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Background: Neuropathy is one of most common complications in diabetic patients. 
Diagnosis of diabetic neuropathy is essential for decreasing the rate of the disability and 
death. Neuron-specific enolase (NSE) is released from damaged neuronal cells and enters the 
blood circulation through an injured blood brain barrier. Therefore, serum NSE can reflect 
the damage of neurons and brain tissue.
Objective: To evaluate peripheral polyneuropathy and cognitive function in Type 2 Diabetes 
Mellitus (T2DM) and correlate them with NSE level as a possible biomarker of diabetic neuropathy.
Subjects and Methods: Forty five T2DM patients with polyneuropathy were randomly 
recruited in this study compared to 45 healthy age and sex matched subjects as a control. Patients 
group were divided into two subgroups, 24 diabetic patients with painful peripheral neuropathy and 
21 with painless peripheral neuropathy. All were subjected to clinical assessment by diabetic 
neuropathy symptom score, Dyck neuropathy grading, Mini-Mental State Examination (MMSE), 
assessment of HbA1c, NSE biomarker and neurophysiological assessment (nerve conduction study 
(NCS), event related potential (P300wave) and somatosensory evoked potential (SSEP) of the right 
median nerve).
Results: There were significant decrease in cognitive functions in diabetic patients compared to 
controls and a significant increase in NSE in diabetic patients. There were no significant difference 
between patients with painless and painful diabetic neuropathy as regard MMSE, HbA1c and NSE. 
There were significant correlation of P300 in diabetic patients with HbA1c and NSE.
Conclusion: Neurophysiological assessment of diabetic patients by NCS, SSEP and P300 
have well evaluation of cognitive functions, painless, and painful diabetic polyneuropathy. 
NSE is a beneficial biomarker in diabetic patients to pick up neurological complications.
Keywords: diabetic neuropathy, Mini-Mental State Examination, MMSE, neuron-specific 
enolase, NSE, nerve conduction study, glycated hemoglobin

Introduction
DM is associated with an increased risk of poor cognition and neuro degeneration. 
Diabetic peripheral neuropathy (DPN) occurs in about 60% of individuals with long- 
standing type 1 and type 2 DM.1 Evaluating nerve damage through quantification of 
neuronal derived proteins such as neuron-specific enolase (NSE) facilitate early detection 
and monitoring of diabetic neurological complications.2 Hyperglycemia induces oxida-
tive stress, metabolic abnormalities, disturbance of vascular reactivity, hypoxia, leads to 
nerve cells damage and release of NSE into the endoneurial fluid and serum.3

Neurophysiological measurements are the most commonly tools used to diagnose 
diabetic sensory motor polyneuropathy (DSPN).4 Somatosensory evoked potential 
(SSEP) are usually used to evaluate the function of large myelinated nerve fibers (Aβ- 
fibers). Short latency somatosensory-evoked potentials are electrical potentials generated 
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at peripheral, spinal, subcortical and cortical levels of the 
nervous system within the first 60 ms after electrical stimula-
tion of peripheral nerves.5

T2DM can cause dysfunction of the central nervous sys-
tem, especially cognitive impairment. Individuals with type 2 
diabetes are at about 60% greater risk for the development of 
dementia compared with equivalents without diabetes.6 T2DM 
has been associated with memory deficits, a decrease in psy-
chomotor speed, and reduced frontal lobe/executive function. 
Improved glycemic control and decreased diabetic complica-
tions may be associated with the prevention of cognitive 
dysfunction.7

The P300 wave is a component of the auditory event 
related potential (ERP). It is a large positive waveform that 
reaches a maximum at approximately 300 milliseconds after 
stimulus onset, which reflects development of cognitive 
speed.8

The aim of this study was to assess the peripheral poly-
neuropathy and cognitive functions in type II diabetes mellitus 
and correlate them with serum neuron-specific enolase biomar-
ker for better diagnosis and early management.

Subjects and Methods
This is a case control study conducted on 45 diabetic patients, 
who randomly selected between March 2019 and November 
2020 from Internal Medicine and Neurology outpatient clinic 
of Al-Zahraa University Hospital, Cairo, Egypt. 45 healthy age 
and sex matched subjects were selected as a control group. 
Diabetic patients divided into two subgroups, group 1a: 21 
diabetic patients with painless diabetic polyneuropathy 
(46.7%) and group 1b: 24 diabetic patients with painful dia-
betic polyneuropathy (53.3%). All the patients met the 
American Diabetic Association criteria for diabetes diagnosis.9 

This study was followed the principles of the Declaration of 
Helsinki and was approved by the Institutional Review Board 
(IRB) of Al-Azhar University (NO: 202,009,371) and written 
informed consents were obtained from the all participants). 
Patients with severe renal dysfunction, liver disease, heart 
failure, known peripheral vascular diseases and autoimmune 
disease, patients with retinopathy, alcoholism, drug abuse and 
neurological disease affecting peripheral nerves (eg CIDP, 
toxins and paraneoplastic syndrome) were excluded. Patient 
with a history of auditory disorders and psychological distur-
bances, which might interfere with auditory P300 assessment, 
were also excluded. Symptoms were documented through the 
questionnaire.

Diabetic neuropathy symptom score is used to assess neu-
ropathy. Symptoms of somatic and cardioautonomic 

neuropathy were documented and A score ≥1 considered to 
be positive. Severity of polyneuropathy was staged according 
to Dyck neuropathy grading. Grade 0 was defined as no 
abnormality of NC, Grade 1a = abnormality of NC without 
symptoms or signs, Grade 1b = NC abnormality of stage 1a 
plus neurologic signs typical of DSPN but without neuropathy 
symptoms. Grade 2a = NC abnormality of stage 1a with typical 
neuropathic symptoms. Grade 2b = NC abnormality of stage 
1a, a moderate degree of weakness of ankle dorsiflexion with 
or without neuropathy symptoms.4 Cognitive function is 
assessed by Mini-Mental State Examination and P300 poten-
tial. According to Mini-Mental State Examination, those show-
ing a score of higher than 26 (maximum score =30) indicating 
no cognitive impairment,10 P300 show findings if positive 
waveform reaches a maximum at approximately 300 millise-
conds after stimulus onset.

Laboratory investigations including fasting plasma glu-
cose, HbA1c, serum creatinine and urinary albumin concen-
tration were done. Evaluation of serum level of NSE biomarker 
was assessed by using The CanAg NSE EIA (EMD Millipore, 
Merck, Germany), which is a solid phase (non-competitive 
immunoassay based on two monoclonal antibodies (derived 
from mice) directed against two separate antigenic determi-
nants of the NSE molecule. The monoclonal antibodies (MAb) 
used bind to the γ-subunit of the enzyme and thereby detect 
both the γγ and the αγ form. The Can Ag NSE EIA is intended 
for use with serum. Serum should be separated from the clot 
within 60 minutes of collection to avoid leaking of NSE from 
blood cells (NSE measurements are compromised by even 
slight hemolysis, as it is abundant in red blood cells, so hae-
molysed samples are not used). Plasma is not recommended 
since significant amounts of NSE can be released from plate-
lets. Samples can be stored at 2–8°C for 24 hours. For longer 
periods store samples at −70°C or below. Healthy individuals 
are expected to have NSE values below 13 μg/L.

Regarding neurophysiological assessment, a nerve con-
duction study of median nerve (motor, F wave, sensory 
nerves), ulnar motor nerve and peroneal motor nerve was 
done using Cadwell sierra wave 8155 certified to CAN 
\TSA EP/EMG measuring system–4 spaces channels-ver-
sion 08.11, USA. Additionally, somatosensory evoked 
potential of the right median nerve and event related 
potential P300 wave using Neuron Spectrum 5 Neuro- 
MEP.NET for EMG/EP version 3.3.32.0, Russia.

Statistical Methods
Recorded data were analyzed using the statistical package 
for social sciences, version 20.0 (SPSS Inc., Chicago, IL, 
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USA). The qualitative variables were described as fre-
quencies and percentages. The quantitative data were 
described by the means and standard deviations (SDs) 
and were compared by independent t-test. Non-parametric 
variables were expressed as medians and were compared 
by using the Mann–Whitney U-test. Also the comparison 
between more than two independent groups one-way ana-
lysis of variance (ANOVA) for parametric data and 
Kruskal-Wallis test for non-parametric data. Spearman 
correlation analysis was used to assess the degree of asso-
ciation between two sets of variables. The receiver operat-
ing characteristics (ROC) were used to evaluate the 
sensitivity and specificity of NSE. The confidence interval 
was set to 95% and the margin of error accepted was set to 
5%. So, P-value≤0.05 was considered significant.

Results
This study was conducted on 45 T2DM patients with neu-
ropathy and 45 healthy subjects. The demographic clinical 
and laboratory data of the participants are listed in Table 1. 
There were significant decrease in cognitive function in 
patient group compared to control assessed by MMSE and 
P300 latency with significant increase in HbA1c and NSE 
in diabetic patients (Table 2, Figure 1).

As regard nerve conduction examination, there were 
statistically significant decrease in nerve conduction velo-
city of examined nerves (Rt median, Rt ulnar and Rt 
peroneal) in diabetic patients compared to control 
(Table 3). Also, there were statistically significant differ-
ence between patients and control groups as regard prox-
imal nerve conduction (N9) and central conduction time 
(CC1 & CC2) (Table 4).

On comparing the grades of neuropathy by Dyke 
neuropathy grading, there were significant increase in 
median of disease duration, serum NSE and mean 
HbA1c levels in patients with moderate neuropathy 
(Grade 2b) compared to groups of mild neuropathy or 
asymptomatic cases (Grade Ia, Ib, 2a) (Table 5). There 
were significant difference in P300 in diabetic patients 
with painless neuropathy compared to those with pain-
ful neuropathy, while there were no significant differ-
ence in MMSE, HbA1c and NSE between the 2 groups 
(Table 6, Figure 2). Right common peroneal nerve 
more affected in painless diabetic neuropathy while 
the latency of F wave of right median nerve more 
affected in those with painful neuropathy (Table 7).

For assessment of mental state affection in diabetic 
patients, we found that there were positive significant 

correlation of P300 with NSE and negative correlation 
with MMS in diabetic patients. There were no statistically 
significant correlation of P300 with disease duration and 
HbA1c (Table 8, Figure 3). The cutoff point of serum NSE 
>12.6 with 88% sensitivity (Table 9, Figure 4).

Discussion
Diabetic neuropathy is the most common complication of 
DM, affecting 50% of patients with T2DM. Diabetic 

Table 1 Demographic and Clinical Data of Studied Groups

Diabetic Patients (n=45) Control (n=45)

Age (years) 26–60 27–59

Sex (male/female) 20/25 23/22

Disease duration (years) —–

Range 5–25

Median (IQR) 11 (8–16)

Systolic BP (mmHg)

Range 120–145 110–135

BMI (kg/m2)

Range 21–35.6 20–38.4

FBS (mg/dL)

Range 125–300 80–110

HbA1c (%) (mmol/mol)

Range 6.47–9.91 3.96–5.63

Mean±SD 8.20±1.18 5.01±0.45

NSE (µg/L)

Range 9.57–200 6.87–33.1

Median (IQR) 37 (22–78) 10 (7–16)

MMS

Range 23–30 27–30

Mean±SD 26.60±2.1 29.07±0.48

P300

Range 237–422 207–320

Median 322 (293–385) 278 (251–295)

Neurological deficit in diabetic patients

Distal weakness Group Ia 2 (9%)

Group Ib 2 (8.3%)

Hyporeflexia Group Ia 12 (57.1%)

Group Ib 19 (79.2%)

Hyposethesia Group Ia 18 (85.7%)

Group Ib 24 (100%)

Lost vibration Group Ia 19 (90.5%)

Group Ib 9 (37.5%)

Abbreviations: BMI, body mass index; NSE, neuron-specific enolase; MMS, Mini- 
Mental State.
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neuropathy is a misnomer, affects the entire central ner-
vous system and involves the peripheral nerves, the spinal 
cord and the thalamus.11 About 80% of the cases of DN 
manifest as distal symmetrical sensorimotor polyneuropa-
thy, which is associated with chronic pain, impaired sleep 
quality, increased falling risk and increase of the risk of 
extremities amputation. ADA guidelines recommended an 
annual clinical screening to diagnose sensitive diabetic 
neuropathy.12

In the current study, clinical neurological examina-
tion of diabetic patients revealed that vibration sense 
significantly lost in (90.5%) of diabetic patients with 
painless neuropathy. This is in agreement with the 
study done by Jianbo,3 who concluded that physical 
examination is the most useful tool in evaluating large 
fiber peripheral neuropathy (LFPN) in diabetic patients. 
Abnormal results on monofilament testing and vibratory 
perception (alone or associated with the presence of the 
feet ulceration and ankle reflexes) are the most helpful 
signs.

In this study, we found Dyck neuropathy grading 
progression associated with increase in duration of 

illness and HbA1c. A study by Sorensen et al13 found 
that glycated Hb and duration of illness are dependent 
risk factors of diabetic neuropathy. Also, Smith and 
Singleton,14 who examined 218 subjects with T2DM 
without neuropathy symptoms or with symptoms of 
less than 5 years duration, found a significant relation-
ship between duration of illness, glycemic control and 
neuropathy status. Hyperglycemia may have differen-
tial effects on small vs large fibers. Chronic hypergly-
cemia can cause nerve affection by activation of the 
polyol pathway, reactive oxygen species (ROS) and 
through the accumulation of advanced glycation end 
products (AGE) that activate inflammatory cascades.15 

In this study we found that in both diabetic patients 
group (with painless and painful neuropathy), peroneal 
nerve is more affected than the median nerve in all 
parameters (symptoms, signs, and conduction study). 
Inconsistent with the current study, Karsidag et al16 

stated that the lower extremity nerves, mostly sural 
and peroneal nerves followed by the right posterior 
tibial nerve, were affected earlier and more commonly 
than other nerves.

In this study we found that somatosensory evoked 
potential (SEP) of right median nerve were signifi-
cantly affected in patients with diabetes compared to 
control in both proximal peripheral conduction (N9) 
and central conduction (CCT1 & CCT2) but CCT1 & 
CCT2 were more affected than N9 meaning that central 
abnormality is not due to slowness of the peripheral 
sensory conduction.

Also other studies reported a similar percentage of 
abnormal SSEP in patients without clinical manifestations 
of polyneuropathy, which may suggest that the peripheral 
and the central nervous systems are affected independently 
in patients with diabetes.17,18

In this study we found that P300 latency as a test 
for cognition was significantly affected more in 

Table 2 Comparison Between Diabetic Patients (Group I) and Control (Group II) as Regard Mini-Mental State Examination (MMS), 
Hemoglobin A1C (HbA1c), Neuron-Specific Enolase (NSE) and P300 Latency

Group I Group II Test value P-value

MMS 26.60±2.1 29.07±0.48 −10.968* <0.001

HbA1c 8.20±1.18 5.01±0.45 16.921* <0.001

NSE 37 (22–78) 10 (7–16) 4.857≠ <0.001
P300 332 (293–385) 278 (251–295) 5.432≠ <0.001

Notes: *Independent t-test; ≠Mann–Whitney test.

Figure 1 Mean level of neuron-specific enolase (NSE) increased in diabetic patients 
group compared to control. Mean score of Mini-Mental State Examination (MMSE) 
was decreased in diabetic patients compared to control.
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Table 3 Comparison Between Diabetic Patients (Group I) and Control (Group II) as Regard Distal Latency, Amplitude, and 
Conduction Velocity of Right Median Motor, Sensory & F Wave, Right Ulnar and Right Common Peroneal Motor Nerves

Range Mean±SD t-test P-value

Rt median nerve

Distal latency Group I 2.9–7.6 4.68±1.10 8.132 <0.001
Group II 2.7–3.9 3.27±0.39

Amplitude Group I 1–10.3 4.49±2.09 −3.308 <0.001
Group II 4.9–6.20 5.54±0.42

CV Group I 33–79 46.63±11.23 −6.060 <0.001
Group II 59–79 58.00±5.58

Rt ulnar nerve

Distal latency Group I 2.3–10.6 4.17±1.89 3.921 <0.001
Group II 2.4–3.6 3.04±0.35

Amplitude Group I 1.6–7.6 4.12±1.30 −3.302 <0.001
Group II 3.5–6 4.89±0.84

CV Group I 20–79 53.30±9.84 −1.837 <0.05
Group II 50–65 56.80±4.69

Rt peroneal nerve

Distal latency Group I 4.1–20.4 8.53±3.92 10.842 <0.001
Group II 2–2.5 2.23±0.18

Amplitude Group I 0–3.90 1.95±1.10 −10.937 <0.001
Group II 3.5–4.5 3.87±0.31

CV Group I 0–49 39.82±8.35 −3.871 <0.001
Group II 40–50 45.33±3.32

Rt. median sensory nerve latency Group I 2.1–6.5 4.70±1.30 7.946 <0.001
Group II 2.9–3.5 3.13±0.19

RT median F wave latency Group I 15–45 30.48±7.06 3.841 <0.001

Group II 22–30 26.07±2.62

Table 4 Comparison Between Diabetic Patients (Group I) and Control (Group II) as Regards Somatosensory Evoked Potential of Right Median 
Nerve

Variables Studied Group Range Mean±SD t-test P-value

N9 Group I 7.85–11.9 9.51±0.53 2.249 <0.05
Group II 7.45–9.95 9.17±0.42

CC1 Group I 1–4.5 2.54±0.98 5.514 <0.001
Group II 1.2–2.2 1.69±0.30

CC2 Group I 3.94–12.4 6.86±2.02 4.194 <0.001
Group II 4.7–6.15 5.57±0.41

Notes: N9: proximal nerve conduction. CC1&CC2: central conduction time.
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diabetic patients compared to controls. Also Hamed 
et al19 stated that the risk of cognitive dysfunction 
increases with T2DM, as confirmed by low scores of 
cognitive testing and poor performance in different 

cognitive tasks in T2DM patients compared to controls. 
DM subjects had lower cognitive function compared to 
non-DM subjects. Slow gait speed and hyperglycemia 
were associated with a wide-range of cognitive 
domains, but mostly executive function.20

In this study, we found that P300 increase in latency 
in patients with painless neuropathy compared to pain-
ful diabetic neuropathy. This agree with Mc Crimmon 
et al21,22 and Ryan et al, who found the difference 
observed in painless vs painful diabetic group with 
greater reduction in thalamic volume in the painless 
group compared with the painful group. This finding 
is consistent with previous magnetic resonance spectro-
scopy report of increased thalamic neuronal dysfunc-
tion in subjects in the painless DPN group but not in 
the painful DPN group.21 This may explain that P300 
latency difference between the two groups because 
thalamus has a role in memory in painless group asso-
ciated with more risk of microvascular complication, 
and so more cognitive impairment.

Table 6 Comparison Between Patients with Painless (Group Ia) and Painful (Group Ib) Diabetic Neuropathy as Regard MMS, HbA1c 
and NSE

Group Ia (n=21) Group Ib (n=24) Test Value P-value

MMS  

Range  

Mean±SD

24–30 

26.62±1.86

24–30 

26.58±1.82

0.073* >0.05

HbA1c  

Range  
Mean±SD

6.16–9.91 
8.43±0.99

5.74–9.87 
7.99±1.31

1.256* >0.05

NSE  
Range  

Median (IQR)

10.7–170.3 

38.6 (22.8–73.5)

9.75–200 

32.5 (18.9–68.6)

0.265≠ >0.05

P300  

Range  

Median (IQR)

237–422 

344 (285–377)

256–416 

296 (278–341)

2.174≠ 0.03

Notes: *Independent t-test; ≠Mann–Whitney test.

Table 5 Comparison Between Dyck Neuropathy Grading (1a, 1b, 2a, and 2b) in Diabetic Patients as Regard Duration of Illness, 
HbA1c and NSE

1a (n=1) 1b (n=18) 2a (n=22) 2b (n=4) Test Value P-value

Duration of illness Median (IQR) 6 (6–6) 8 (3–11) 9 (4–15) 12 (7–16) 5.685≠ 0.002

HbA1c Mean±SD 7.82±0.00 7.85±1.28 9.37±0.46 9.37±0.46 10.548* <0.001

NSE Median (IQR) 37.9 (37.9–37.9) 42.2 (11.5–65.3) 52.9 (22.8–68.4) 72.3 (45.6–115.6) 7.513≠ <0.001

Notes: * One Way ANOVA test, ≠Kruskal-Wallis test.

Figure 2 P300 waves increased in diabetic patients with painless neuropathy 
(Group 1a) compared to diabetic patients with painful neuropathy (Group 1b).
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P300 latency was significantly correlated with 
serum level of NSE in diabetic patients enrolled in 
this study. Also Hamed et al19 found that there was a 
significant correlation between level of NSE and poor 
performance of cognitive function including P300. 

NSE has been implicated in ischemia, hypoxia, diverse 
metabolic, proliferative, inflammatory, autoimmune, 
and neurodegenerative diseases. A progressive loss of 

Table 7 Comparison Between Patients with Painless (Group Ia) and Painful (Group Ib) Diabetic Neuropathy as Regard Distal Latency, 
Amplitude and Conduction Velocity of Right Motor Median, Ulnar and Common Peroneal Nerves, Right Median Sensory Nerve and F 
Wave Latencies

Nerve Conduction Studied Group Range Mean±SD t-test P-value

Rt. median nerve

Distal latency Group Ia 3.4–7.6 4.67±1.15 −0.056 >0.05
Group Ib 2.9–7.5 4.69±1.08

Amplitude Group Ia 1.1–7.2 4.21±1.71 −0.740 >0.05
Group Ib 1–10.3 4.70±2.35

CV Group Ia 34–59 43.58±12.04 −1.615 >0.05
Group Ib 33–79 49.04±10.14

Rt ulnar nerve

Distal latency Group Ib 2.6–10.6 4.28±1.81 0.364 >0.05
Group Ia 2.3–10.6 4.07±1.99

Amplitude Group Ib 1.6–6.3 4.19±1.38 0.314 >0.05
Group Ia 2–7.3 4.06±1.27

CV Group Ib 30–72 51.63±10.38 −0.820 >0.05
Group Ia 20–79 54.63±12.95

Rt peroneal nerve

Distal latency Group Ia 4.1–20.4 10.81±6.19 1.991 >0.05
Group Ib 4.3–11.6 7.47±1.70

Amplitude Group Ia 0–3.3 1.47±1.09 2.170 <0.05
Group Ib 0–3.9 2.17±1.07

CV Group Ia 0–49 36.43±11.97 −1.323 >0.05
Group Ib 0–48 41.40±5.90

Rt. median sensory latency Group Ia 2.3–6.5 4.50±1.65 −0.513 >0.05
Group Ib 2.1–6.3 4.79±1.14

RT median F wave latency Group Ia 18.3–39 28.22±5.86 2.194 <0.05

Group Ib 15–45 32.88±8.04

Table 8 Correlation Between P300 and Duration of Illness, 
MMS, HbA1c and NSE in Diabetic Patients

P300

r P-value

Duration of illness −0.217 >0.05

MMS −0.516 <0.001
HbA1c −0.733 <0.001

NSE 0.789 <0.001 Figure 3 Scatter plot of the relationship between P300 and neuron-specific enolase 
(NSE), P<0.001.
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neurons and synapses are common features of neuro-
degenerative disorders, where the degree of neuronal 
loss correlates with increased levels of NSE in serum 
and CSF and clinical progression of the disease.23

In the current study, P300 had no significant correlation 
with duration of disease in diabetic patients. Conversely, 
there was a positive correlation between prolongation of 
latencies and duration of DM reported by Harini and 
Bahagya.24

In conclusion, our data denote that a brief cognition 
evaluation could be important in assessing the impact 
of diabetes on the mental health. Evoked response 
potentials seem to be good at detecting sensory/percep-
tion deficits in diabetic patients. P300 can easily detect 
subclinical cognitive impairment before appearance of 
any neurological manifestations. NSE is a predictor for 
both central and peripheral nervous system in T2DM. 
It is important to perform a detailed clinical examina-
tion, in order to early diagnose diabetes-related neuro-
logical and cognitive dysfunction.
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