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CLINICAL AND ELECTROPHYSIOLOGICAL FEATURES OF PATIENTS WITH IMPAIRED GLUCOSE TOLERANCE AND PERIPHERAL NEUROPATHY IN HAN, HUI AND XIBE NATIONALITIES
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ABSTRACT
Objective: This study was designed to primarily investigate the clinical and electrophysiological features of impaired glucose
tolerance (IGT) patients with peripheral neuropathy (PN) in Han, Hui and Xibe nationalities.
Methods: A total of 300 IGP patients with PN who were treated in the Department of Neurology, Yili Friendship Hospital of
Xinjiang Autonomous Region from January 2013 to June 2016 were enrolled into the present study (n=100, each for Han, Hui and
Xibe patients).
Results: (1) The proportion of patients with pressure hypesthesia and pallhypesthesia was significantly higher in Xibe nationality
patients than in Han and Hui nationality patient, and the differences were statistically significant (P=0.008, P=0.000). (2 Results of
the motor nerve conduction in the three groups: the proportion of abnormal amplitude of the lower limbs was significantly higher than
that of the upper limbs, and the proportion of abnormal amplitude of the common peroneal nerve was the highest (22%, 26%, 33%,
respectively). The proportion of abnormal amplitude of the ulnar nerve amplitude in Xibe nationality patients was compared with that
of Han and Hui nationality patients (P=0.002), and the reduction of amplitude of the ulnar nerve and common peroneal nerve was
higher in Xibe nationality patients than in Han and Hui nationality patients (P=0.000 and P=0.027). (3) In all three groups, the rate of
abnormal amplitude of the sensory nerve was higher than that of the motor nerve: Han, 29.5% (118/400) vs. 14% (56/400), P=0.000;
Hui: 28.3% (113/400) vs. 13.8% (55/400), P=0.000; Xibe: 35.8% (143/400) vs. 21.5% (86/400), P=0.000.
Conclusions: The clinical and electrophysiological features of Han, Hui and Xibe nationality patients with IGT and PN mainly
manifest as sensory nerve damages, and these clinical and electrophysiological manifestations are more severe in Xibe nationality patients.
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Introduction
Diabetes is a worldwide public health concern
that presently affects more than 382 million people
globally. By 2025, this figure is expected to rise to
592 million(1). PN is one of the most common complications of type-2 diabetes, and it can affect the incidence and mortality of type-2 diabetes(2,3). IGT refers
to the intermediate state between normal blood sugar
level and the blood sugar level of diabetic patients.
Approximately 148 million 200 thousand people are at high risk of diabetes in China, and this
population is the impaired glucose tolerance (IGT)
population. This population is a high risk group of
diabetic peripheral neuropathy (PN)(4). IGT aggra-

vates peripheral nerve damage, and its incidence
is higher than that in the normal population. If IGT
population can be intervened in the early stages, the
progression from IGT into diabetes mellitus can be
delayed, and peripheral nerve damage can be reduced(5). Some scholars have considered that PN induced by IGT is characterized by subclinical small
nerve fiber lesion and autonomic neuropathy(6,7).
A study has demonstrated that IGT has become
an independent risk factor for PN(8). Furthermore,
nerve conduction studies (NCS) have been considered as the gold standard for determining the damage
of PN(9), and has been applied in studies on PN in
type-1 and type-2 diabetes mellitus. NCS have high
sensitivity to the segmental demyelination of gan-
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glia, and can dynamically reflect the degree of nerve
damage. In IGT patients, a great amount of nerve
fibers are damaged in early stage(10). Hence, NCS is
also important for IGT patients. Some scholars have
proposed that peripheral nerve impairment induced
by IGT was involved in damages induced to a large
amount of nerve fibers(11), while other studies have
demonstrated the degree of damage to the peripheral
nerve in diabetes through NCS, in which damages
to both large and small nerve fibers were found(12).
Recent studies have demonstrated that IGT
can also lead to PN, and the corresponding incidence was significantly higher than that in the
normal population(13). Furthermore, some prospective studies that focused on "idiopathic neuropathy" have found that 30-50% of patients have
IGT(14). Hence, the early detection and diagnosis
of PN induced by IGT are of great significance.
The Xinjiang Uygur Autonomous Region is
a multi-ethnic residential area, and studies carried out in this region have revealed that there are
differences in endocrine and metabolic diseases
among different ethnic groups. In the present study,
the differences in the clinical and electrophysiological features of IGT patients with PN among
Han, Hui and Xibe nationalities were analyzed.
Materials and methods
Clinical data
A total of 300 IGP patients with PN who were
initially diagnosed and treated in the Department of
Neurology, Yili Friendship Hospital of Xinjiang Autonomous Region from January 2013 to June 2016
were enrolled into the present study (n=100, for each
Han, Hui and Xibe nationatily). All patients included
in the present study met the definition of IGT developed by the Diabetes Expert Committee of the World
Health Organization (WHO) and the International
Diabetes Federation (IDF) in 1999: fasting blood
glucose of <7 mmol/L (126 mg/dl), and 2-hour postprandial blood glucose of >7.8 mmol/ L (140 mg/
dl), but <11.1 mmol/ L ( 200 mg/dl). Patients with
the following lesions or factors were not included
into the cohort: cervical and lumbar diseases (nerve
root compression, spinal stenosis, and cervical and
lumbar degeneration), cerebral infarction, Guillain-Barre syndrome, severe arteriovenous vascular
lesions (venous embolism and lymphangitis), renal
dysfunction, and neurotoxicity caused by chemotherapeutic drugs and metabolic toxicants. In the
present study, 300 patients who meet the above-men-
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tioned criteria were included. Among these patients,
100 patients were Han, 100 patients were Hui and
100 patients were Xibe. Furthermore, among these
300 patients, 105 patients (35%) were male, and the
age of patients who underwent the electrophysiological examination ranged within 29-84 years old (53.1
± 9.02 years old). Age, height, weight, waistline,
baseline fasting blood glucose, 2-hour postprandial
blood glucose, glycated hemoglobin, blood lipids,
clinical primary symptom of the nervous system,
electrophysiological parameters and other indexes
were included into the analysis.
Electrophysiological examination
A Keypoint electromyograph and supporting
products was used (Dantec, Denmark). The examinee was allowed to stay in a relaxed state and lay
in a quiet environment, the room temperature was
>20°C, and skin temperature was maintained at
35°C or above. Motor nerve conduction examination
was performed to examine the right median nerve,
ulnar nerve and common peroneal nerve. Then, sensory nerve conduction examination of the upper and
lower limbs was performed to examine the right median nerve, ulnar nerve, and superficial peroneal and
sural sensory nerve. The analysis indexes included
the incubation period, wave amplitude and conduction velocity. The normal value ranges were based
on the reference values for different ages in the
"Clinical Electrophysiology of the Nervous System"
written by Xiaofu Tang in China. The diagnostic criteria of abnormalities included the prolongation of
the terminal incubation period, decreased conduction velocity, or a mean reduction of amplitude by
±2.5 seconds. In addition, the conclusions reported
by correlated foreign studies were taken into account
in the comprehensive analysis(15).
Statistical analysis
Data were analyzed using statistical software
SPSS l7.0. Normally distributed measurement data
were expressed as mean ± standard deviation (x ±
SD), and intergroup comparison was conducted using univariate analysis of variance. Count data were
expressed as rate, and intergroup comparison was
conducted using X2-test. P<0.05 was considered
statistically significant.
Results
Among the patients included in the present
study, the mean waistline was significantly higher in
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Han nationality patients than in Hui and Xibe nationality patients (P=0.000), and the difference between Hui and Xibe nationality patients was not statistically significant. Furthermore, the differences in
age, BMI, blood sugar and blood lipid levels among
the three groups were not statistically significant.
The proportion of patients with pressure hypesthesia
and pallhypesthesia was significantly higher in Xibe
nationality patients than in Han and Hui nationality patients (P=0.008, P=0.000). The main clinical
symptoms were numbness of the limbs in all three
groups, and the difference was not statistically significant. The specific results are present in Table 1.
Han(n=100)

Hui(n=100)

Xibe(n=100)

P value

Age (year)

52.06±9.72

53.21±10.39

53.98±10.20

0.402

Male (case,%)

38(38)

34(34)

33(33)

0.682

Waist (cm)

101.08±13.67

92.83±11.10

94.88±13.12

0.000*

BMI (kg/m2)

26.03±5.59

26.38±3.34

25.95±3.86

0.762

Empty stomach
GLU (mmol/l)

5.83±0.67

5.87±0.66

5.91±0.72

0.362

HbA1C (%)

5.82±0.17

5.92±0.39

5.86±0.42

0.322

2hGLU (mmol/l)

8.42±1.72

8.14±1.47

8.24±1.52

0.355

TCHO (mmol/l)

4.60±1.37

4.26±0.98

4.39±0.94

0.104

TG (mmol/l)

2.03±1.32

2.16±1.38

2.11±0.98

0.236

HDL-C (mmol/l)

1.48±1.36

1.38±0.64

1.33±0.43

0.494

LDL-C (mmol/l)

2.32±0.98

2.17±0.92

2.13±0.85

0.307

pressure
hypesthesia (case,%)

30(30)

24(24)

44(44)

0.008*

21(21)

8(8)

31(31)

0.000*

pallhypesthesia
(case,%)
Clinical
manifestation

Numbness of
limbs(case,%)

0.087

ulnar nerve and common peroneal nerve was higher
in Xibe nationality patients, compared with Han and
Hui nationality patients (P=0.000 and P=0.027),
and the differences were all statistically significant.
The differences in the proportion of patients with
abnormal motor conduction velocity, the mean
value of motor conduction velocity, the proportion
of patients with abnormal distal motor incubation
period, and the mean value of the distal motor
incubation period among the three groups were
not statistically significant. The specific results are
presented in Table 2.

Amplitude,
anomaly [case(%)]
Amplitude (mv),
(x̅ ±s)

DML,
anomaly [case(%)]
DML (ms),
(x̅ ±s)

Xibe
(n=100)

P value

10 (10)

11 (11)

33 (33)

0.682

7.92±1.92

8.58±2.06*

94.88±13.12

0.000*

9(9)

7(7)

25.95±3.86

0.762

2.56±0.35

2.62±0.39

5.91±0.72

0.362

8(8)

6(6)

5.86±0.42

0.322

Velocity (m/s), (x̅ ±s)

57.09±5.52

57.31±5.58

8.24±1.52

0.355

7(7)

5(5)

11(11)

0.103

Median nerve
Amplitude,
anomaly [case(%)]
Amplitude(mv),
(x̅ ±s)

8.99±2.48

9.21±2.46

8.58±2.46

0.178

DML, anomaly
[case(%)]

13(13)

12(12)

15(15)

0.817

DML(ms), (x̅ ±s)

3.45±0.59

3.56±0.61

3.60±0.79

0.200

Velocity,
anomaly [case(%)]

11(11)

9(9)

12(12)

0.783

55.53±6.42

55.95±6.04

55.22±4.89

0.667

56

44

-

2

3

2

-

Othor (case,%)

1

6

6

-

Tibial nerve

Asymptomatic
(case,%)

55

35

48

-

Amplitude, anomaly[case(%)]

Comparison of electrophysiological examination results of the motor nerve among Han, Hui
and Xibe nationalities
The results of motor nerve conduction in the
three groups revealed that the following: The damage
was severer in the lower extremities than in the upper
extremities: the proportion of lower limbs with
abnormal amplitude was significantly higher than that
of the proportion of upper limbs, and the proportion
of abnormal amplitude of common peroneal nerves
was the highest (22%, 26% and 33%, respectively).
Among these three groups, the proportion of patients
with abnormal amplitude of the ulnar nerve was
significantly higher in Xibe nationality patients,
compared with Han and Hui nationality patients
(P=0.002), while the amplitude reduction of the

Hui
(n=100)

Velocity, anomaly
[case (%)]

42

Note: *P<0.05 with statistical significance.

Han
(n=100)
Ulnar nerve

Spontaneous
pain (case,%)

Table 1: Differences in baseline data and clinical symptoms among the Han, Hui and Xibe nationalities.
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Velocity(m/s),
(x̅ ±s)

23(23)

17(17)

27(27)

0.232

Amplitude (mv),
(x̅ ±s)

6.99±3.83

7.57±5.31

7.01±3.68

0.559

DML, anomaly
[case(%)]

11(11)

11(11)

14(14)

0.753

DML(ms), (x̅ ±s)

3.74±0.83

3.64±0.85

3.62±0.68

0.219

Velocity,
anomaly [case(%)]

13(13)

12(12)

16(16)

0.693

49.01±7.05

48.84±5.21

48.58±6.00

0.109

22(22)

26(26)

33(33)

0.207

0.83±0.86

0.67±0.54

0.59±0.48*

0.027

DML, anomaly
[case(%)]

16(22)

18(18)

21(21)

0.722

Velocity(m/s),
(x̅ ±s)

Common Peroneal
Nerve

Amplitude,
anomaly [case(%)]
Amplitude(mv),
(x̅ ±s)

DML(ms), (x̅ ±s)

5.15±2.86

4.66±0.84

4.68±0.79

0.245

Velocity, anomaly
[case(%)]

7(7)

6(6)

9(9)

0.709

Velocity(m/s), (x̅ ±s)

56.83±12.01

55.79±11.66

57.84±12.56

0.212

Table 2: Comparison of electrophysiological examination results of the motor nerve among Han, Hui and Xibe
nationalities.
Note: *, compared with Han, there were significant differences;
#, comparing with Hui, there was significant differences.
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Comparison of electrophysiological examination results of the sensory nerve among Han, Hui
and Xibe nationalities
In the three groups the abnormal rate of wave
amplitude of sensory nerve damage was heavier,
compared to that of the motor nerve: Han, 29.5%
(118/400) vs. 14% (56/400), P=0.000; Hui: 28.3%
(113/400) vs. 13.8% (55/400), P=0.000; Xibe:
35.8% (143/400) vs. 21.5% (86/400), P =0.000.
Han(n=100)

Hui(n=100)

Xibe(n=100)

P value

Amplitude,
anomaly [case (%)]

21(21)

20(20)

27(27)

0.441

Amplitude (mv), (x̅±s)

16.81±10.67

14.60±10.73

17.63±14.36

0.186

DML, anomaly [case (%)]

8(8)

5(5)

9(9)

0.529

DML(ms), (x̅±s)

2.09±0.38

2.05±0.24

2.11±0.33

0.426

Velocity, anomaly [case (%)]

14(14)

13(13)

16(16)

0.827

Velocity(m/s), (x̅±s)

52.12±6.54

52.72±5.88

52.24±7.72

0.804

Amplitude, anomaly
[case(%)]

23(23)

20(20)

27(27)

0.596

Amplitude (mv),
(x̅±s)

18.98±12.65

18.18±14.06

20.81±16.26

0.423

DML, anomaly
[case (%)]

5(5)

7(7)

8(8)

0.687

Ulnar nerve

Median nerve

DML(ms), (x̅±s)

2.11±0.28

2.12±0.32

2.16±0.33

0.507

Velocity, anomaly
[case(%)]

15(15)

13(13)

17(17)

0.731

Velocity(m/s), (x̅±s)

50.56±7.99

51.28±7.76

51.95±7.89

0.457

Amplitude, anomaly
[case(%)]

33(33)

32(32)

39(39)

0.531

Amplitude(mv), (x̅±s)

3.38±3.28

3.85±4.68

3.38±3.59

0.614

DML, anomaly [case(%)]

11(11)

9(9)

15(15)

0.404

DML(ms), (x̅±s)

3.02±0.82

2.87±0.72

3.01±0.74

0.285

Velocity, anomaly
[case(%)]

18(18)

14(14)

22(22)

0.338

Velocity(m/s), (x̅±s)

64.58±18.52

68.79±16.83

64.11±15.33

0.101

Amplitude, anomaly
[case(%)]

41(41)

41(41)

50(50)

0.334

Amplitude(mv), (x̅±s)

5.27±4.42

5.81±5.02

6.08±5.97

0.527

DML, anomaly
[case(%)]

13(13)

16(16)

22(22)

0.226

DML(ms), (x̅±s)

3.76±0.72

3.87±0.91

3.75±0.88

0.544

Velocity, anomaly
[case(%)]

8(8)

5(5)

8(8)

0.631

Velocity (m/s), (x̅±s)

65.93±16.26

64.69±17.08

67.86±16.98

0.408

Tibial nerve

Common Peroneal Nerve

Table 3: Comparison of electrophysiological examination results of the sensory nerve among Han, Hui and
Xibe nationalities.

Differences in the proportion of patients with
abnormal amplitude of various nerves, the mean value of the wave amplitude, the proportion of patients
with abnormal distal incubation periods, the mean
value of the distal incubation period, the proportion
of patients with abnormal conduction velocity, and
the mean value of speed of conduction among the
three groups were not statistically significant. The
specific results are presented in Table 3.
Discussion and conclusions
In the preset study, the clinical and electrophysiological features of primarily diagnosed IGT
patients with PN in Han, Hui and Xibe nationalities were primarily analyzed, and differences in the
clinical and electrophysiological features of IGT
patients with PN in Han, Hui and Xibe nationalities
were compared. In the aspects of clinical symptoms and signs, the main clinical symptoms were
numbness of the limbs in all three groups, and the
difference was not statistically significant. However, the proportion of patients with pressure hypesthesia and pallhypesthesia was significantly higher
in Xibe nationality patients than in Han and Hui
nationality patients, and the differences were statistically significant (P=0.008, P=0.000).
In addition, the proportion of patients with
abnormal electrophysiological examination results was significantly higher in Xibe nationality
patients than in Han and Hui nationality patients.
The above-mentioned results further confirms that
patients with peripheral neurologic symptoms and
signs are more prone to abnormal electrophysiologic examination results.
The present study revealed that there are certain differences in the clinical manifestations and
electrophysiological features of IGT patients with
PN among ethnic minorities, and the results of the
electrophysiological examination were helpful in
identifying the pathological types of nerve injury:
If the incubation period is prolonged or the velocity
of conduction slows, it is suggested that the myelin sheath is involved, and the reduction or loss
of amplitude suggests axonal damage. The results
of the present study for all three groups suggest
the following: the damage of the nerve of the lower limbs was significantly higher than that of the
upper limbs; the damage of the sensory nerve was
higher than that of the motor nerve: these mainly
manifested as sensory axonal damages. These were
consistent with those reported in literature(16-21). The
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possible mechanism is that the abnormal glucose
metabolism induces the disorder of the synthesis of
nutrient substance or axonal transport block in the
body of neurons, causing the denaturation of the
most distal axons due to the absence of necessary
nutrients, which presents length dependence. That
is, the longer the nerve is, the easier the involvement occurs, the earlier the clinical manifestation
presents itself, and the more serious the symptoms
of the distal extremities.
The present study has some limitations. The
present study had a small sample size. Hence,
the comparison of large sample data could not
be performed. Furthermore, the examination of
asymptomatic IGT patients with PD was not in
depth, and the positive rate of the examination
results was not significant. At present, there are
few studies on the clinical and electrophysiological analysis IGT patients with PN in Hui and
Xibe nationalities. In the present study, no related
data could be used for reference and comparison.
However, the present study was able to provide a
reference for the further study of electrophysiological changes in the peripheral nerves between
the ethnic minorities and the Han nationality.
This shall serve as a pave stone for large sample-size studies on the clinical electrophysiological
characteristics of IGT patients with PN in ethnic
minorities. At present, there is a lack of related
information and data on IGT with PN in ethnic
minorities. Hence, the reasons for the differences
among ethnic groups needs to be further explored.
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