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Objective: To evaluate the diagnostic value of combining electromyography (EMG) with clinical and pathological parameters in
diagnosing diabetic peripheral neuropathy (DPN).

Methods: A retrospective study was conducted on 156 diabetic patients (69 with DPN, 87 without) treated from July 2022 to
December 2024. Clinical, biochemical, and EMG parameters were compared between groups. Multivariate logistic regression
identified independent predictors of DPN. ROC curve analysis assessed diagnostic performance.

Results: Group A (DPN) had significantly higher levels of glycated hemoglobin, cystatin C, uric acid, and creatinine, and significantly
reduced motor and sensory nerve conduction velocities compared to Group B. Logistic regression identified these indicators as
independent risk factors. Combined ROC analysis showed higher diagnostic accuracy (AUC = 0.873) than any single indicator.
Conclusion: The combination of EMG with selected clinical and pathological parameters offers high diagnostic accuracy for DPN in
diabetic patients.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from
impaired insulin secretion and/or insulin action, which disrupts carbohydrate, fat, and protein metabolism." According
to the World Health Organization (WHO), the global prevalence of DM continues to rise, with projections estimating that
the number of DM patients will reach 570 million by 2030.% In China, the burden is similarly high, with adult DM
prevalence exceeding 12%, accompanied by insufficient disease control in some patients, leading to a growing incidence
of diabetes-related complications.’

Among the chronic complications of DM, diabetic peripheral neuropathy (DPN) is one of the most common and
debilitating, primarily involving distal symmetric polyneuropathy of the lower limbs.*> Clinically, DPN manifests with
sensory symptoms such as numbness, pain, and burning sensations, and in advanced stages, motor deficits and gait instability
may occur, significantly increasing the risk of foot ulcers, infections, and even amputations.® Approximately 50% of DM
patients develop DPN within 20 years of disease onset,” highlighting the urgency of early and accurate diagnosis.

However, DPN diagnosis remains a challenge, particularly in its early stages or in patients with atypical or mixed
symptoms. This is partly because DPN may involve both small and large nerve fibers. Small fiber neuropathy often presents
with pain or dysesthesia but is difficult to detect via standard nerve conduction studies, while large fiber involvement is
more readily captured through electrophysiological methods such as electromyography (EMG).” The limitations of relying

solely on EMG or symptom assessment have led to frequent underdiagnosis of early or mixed-type DPN.®
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While EMG remains a key diagnostic tool that quantitatively evaluates motor and sensory nerve conduction velocities
(MCV and SCV), its sensitivity in detecting early or small fiber lesions is limited. Recent studies have suggested that
certain clinical and pathological indicators—such as glycated hemoglobin (HbAlc), serum creatinine (Cr), uric acid
(UA), cystatin C (Cys-C), and lipid metabolism parameters—may serve as additional biomarkers of peripheral nerve
damage in DM patients.” "'

Therefore, this study aims to evaluate the diagnostic value of a combined approach using EMG and key clinical
pathological indicators for the early detection of DPN. Specifically, we sought to verify the effectiveness of this multi-
dimensional diagnostic strategy in a Chinese diabetic population and to explore its potential as a practical diagnostic model for
clinical application. By integrating electrophysiological data with metabolic and renal biomarkers, we hope to provide a more
comprehensive, sensitive, and practical approach for early identification and intervention in diabetic neuropathy.

Materials and Methods

Clinical Data

A retrospective analysis was conducted on the clinical data of 156 diabetes mellitus (DM) patients admitted to our hospital
from July 2022 to December 2024. Inclusion criteria: (1) Diagnosed with type 2 diabetes mellitus (T2DM) according to
established diagnostic guidelines;'? (2) Aged between 18 and 75 years, regardless of gender; (3) Duration of diabetes >1 year
with a stable diabetes treatment regimen prior to enrollment; (4) Diagnosis of diabetic peripheral neuropathy (DPN) confirmed
based on clinical criteria,'* with typical symptoms and signs present in the lower limbs, although standardized scoring systems
such as the Toronto Clinical Neuropathy Score (TCNS) or modified TCNS (mTCNS) were not employed due to the
retrospective nature and limitations of available medical records, DPN was diagnosed based on widely accepted clinical
and electrophysiological criteria, ensuring diagnostic reliability; (5) Provided written informed consent, with both the patient
and their legal guardian (when applicable) agreeing to participate in the study. Exclusion criteria: (1) Exclusion of other types
of DM (eg, type 1 diabetes, gestational diabetes mellitus) and non-DM-related neuropathy patients; (2) Exclusion of patients
with neuropathy caused by acute cardiovascular and cerebrovascular events, acute infections, or other severe diseases; (3)
Exclusion of patients with severe heart, liver, kidney, or other major organ dysfunction; (4) Exclusion of patients with severe
mental illness, cognitive disorders, or those who cannot understand the purpose and content of the study; (5) Exclusion of
pregnant or breastfeeding women; (6) Exclusion of patients with a history of major surgeries involving the nervous system; (7)
Exclusion of patients with severe anemia, malignant tumors, or other diseases affecting nerve function. Patients were divided
into group A (n=69, with DPN) and group B (n=87, without DPN) based on the presence of DPN. This study was approved by
the Wuhan Fourth Hospital Medical Ethics Committee (Approval No. DMSJ24-0019), informed consent was obtained from
all study participants, and the research strictly adhered to the ethical guidelines of the Declaration of Helsinki.

Methods

Baseline Data and Clinical Pathological Parameters

Baseline data included gender, age, body mass index (BMI), DM duration, smoking status, alcohol consumption, and
hypertension status, which were collected based on patient self-report and/or historical data. Clinical pathological
parameters included 24-hour urine protein (24 h UP), urine albumin/creatinine ratio (A/C), urine microalbumin
(UMA), serum albumin (Alb), glycosylated hemoglobin (HbAlc), fasting blood glucose (FBG), 2-hour postprandial
blood glucose (2 h PBG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
triglycerides (TG), total cholesterol (TC), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), aspartate amino-
transferase (AST), alanine aminotransferase (ALT), total bilirubin (TBil), cystatin C (Cys-C), uric acid (UA), and
creatinine (Cr). Patients’ total urine within 24 hours was collected, and 24 h UP and UMA were measured using
a urine analyzer. Morning urine samples were collected to measure urine albumin and creatinine concentrations using
respective reagent kits, followed by calculation of the A/C ratio. Fasting venous blood (20 mL) was drawn in the morning
on admission, centrifuged at 3500 r/min (centrifugal radius 8 cm) for 10 minutes to separate the serum for measurement.
Levels of Alb, HbAlc, FBG, 2 h PBG, LDL-C, HDL-C, TG, TC, LDH, ALP, AST, ALT, TBil, Cys-C, UA, and Cr were
determined using an automatic biochemical analyzer.
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EMG Examination

Data collection was performed using a Keypoint 9033A07electromyograph and evoked potential instrument,
produced by Natus Manufacturing Limited. All examinations were conducted in a well-ventilated and appropri-
ately temperature-controlled environment to ensure the accuracy of the instruments and the comfort of the patients.
During testing, patients were instructed to lie flat and ensure full body relaxation, avoiding any muscle tension or
discomfort that could interfere with the results. For MCV measurements, a saddle-shaped electrode stimulator was
used to stimulate the common peroneal nerve along the nerve trunk. The nerve conduction velocity was calculated
by analyzing the relationship between the nerve conduction speed and the potential transmission time. Each test
point was repeated three times, and the average of the three measurements was taken. SCV was measured using a
surface electrode, with the superficial peroneal nerve selected for testing. The sensory nerve’s electrical stimula-
tion response and conduction time were recorded, and the SCV value was calculated by combining the sensory
nerve’s length with the distance from the stimulation point to the recording point. Like MCV testing, SCV tests
were also repeated three times, with the final result being the average of the three measurements.

Statistical Analysis

GraphPad Prism 8 was used for graphing, and SPSS25.0 was used for statistical analysis. Count data were expressed as n (%),
and Chi-square tests were used for analysis. Normally distributed continuous data were expressed as (X + S), and comparisons
between two groups were made using independent-sample t-tests. Multivariate logistic regression was used to analyze the
independent factors affecting the occurrence of DPN. The diagnostic performance of the combined model was evaluated
through ROC curve analysis. Although no direct comparison with TCNS/mTCNS scoring systems was performed, the obtained
area under the curve (AUC) values were interpreted in reference to existing literature benchmarks for these systems, providing

a contextual framework for the clinical relevance of our findings. A P-value of <0.05 was considered statistically significant.

Results

Comparison of Baseline Data

The baseline data of gender, age, body mass index (BMI), duration of diabetes mellitus (DM), smoking status, alcohol
consumption, and hypertension status between the two groups were compared, showing no significant differences (P >
0.05), indicating comparability. See Table 1.

Table | Comparison of Baseline Data (X £ S, n[%])

Group A (n=69) | Group B (n=87) | t/x? P

Gender - - 0.392 | 0.531
Male 33 (47.83) 46 (52.87) - -
Female 36 (52.17) 41 (47.13) - -

Age (years) 55.69+6.84 55.21+6.78 0.437 | 0.662

BMI (kg/m?) 22.51+1.69 22.65+1.54 0.540 | 0.589

DM Duration (years) 7.23%1.95 6.74+1.87 1.595 | 0.112

Smoking Status - - 0.093 | 0.759
Yes 23 (33.33) 27 (31.03) - -
No 46 (66.67) 60 (68.97) - -

Alcohol Consumption - - 0.051 | 0.820
Yes 25 (36.23) 30 (34.48) - -
No 44 (63.77) 57 (65.52) - -

Hypertension Status - - 0.116 | 0.732
Yes 24 (34.78) 28 (32.18) - -
No 45 (65.22) 59 (67.82) - -

Abbreviations: BMI, Body Mass Index; DM, Diabetes Mellitus.
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Comparison of Clinical Pathological Parameters
The HbAlc, Cys-C, UA, and Cr levels in Group A were higher than those in Group B (P < 0.05). The other parameters
showed no significant differences (P > 0.05). See Table 2.

Comparison of EMG Indicators
The MCV and SCV values in Group A were (42.17 + 5.08, 40.06 + 5.03), and in Group B, the values were (46.78 + 5.16,
46.35 £ 5.34). The MCV and SCV levels in Group A were significantly lower than those in Group B (P < 0.05). See Figure 1.

Multivariate Logistic Regression Analysis of Factors Affecting the Occurrence of DPN
in DM Patients

The occurrence of DPN in DM patients (0 = no, 1 = yes) was used as the dependent variable. The potential influencing
factors obtained from Tables 1 and 2, and Figure 1 were assigned values as independent variables (see Table 3), and
a multivariate logistic regression model was established. The results showed that HbAlc, Cys-C, UA, Cr, MCV, and SCV
were independent risk factors for DPN in DM patients (P < 0.05), as shown in Table 4.

Value of Combined Diagnosis of DPN Using EMG and Clinical Pathological Parameters
ROC curve analysis showed that the AUC for HbAlc, Cys-C, UA, Cr, MCYV, SCV, and combined diagnosis were 0.743,
0.727, 0.712, 0.709, 0.784, 0.769, and 0.873, respectively. The AUC, sensitivity, and specificity for combined diagnosis
were higher than those for any individual diagnosis, as shown in Table 5 and Figure 2.

Discussion

DPN is a prevalent and debilitating complication of DM, and its early detection is critical to preventing irreversible nerve
damage and improving patient outcomes.'* Despite this importance, current diagnostic methods often face limitations in

Table 2 Comparison of Clinical Pathological Parameters (X + S)

Group A (n=69) | Group B (n=87) t P
24 h UP (g/24 h) 0.27+0.06 0.25+0.07 1.886 | 0.061
AIC (mg/mmol) 5.72+1.34 5.48%1.36 I.101 | 0272
UMA (mg/L) 41.03+6.45 39.35+5.43 1.765 | 0.079
Alb (g/L) 42.57+3.22 42.93£2.95 0.726 | 0.468
HbAIc (%) 8.67+2.52 7.09£1.36 5.003 | <0.00!
FBG (mmol/L) 8.33%1.54 8.04£1.37 1.242 | 0215
2 h PBG (mmol/L) 14.27+2.56 13.85+2.433 1.047 | 0.296
LDL-C (mmol/L) 2.55+0.42 2.58+0.38 0.467 | 0.640
HDL-C (mmol/L) 1.07+0.26 1.04+0.25 0.731 | 0.465
TG (mmol/L) 2.08+0.34 1.99+0.31 1.725 | 0.086
TC (mmol/L) 4.36+0.85 4.24+0.93 0.831 | 0.407
LDH (U/L) 172.83+22.48 168.47+21.96 1.218 | 0.224
ALP (U/L) 72.39£11.27 70.52+19.08 0.720 | 0.472
AST (U/L) 19.64+3.25 19.98+3.31 0.642 | 0.521
ALT (U/L) 23.17£3.22 23.72+4.65 0.836 | 0.404
TBil (umol/L) 13.19£2.21 13.06+2.14 0.371 | 0710
Cys-C (mg/L) 1.16+0.38 0.91£0.15 5.613 | <0.001
UA (mmol/L) 337.69+53.52 293.13+45.36 5.626 | <0.001
Cr (umol/L) 78.36x16.15 63.69+14.92 5.880 | <0.00!

Abbreviations: 24 h UP, 24-hour urine protein; A/C, urine albumin/creatinine ratio; UMA,
urine microalbumin; Alb, serum albumin; HbAlc, glycated hemoglobin; FBG, fasting blood
glucose; 2 h PBG, 2-hour postprandial blood glucose; LDL-C, low-density lipoprotein choles-
terol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol;
LDH, lactate dehydrogenase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; TBil, total bilirubin; Cys-C, cystatin C; UA, uric acid; Cr, creatinine.
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Figure | Comparison of EMG Indicators (X =+ S, m/s).
Note: intergroup comparison, *P < 0.05.
Abbreviations: MCV, Motor nerve conduction velocity; SCV, sensory nerve conduction velocity.

sensitivity and comprehensiveness. In this context, the present study evaluated the diagnostic value of combining EMG
with clinical pathological parameters for the early detection of DPN in patients with T2DM.

EMG, particularly through assessments of motor and sensory nerve conduction velocity, remains a fundamental tool
in evaluating peripheral nerve function in DM patients.'” In this study, reduced motor and sensory nerve conduction
velocities were observed in patients with DPN compared to those without, aligning with previous reports that nerve
conduction slowing is an early manifestation of neuropathy.'®"'® Notably, the involvement of the common and superficial
peroneal nerves is recognized as a typical feature of DPN.'® While EMG provides valuable electrophysiological insight,
its diagnostic accuracy can be limited by variability in lesion distribution and examination conditions. Therefore,
integrating EMG with relevant biochemical and clinical parameters may enhance its diagnostic performance.

Several studies have emphasized the role of clinical pathological factors in the development of DPN.?*?* Among
them, glycemic control is a critical determinant. Chronic hyperglycemia contributes to nerve damage via oxidative stress,
vascular endothelial injury, and other metabolic pathways.>*** This study supported previous findings by identifying

Table 3 Variable Assignment Table

Independent Variable | Assignment Method
HbAlc Original value
Cys-C Original value
UA Original value
Cr Original value
MCvV Original value
SCv Original value

Table 4 Multivariate Logistic Regression Analysis of Factors
Affecting the Occurrence of DPN in DM Patients

Factor p SE | Wald x* P OR 95% ClI

HbAlc | 0.303 | 0.146 | 4.587 <0.05 | 1.351 | 1.024-1.788
Cys-C | 0318 | 0.171 4.193 <0.05 | 1.349 | 1.008-1.854
UA 0.456 | 0.213 7.654 <0.001 | 1.345 | 1.017-1.952
Cr 0.238 | 0.139 | 4.175 <0.05 | 1.263 | 1.032-1.638
MCV 0.437 | 0.165 6.874 <0.05 | 1.536 | I.112-2.107
SCv 0.514 | 0.158 9.511 <0.05 | 1.647 | 1.192-2.385

Abbreviations: HbA | c, Glycated hemoglobin; Cys-C, Cystatin C; UA, Uric acid; Cr,
Creatinine; MCV, Motor nerve conduction velocity; SCV, Sensory nerve conduction
velocity.
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Table 5 Value of Combined Diagnosis of DPN Using EMG and Clinical Pathological Parameters

Indicator | Optimal Cutoff Value | AUC 95% CI P Sensitivity (%) | Specificity (%)
HbAlc 8.09% 0.743 | 0.705-0.812 | <0.05 75.97 70.36
Cys-C 1.02 mg/L 0.727 | 0.674-0.797 | <0.05 73.52 71.45
UA 307.62 mmol/L 0.712 | 0.653-0.785 | <0.05 69.27 74.16
Cr 70.48 pmol/L 0.709 | 0.648-0.782 | <0.05 76.73 67.35
MCV 45.29 m/s 0.784 | 0.734-0.856 | <0.05 7421 70.82
SCv 42.47 m/s 0.769 | 0.727-0.843 | <0.05 76.49 68.56
Combined - 0.873 | 0.805-0.944 | <0.05 83.24 78.39

Abbreviations: HbAlc, Glycated hemoglobin; Cys-C, Cystatin C; UA, Uric acid; Cr, Creatinine; MCV, Motor nerve conduction
velocity; SCV, Sensory nerve conduction velocity.

elevated HbAlc levels as an independent risk factor for DPN, highlighting its utility in risk stratification and early
warning systems for neuropathic complications.

In addition to glycemic markers, renal dysfunction also emerged as a relevant contributor. The elevated levels of Cys-
C, UA, and Cr in DPN patients suggest a possible link between impaired kidney function and neuropathy. Prior research
has suggested that reduced renal clearance may promote nerve injury through mechanisms such as impaired nerve
perfusion and increased oxidative stress.’®>® These findings underscore the potential utility of renal function indicators
in identifying high-risk diabetic individuals. Future studies may further explore the temporal association and predictive
value of these markers in the context of DPN progression.

Contrary to some previous reports, this study did not find significant differences in lipid metabolism indicators between
patients with and without DPN. This discrepancy may be attributable to differences in sample characteristics or study design.”'
Nevertheless, the influence of lipid dysregulation on nerve integrity—through mechanisms such as altered membrane structure
and heightened inflammatory activity—remains biologically plausible and warrants continued investigation.*'

In this study, the combined diagnostic model using EMG and clinical pathological parameters demonstrated
significantly superior performance compared to either method alone, as evidenced by the area under the AUC. This
result suggests a synergistic effect that enhances both sensitivity and specificity in diagnosing DPN. By incorporating
electrophysiological findings and systemic metabolic indicators, clinicians can achieve a more comprehensive evaluation
of neuropathic risk in patients with T2DM. Furthermore, this multidimensional diagnostic approach is feasible in clinical
settings and could be integrated into standard diabetes management protocols to improve early screening efforts, enabling
the early identification of high-risk DPN patients and timely intervention. By establishing an appropriate “high-risk”
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Figure 2 ROC Curve for Combined Diagnosis of DPN Using EMG and Clinical Pathological Parameters.

Abbreviations: HbAlc, Glycated hemoglobin; Cys-C, Cystatin C; UA, Uric acid; Cr, Creatinine; MCV, Motor nerve conduction velocity; SCV, Sensory nerve conduction
velocity.
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cutoff value, clinicians can better identify high-risk patients in practice and tailor individualized treatment plans.
Although this study did not directly compare the combined diagnostic model with existing diagnostic standards, such
as TCNS or mTCNS, based on the results of this study, the model may potentially serve as an auxiliary tool to be used in
conjunction with current standards in the future to further enhance the diagnostic accuracy of DPN.

Despite its strengths, this study has several limitations. It was a single-center retrospective analysis with a relatively
small sample size, which may limit the generalizability of the findings. Prospective, multi-center studies with larger
cohorts are necessary to validate the broader applicability of the combined diagnostic model. Additionally, this study
focused on a limited set of EMG and laboratory indicators, without incorporating emerging biomarkers such as
inflammatory cytokines or advanced imaging techniques. Future research should explore a broader range of diagnostic
tools to improve the precision of DPN screening. Furthermore, although the combined diagnostic approach shows
promise, its cost-effectiveness and long-term clinical benefits should be evaluated in real-world settings to guide
implementation in diverse healthcare environments.

In summary, this study provides preliminary evidence for the potential value of combining EMG with clinical
pathological parameters—particularly HbAlc, Cys-C, UA, and Cr—in the early diagnosis of DPN. This integrated
approach offers a more comprehensive assessment of neuropathic risk in DM patients and may support more timely and
targeted interventions. With further validation, such diagnostic strategies may improve the clinical management and
prognosis of individuals with or at risk for DPN.

Disclosure
The authors report no conflicts of interest in this work.
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