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Abstract
Background Diabetic peripheral neuropathy (DPN) involves a very complex pathogenesis, and there is no neuro-specific marker 
for risk prediction. Neuron-specific enolase (NSE), a key enzyme in glycolysis, has a broad spectrum neurotrophic and neuro-
protective effect on neurons, and also cause injury and inflammatory response of peripheral nerves. The relationship between 
neuron-specific enolase, highly sensitive c-reactive protein (hsCRP), and diabetic peripheral neuropathy remains unclear. We 
aimed to investigate whether elevated serum NSE and hsCRP levels increased the risk of DPN in patients with type 2 diabetes.
Materials and methods In this prospective nested case–control study, a total of 1072 eligible subjects with type 2 diabetes consti-
tuted the follow-up cohort. Demographic data and parameters including serum NSE and hsCRP were collected at baseline. Two 
neuropathy screening scales (MNSI and MDNS) were used to assess DPN during follow-up period. Nerve conduction studies were 
performed at the end of follow-up. Conditional logistic regression was used to inspect the risk factors of the incidence of DPN.
Results During an average follow-up period of 5.1 years, 176 subjects developed DPN. Serum NSE and hsCRP levels at 
baseline were significantly higher in DPN group than in matched non-DPN groups (p < 0.001). NSE was positively correlated 
with age and hsCRP (p < 0.001). The amplitude of sensory nerve action potential and compound muscle action potential 
of the lower extremity nerves were significantly decreased in the high tertile of NSE. After adjustment for matching and 
confusing factor, conditional logistic regression showed the risk of DPN in the high tertile of NSE level was still 3.176 times 
higher than that in the low tertile of NSE level (p < 0.001).
Conclusion Elevated serum NSE levels predicted the high incidence of DPN in Chinese patients with type 2 diabetes for an 
average of 5.1 years, which may be associated with increased neuroinflammatory response caused by high NSE levels, but 
further studies are needed.
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DBP  Diastolic blood pressure
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TG  Triacylglycerol
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MNSI  Michigan Neuropathy Screening Scale
MDNS  Michigan Diabetic Neuropathy Score Scale
ORs  Odds ratios
CI  Confidence interval

Introduction

The incidence of type 2 diabetes is increasing globally in 
recent decades. Diabetic peripheral neuropathy (DPN) is one 
of the main microvascular complications in patients with 
type 2 diabetes [1]. The prevalence and incidence of DPN 
in patients with type 2 diabetes varies widely according to 
the criteria and methods used to define neuropathy [2]. DPN 
is often ignored by patients due to its insidious onset, large 
heterogeneity of clinical features, and varying severity of 
symptoms. DPN is the leading cause of diabetic foot and 
even amputation, which seriously threatens the health and 
life safety of patients [3]. Therefore, early prediction and 
diagnosis of DPN is of great significance for improving the 
quality of life of patients and reducing the high disability 
and mortality of DPN.

Neuron-specific enolase (NSE) is a glycolytic enzyme, 
which mainly exists in neuronal cells, neuroendocrine cells, 
and related tumor cells [4]. It can promote the survival of 
neurons in the midbrain and spinal cord under hypoxia, 
and has a broad spectrum neurotrophic and neuroprotec-
tive effect on neurons in central nervous system [5]. Since 
the pathological characteristics of DPN are neurodegen-
eration, neuron, and nerve remyelination, the glucose 
metabolism process and the level of NSE in nerve tissue 
may have corresponding dynamic changes [6]. NSE may 
act as a broad-spectrum neurotrophic factor to participate 
in and guide axon extension and modification of damaged 
myelin sheaths [7]. In addition, NSE may also be involved 
in the activation of inflammatory cytokines, chemokines, 
and other inflammatory mediators, resulting in pathological 
damage of peripheral nerve tissue [8]. As a commonly used 
inflammatory marker in clinical practice, high sensitivity C 
reactive protein (hsCRP) can conveniently provide valuable 
information about the inflammatory state [9]. By monitoring 
the expression of NSE and hsCRP, it is possible to analyze 
the relationship between NSE and inflammatory response in 
peripheral nerve injury.

In a cross-sectional study, serum NSE levels were higher 
in patients with diabetes and diabetic neuropathy than in 
healthy individuals, regardless of blood glucose levels [10]. 
In another study, serum NSE mRNA expression levels in 
patients with diabetic neuropathy were significantly lower 
than those in DM patients and normal individuals [11]. 
These studies on the correlation between NSE and DPN are 
cross-sectional studies, with conflicting results and unclear 
causality.

The onset of DPN involves a variety of abnormal patho-
physiological processes. In the pathogenesis of type 2 diabe-
tes, it is not clear whether different expression levels of NES 
and hsCRP have a promoting effect on the incidence of DPN. 
The purpose of this study is to explore the potential value of 
serum NSE and hsCRP in predicting DPN in patients with 
type 2 diabetes.

Materials and methods

Study design and participant

This was a prospective nested case–control study in China. A 
total of 1868 individuals with type 2 diabetes were recruited 
in the diabetes treatment centers of three hospitals affiliated 
to the PLA Rocket Force Characteristic Medical Center 
from January 1, 2013 to December 1, 2015. Type 2 diabe-
tes was diagnosed based on the 1999 diagnostic criteria for 
diabetes of the World Health Organization [12]. Individuals 
(n = 796) presenting with special clinical diseases at base-
line were excluded, including diagnosed diabetic neuropathy 
(n = 663); peripheral neuropathy other than diabetic origin 
(n = 102); psychiatric disorders (n = 11); pregnant women 
(n = 9); malignant tumor (n = 8); and drugs and toxins related 
neuropathy (n = 3). A total of 1072 eligible subjects with type 
2 diabetes constituted the follow-up cohort. The participants’ 
flow chart is shown in Fig. 1.

Data collection

Demographic and physical examination data at baseline were 
obtained from the subjects. The items included gender, age, 
height, weight, smoking history, duration of diabetes, blood 
pressure, and diagnosed diabetic retinopathy. Body mass 
index (BMI) was calculated as height divided by the square 
of weight (kg/m2). The blood pressure, including systolic 
blood pressure (SBP) and diastolic blood pressure (DBP), 
was measured three times and the average value was taken. 
Diabetic retinopathy diagnosed at baseline was assessed by 
a specialist ophthalmologist using fundus microscopy based 
on the presence of hard or soft exudates, microaneurysms, 
bleeding, and new blood vessels in the retina [13].

The data from the laboratory measurement at baseline 
were collected and evaluated. Blood and urine samples in 
the morning were collected after the subjects fasted for at 
least 8 h. The blood samples were centrifuged at 3500 rpm 
at 4 °C for 10 min and stored at 80 °C until analysis. The 
fasting serum NSE concentration was determined by elec-
trochemiluminescence immunoassay. Measuring interval 
was < 16.3 ng/mL (95%); 15.7–17.0 ng/mL (95% confidence 
interval). Plasma samples were measured in duplicates with 
intra-assay CV of 2.06% and inter-assay CV of 5.00% for 
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NSE. The glycated hemoglobin was determined by high-
performance liquid chromatography, and the value is a per-
centage (HLC-723G7, Tosoh Corporation, Japan). Levels 
of total cholesterol (TC), triacylglycerol (TG), high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), serum creatinine (Scr), and fasting 
plasma glucose (FPG) were measured using an automatic 
biochemical analyzer (Hitachi 7600 chemical analyzer). 
C-peptide levels were measured using the chemilumines-
cence method with an ADVIA Centaur XP automatic ana-
lyzer (Siemens Healthcare Diagnostics). Urine albumin con-
centration was measured by immunoturbidimetric method, 
urine creatinine concentration was measured by alkaline 
picric acid, and urine albumin-creatinine ratio (ACR) was 
calculated by albumin (mg)/creatinine (g). HsCRP were 
analyzed by enhanced immunoturbidimetric method. The 
estimated glomerular filtration rate (eGFR) was calculated 
using the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation (https:// www. niddk. nih. gov).

During follow-up period, patients were called to diabe-
tes medical center of the hospital at a scheduled time each 
year for formal evaluation by trained medical personnel. 
DPN was regarded as the primary endpoint of the study and 
defined using the Michigan Neuropathy Screening Scale 
(MNSI) and the Michigan Diabetic Neuropathy Score Scale 
(MDNS). MNSI is recommended to assess the presence of 
peripheral neurological impairment in patients with dia-
betes in cohort trials [14]. The inspection content consists 
of sensory and motor dysfunction such as pain, numbness, 
and muscle weakness, as well as neurological abnormalities 
detected by ankle reflexes, a 128-Hz tuning fork vibration 

perception test, and a 10-g nylon rope tactile test [15]. The 
items in the study were carried out by trained doctors and 
nurses.

According to the tertiles of serum NSE levels, 20–25 
patients were randomly selected from each group. After 
obtaining the consent of the patients, nerve conduction func-
tion was measured at the end of the follow-up. The electro-
myography was performed with the Danish Keypoint elec-
tromyography instrument by two professional doctors. In 
a quiet environment, the room temperature was 25–28 °C, 
and the surface temperature of the patient’s limbs was main-
tained above 32 °C. The detected nerves included bilateral 
median nerve, ulnar nerve, common peroneal nerve, tibial 
nerve, superficial peroneal nerve, and sural nerve. Sensory 
nerve action potential (SNAP) amplitude, latency and sen-
sory nerve conduction velocity (SCV), compound muscle 
action potential (CMAP) amplitude, latency and motor nerve 
conduction velocity (MCV) were measured separately.

Statistical analysis

The statistical analyses were performed using the SPSS Sta-
tistics software (SPSS Statistics version 25 for Windows; 
IBM, New York). Case and control patients were determined 
by 1:1 case–control matching. Matching criteria: same gen-
der, age difference less than 2 years. Continuous variables 
with normal distribution were expressed as mean ± SD and 
analyzed using Student’s t-test or ANOVA, respectively. 
Data for continuous but non-normally distributed vari-
ables were expressed as medians and interquartile ranges 
and analyzed using non-parametric tests. Categorical data 

Fig. 1  The participants’ flow 
chart
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663 diagnosed diabetic neuropathy
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9 pregnant women

8 malignant tumor
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971 completed follow-up
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were expressed as percentages and analyzed using chi-square 
tests. Bivariate associations of NSE with clinical variables 
were analyzed using Spearman rank correlation analyses. 
Serum NSE concentration was categorized by tertiles, the 
low tertile as the reference category, trend test for ANOVA 
was used to observe the linear trend between groups. Only 
parameters significant in univariate analysis or known con-
founding factors to DPN at baseline were added sequentially 
into the multivariable models. Conditional logistic regres-
sion was used to calculate odds ratios (ORs) for incident of 
DPN and 95% confidence interval (CI) for each risk factor. 
All statistical tests were two-sided with a level of signifi-
cance being < 0.05.

Results

After an average follow-up period of 5.1 years, among these 
1072 subjects, 971 (90.578%) cases completed the study, 92 
cases (8.582%) were lost to follow-up because of no contact 
or refusal, and 9 (0.840%) cases died. A total of 176 par-
ticipants with type 2 diabetes developed incident of DPN. 

Characteristics at baseline of DPN patients and non-DPN 
patients completed follow-up are shown in Supplementary 
Table 1.

A total of 176 control patients matched to DPN cases were 
identified according to 1:1 gender and age matching. Patients 
with DPN had longer duration of type 2 diabetes; higher 
ACR,hsCRP and NSE [12.790 (11.043–15.030) vs 10.150 
(8.875–11.905) ng/L, t =  − 8.039, p < 0.001]; and more diag-
nosed diabetic retinopathy at baseline than the matched non-
DPN. There were no significant differences in smoking history, 
HbA1c, FPG, peptide, SBP, DBP, TC, TG, HDL-C, LDL-C, 
and eGFR between the two groups (p > 0.05). The baseline 
characteristics of the two groups were shown in Table 1.

The level of serum NSE at baseline was positively cor-
related with age and hsCRP (p < 0.001). There was no cor-
relation between NSE and BMI, duration of type 2 diabetes, 
ACR, HbA1c, FPG, C-peptide, SBP, DBP, TC, TG, HDL-C, 
LDL-C, eGFR, etc. (p > 0.05) (Table 2).

Serum NSE at baseline was divided into three groups 
by tertiles level, respectively, as NSE < 10.175  g/L; 
10.175 ≤ NSE ≤ 12.805 g/L; and NSE > 12.805 g/L. With 
the increase of NSE level, the number of DPN cases, 

Table 1  Baseline demographics 
and clinical characteristics of 
patients with or without DPN 
(N = 352; 1:1 matching)

BMI, body mass index; T2DM, type 2 diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; TC, total cholesterol; TG, triacylglycerol; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin A1c; FPG, fasting plasma glucose; 
eGFR, estimated glomerular filtration rate; ACR , urine albumin-creatinine ratio; NSE, neuron-specific eno-
lase; hsCRP, high sensitivity C reactive protein
Values are mean ± SD for normally distributed continuous variables and median (interquartile range 
25–75%) for non-normal distribution data, analyzed using Student’s t-test. Values are n (%) for categorical 
variables and assessed using Pearson’s chi-square test
* Significant, p < 0.05

Variables DPN (n = 176) Non-DPN (n = 176) t/z/x2 p value

Males/females 90/86 90/86 – –
Age (years) 59.959 ± 8.752 60.241 ± 8.692  − 0.304 0.762
BMI (kg/m2) 24.978 ± 2.720 25.349 ± 2.491  − 1.336 0.182
Duration of  T2DM (years) 8.500 (6.825–11.000) 6.500 (4.000–7.800)  − 8.836  < 0.001*
Smoking history [n (%)] 17 (9.656) 26 (14.773) 2.146 0.143
Diabetic retinopathy [n (%)] 34 (19.318) 17 (9.656) 6.627 0.010*
DBP (mmHg) 77.430 ± 8.474 77.110 ± 7.343 0.211 0.712
SBP (mmHg) 124.730 ± 12.313 124.980 ± 10.338 0.370 0.833
TG (mmol/L) 1.932 ± 1.181 1.854 ± 0.872 0.699 0.485
TC (mmol/L) 4.448 ± 0.890 4.514 ± 0.760 0.751 0.453
LDL-C (mmol/L) 2.779 ± 0.712 2.853 ± 0.642  − 1.015 0.311
HDL-C (mmol/L) 1.390 ± 0.391 1.377 ± 0.369 0.317 0.751
HbA1c (%) 8.827 ± 1.580 8.648 ± 1.666 1.031 0.303
FPG (mmol/L) 9.172 ± 1.837 9.508 ± 1.995  − 1.643 0.101
C-peptide 0 min (U/L) 2.230 (1.690–2.965) 2.180 (1.813–2.665)  − 0.625 0.532
eGFR (ml/min/1.73  m2) 91.000 (82.250–99.000) 91.000 (77.250–99.000)  − 1.109 0.267
ACR (mg/g) 2.220 (1.253–3.858) 1.680 (1.053–2.870)  − 2.215 0.027*
NSE (ng/mL) 12.790 (11.043–15.030) 10.150 (8.875–11.905)  − 8.039  < 0.001*
hsCRP (mg/L) 1.938 ± 0.915 1.537 ± 1.098 3.722  < 0.001*
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hsCRP, duration of type 2 diabetes, and age at baseline also 
increased; other parameters as HbA1c, FPG, C-peptide, TC, 
TG, LDL-C, HDL-C, eGFR, and ACR showed no significant 
differences (Table 3).

The nerve conduction studies data, including SNAP 
amplitude, latency and SCV, CMAP amplitude, latency and 
MCV in each groups, were showed in Table 4. With increas-
ing levels of NSE, the CMAP amplitude of common pero-
neal nerve and tibial nerve decreased significantly, as well 
as the SNAP amplitude of superficial peroneal nerve and 
sural nerve (p < 0.05). SCV and MCV were slightly lower 
than normal, and there was no significant difference among 
the three groups. No obvious difference was found in the 
amplitude and latency of CMAP and SNAP in median and 
ulnar nerves of upper limbs.

In the conditional logistic regression, after adjusting for 
confounding factors at baseline such as age, gender, BMI, 
ACR, HbA1c, hsCRP, and diagnosed diabetic retinopathy, 
serum NSE at baseline (β = 0.045, SE = 0.013, p = 0.001) and 
duration of type 2 diabetes (β = 0.077, SE = 0.01, p < 0.001) 
remained significant predictors of incidence of DPN. By 
incorporating confounding factors into the model succes-
sively, the risk of DPN in the group with the high tertile of 
NSE level was still 3.176 times higher than that in the group 
with the low tertile of NSE level (p < 0.001) (Tables 5 and 6).

Discussion

This study was a prospective nested case–control study to 
investigate the potential value of serum NSE and hsCRP in 
predicting the risk of DPN in patients with type 2 diabetes. 

Table 2  The Spearman rank correlation of serum NSE with anthro-
pometric and biochemical parameters

The correlation between variables was analyzed by Spearman rank 
correlation analysis
* Significant, p < 0.05

Clinical characteristic Spearman rank cor-
relation

p value

Age (years) 0.116 0.030*
Duration of T2DM (years) 0.088 0.098
BMI (kg/m2) 0.036 0.501
SBP (mmHg)  − 0.041 0.443
DBP (mmHg)  − 0.021 0.690
TG (mmol/L) 0.036 0.499
TC (mmol/L) 0.022 0.675
LDL-C (mmol/L) 0.003 0.959
HDL-C (mmol/L)  − 0.091 0.087
HbA1c (%) 0.084 0.117
FPG (mmol/L) 0.034 0.528
C-peptide 0 min (U/L)  − 0.036 0.495
eGFR (ml/min·1.73  m2)  − 0.057 0.284
ACR (mg/g) 0.035 0.514
hsCRP (mg/L) 0.264  < 0.001*

Table 3  Mean value and p value 
of each index according to the 
tertiles level of baseline serum 
NSE

First tertile: NSE < 10.175 g/L; second tertile: 10.175 ≤ NSE ≤ 12.805 g/L; third tertile: NSE > 12.805 g/L
Values are mean for each item. Trend test for ANOVA was used to observe the linear trend
* Significant, p < 0.05

Baseline characteristics First tertile Second tertile Third tertile F/x2 p for trend

Cases number (PDN/non-PDN) 24/92 65/53 87/31 65.526  < 0.001*
Age (years) 59.122 59.797 61.364 3.904 0.049*
Duration of T2DM (years) 7.092 7.408 8.078 5.812 0.016*
BMI (kg/m2) 25.154 24.829 25.507 1.096 0.296
Smoking history [n (%)] 20 (17.241%) 14 (11.864%) 9 (7.627%) 5.025 0.025*
Diabetic retinopathy [n (%)] 18 (15.517%) 8 (6.780%) 25 (21.186%) 1.549 0.213
SBP (mmHg) 125.500 123.540 125.530 0.001 0.976
DBP (mmHg) 77.720 76.830 77.260 0.195 0.659
TG (mmol/L) 1.838 1.839 2.000 1.439 0.231
TC (mmol/L) 4.508 4.433 4.502 0.003 0.957
LDL-C (mmol/L) 2.862 2.796 2.791 0.630 0.428
HDL-C (mmol/L) 1.379 1.444 1.328 1.092 0.297
HbA1c (%) 8.511 8.904 8.793 1.754 0.186
FPG (mmol/L) 9.275 9.347 9.398 0.237 0.627
C-peptide 0 min (U/L) 2.295 2.277 2.199 0.959 0.328
eGFR (ml/min·1.73  m2) 90.480 89.360 88.260 1.394 0.239
hsCRP (mg/L) 1.554 1.620 2.034 13.268  < 0.001*
ACR (mg/g) 3.018 3.617 3.819 1.220 0.270
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During an average 5.1-year follow-up period, the risk of 
DPN in patients with type 2 diabetes increases with baseline 
serum NSE levels. After matching and adjusting the main 
risk factors at baseline, including age, gender, BMI, dura-
tion of type 2 diabetes, hsCRP, HbA1c, ACR, and diagnosed 
diabetic retinopathy, the risk of DPN in the high tertile of 
NSE level was still 3.176 times higher than that in the low 
tertile of NSE level (p < 0.001). As far as we know, this is the 
first report to clarify the potential link between NSE and the 
development of clinical DPN in patients with type 2 diabetes 
in a prospective nested case–control study.

Enolase is a key enzyme in the glycolysis process, cata-
lyzing the dehydration of 2-phosphoglycerate to phospho-
enolpyruvate. Among the isoenzymes of enolase, a soluble 
acid protease that belongs exclusively to neuroendocrine 
tissues and neurons is also called NSE. NSE may have 
diagnostic and predictive value in differential diagnosis, dis-
ease monitoring, curative effect evaluation and recurrence 

prediction of nervous system, endocrine system diseases 
and tumors, etc. [16, 17]. Until now, NSE-related research 
mainly focuses on the mechanism of central nervous sys-
tem neurons and neuroendocrine tumors, and its role in the 
pathophysiology of DPN is still unclear. The expression 
level and type of enolase in peripheral glial cells (Schwann 
cells, etc.) may change under abnormal glucose metabolism 
and stress [18]. Typically, Schwann cells only expresses the 
non-neuronal form of enolase. Long-term abnormal glucose 
metabolism leads to Wallerian degeneration or demyelina-
tion of peripheral neuropathy. The abnormity in Schwann 
cells metabolic activity may lead to an increase in NSE syn-
thesis to adapt to the increased energy requirements of cell 
metabolism. Compared to other types of isoenzymes, NSE 
is more stable and has neurotrophic and neuroprotective 
effects on damage to axons and Schwann cells. It is benefi-
cial to promote functional recovery after nerve injury. NSE 
is involved in the activation of glycolysis pathway and the 

Table 4  Nerve conduction studies at the end of follow-up according to the tertiles level of baseline serum NSE

First tertile: NSE < 10.175 g/L; second tertile: 10.175 ≤ NSE ≤ 12.805 g/L; third tertile: NSE > 12.805 g/L
SNAP, sensory nerve action potential; SCV, sensory nerve conduction velocity; CMAP, compound muscle action potential; MCV, motor nerve 
conduction velocity
Values are mean for each item. Trend test for one-way ANOVA was used to observe the linear trend
* Significant, p < 0.05

Nerve conduction parameters (mean) First tertile Second tertile Third tertile F p for trend

n (PDN/non-PDN) 11/12 12/13 12/12

CMAP amplitude (mV) Median 4.622 4.560 4.533 2.009 0.161
Ulnar 4.487 4.500 4.400 2.153 0.147
Common peroneal 3.974 3.756 3.488 6.600 0.012*
Tibial 3.965 3.788 3.471 6.885 0.011*

Latency (ms) Median 3.509 3.436 3.392 2.724 0.103
Ulnar 3.239 3.228 3.192 0.441 0.509
Common peroneal 4.465 4.488 4.433 0.200 0.656
Tibial 4.778 4.656 4.621 3.158 0.080

MCV (m/s) Median 46.649 46.152 45.458 2.619 0.110
Ulnar 45.917 45.660 44.904 2.271 0.136
Common peroneal 34.852 34.636 35.429 0.655 0.421
Tibial 33.496 33.296 33.179 0.179 0.674

SNAP amplitude (uV) Median 15.348 15.100 14.729 1.479 0.228
Ulnar 13.274 12.852 12.388 2.090 0.153
Superficial peroneal 4.009 3.940 3.179 5.919 0.018*
Sural 4.200 3.848 3.425 6.280 0.015*

Latency (ms) Median 3.278 3.172 3.158 2.375 0.128
Ulnar 3.026 2.924 2.871 2.759 0.101
Superficial peroneal 3.922 3.896 3.679 3.229 0.077
Sural 3.844 3.720 3.608 3.143 0.081

SCV (m/s) Median 43.461 43.444 42.908 0.706 0.404
Ulnar 43.017 42.628 42.313 0.815 0.370
Superficial peroneal 39.683 39.336 39.246 0.380 0.540
Sural 40.187 39.792 39.342 1.839 0.180
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increase of metabolite expression level. At certain physio-
logical levels, it can help to maintain and restore the function 
of Schwann cells in damaged nerve fibers and has positive 
significance for the repair of damaged nerves after periph-
eral nerve injury [19, 20]. In addition, NSE may also cause 
axon damage by mediating the activation of neurodegenera-
tion pathways and promoting the activation of inflammatory 
cytokines, chemokines, and other inflammatory mediators 
[8]. Therefore, the dynamic observation of NSE expression 
in peripheral blood can be used to infer the injury and repair 
of peripheral nerves as well as the level of inflammatory 
response, which can provide clinical reference for the evalu-
ation of metabolism and function of peripheral nerves.

The relationship between NSE and DPN have been inves-
tigated in some literatures. In a cross-sectional study con-
ducted by Li et al. [10], it was found that serum NSE levels 
in diabetic patients were slightly higher than those in normal 
glycemic patients (9.1 [1.5] vs 8.7 [1.7], p = 0.037).

Diabetic patients with neuropathy had significantly higher 
serum NSE levels than diabetic patients without neuropa-
thy (10.8 [2.8] vs 9.1 [1.5], p ≤ 0.001). But in the study of 
Sandhu et al. [11], the NSE mRNA level was significantly 

higher in diabetic group (no neuropathy or retinopathy) 
(n = 22) than in healthy subjects (n = 26), and the NSE 
mRNA level was lower in diabetic neuropathy group (n = 24) 
than in diabetic control group (no neuropathy or retinopathy) 
(n = 22). The limitation of the projects was that they were 
all cross-sectional studies. Some studies included a small 
number of cases; differences between ethnic groups might 
affect the final conclusions. Moreover, the conclusions were 
not consistent in different study populations, which had no 
practical reference significance for elucidating the causal 
relationship between NSE and the incidence of DPN.

Our study showed that the baseline serum NSE level of 
patients in the DPN group was significantly higher than that 
of the matched non-DPN group [12.790 (11.043–15.030) 
vs 10.150 (8.875–11.905) ng/L, t =  − 8.039, p < 0.001], 
although NSE in both groups was within the normal range 
or slightly exceeded the normal value. Older ages at base-
line were independently associated with NSE in this study. 
Studies have shown that the content of NSE in cerebrospinal 
fluid increases with age, on average by 1% per year [21]. The 
level of NSE in peripheral blood also increased with age, 
which may be similar to that of NSE in cerebrospinal fluid. 

Table 5  Conditional logistic 
regression analyzed the risk 
factors of DPN

Only significant factors in the univariate analysis or known confounding factors were successively added to 
the model
* Significant, p < 0.05

Factors β SE OR (95% CI) p value

Age (years)  − 0.006 0.009 0.994 (0.977–1.011) 0.492
Gender (male/female)  − 0.052 0.155 0.949 (0.700–1.286) 0.736
BMI (kg/m2)  − 0.040 0.031 0.961 (0.904–1.021) 0.2000
Duration of  T2DM (years) 0.077 0.015 1.080 (1.049–1.112)  < 0.001*
Diabetic retinopathy (yes vs no) 0.145 0.205 1.156 (0.774–1.726) 0.480
HbA1c (%) 0.016 0.049 1.016 (0.924–1.117) 0.744
ACR (mg/g)  − 0.003 0.013 0.997 (0.971–1.024) 0.837
hsCRP (mg/L) 0.069 0.076 1.072 (0.929–1.236) 0.342
NSE (ng/mL) 0.045 0.013 1.046 (1.019–1.074) 0.001*

Table 6  Conditional logistic 
regression analyzed relationship 
between incident DPN and NSE

Note: OR, odds ratio; CI, confidence interval
Model 1: adjusted for age, sex, and BMI
Model 2: based on model 1, duration of  T2DM was further corrected
Model 3: based on model 2, HbA1c, ACR, and diabetic retinopathy were further corrected
Model 4: hsCRP was further corrected on the basis of model 3
* Significant, p < 0.05

Model OR (95% CI) p value

NSE < 10.175 10.175 ≤ NSE ≤ 12.805 12.805 < NSE

Model 1 1 2.650 (1.659–4.233) 3.693 (2.343–5.821)  < 0.001*
Model 2 1 2.557 (1.600–4.086) 3.318 (2.095–5.257)  < 0.001*
Model 3 1 2.640 (1.646–4.237) 3.284 (2.070–5.210)  < 0.001*
Model 4 1 2.633 (1.641–4.224) 3.176 (1.995–5.055)  < 0.001*
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Secondly, we also found no correlation between NSE and 
HbA1c at baseline; the relationship between hyperglycemia 
and NSE was controversial. The literature reports that the 
level of NSE was independent of hyperglycemic metabolic 
status (fasting glucose, HbA1c, course of disease, and type 
of diabetes) and other potential confounding factors affect-
ing NSE levels (such as age, sex, and renal status) [10, 11]. 
However, the mechanism by which blood glucose levels 
affect NSE remains unclear. High blood glucose levels may 
cause a manageable increase in the physiological level of 
NSE; this suggest that NSE may play a more important role 
in the pathogenesis of DPN. Thirdly, inflammation is one of 
the important mechanisms of neuropathy. Oxidative stress 
and inflammation of the nervous system can be induced in 
the context of persistent hyperglycemia and ischemia or 
hypoxia, increasing the risk of peripheral neuropathy [22]. 
At the same time, the expression level of enolase in nerve 
tissue is upregulated to increase the repair and survival of 
peripheral nerve tissue. We speculated that the expression 
level of NSE may fluctuate in different development stages 
of diabetes; NSE in peripheral nerve tissue may also be con-
trolled, which is related to the functional state of peripheral 
nerve tissue. In this study, we selected hsCRP as a marker 
of inflammation. We found a significant correlation between 
the baseline NSE and hsCRP, which provides evidence for 
the involvement of NSE in inflammatory response, but the 
specific mechanism of action remains unclear. Interestingly, 
no independent association was found between hsCRP and 
the incidence of DPN. It is currently believed that NSE 
has a biological half-life of about 24 h in body fluids, and 
increased serum levels of NSE may trigger the activation of 
different cellular pathways leading to neuroinflammation. 
The pro-inflammatory effects of NSE may involve the acti-
vation of MMP-9 and NSE-mediated activation of PI3K and 
MAPK pathways, leading to the release of inflammatory 
cytokines and chemokines that contribute to the develop-
ment of neuropathy [23, 24]. In order to clarify the mode and 
significance of NSE’s involvement in neuropathic inflamma-
tory mechanisms of DPN, it may be necessary to select more 
appropriate markers of inflammation.

The most significant finding in this study is that elevated 
serum NSE levels at baseline is a risk factor for DPN, inde-
pendent of other known risk factors for DPN. Older ages 
and duration of type 2 diabetes are common risk factors for 
DPN, which have been confirmed in ours and other studies 
[25, 26]. HbA1c has a higher predictive value of DPN in 
patients with type 1 diabetes than in type 2 diabetes, active 
hypoglycemic therapy has been shown to be effective in 
delaying the onset of DPN in type 1 diabetes, but the effect 
on DPN in type 2 diabetes is not obvious, which is related 
to the complexity pathogenesis of DPN in type 2 diabetes. 
Modifiable cardiovascular risk factors are associated with 

the incidence of neuropathy, including elevated TG levels, 
BMI, and hypertension, etc. [27]. No statistical significance 
was found about these indexes in our study.

In nerve conduction studies, with the increase of NSE 
level, the CMAP amplitude of the motor nerve and the 
SNAP amplitude of the sensory nerve of the lower limbs 
were decreased significantly (p < 0.05). The peripheral 
neuropathy in these patients with type 2 diabetes may be 
dominated by axonal injury in the distal nerves of the lower 
limbs, mainly small nerve fibers, and the axonal injury in 
the high tertiles level of NSE is more significant than that 
in the low NSE tertiles. Due to the high content of NSE in 
the axons of peripheral nerves, long-term neuropathy leads 
to Wallerian degeneration, axonal destruction, and NSE 
leakage increased. SNAP and CMAP amplitude, which 
reflect the degree of axonal damage, can be significantly 
reduced [28, 29]. At the same time, the demyelination of 
nerve tissue was not obvious. Therefore, there was no sig-
nificant change of latency, SCV, and MCV in sensory and 
motor nerve detection. For patients with type 2 diabetes, 
the low tertile expression level of NSE in nerve tissue has 
neurotrophic and protective effects on diabetic peripheral 
nerve tissue, and the high tertile expression level is related 
to abnormal metabolic status, inflammatory response, and 
the pathological damage of peripheral nerve tissue. Per-
sistent metabolic abnormalities or irreversible damage of 
Schwann cells in peripheral nerves indicate the possibil-
ity of DPN in the future. The study shows that the risk of 
DPN in the group with the high tertile of NSE level was 
still 3.176 times higher than that in the group with the low 
tertile of NSE level (p < 0.001). This provides support for 
the possibility that NSE becomes a neuro-specific marker 
to predict DPN in type 2 diabetes.

There are some limitations in this study. Only Chinese 
patients with type 2 diabetes were included in this study, 
which may not be fully representative of the general popu-
lation. Therefore, we should be cautious when extrapolat-
ing the conclusions. In addition, due to the limited sample 
size and the complexity pathogenesis of DPN, confounders 
and the influencing factors to NSE were not all included in 
the study. Third, the diagnosis of DPN is mainly based the 
neuroscale, and only some patients have nerve conduction 
studies; the relationship between NSE and the severity of 
DPN was also not discussed. Lastly, the dynamic changes 
of NSE during the disease were not fully considered; further 
adjustments should be made in future studies.

Conclusion

This prospective nested case–control study identified a 
potential association between NSE and the development of 
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clinical DPN in patients with type 2 diabetes. The results 
indicate that elevated serum NSE levels increased neuro-
inflammatory responses and had a predictive value for the 
occurrence of DPN in patients with type 2 diabetes for an 
average of 5.1 years. NSE may become a neuro-specific 
marker for DPN and provide a useful reference for the early 
diagnosis and treatment of DPN.
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