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Abstract 
Background: Diabetic neuropathy is a common microvascular complication of Type 2 Diabetes Mellitus 
(T2DM), primarily attributed to chronic hyperglycemia. Poor glycemic control leads to metabolic and vascular 
alterations that impair peripheral nerve function. Nerve Conduction Velocity (NCV) serves as a sensitive 
electrophysiological marker for evaluating early diabetic neuropathy. This study aims to analyze the 
physiological correlation between glycemic control, as measured by HbA1c levels, and NCV in patients with 
T2DM. 
Materials and Methods: This cross-sectional study was conducted in a tertiary care hospital from November 
2024 to April 2025. A total of 120 patients with diagnosed T2DM for at least 5 years were enrolled and 
stratified into three groups based on HbA1c levels: Group A (<7%), Group B (7–9%), and Group C (>9%). 
NCV studies were performed on the median, ulnar, and peroneal nerves using standard surface electrode 
techniques. Statistical correlation between HbA1c levels and NCV values was assessed using Pearson’s 
correlation coefficient and ANOVA. 
Results: The mean NCV values for the median nerve were 56.3±4.1 m/s in Group A, 50.9±3.8 m/s in Group B, 
and 45.2±4.3 m/s in Group C (p < 0.001). Similar trends were observed for the ulnar nerve (Group A: 55.1±3.7 
m/s, Group B: 49.6±3.5 m/s, Group C: 43.8±4.0 m/s) and the peroneal nerve (Group A: 47.8±3.2 m/s, Group B: 
41.2±3.6 m/s, Group C: 35.4±3.9 m/s). A strong inverse correlation was observed between HbA1c levels and 
NCV (r = -0.72, p < 0.001), indicating that higher HbA1c levels were associated with reduced NCV across all 
nerves tested. 
Conclusion: The study establishes a significant negative correlation between glycemic control and nerve 
conduction velocity in patients with T2DM. These findings underscore the importance of maintaining optimal 
glycemic levels to prevent or slow the progression of diabetic neuropathy. 
Keywords: Type 2 Diabetes Mellitus, Glycemic Control, Nerve Conduction Velocity, HbA1c, Diabetic 
Neuropathy, and Electrophysiology. 
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Introduction 

Type 2 Diabetes Mellitus (T2DM) is a chronic 
metabolic disorder characterized by insulin 
resistance and progressive pancreatic β-cell 
dysfunction, leading to persistent hyperglycemia 
[1]. One of the most prevalent and debilitating 
complications of T2DM is diabetic peripheral 
neuropathy (DPN), affecting approximately 50% of 
diabetic patients during their lifetime (2). DPN is a 
length-dependent, sensorimotor polyneuropathy 
resulting from complex metabolic and vascular 

mechanisms associated with chronic hyperglycemia 
[3]. Among the several diagnostic modalities 
available, Nerve Conduction Velocity (NCV) 
studies serve as a reliable and sensitive 
electrophysiological tool for early detection of 
peripheral nerve dysfunction in diabetic patients 
[4]. Slowed NCV indicates impaired axonal 
conduction due to demyelination or axonal 
degeneration—both of which are strongly linked 
with poor glycemic control [5]. Glycated 
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hemoglobin (HbA1c) is widely accepted as the 
gold standard marker for long-term glycemic 
control, reflecting average blood glucose levels 
over a period of 2–3 months [6]. Several studies 
have suggested a significant correlation between 
elevated HbA1c levels and reduced NCV, 
emphasizing the role of sustained hyperglycemia in 
nerve fiber damage [7]. However, variability in the 
degree of correlation reported across different 
populations highlights the need for region-specific 
studies to explore this association more 
comprehensively [8]. This study aims to investigate 
the physiological relationship between glycemic 
control, assessed by HbA1c, and NCV in patients 
with T2DM, thereby providing insights into the 
impact of metabolic control on peripheral nerve 
health. 

Materials and Methods 

A total of 120 patients diagnosed with Type 2 
Diabetes Mellitus (T2DM) for a minimum duration 
of five years were included in the study. Inclusion 
criteria were adults aged between 40 and 65 years 
with a confirmed diagnosis of T2DM based on 
ADA guidelines. Exclusion criteria included 
patients with Type 1 diabetes, known cases of 
hypothyroidism, chronic alcohol use, renal 
insufficiency, vitamin B12 deficiency, or any pre-
existing neurological disorder unrelated to diabetes. 

Participants were divided into three groups based 
on their glycated hemoglobin (HbA1c) levels: 

• Group A: HbA1c <7% 
• Group B: HbA1c 7–9% 
• Group C: HbA1c >9% 

Venous blood samples were collected after 
overnight fasting to determine HbA1c using high-
performance liquid chromatography (HPLC). 
Nerve Conduction Velocity (NCV) studies were 

performed using a standard four-channel 
electromyography (EMG) and NCV machine. 
Motor and sensory NCVs were recorded for the 
median, ulnar, and peroneal nerves using surface 
electrodes under standardized conditions. 
Measurements were conducted in a quiet, 
temperature-controlled room to minimize external 
influences on nerve conduction parameters. All 
tests were performed on the dominant limb to 
maintain consistency. Statistical analysis was 
carried out using SPSS version 25. Descriptive 
statistics such as means and standard deviations 
were calculated for NCV values. Intergroup 
comparisons were analyzed using one-way 
ANOVA, while Pearson's correlation coefficient 
was used to assess the relationship between HbA1c 
levels and NCV. A p-value of less than 0.05 was 
considered statistically significant. 

Results 

A total of 120 patients were included in the study, 
with 40 patients in each group categorized based on 
their HbA1c levels. The demographic distribution 
was comparable among the groups, with no 
statistically significant differences in age or gender. 
The mean HbA1c in Group A was 6.5±0.3%, in 
Group B 8.2±0.4%, and in Group C 10.1±0.6%. 
Nerve conduction velocities were recorded for the 
median, ulnar, and peroneal nerves. A consistent 
decline in NCV was observed with increasing 
HbA1c levels, indicating a significant inverse 
relationship. 

Table 1 shows the mean NCV values of the median 
motor nerve across the three glycemic control 
groups. The highest conduction velocity was 
recorded in Group A (56.3±4.1 m/s), followed by 
Group B (50.9±3.8 m/s), and the lowest in Group C 
(45.2±4.3 m/s). The difference was statistically 
significant (p < 0.001). 

 
Table 1: Median Motor Nerve Conduction Velocity (m/s) 

Group Mean NCV ± SD 
A (HbA1c <7%) 56.3 ± 4.1 
B (HbA1c 7–9%) 50.9 ± 3.8 
C (HbA1c >9%) 45.2 ± 4.3 
p < 0.001 (ANOVA) 

 

 
Similarly, the ulnar nerve showed declining NCV values with increasing HbA1c, as illustrated in Table 2. 
Group A demonstrated a mean NCV of 55.1±3.7 m/s, Group B 49.6±3.5 m/s, and Group C 43.8±4.0 m/s (p < 
0.001). 
 

Table 2: Ulnar Motor Nerve Conduction Velocity (m/s) 
Group Mean NCV ± SD 
A (HbA1c <7%) 55.1 ± 3.7 
B (HbA1c 7–9%) 49.6 ± 3.5 
C (HbA1c >9%) 43.8 ± 4.0 
p < 0.001 (ANOVA) 
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The peroneal nerve showed the greatest sensitivity to changes in glycemic status. The mean NCV in Group A 
was 47.8±3.2 m/s, 41.2±3.6 m/s in Group B, and 35.4±3.9 m/s in Group C, indicating a significant progressive 
decline with poor glycemic control (Table 3). 
 

Table 3: Peroneal Motor Nerve Conduction Velocity (m/s) 
Group Mean NCV ± SD 
A (HbA1c <7%) 47.8 ± 3.2 
B (HbA1c 7–9%) 41.2 ± 3.6 
C (HbA1c >9%) 35.4 ± 3.9 
p < 0.001 (ANOVA) 

 

 
Pearson’s correlation analysis revealed a significant 
negative correlation between HbA1c levels and 
NCV for all three nerves (r = -0.68 to -0.75, p < 
0.001), further supporting the hypothesis that poor 
glycemic control contributes to decreased 
peripheral nerve function. 

Discussion 

This study evaluated the correlation between 
glycemic control, as indicated by HbA1c levels, 
and nerve conduction velocity (NCV) in patients 
with Type 2 Diabetes Mellitus (T2DM). The results 
demonstrated a statistically significant inverse 
relationship between HbA1c and NCV across all 
nerves tested, with higher glycemic levels 
associated with progressively slower conduction 
velocities. These findings are consistent with prior 
research highlighting the role of chronic 
hyperglycemia in the development of diabetic 
neuropathy through various metabolic and vascular 
mechanisms [1,2]. 

Diabetic peripheral neuropathy (DPN) is one of the 
most common and early complications of T2DM, 
often manifesting with reduced NCV before the 
appearance of clinical symptoms [3]. Prolonged 
exposure to hyperglycemia leads to non-enzymatic 
glycation of proteins, increased polyol pathway 
activity, oxidative stress, and endothelial 
dysfunction, all of which contribute to axonal 
damage and demyelination of peripheral nerves 
[4,5]. The present study adds to the growing 
evidence that poor glycemic control accelerates 
these pathological changes, thereby impairing 
nerve function [6]. 

Our observation that patients with HbA1c >9% 
exhibited the lowest NCV values is in agreement 
with the findings of Ziegler et al., who reported 
similar trends in a large European cohort [7]. 
Moreover, Dyck et al. found that reduced NCV is 
strongly predictive of future symptomatic 
neuropathy in patients with high HbA1c values, 
emphasizing the value of early electrophysiological 
screening in this population [8]. Likewise, Partanen 
et al. showed that intensive glycemic control 
delayed the progression of subclinical neuropathy 
in T2DM [9]. The median and ulnar nerves are 
commonly affected in the early stages of DPN due 
to their length and high metabolic demand, which 

explains the consistent reduction in NCV in these 
nerves among patients with poor glycemic control 
[10]. However, the peroneal nerve exhibited the 
greatest degree of slowing in our study, 
corroborating the findings by Perkins et al., who 
noted that the lower extremity nerves are more 
susceptible due to their longer axonal lengths and 
reduced perfusion [11]. 

In terms of clinical application, these findings 
highlight the importance of maintaining HbA1c 
below 7% to preserve nerve function and prevent 
the onset or worsening of DPN. Several 
interventional trials, such as the UKPDS and 
DCCT, have already established the role of tight 
glycemic control in reducing the incidence of 
microvascular complications, including neuropathy 
[12,13]. 

Nerve conduction studies (NCS) serve as a 
valuable, non-invasive diagnostic modality for 
detecting early neuropathic changes, even in 
asymptomatic individuals [14]. As noted by 
England et al., incorporating NCS into routine 
screening for diabetic patients can aid in early 
diagnosis and intervention, potentially delaying 
disease progression [15]. 

Conclusion 

This study demonstrates a significant inverse 
relationship between glycemic control and nerve 
conduction velocity in patients with Type 2 
Diabetes Mellitus. Poor glycemic control, as 
indicated by elevated HbA1c levels, is associated 
with decreased peripheral nerve function. Early 
detection through NCV studies and maintaining 
optimal glycemic levels are essential for preventing 
or delaying diabetic neuropathy. 
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