripheral neuropathy
(malignancy, vascular disorder, connective tissue disease, inflam-
matory disorder, alcohol abuse), significant neurological disorders
other than diabetic polyneuropathy (stroke, multiple sclerosis) and
chronic renal failure were excluded.

Statistical Analysis

Statistical analysis was performed using the Statistics for Social
Sciences (SPSS 10.0 for Windows) program. Quantitative values
between two groups were compared by the Student t test and were
given as means + standard deviation and percent change. Qualita-
tive values were compared by the x? test. The association between
the presence of ESN, presence of NCs and risk factors in diabetic
patients was determined using multivariate stepwise logistic regres-
sion analysis. In all analyses, p < 0.05 was considered statistically
significant.

Results

The clinical and laboratory profiles of the patients are
summarized in table 1. The mean value of serum level of
HbA1, was 8.2 = 2.1%. The mean illness duration was
90.6 = 84 months. Of the 191 patients, 108 (56.5%) had
normal EMG while 83 (43.5%) had ESN with DSP. The
degree of neuropathy was as follows: mild 35 (42.2%);
moderate 41 (49.4%), and severe 7 (8.4%).
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Table 1. Clinical and laboratory characteristics of the patients

Table 2. Entrapment neuropathies in diabetic patients

Normal electromyography 108 (56.5)
EMG-supported neuropathy 83 (43.5)
Degree of neuropathy

Mild 35 (42.2)

Moderate 41 (49.4)

Severe 7(8.4)
Hypertension 78 (40.8)
Total cholesterol, mg/dl 212+43
Triglyceride, mg/dl 185+ 125
Smoking 54 (28.2)
Drug usage

Diet 30 (15.7)

Oral antidiabetic drug 131 (68.6)

Insulin 30 (15.7)
Neuropathic complaints 92 (48.2)

Figures in parentheses indicate percentages.

Seven patients (8.4%) with ESN were normal on neu-
rological examination (but with subclinical neuropathy).
Ninety-two (48.2%) patients had neurologic complaints:
37 of them had no abnormality on EMG examination,
while 55 patients had ESN findings. ESN was also noted
in 28 patients who did not have NCs. Sensitivity and
specificity of NCs were 59 and 71%, respectively.

Carpal tunnel syndrome was seen in 30 cases (16%),
cubital tunnel syndrome in 3 cases (2%), carpal tunnel
plus cubital tunnel syndromes in 1 case (0.5%), truncal
neuropathy in 2 cases (1%) and anterior interosseous
mononeuropathy in 1 case (0.5%). Twenty of 31 patients
with carpal tunnel syndrome and 1 of 4 patients with cu-
bital tunnel syndrome had no abnormality in EMG other
than entrapment neuropathy (table 2).

Male gender was associated with an increased risk for
DSP (p <0.05). In the ESN group, there was a significant
relationship between blood level of HbA1,, duration of
illness, smoking and drug usage (p < 0.05) but not be-
tween DSP and age, HT, hypercholesterolemia, and hy-
pertriglyceridemia (p > 0.05). The number of patients
using insulin was higher in the ESN group than among
those with normal EMG (p < 0.05) (table 3). In the ESN
group, multivariate logistic analysis showed increased
blood level of HbA1l, (OR = 1.034, 95% CI = 1.014-
1.054), longer duration of illness (OR = 1.010, 95% CI =
1.004-1.015), more smoking (OR = 2.330, 95% CI =
1.222-4.445), more males (OR =0.213, 95% CI = 0.09-
0.500) and increased insulin usage (OR = 0.289, 95%
CI =0.87-0.961).
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Normal EMG  ESN Total
(n =108) n=83) (n=191)
Carpal tunnel syndrome 20 (18.5) 11(13.2) 31(16.2)
Female/male 19/1 9/2 28/3
Cubital tunnel syndrome 1 (0.9) 3(3.6) 4(2)
Female/male 1/0 0/3 1/3
Truncal neuropathy 1(0.9) 1(1.2) 2(1)
Female/male 0/1 0/1 0/2
Interosseous neuropathy 1(1.2) 1(0.5)
Female/male 0/1 0/1
Total 22 (20.3) 16 (19.2)
Female/male 20/2 9/7

Figures in parentheses indicate percentages.

Table 3. General characteristics of patients for the presence of

ESN
Normal ESN group p
electromyography (n = 83)
group (n = 108)
Female/male 74/34 35/48 <0.05
Age, years 56.8+11 6110 NS
HbAl., % 7.5+1.7 9.1£22 <0.01
Illness duration, months 59+63 13191 <0.01
Hypertension 44 (40.7) 34 (41) NS
Total cholesterol, mg/dl 21642 20643 NS
Triglyceride, mg/dl 189+ 149 181+85 NS
Smoking 23(21.3) 31(37.4) <0.01
Drug usage
Diet 25(23.1) 5(6) <0.05
Oral antidiabetic drug 78 (72.2) 53(63.9) NS
Insulin 5(4.6) 25(30.1) <0.05
Neuropathic complaints 37 (34.3) 55(66.3) <0.05

NS = Not significant. Figures in parentheses indicate percent-
ages.

The frequency of NCs was higher in the ESN group
than in the EMG normal group (p < 0.05). This relation-
ship was more pronounced in patients with moderate and
severe polyneuropathy compared to those with mild poly-
neuropathy (p < 0.05). The presence of NCs was not re-
lated to age, gender, smoking, HT, hypercholesterolemia
and hypertriglyceridemia (p > 0.05) but it was correlated
with blood HbA1, level, duration of illness and insulin
usage (p < 0.05) (table 4).
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Table 4. General characteristics of the patients for NCs

NCs (-) NCs (+) p
(n=99) (n=92)

Female/male 54/45 55/37 NS
Age, years 58.5+11 59+10 NS
HbAl., % 79+1.9 85+23 <0.05
Illness duration, months 62+75 12183 <0.05
EMG normal 71 (71.7) 37 (40.2) <0.05
EMG-supported neuropathy 28 (28.3) 55(59.8) <0.05
Degree of neuropathy

Mild 18 (18.2) 17(18.5) NS

Moderate 99.1) 32(34.8) <0.05

Severe 1(1) 6(6.5) <0.05
Hypertension 43 (43.4) 35(38) NS
Total cholesterol, mg/dl 212+42 211+44 NS
Triglyceride, mg/dl 180+ 106 192+ 143 NS
Smoking 27 (27.3) 27(29.4) NS
Drug usage

Diet 23(23.2) 7(7.6) <0.05

Oral antidiabetic drug 66 (66.6) 65(70.7) NS

Insulin 10 (10.1) 20(21.7) <0.05

NS = Not significant. Figures in parentheses indicate percent-
ages.

Discussion

Diabetes is a common cause of DSP in the developed
countries. The frequency of DSP is reported to be be-
tween 8 and 50% [8, 9] but that of NCs is as high as 84.8%
[10]. In the present study, while the frequency of NCs
(48.2%) is lower than in previous reports, the frequency
of ESN (43.5%) is within the reported rate. This discrep-
ancy might be due to the high blood glucose levels during
the EMG examination period, and because small fiber
neuropathy, if present, could not be detected by standard
EMG examinations [11].

The frequency of NCs in the ESN group was signifi-
cantly higher in patients with moderate and severe poly-
neuropathy (p < 0.05); patients without NCs had mild
polyneuropathy. These rates demonstrate that NCs
should be considered important, and that mild polyneu-
ropathy could develop without any indication of NCs.
The present study also demonstrated that neurological
examination is as important as EMG examination. Low-
level sensory loss and hypoactivity of deep tendon reflex-
es were found in neurological examination in 7 patients
whose EMG examinations were normal.

There are conflicting reports regarding the frequency
of DSP with age, gender, HT and hyperlipidemia [8, 9,
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12-14]. Generally, the frequency is higher in patients
over 70 years. In our study, a significant relationship be-
tween ESN and gender was noted, but not with age, HT
and total cholesterol or triglyceride levels. Poor glycemic
control and duration of diabetes has a major role in the
development of the complications of DM. The severity
of DSP is strongly linked to glycemic control in DM [12,
13, 15]. HbA1, levels above 8% are suggestive of an in-
crease in the risk of neuropathy [16]. Our study demon-
strated a strong relation between ESN, NC frequency and
the level of HbA1,, and duration of diabetes as seen in
previous studies.

In this study, smoking was significantly associated
with ESN (p < 0.05) as observed in other studies [17-19].
Smoking increases the frequency of neuropathy by in-
creasing inflammation and endothelial dysfunction.
Hence smoking cessation is crucial for good glycemic con-
trol [20].

Treatment modality has been associated with the fre-
quency of DSP. Patients treated with insulin have been
shown to be associated with a high frequency of DSP,
similar to the finding of the present study, probably be-
cause patients with type 2 DM were selected and these
insulin-treated patients had a longer illness duration.

Carpal tunnel syndrome and DSP are common condi-
tions in patients with diabetes and therefore frequently
occur concomitantly as reported by Perkins et al. [21].
In the present study, however, the frequency of the carpal
tunnel syndrome (18.5%) was slightly higher than that
reported by Perkins (14%), but for those with ESN, our
value of 13.20% was lower than that of Perkins (30%).
Considering both reports, it seems that carpal tunnel syn-
drome is associated with ESN in patients with diabetes
although Becker et al. [22] suggested that DM is not a
strong risk factor for carpal tunnel syndrome in the
Dutch population. Diabetic thoracic radiculopathy is an
uncommon complication of DM [23, 24] as evidenced
in this study in which diabetic thoracic radiculopathy
was found in only 2 (1%) patients with abdominal
pain.

The most objective tests for diagnosis of DSP are phys-
ical examination, quantitative sensory testing and nerve
conduction studies. Nerve conduction studies are the
least subjective method compared to others since they are
independent of the patient’s psychophysical interpreta-
tion and they provide reliable, quantitative measures of
nerve function. The present study demonstrated that neu-
rologic examinations, determination of NCs and electro-
physiologic evaluation are important in the early diagno-
sis of polyneuropathy and that early EMG examination
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should be done in all diabetic patients, with or without

NCs and neuropathic signs.
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The main limitation of this study was the inability to
accurately determine the duration of DM since the dis-
ease often remains undiagnosed for a reasonably long pe-
riod, thereby influencing the findings.
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