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ABSTRACT 
Background 
Diabetes mellitus (DM) comprises a group of metabolic disorders that share the common feature of hyperglycemia. 
Type 2 DM is a heterogeneous group of disorders characterized by variable degrees of insulin resistance, impaired 
insulin secretion, and excessive hepatic glucose production. Diabetic neuropathy is a common microvascular 
complication of Type 2 Diabetes Mellitus (T2DM) and is often subclinical in its early stages. While lower-limb 
involvement has been extensively studied, data on upper-limb nerve conduction abnormalities and their association 
with glycaemic profile remain limited. 
Materials and Methods 
This cross-sectional observational study included 60 patients with T2DM aged 30–60 years of both genders and was 
conducted at our institute after obtaining institutional ethical clearance. Motor and sensory nerve conduction studies 
of the median and ulnar nerves were performed using standard techniques. Fasting blood sugar, postprandial blood 
sugar, and glycated haemoglobin levels were measured. Association between nerve conduction parameters and 
disease duration were assessed using Pearson's correlation coefficient. 
Results 
The study population had a mean age of 47.87 ± 7.16 years and mean diabetes duration of 8.53 ± 3.70 years, with 
predominantly poor glycaemic control (8.01 ± 0.62). Median nerve sensory conduction velocity was markedly 
reduced compared to motor conduction, indicating predominant sensory involvement. Median sensory conduction 
velocity showed a highly significant negative correlation with disease duration (r = −0.377, p = 0.003), while 
median motor latency and conduction velocity also deteriorated with increasing duration. Ulnar nerve parameters 
were relatively preserved, showing only minimal changes. No consistent association was observed between HbA1c 
and most nerve conduction parameters. 
Conclusion 
Upper-limb nerve conduction abnormalities are common in T2DM, even in the absence of overt neuropathic 
symptoms, with predominant sensory demyelination and preferential involvement of the median nerve. Disease 
duration is a stronger determinant of nerve conduction deterioration than glycaemic profile. Upper-limb nerve 
conduction studies may serve as a valuable tool for early detection of diabetic neuropathy and emphasize the 
importance of long-term metabolic control. 
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Introduction 
Diabetes mellitus (DM) is a heterogeneous group of 
metabolic disorders characterized by chronic 
hyperglycaemia resulting from defects in insulin 
secretion, insulin action, or both. Type 1 DM results 
primarily from autoimmune destruction of pancreatic β-
cells, whereas Type 2 DM (T2DM) is characterized by 
insulin resistance with progressive β-cell dysfunction 
and is strongly associated with obesity and lifestyle 
factors [1]. Persistent hyperglycaemia contributes to the 
development of microvascular complications, notably 
diabetic neuropathy, nephropathy, and retinopathy, as 
well as macrovascular cardiovascular disease. Genetic 
predisposition, obesity, physical inactivity, advancing 
age, and environmental factors further increase disease 
burden [2–4]. 
Diabetic neuropathy is among the most common and 
disabling complications of diabetes, typically presenting 
as a distal symmetric sensorimotor polyneuropathy with 
both axonal degeneration and demyelination. Other 
manifestations include cranial neuropathies, proximal 
motor neuropathy, truncal neuropathy, and autonomic 
dysfunction [5]. The global prevalence of diabetes 
continues to rise, with the International Diabetes 
Federation reporting 589 million adults affected 
worldwide in 2025, projected to increase to 853 million 
by 2050 [6]. In India, adult diabetes prevalence is 
estimated at 9.3%, rising sharply to nearly 20% among 
individuals aged 45 years and above, underscoring a 
substantial and growing public health challenge [7]. 
Nerve conduction studies (NCS) provide an objective 
and sensitive method for detecting peripheral nerve 
dysfunction in diabetes. Chronic hyperglycaemia 
induces metabolic and microvascular changes that lead 
to structural and functional nerve damage, reflected 
electrophysiologically as reduced nerve conduction 
velocity (NCV), prolonged distal latency, and decreased 
amplitude [8–10]. NCV assessment plays a critical role 
in the diagnosis, staging, and monitoring of diabetic 
neuropathy and is particularly useful in identifying 
subclinical disease before overt clinical manifestations 
appear [11]. 
Several studies have demonstrated that nerve 
conduction abnormalities in diabetes are influenced by 

age, duration of disease, and quality of glycaemic 
control. Although NCV declines naturally with aging, 
diabetes accelerates this process, significantly 
increasing neuropathy risk after the fifth decade of life 
[12-14]. Poor glycaemic control and longer disease 
duration are consistently associated with worsening 
conduction parameters, supporting the cumulative 
neurotoxic effect of chronic hyperglycaemia [15]. 
Despite extensive research on diabetic neuropathy, most 
studies focus predominantly on lower-limb nerves, 
particularly the sural nerve, or evaluate a single upper-
limb nerve, commonly the median nerve. 
Comprehensive assessment of both median and ulnar 
nerves in the upper limbs, along with correlation to 
detailed glycaemic indices such as fasting blood sugar 
(FBS), postprandial blood sugar (PPBS), and glycated 
haemoglobin (HbA1c), remains limited. Furthermore, 
data on early and subclinical upper-limb neuropathic 
changes in T2DM are scarce, despite evidence that 
sensory nerve dysfunction may precede clinical 
symptoms. 
The present study was therefore undertaken to assess 
motor and sensory nerve conduction parameters of the 
median and ulnar nerves in the upper limbs of patients 
with Type 2 Diabetes Mellitus and to evaluate their 
correlation with disease duration and blood sugar 
profile. By addressing these gaps, the study aims to 
contribute to early detection strategies and reinforce the 
importance of optimal glycaemic control in preventing 
or delaying diabetic neuropathy.The study further 
sought to examine the relationship between 
electrophysiological parameters and clinical variables, 
particularly duration of diabetes and glycaemic profile 
including fasting blood sugar, postprandial blood sugar, 
and glycated haemoglobin. 
Materials and Methods 
This observational, cross-sectional study was conducted 
in the Departments of Physiology and Medicine at Dr. 
Bhimrao Ramji Ambedkar Government Medical 
College, Kannauj, Uttar Pradesh, India after approval 
from Institutional Ethics Committee. A total of 60 
patients diagnosed with Type 2 Diabetes Mellitus were 
enrolled in the study after taking written consent. 
Participants of both sexes, aged between 30 and 60 
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years, who fulfilled the World Health Organization 
diagnostic criteria for Type 2 Diabetes Mellitus were 
included. Patients with a history of chronic alcohol 
consumption, smoking, exposure to neurotoxic 
substances, use of drugs affecting nerve conduction, or 
the presence of other chronic systemic or neurological 
disorders were excluded to avoid confounding factors. 
All participants underwent a detailed clinical evaluation, 
including assessment of diabetes duration and treatment 
history. Biochemical investigations were performed to 
estimate fasting blood sugar, postprandial blood sugar, 
and glycated haemoglobin levels using standard 
laboratory methods. Nerve conduction studies were 
conducted in a temperature-controlled laboratory using 
a Clarity NCV/EMG four-channel system. The 
dominant upper limb was examined in all participants 
for uniformity. Motor and sensory conduction studies of 
the median and ulnar nerves were performed, and 
parameters such as distal latency, amplitude, and nerve 
conduction velocity were recorded as per standard 
protocol recommended by the American Association of 
Neuromuscular & Electrodiagnostic Medicine. 
Statistical Analysis 
Data were compiled and analyzed using IBM SPSS 
software (trial version).Confidentiality of patient 
information was strictly maintained, and all study 
procedures were conducted in accordance with the 
ethical principles outlined in the Declaration of 
Helsinki.Continuous variables were expressed as mean 
and standard deviation, while categorical variables were 
summarized as frequencies and percentages. The 
association between nerve conduction parameters and 
duration of diabetes was assessed using Pearson’s 
correlation coefficient. A p value <0.05 was considered 
statistically significant, and a p value of less than 0.001 
was considered highly significant. 
 
Results 
Table 1. Demographic, clinical, and nerve 
conduction parameters (N=60 T2DM patients) 

 
The study cohort comprised 60 T2DM patients with 
mean age 47.87 ± 7.16 years, disease duration 8.53 ± 
3.70 years, and suboptimal glycaemic control reflected 
by FBS 135.53 ± 14.32 mg/dL, PPBS 192.85 ± 21.19 
mg/dL, and HbA1c 8.01 ± 0.62%. Median nerve 
conduction revealed motor distal latency 3.96 ± 0.39 
ms, amplitude 8.45 ± 1.97 mV, and velocity 58.17 ± 
4.42 m/s, while sensory parameters showed distal 
latency 3.80 ± 0.23 ms, amplitude 51.99 ± 19.33 µV, 
and notably slower conduction velocity 45.10 ± 4.26 
m/s. Ulnar nerve demonstrated relative preservation 
with motor distal latency 3.41 ± 0.40 ms, amplitude 7.17 
± 1.81 mV, and fastest conduction velocity 62.55 ± 4.31 
m/s among all nerves; sensory parameters exhibited 
distal latency 3.26 ± 0.32 ms, amplitude 47.41 ± 19.13 
µV, and conduction velocity 49.65 ± 4.44 m/s, 
indicating heterogeneous early neuropathic changes 
predominantly affecting median sensory conduction in 
this middle-aged T2DM population with moderate 
disease duration and poor glycaemic control. 
Table 2. Frequency and percentage distribution of 
categorical parameters (N=60) 
Parameter Frequency 

(N=60) 
Percentage 
(%) 

Sex 
  

Male 32 53.33 
Female 28 46.67 
Total 60 100.00 

NERVE
Distal Latency (ms)
Amplitude (mV)
Conduction Velocity (m/s)
Median Nerve Conduction Parameters

3.96 ± 0.39
8.45 ± 1.97

58.17 ± 4.42
Median Sensory

3.80 ± 0.23
51.99 ± 19.33
45.10 ± 4.26

Ulnar Nerve Conduction Parameters
3.41 ± 0.40

7.17 ± 1.81
62.55 ± 4.31

Ulnar Sensory
3.26 ± 0.32

47.41 ± 19.13
49.65 ± 4.44

Parameter Mean ± SD 

Age (years) 47.87 ± 7.16 

Duration of T2DM (years) 8.53 ± 3.70 

Fasting Blood Sugar(FBS, mg/dL) 135.53 ± 14.32 

Postprandial Blood Sugar (PPBS, 
mg/dL) 

192.85 ± 21.19 

HbA1c (%) 8.01 ± 0.62 
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HbA1c Control 
Groups 

  

Good control (<7%) 6 10.00 
Poor control (≥7%) 54 90.00 
Total 60 100.00 
Duration of T2DM 
Groups 

  

<5 years 10 16.67 
5-10 years 27 45.00 
>10 years 23 38.33 
Total 60 100.00 
 
The study cohort exhibited male predominance 
comprising 32 males (53.33%) versus 28 females 
(46.67%), while glycaemic control analysis revealed 
profoundly suboptimal management with only 6 patients 
(10.00%) achieving good control (HbA1c <7%) 
compared to 54 patients (90.00%) with poor control 
(HbA1c ≥7%); duration of T2DM distribution showed 
10 patients (16.67%) with short duration (<5 years), 27 
patients (45.00%) with moderate duration (5-10 years), 
and 23 patients (38.33%) with long duration (>10 
years), highlighting a middle-aged T2DM population 
characterized by male preponderance, overwhelming 
poor glycaemic control, and predominance of moderate-
to-long disease duration. 
 
Table 3. Median nerve motor and sensory 
parameters 
Parameter Mean 

± SD 
Minimum Maximum 

Median motor 
distal latency 
(ms) 

3.96 ± 
0.39 

3.29 4.49 

Median motor 
amplitude (mV) 

8.45 ± 
1.97 

4.51 11.82 

Median motor 
conduction 
velocity (m/s) 

58.17 ± 
4.42 

49.35 64.70 

Median sensory 
distal latency 
(ms) 

3.80 ± 
0.23 

3.23 4.18 

Median sensory 
amplitude (µV) 

51.99 ± 
19.33 

21.41 89.31 

Median sensory 
conduction 
velocity (m/s) 

45.10 ± 
4.26 

37.54 51.47 

 

Median nerve studies revealed motor distal latency of 
3.96 ± 0.39 ms (range 3.29-4.49 ms), amplitude 8.45 ± 
1.97 mV (4.51-11.82 mV), and conduction velocity 
58.17 ± 4.42 m/s (49.35-64.70 m/s), while sensory 
parameters demonstrated distal latency 3.80 ± 0.23 ms 
(3.23-4.18 ms), amplitude 51.99 ± 19.33 µV (21.41-
89.31 µV) with substantial variability, and notably 
slower conduction velocity 45.10 ± 4.26 m/s (37.54-
51.47 m/s), indicating predominant sensory conduction 
slowing characteristic of early diabetic polyneuropathy 
in this cohort with suboptimal glycemic control and 
moderate-to-long disease duration. 
 
Table 4. Ulnar nerve motor and sensory parameters 
Parameter Mean 

± SD 
Minimum Maximum 

Ulnar motor 
distal latency 
(ms) 

3.41 ± 
0.40 

2.72 3.96 

Ulnar motor 
amplitude (mV) 

7.17 ± 
1.81 

3.50 9.92 

Ulnar motor 
conduction 
velocity (m/s) 

62.55 ± 
4.31 

53.56 69.74 

Ulnar sensory 
distal latency 
(ms) 

3.26 ± 
0.32 

2.54 3.79 

Ulnar sensory 
amplitude (µV) 

47.41 ± 
19.13 

11.55 76.52 

Ulnar sensory 
conduction 
velocity (m/s) 

49.65 ± 
4.44 

41.54 57.33 

 
Ulnar nerve conduction studies demonstrated relative 
preservation compared to median nerve findings, with 
motor distal latency 3.41 ± 0.40 ms (range 2.72-3.96 
ms), amplitude 7.17 ± 1.81 mV (3.50-9.92 mV), and the 
fastest conduction velocity among all nerves at 62.55 ± 
4.31 m/s (53.56-69.74 m/s); sensory parameters showed 
distal latency 3.26 ± 0.32 ms (2.54-3.79 ms), amplitude 
47.41 ± 19.13 µV (11.55-76.52 µV) with considerable 
variability, and conduction velocity 49.65 ± 4.44 m/s 
(41.54-57.33 m/s), suggesting relative sparing of ulnar 
nerve function despite the cohort's suboptimal 
glycaemic control and predominant moderate-to-long 
T2DM duration 
Table 5. Correlation between duration of T2DM and 
median nerve conduction parameters 
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Parameter r 
value 

p value 

Median motor distal latency 0.292 0.024* 
Median motor amplitude −0.127 0.334 
Median motor conduction 
velocity 

−0.272 0.036* 

Median sensory distal latency 0.041 0.758 
Median sensory amplitude 0.059 0.657 
Median sensory conduction 
velocity 

−0.377 0.003** 

*p < 0.05 (statistically significant) 
** p < 0.001 (highly significant) 
Table 5 demonstrates that increasing duration of Type 2 
Diabetes Mellitus is significantly associated with 
deterioration of median nerve conduction parameters. 
Duration showed a positive correlation with median 
motor distal latency (r = 0.292, p = 0.024) and a 
significant negative correlation with motor conduction 
velocity (r = −0.272, p = 0.036), indicating progressive 
motor nerve involvement. Median sensory conduction 
velocity exhibited a highly significant negative 
correlation with disease duration (r = −0.377, p = 
0.003), highlighting predominant sensory fiber 
dysfunction. No significant association was observed 
between disease duration and median nerve amplitudes 
or sensory distal latency.  

Table 6. Correlation between duration of T2DM and 
ulnar nerve conduction parameters 
Parameter r value p value 
Ulnar motor distal latency 0.072 0.584 
Ulnar motor amplitude −0.164 0.211 
Ulnar motor conduction velocity −0.148 0.257 
Ulnar sensory distal latency 0.072 0.047* 
Ulnar sensory amplitude −0.164 0.498 
Ulnar sensory conduction 
velocity 

−0.148 0.648 

* p < 0.05 
As shown in Table 6, the duration of Type 2 Diabetes 
Mellitus demonstrated weak and statistically non-
significant correlations with most ulnar nerve motor and 
sensory parameters, including motor distal latency (r = 
0.072, p = 0.584) and motor conduction velocity (r = 
−0.148, p = 0.257). A weak but statistically significant 
prolongation of ulnar sensory distal latency was 
observed with increasing disease duration (r = 0.072, p 
= 0.047). Overall, ulnar nerve conduction appeared 
relatively preserved compared to median nerve 
involvement in this study population. 
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Discussion 
The present study assessed upper-limb nerve conduction 
abnormalities in middle-aged patients with Type 2 
Diabetes Mellitus, with a mean age of 47.87 ± 7.16 
years and a mean disease duration of 8.53 ± 3.70 years, 
reflecting predominantly moderate-duration diabetes 
with suboptimal glycaemic control. These findings are 
comparable to those of Hamid et al. (2021) [16], who 
evaluated an older cohort (57.71 ± 12.2 years) with 
longer disease duration (14.67 ± 9.24 years), similarly 
emphasizing the role of age and duration in the 
development of diabetic neuropathy. Although our 
cohort was relatively younger with shorter disease 
duration, both studies support the importance of 
established T2DM as a suitable clinical context for 
detecting nerve conduction abnormalities. 
The present study demonstrated clear evidence of 
subclinical upper-limb neuropathy, with sensory fibers 
being more severely affected than motor fibers. Median 
nerve conduction studies revealed mild prolongation of 
motor distal latency with modest reduction in motor 
conduction velocity, indicating early demyelinating 
changes. These findings are consistent with those 
reported by Arora & Garg (2025) [17] and Park D 
(2023) [18], who documented early motor slowing in 
diabetic patients, though our values indicate relatively 
greater impairment, likely attributable to longer disease 
duration. Kulkarni et al. (2018) [19] and Garg et al. 
(2013) [20] similarly reported reduced median motor 
conduction velocities, supporting the concept that motor 
nerve involvement evolves progressively with disease 
chronicity. 
In contrast, median sensory parameters showed more 
pronounced abnormalities, particularly a marked 
reduction in sensory conduction velocity. This 
predominant sensory slowing aligns with Diwan et al. 
(2021) [21], Sepat et al. (2020) [22], and Bhardwaj et al. 
(2024) [23], all of whom emphasized that sensory 
fibersespecially those of the median nerve—are affected 
earlier and more severely than motor fibers in diabetic 
neuropathy. The relatively preserved sensory amplitudes 
in our cohort suggest that demyelination predominates 
over axonal degeneration in the early-to-moderate 
stages of neuropathy, a finding also supported by Amin 
et al. (2020) [24]. 
Predominance of demyelination over axonal loss 
The preservation of motor and sensory amplitudes in the 
majority of participants suggests that axonal 
degeneration was minimal in this cohort. This supports 

the concept that demyelination precedes axonal loss in 
diabetic neuropathy, particularly during the early-to-
moderate stages of the disease. Similar conclusions have 
been drawn by Amin et al. (2020) [24] and Diwan et al. 
(2021) [21], who emphasized that amplitude reduction 
is a feature of more advanced neuropathy.The marked 
difference between motor and sensory conduction 
velocities further reinforces the presence of selective 
sensory demyelination, a hallmark electrophysiological 
feature of diabetic neuropathy, as described by Sepat et 
al. (2020) [22] and Bhardwaj et al. (2024) [23]. 
The finding that none of the participants demonstrated 
completely normal nerve conduction studies highlights 
the high prevalence of subclinical neuropathy in patients 
with moderate-to-longstanding T2DM. The 
predominance of sensory involvement, particularly in 
the median nerve, suggests that routine upper-limb 
nerve conduction studies may serve as a valuable tool 
for early detection of diabetic neuropathy, even in the 
absence of overt clinical symptoms. 
In summary, the present study demonstrates that upper-
limb diabetic neuropathy in T2DM is characterized by 
predominant sensory demyelination, preferential 
involvement of the median nerve, and strong 
dependence on disease duration rather than isolated 
glycaemic profile. While acute glycaemic fluctuations 
influence selective sensory parameters, cumulative 
disease duration remains the most robust predictor of 
neurophysiological deterioration. These findings 
reinforce the importance of early electrophysiological 
screening and long-term metabolic control to mitigate 
neuropathic progression in T2DM. 
Median versus ulnar nerve involvement 
A notable observation in the present study was the 
differential involvement of the median and ulnar nerves. 
While median nerve parameters showed clear evidence 
of both motor and sensory dysfunction, ulnar nerve 
conduction parameters remained comparatively 
preserved. Ulnar motor conduction velocity was the 
highest among all nerves studied, and only minimal 
prolongation of ulnar sensory distal latency was 
observed. 
These findings corroborate previous reports by Sepat et 
al. (2020) [22], Diwan et al. (2021) [21], and Bhardwaj 
et al. (2024) [23], who consistently demonstrated greater 
vulnerability of the median nerve compared to the ulnar 
nerve. The relative sparing of the ulnar nerve may be 
explained by anatomical and functional differences, as 
well as greater susceptibility of the median nerve to 
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metabolic and ischemic insults. The present results 
further support the widely accepted pattern of median-
dominant involvement in diabetic upper-limb 
neuropathy. 
Influence of disease duration on nerve conduction 
Disease duration emerged as a major determinant of 
neurophysiological deterioration in the present study. A 
significant positive correlation was observed between 
duration of T2DM and median motor distal latency, 
along with significant negative correlations with median 
motor and sensory conduction velocities. The strongest 
association was seen with median sensory conduction 
velocity, highlighting the progressive vulnerability of 
sensory fibres with increasing duration of diabetes. 
These findings closely mirror those of Garg et al. (2013) 
[20] and Sasekala (2021) [25], who demonstrated 
duration-dependent worsening of nerve conduction 
parameters, particularly sensory velocities. Kulkarni et 
al. (2018) [19] reported neuropathic changes even at 
diagnosis; however, the stronger correlations observed 
in our study likely reflect cumulative metabolic injury 
over a longer disease course.In contrast, ulnar nerve 
parameters showed no meaningful correlation with 
disease duration, except for a weak prolongation of 
sensory distal latency. Similar observations have been 
reported by Bhardwaj et al. (2024) [23] and Shimna et 
al. (2025) [26], reinforcing the concept that ulnar nerve 
involvement progresses more slowly and remains 
relatively preserved in chronic T2DM. 
Glycaemic control and nerve conduction 
abnormalities 
Despite poor overall glycaemic control in the study 
cohort, HbA1c did not demonstrate a consistent 
relationship with most nerve conduction parameters. 
This observation is in agreement with Kulkarni et al. 
(2018) [19] and Amin et al. (2020) [24], who reported 
weak or absent associations between HbA1c and 
electrophysiological abnormalities. These findings 
suggest that HbA1c alone may not adequately reflect 
cumulative neural injury, particularly in patients with 
long-standing diabetes. However, postprandial 
glycaemic excursions appeared to exert selective effects 
on nerve conduction, especially median sensory 
conduction velocity. Similar observations by Vikhe et 
al. (2025) [27] and Shimna et al. (2025) [26] highlight 
the role of short-term hyperglycaemic fluctuations in 
sensory nerve dysfunction. This selective vulnerability 
of median sensory fibers to postprandial glucose spikes 
underscores the importance of comprehensive 

glycaemic control beyond HbA1c measurements. 
Conclusion  
The present study demonstrates that patients with Type 
2 Diabetes Mellitus commonly exhibit subclinical 
upper-limb neuropathy, characterized by predominant 
sensory demyelination, preferential median nerve 
involvement, and relative preservation of the ulnar 
nerve. Sensory conduction velocity emerged as the most 
sensitive indicator of neuropathic change, while 
amplitudes remained largely preserved, suggesting 
early-to-moderate neuropathy. Disease duration showed 
a stronger association with nerve conduction 
deterioration than glycaemic profile, indicating that 
cumulative metabolic exposure plays a key role in 
neuropathy progression. These findings support the 
value of upper-limb nerve conduction studies for early 
detection of diabetic neuropathy and underscore the 
importance of long-term metabolic control in patients 
with T2DM. 
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