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ABSTRACT 

BACKGROUND 

India has one of the highest prevalence of T2DM in the world. It is estimated that by the year 2030 there are will be nearly 80 

million Indians with T2DM in the country. Although neuropathy is an extensively studied complication in patients with DM; 

however, the neuropathy risk in pre-diabetes and in newly diagnosed diabetes has not been well characterized. 

The aim and objective of the study is assess and characterize the early electrophysiological signs of peripheral neuropathy 

and to evaluate the prevalence autonomic neuropathy in diabetic patients at diagnosis in comparison with controls. 
 

MATERIALS AND METHODS 

The study was conducted on 38 subjects and 28 age-matched Controls. Diabetes was defined using WHO Criteria. Neuropathy 

was evaluated by nerve conduction studies performed on bilateral medial ulnar, peroneal, tibial, dorsal sural and medial Planter 

nerve conductions using conventional techniques. Neuropathy was also evaluated by autonomic function tests for both 

parasympathetic (testing heart rate variation with deep breathing, standing 15:30 ratio and Valsalva manoeuvre) and 

sympathetic (testing postural hypotension and blood pressure variation after sustained hand grip) using automated CAN system 

analyser. 

RESULTS 

Neuropathy present in 16 (42.1%) cases and in 2 (7.1%) controls, and 21 (55.3%) cases when medial plantar and dorsal sural 

are considered. Total 25 members (65%) showed alteration in some form of NCS parameter. Dorsal sural (16 subjects (42.1%)) 

and medial plantar (15 subjects (39.5)) are two most commonly involved nerves among cases, followed by medial motor (13 

subjects (34.2%)). Means of both sensory and motor distal latencies are higher and CMAPs, SNAPs and CVs are lower in subjects 

with neuropathy than without neuropathy among all tested, though only some parameters are statistically significant. Early and 

definite autonomic neuropathy is present in 8 (21.1%) and 2 (5.3%) cases respectively. 

CONCLUSION 

Electrophysiological evaluation of diabetics in the early stage of disease can detect abnormalities of peripheral and autonomic 

nerves system. Assessment of medial plantar and dorsal sural NCS increases the sensitivity in the detection of neuropathy. Early 

and definite autonomic dysfunction can be seen in newly diagnosed diabetic patients. 
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BACKGROUND 

The number of people with diabetes has risen from 108 

million in 1980 to 422 million in 2014.1 In 2000, India (31.7 

million) topped the world with the highest number of people 

with DM and number raised to 69.2 million (8.7%) in 2015.1,2 

It is predicted that by 2030 DM may afflict up to 79.4 million 

individuals in India.3 

Studies in USA reported that neuropathic pain 

syndromes have affected up to 70% population with DM.4 

and painful symptoms had occurred in 26% in patients 

without neuropathy and 60% of patients with severe 

neuropathy.5 

In India there had been a small number of trials to 

screen the current status for DPN, among them a study 

estimated an overall prevalence of neuropathy as 19.1% in 

south Indian Type 2 diabetic patients.6 

 

Aim and Objectives- 

 To assess and characterize the early 

electrophysiological signs of peripheral neuropathy in 

diabetic patients at diagnosis and those with impaired 

GTT. 

 To compare electrophysiological studies in non-

neuropathic and neuropathic patients. 

 To find the association between biochemical 

parameters like FBS, PPBS and BMI in neuropathic and 

non-neuropathic patients. 
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 To assess and compare electrophysiological studies in 

right side and left side in newly diagnosed diabetes 

patients. 

 To evaluate the prevalence autonomic neuropathy in 

non-diabetic controls and newly diagnosed diabetes 

cases and those with impaired GTT using Ewing’s 

criteria. 

 

MATERIALS AND METHODS 

Study period- April 2015 to Feb 2017.  

Subjects are those who are diagnosed to have impaired 

glucose tolerance or to have new onset diabetes attending 

to outpatient departments of endocrinology and medicine, 

KGH, Visakhapatnam; during the study period.  

Age matched subjects with normal GTT are taken as 

controls. 

Informed consent is taken. 

 

Definitions-  

Diabetes and impaired glucose tolerance are defined 

according to WHO criteria and as follows: 

 

Impaired GTT-  

Two-hour glucose levels of 140 to 199 mg per dL on the 75-

g oral glucose tolerance test. 

 

Diabetes-  

During a 75-g oral glucose tolerance test- 

Fasting plasma glucose ≥ 126 mg/dL (Fasting is defined as 

no caloric intake for at least 8 h). 

OR 

Two-hour plasma glucose ≥ 200 mg/dL. 

 

Defining New Onset Diabetes-  

Having diagnosed to having diabetes for the first time or 

diagnosed in last six months duration. 

Inclusion Criteria-  

Patients between 18 years to 60 years with new onset 

diabetes or impaired GTT as described above. 

 

Exclusion Criteria- 

Above and below the specified age limit.  

Pregnant woman. 

Patients with any abnormal clinical presentation that known 

to produce neuropathy. 

Patients with using drugs that known to produce 

neuropathy. 

 

After taking subjects into study detailed history is taken 

regarding neuropathic symptoms and any chronic drug 

usage, toxin exposure and history suggestive of 

hypothyroidism and vitamin B12 deficiency. 

A detailed general and neurological examination is 

performed. 

Routine investigations: Haemogram, urine routine 

examination, serum creatinine, chest X- ray and serum B12 

and thyroid profile was done in whom electrophysiology is 

suggestive of neuropathy. Conventional NCS are done in 

both upper and both lower limbs: Bilateral median, ulnar, 

common peroneal, posterior tibial and sural nerves as per 

our laboratory standards, and medial dorsal and lateral 

plantar nerves are also studied as these nerves could 

increase the sensitivity of neuropathy in diabetics. 

Neuropathy is considered when abnormal NCS present 

in ≥2 nerves. 

NCS is considered abnormal if there is any reduction of 

CMAP/SNAP amplitudes, reduction in CV, increased DL more 

than two standard deviations. 

NCS testing procedure that followed: NCS tests done by 

Nicolet Viking. 

 

 

Normal Values for Representative Nerve Conduction Values at Various Sites of Stimulation 
Motor Nerve Conduction Studies 

Nerve 
Distal 

Stimulation 
Site 

Other 
Stimulation 

Sites 

Recording 
Site 

Onset 
Latency 

(ms) 

AMP 
(mv) 

CV 
(m/s) 

Distance 
(cm) 

F-latency 
(ms) 

Median Wrist Elbow APB <4.2 >4.4 >49 6- 8 <31 

Ulnar Wrist BG, AG ADM <3.4 >6.0 >49 5.5-7.5 <32 

Peroneal Ankle BFH, AFH EDB <5.8 >2.0 >42 6-11 <58 

Tibial Ankle PF AH <6.5 >3.0 >41 6.8 <59 

 

Sensory Nerve Conduction Studies 

Nerve 
Distal Stimulation 

Site 
Recording 

Site 
Onset Latency 

(m s) 
AMP (µv) CV (m/s) 

Distance 
(c m) 

Median Wrist Digit 2 <2.5 >20 >52 13 

Ulnar Wrist Digit 5 <2.1 >15 >52 11 

Sural Calf Ankle <2.5 >6 >42 14 

Tests for Evaluation of Autonomic Function Tests 

are- Assessment of CAN was done using Automated CAN 

system analyser.  

 

 

 

Data Entry and Statistical Analysis- 

 Data was entered into Microsoft Excel sheet and 

analyzed using IBM SPSS Statistics for Windows, 

Version 22.0. 

 Descriptive statistics were expressed as Means and 

percentages. 
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 Inferential statistical analysis was done using chi-square 

tests for nominal and ordinal variables, and ANOVA 

tests for interval variables. 

 P-value of <0.05 will be considered statistically 

significant. 

 

RESULTS 

NCS are done in total 68 subjects of which 38 are new onset 

diabetics, 2 are with impaired GTT and 28 are controls. 

Only two cases had impaired GTT (one male and one 

female) and their electrophysiological and CAN study is 

normal. 

 

 
 

 
 

 
 

Means of latencies, CMAPs, CVs and F latencies of tested motor nerves of cases are compared against means of controls. 

In all tested nerves distal latencies and F latencies are higher and CMAPs and CVs are lower in cases than those of controls. 

Differences in means are statistically significant in median distal latency and F latency; ulnar distal latency, CV & F latency in 

upper limbs; distal latency and CMAP of peroneal nerve; distal latency of tibial nerves in lower limbs. 



Jebmh.com Original Research Article 

 

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 5/Issue 9/Feb. 26, 2018                                                 Page 802 
 
 
 

 
 

Means of latencies SNAPs and CVs of tested sensory 

nerves of cases are compared against means of controls. In 

all tested nerves distal latencies and F latencies are higher 

and SNAPs and CVs are lower in cases than those of controls. 

Difference in mean statistically significant in median latencies 

and SNAPS in upper limbs distal latency and SNAP of sural 

nerve and SNAP of medial plantar nerves in lower limbs. 

 

  Neuropathy  

 Absent Present P- Value 

Case 17 (44.7%) 21 (55.3%) <0.001 

Control 26 (92.9%) 2 (7.1%)  

Table 5. Neuropathy in Cases and Controls 
 

  Neuropathy  

 Absent Present P- Value 

Case 22 (57.9%) 16 (42.1%) 0.001 

Control 26 (92.9%) 2 (7.1%)  

Table 6. Neuropathy in Cases and Controls 
without DS and MP Nerves 

When medial plantar and dorsal sural are excluded, then 

neuropathy present in 16 (42.1%) cases and in 2 (7.1%) 

controls, which is also statistically significant. 

 

Metabolic Indices in Neuropathic and Non-Neuropathic 

Cases- 

Mean ages of neuropathic & non-neuropathic groups are 

48.48 (±7.897) and 47.29 (±7.28) respectively but 

statistically not significant (p value- 0.638) 

Mean BMI is higher, (28.25 (±5.27)) for neuropathic 

group than that of non-neuropathic group (25.16 (±2.64)) 

and is statistically significant (p value-0.034) 

There is statistically significant difference between 

means of both FBS and PPBS of neuropathic and non-

neuropathic groups. Mean FBS of neuropathic group is 

higher 221.19 (± 41.66), than that of non-neuropathic group 

178.35 (± 43.88) with a p value of 0.004. 

Means of PPBS of neuropathic group is 320.71 (± 

53.288) of non-neuropathic group is 257.29 (± 46.143) with 

a p value of <0.001. 
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Means of Distal latencies, F latencies are higher and CMAPs, CVs are lower in subjects with neuropathy than without 

neuropathy in all tested motor nerves among cases. Among these statistically significant ones are Means of Median distal 

latency, CV, F latency; Ulnar distal latency, CV and F latency; peroneal distal latency, CV and F latency; tibial distal latency, CV 

and F latency. 

 

 
 

Means of Distal latencies, F latencies are higher whereas 

SNAPs, CVs are lower in subjects with neuropathy than 

without neuropathy in all tested sensory nerves among 

cases. Among these statistically significant ones are median 

distal latency and CV; Ulnar distal latency and SNAP; sural 

distal latency and SNAP; medial plantar SNAP. 
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RESULTS –  

Autonomic Neuropathy- 

 

 
 

Of total 38 cases, early and definite autonomic 

neuropathy is present in 8 (21.1%) and 2 (5.3%) cases 

respectively. No cases of severe autonomic neuropathy are 

detected. Among 28 controls only 1 (3.57%) subject with 

early autonomic neuropathy found.  

Difference is statistically significant. 

Borderline and abnormal HR variation with deep 

breathing is seen in 27 (71.1%), 8 (21.1%) and 3 (7.9%) 

patients respectively. 

Borderline and abnormal heart rate variation with 

standing is seen in 23 (60.5%), 11 (28.9%) and 4 (10.5%) 

patients respectively.  

Borderline and abnormal heart rate variation with 

Valsalva is noted in 30 (79%), 7 (18.4%) and 1 (2.6%) 

patients respectively. 

Borderline postural hypotension is noted among 2 

(5.3%) cases and abnormal among none. 

Borderline blood pressure variation with sustained hand 

grip noted in 3 (7.9%) and abnormal variation in none. 

 

DISCUSSION 

Compared with previous studies on newly diagnosed diabetic 

patients, in which alterations were detected, in NCS, in a 

smaller proportion of subjects, 15.2% by Lehtinen et al., 

15.7% by Ratzmann et al., and 4.5% by Partanen et al. 

These differences could be due to different methods were 

used, in particular, the criteria adopted to define 

electrophysiological neuropathy, making a true comparison 

appears difficult. In Eugenia et al, inclusion criteria were 

intentionally less strict so as to detect even the smallest 

electrophysiological signs of neuropathy resulted in 72% of 

neuropathy. 

Ashok et al used a biothesiometer 8 which is less 

sensitive than NCS studies in detecting neuropathy; 

Aarindam Datta et al;7 and HK Gill et al; used Neuropathy 

Symptom Score, Neuropathy Disability Score and Nerve 

Conduction Studies and in NCS studies, tested fewer nerves 

than present study. 

In current study total 18 nerves (8 motor, 10 sensory) 

and 62 parameters are studied per individual and that could 

be reason behind high prevalence and adding dorsal sural 

and medial plantar nerve increased the prevalence as 

expected.8 

In fact, frank DM may be the final stage of a deranged 

glucose regulation, preceded by a sustained impaired 

glucose tolerance; in this sort of a pathophysiological 

continuum, nerve function may be damaged early on, above 

all in small fibres (Ratzmann et al., 1991; Novella et al., 

2001; Singleton et al., 2001; Sumner et al., 2003). Then, the 

progression of the neuropathy seems to be quite slow as 

suggested by Lehtinen et al.’s (1993) 5-year follow-up study. 

Therefore, it is not surprising that the prevalence of nerve 

conduction abnormalities in our group, at diagnosis, is 

having high prevalence. 

 

 
 

Of total 38 cases when either only left side and only 

right-side nerves are considered, neuropathy present 17 

(right)and 13 (left) cases only, but there is no statistically 

significant difference (p value 0.241) between sides. As 

diabetes is a systemic condition symmetrical involvement is 

expected and symmetrical distal neuropathy is common in 

diabetes.9 

Predominant lower limb involvement than upper limb is 

consistent with previous studies like S. Kersidag el al;10 Dyck 

et al;11 and Rambabu Singh et al; who also found 

predominant lower limb involvement although actual nerves 

involved may vary from study to study. 

Raised fasting and post prandial blood sugar levels 

among the neuropathy group is suggesting that chronic 

elevated blood sugar levels could be the reason behind 

pathology of neuropathy. Blood sugar levels alter the nerve 

conduction parameters. The main responsible cause for 

changing conduction of impulse in nerve is degree of 

hyperglycaemic hypoxia.12 Dysfunction of ion conductance, 

especially voltage gated ion channels could contribute to 

abnormalities in the generation and conduction of action 

potential.13 In hyperglycaemic environment, oxidative stress 

leads to endothelial dysfunction and decreased capillary 

blood flow which in turn leads to endoneural hypoxia causing 

death of nerve cells and so nerve conduction parameters are 

altered.14 
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Present study used Ewing’s criteria like Giacomo et al; 

and results are comparable to it. Giacomo Zoppini et al; 

using Ewing’s criteria in a cohort of 557 patients with newly 

diagnosed type 2 diabetes reported prevalence of confirmed 

CAN was 1.8%, whereas that of early CAN was 15.3%. 

Prevalence did not differ between men and women.15 

 

CONCLUSION 

Abnormalities of nerve conduction studies and are frequent 

in patients with both sexes of newly diagnosed diabetes. 

 Electrophysiological feature of neuropathy is 

significantly associated with BMI and both FBS & PPBS. 

 Assessment of medial plantar and dorsal sural NCS 

increases the sensitivity in the detection of neuropathy. 

 Early and definite but not severe autonomic dysfunction 

can be seen in newly diagnosed diabetic patients. 

 Electrophysiological evaluation of diabetics in the early 

stage of disease can detect abnormalities of peripheral 

and autonomic nerves system. 
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