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INTRODUCTION  

 

Diabetes mellitus refers to a syndrome comprising of impaired carbohydrate, fat 

and protein metabolism. The prime pathophysiology in diabetes mellitus is either a lack 

of insulin production or a reduction in the sensitivity of the tissues to the action of  

insulin 
(1)

.  

 

The prevalence of diabetes mellitus has risen worldwide from about 30 million 

cases to 382 million cases in the period of 28 years from 1985 to 2013. India has the 

second-largest prevalence of diabetes accounting for 62.1 million cases as of 2013.          

A recent estimate has suggested that diabetes causes almost 8% of deaths globally. The 

mortality that occurs in people with diabetes is mainly because of the vascular and non-

vascular complications arising out of diabetes mellitus 
(2)

. 

 

Type 2 diabetes mellitus is the predominant form of diabetes worldwide 

accounting for 90% of diabetic cases 
(3)

. The prevalence of type 2 diabetes mellitus has 

been predicted to increase globally by approximately 40% over the succeeding 10 years. 

This demonstrates the alarm for an epidemic of type 2 diabetes mellitus
 
especially in 

developing countries 
(4)

.  

 

  
The chronic complications associated with type 2 diabetes mellitus affects 

multiple organ systems; this impact on various organ systems makes diabetes as             



 

the  culprit for morbidity and mortality in diabetic cases. The chronic complications are 

mainly of vascular etiology 
(5)

.  

 

The vascular complications of diabetes are further classified into microvascular 

and macrovascular complications. Diabetic retinopathy, diabetic nephropathy, and 

diabetic neuropathy arise out of microvascular complications 
(5)

. 

 

Among the microvascular complications of diabetes; diabetic neuropathy occurs in 

more than 50% of individuals with diabetes mellitus. Diabetic neuropathy can manifest in 

the forms of polyneuropathy, mononeuropathy and/ or autonomic neuropathy 
(5)

. 
  

 

Among the various forms of diabetic neuropathy, distal symmetric polyneuropathy 

(DSPN) accounts for about 75% of the caseload in diabetic neuropathies. It has been said 

that distal symmetric polyneuropathy (DSPN) might be present in at least 10% to 15% of 

newly diagnosed type 2 diabetes mellitus patients 
(6)

. 

 

Though multi-factorial pathogenesis has been claimed for the occurrence of 

diabetic peripheral neuropathy; the exact mechanism for the pathogenesis waits to be 

unraveled. A prevailing view for the pathogenesis of diabetic peripheral neuropathy is the 

inflammatory and oxidative stress. The inflammatory and oxidative stress that occurs as a 

result of metabolic dysfunction in diabetes mellitus damages the neuronal cells 
(6)

. 

 

The relative risk for the occurrence of diabetic peripheral neuropathy in type 1 

diabetes mellitus was reduced to 78% with good glycemic control
(6)

.  The relative risk for 



 

the development of diabetic peripheral neuropathy in type 2 diabetes mellitus was only 

reduced by 5% to 9% even with enhanced glycemic control
(7)

.  

 

Hence it is clear that chronic hyperglycemia is not the only major 

pathophysiological factor in the development of diabetic peripheral neuropathy in type 2 

diabetes mellitus
 (7)

 and other factors are also involved in the development of diabetic 

peripheral neuropathy. 

 

Anemia is a common manifestation in diabetes mellitus. The prevalence of anemia 

is two to three times higher in diabetic patients compared to the general population. The 

prevalence of anemia was increased in patients with diabetes mellitus, even with 

preserved renal function as opposed to the myth that end-stage renal failure in diabetes is 

the major cause for anemia in diabetes
(8)

.  

 

Recently the association of anemia with diabetic microvascular complications was 

studied and anemia has been considered to be a frequent complication of diabetic 

nephropathy.  Anemia is also considered as an independent risk factor that predicts the 

mortality and morbidity in patients with diabetic nephropathy 
(10)

.  

 

Other than diabetic nephropathy, anemia is also identified as an independent risk 

factor for influencing the severity in patients with diabetic retinopathy 
(11)

. Since diabetic 

neuropathy is also a microvascular complication of diabetes, the association of anemia 

with diabetic neuropathy needs to be studied 
(12)

. 

 



 

As the neuronal microenvironment needs adequate blood supply, oxygenation, and 

nutrition; impairment in any of these would harm the nerve. Since anemia is a reduction 

in the oxygen-carrying capacity of blood; the resultant impaired oxygenation causes 

endoneurial hypoxia and this could sever the neurons 
(12)

.  

 

The pathophysiology of diabetic peripheral neuropathy has not been fully 

understood. Hence studies that emphasize the association of anemia; which is a common 

manifestation even in diabetic patients having preserved renal function 
(6)

 with diabetic 

peripheral neuropathy are necessary.  

 

Diabetic polyneuropathy is often underdiagnosed by a wide array of physicians, 

including those in primary health care, internal medicine, and endocrinology 
(40)

. The 

routine diagnosis of neuropathy is based on patient symptoms and physical examinations. 

This includes the Semmes Weinstein monofilament test and examination with 128 Hz 

tuning fork. These tests are of limited value in the evaluation of early neuropathy, 

especially in the presence of neurological co-morbidities 
(41)

. 

Nerve conduction study is the most sensitive and specific method for the detection 

of diabetic peripheral neuropathy and has been recommended for quantitative 

confirmation of neurological abnormalities in clinical practice 
(42)

. 

Sensory aspects of the peripheral nervous system are more commonly affected 

when compared to the motor aspects of the peripheral nervous system 
(13)

. Hence this 

study to analyze the effect of anemia on diabetic peripheral neuropathy has been done 

using the sensory nerve conduction studies.   



 

 

 

 

 

 

 

 

AIMS AND OBJECTIVES 

 

 

 

 

                                    
 



 

 

AIM 

 

 The aim is to study how the sensory nerve conduction parameters such as 

latency (ms), amplitude (µV) and nerve conduction velocity (m/s) have been affected in 

type II diabetic peripheral neuropathy patients with anemia, who are yet to develop 

advanced renal failure.  

 

 The nerve conduction parameters in diabetic peripheral neuropathy patients 

with anemia will be compared to nerve conduction parameters in diabetic peripheral 

neuropathy patients without anemia.  

 

 

  



 

OBJECTIVES 
 

PRIMARY OBJECTIVE: 

To compare the sensory nerve conduction study parameters in diabetic peripheral 

neuropathy patients who present with anemia to diabetic peripheral neuropathy patients 

who are not anemic.  

 

The study parameters of sensory nerve conduction studies are latency (ms), 

amplitude (µV) and nerve conduction velocity (m/s). 

 

SECONDARY OBJECTIVE: 

 

To correlate the sensory nerve conduction study parameters like latency (ms), 

amplitude (µV) and nerve conduction velocity (m/s) to other risk factors like body mass 

index (BMI), glycosylated hemoglobin (HbA1c) that could affect the study parameters in 

diabetic peripheral neuropathy patients. 

 

TERTIARY OBJECTIVE: 

 

To correlate the sensory nerve conduction study parameters like latency (ms), 

amplitude (µV) and nerve conduction velocity (m/s) to the severity of anemia.   The 

severity of anemia is assessed by the hemoglobin concentration (Hb) and the type of 

anemia is delineated using mean corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH).  
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REVIEW OF LITERATURE 

 

DIABETES MELLITUS AND ITS CLASSIFICATIONS: 

 

Diabetes mellitus is a clinical syndrome characterized chiefly by hyperglycemia 

resulting from absolute or relative deficiency of insulin 
(14)

. Though hyperglycemia has 

many etiologies; the most common etiology is either type I diabetes mellitus or type II 

diabetes mellitus 
(14)

.  

 

The classification of diabetes mellitus broadly into type I diabetes mellitus and 

type II diabetes mellitus is based on pathophysiological processes that lead to 

hyperglycemia. Previous classifications based on the age of onset and the type of therapy 

required are obsolete now 
(2)

.  

 

Type I diabetes mellitus was previously referred to as ‘insulin-dependent diabetes 

mellitus’ (IDDM); since this condition was invariably associated with profound insulin 

deficiency necessitating the requirement of insulin replacement therapy 
(2)

. 

 

Similarly, type II diabetes mellitus was previously referred to as ‘non-insulin-

dependent diabetes mellitus' (NIDDM). It was because patients with type II diabetes 

mellitus often retained the ability to secrete some insulin. But along with this insulin 

secretion, they exhibited impaired sensitivity to the action of insulin resulting in insulin 

resistance. Since these patients hold some reserve of insulin; they were initially being 



 

treated without insulin replacement therapy. Hence the term non-insulin-dependent 

diabetes mellitus (NIDDM) was used
 (14)

.  

 

However, more than 20% of type II diabetes mellitus patients developed profound 

insulin deficiency ultimately, necessitating insulin replacement therapy; hence the terms 

‘insulin-dependent diabetes mellitus’ (IDDM) and ‘non-insulin-dependent diabetes 

mellitus' (NIDDM) are obsolete now 
(14)

. 

 

In both type I and type II diabetes mellitus, environmental factors interact with the 

genetic susceptibility of individuals to determine the onset of clinical syndrome and the 

timing of various clinical events in diabetic patients 
(14)

. 

 

 

TYPE II DIABETES MELLITUS: 

 

Type II diabetes mellitus is more common when compared to type 1 diabetes 

mellitus. Type II diabetes mellitus accounts for more than 90% to 95% of diabetic cases. 

Since the onset of type II diabetes mellitus is usually above the age of 30 years and more 

commonly between the age group of 50 to 60 years; this syndrome is often referred to as 

adult-onset diabetes mellitus
(1)

. 

 

In recent years, the incidence of type 2 diabetes mellitus has been noted even 

before the age of 20 years. This trend is mainly because of the increasing prevalence of 

obesity in children and adults 
(1)

.  

 



 

METABOLIC SYNDROME AND TYPE II DIABETES MELLITUS: 

 

The metabolic syndrome usually precedes the development of type II diabetes 

mellitus. Metabolic syndrome comprises of obesity especially central obesity, insulin 

resistance in spite of hyperinsulinemia, fasting hyperglycemia, lipid abnormalities like 

hypertriglyceridemia, reduction in high-density lipoproteins (HDL), a raise in low-

density lipoproteins (LDL) and hypertension
(1)

.  

 

The metabolic dysregulation associated with type II diabetes mellitus imposes 

secondary pathophysiological changes in multiple organ systems; thus imposing a 

tremendous burden on the diabetic population and the health care system 
(2)

.    

 

COMPLICATIONS OF DIABETES MELLITUS: 

 

 The metabolic dysregulation associated with type II diabetes mellitus results in 

the development of acute and chronic complications
(2)

. 

 

Diabetic ketoacidosis, hyperosmolar nonketotic coma are the most common acute 

complications that contribute to significant morbidity and mortality among patients with 

diabetes mellitus
 (14)

. 

 

 

 

 



 

CHRONIC COMPLICATIONS OF TYPE II DIABETES MELLITUS: 

 

The chronic complications are mainly of vascular etiology. The vascular 

complications of diabetes are further classified into microvascular and macrovascular 

complications 
(5)

.  

 

Though a few diabetic patients die out of acute metabolic complications like 

diabetic ketoacidosis; it is the long term complications that contribute to significant 

morbidity and mortality in diabetic patients 
(14)

. 

 

MACROVASCULAR COMPLICATIONS: 

 

Substantial mortality in diabetic patients is contributed by macrovascular 

complications like myocardial infarction, renal vascular insufficiency, and 

cerebrovascular accidents. The other macrovascular complications include angina, 

cardiac failure, and intermittent claudication. The main pathophysiology behind 

macrovascular complication is atherosclerosis 
(14)

.  

 

MICROVASCULAR COMPLICATIONS: 

 

Diabetic retinopathy, diabetic nephropathy, and diabetic neuropathy arise out of 

microvascular complications of diabetes mellitus 
(5)

. Hence diabetic retinopathy, 

nephropathy, and neuropathy are referred to as diabetic microangiopathies
(14)

.  



 

Capillary basement membrane thickening in association with increased vascular 

permeability throughout the body is the histopathological hallmark of diabetic 

microangiopathy
(14)

. The combination of vascular permeability with metabolic syndrome 

like hyperinsulinemia, hypertension increases the deposition of atherogenic lipoproteins 

contributing to the characteristic clinical syndrome of diabetic microangiopathy and 

accelerated atherosclerosis 
(14)

.    

 

PATHOPHYSIOLOGY OF ATHEROSCLEROSIS: 

 

In atherosclerosis, smooth muscle cells and macrophages within the intimal layer 

of blood vessels get accumulated with lipid vacuoles. The lipid vacuoles are made up of 

cholesterol and cholesterol esters resulting from dyslipidemia and other cardiovascular 

risk factors 
(19)

.  

 

The contribution of insulin resistance to diabetic dyslipidemia is by favoring the 

hepatic production of atherogenic lipoproteins and by suppressing the uptake of 

circulating lipids by peripheral tissues 
(15)

. Diabetes mellitus amplifies the effects of 

cardiovascular risk facts like smoking, hypertension, and dyslipidemia multifold when 

compared to non-diabetic population 
(14)

. 

 

Patients with type II diabetes mellitus have a concomitant metabolic syndrome 

that further accelerates the pathogenesis. Hypertension that is present in 75% of 



 

individuals with type II diabetes mellitus potentiates the effects of hyperglycemia and 

insulin resistance on endothelial dysfunction and atherosclerosis 
(15)

. 

 

In addition to these, there is an elevation of plasminogen activator inhibitor 1 

(PAI-1) in type II diabetes mellitus. Since plasminogen activator inhibitor 1 (PAI-1) is an 

inhibitor of fibrinolysis; elevation of plasminogen activator inhibitor 1 (PAI-1) acts as a 

procoagulant in the formation of atherosclerotic plaques 
(15)

. 

 

DIABETIC NEUROPATHY: 

 

Among the microvascular complications of diabetes; diabetic neuropathy occurs in 

more than 50% of individuals with diabetes mellitus. Diabetic neuropathy can manifest in 

the forms of polyneuropathy, mononeuropathy and or autonomic neuropathy 
(5)

. 

 

Diabetic neuropathy can affect the central nervous system, peripheral sensorimotor 

nerves, and autonomic nervous system. Hence diabetic neuropathy can be categorized 

into distal symmetric sensory neuropathy, distal symmetric sensorimotor neuropathy, 

autonomic neuropathy, focal asymmetric neuropathy and multifocal asymmetric 

neuropathy 
(20)

. 

 

Symmetric neuropathy that affects distal sensory and motor nerves is the most 

common form of peripheral neuropathy that occurs in patients with type II diabetes  

mellitus 
(20)

.  



 

Individuals with distal symmetric polyneuropathy (DSPN) accounts for about 75% 

of the caseload in diabetic neuropathies. It has been said that distal symmetric 

polyneuropathy (DSPN) might be present in at least 10%-15% of newly diagnosed type II 

diabetes mellitus patients 
(6)

. 

 

DISTAL SYMMETRIC SENSORY POLYNEUROPATHY (DSPN): 

 

Individuals with distal symmetric polyneuropathy (DSPN) accounts for about 75% 

of the caseload in diabetic neuropathies. It has been said that distal symmetric 

polyneuropathy (DSPN) might be present in at least 10%-15% of newly diagnosed type II 

diabetes mellitus patients 
(6)

. 

 

“Glove and stocking” pattern of impairment in sensory modalities is the typical 

feature that develops progressively; often associated with loss of tendon reflexes in lower 

limbs. Individuals with distal symmetric polyneuropathy (DSPN) present with 

paraesthesiae, burning sensation, pain in lower limbs that becomes worse at night 
(14)

.  

 

Diffuse small fiber neuropathy causes an altered perception of pain and 

temperature. It is most commonly associated with symptomatic autonomic neuropathy; 

characterized by foot ulcers and charcot neuroarthropathy. Electrophysiological tests 

demonstrate slowing of motor and sensory nerve conduction studies 
(14)

.  

 

 



 

ASYMMETRICAL MOTOR DIABETIC NEUROPATHY: 

 

Individuals with asymmetric motor diabetic neuropathy present with progressive 

wasting and weakness in the proximal muscles of lower limbs; often accompanied by 

severe pain, hyperaesthesia, and paraesthesiae. Hence asymmetric motor diabetic 

neuropathy is also called as diabetic amyotrophy. Tendon reflexes may be absent. 

Sometimes extensor plantar responses can appear and cerebrospinal fluid protein can be 

raised 
(14)

. 

 

MONONEUROPATHY: 

 

In diabetic mononeuropathy, either motor or sensory aspect of peripheral nerve or 

cranial nerve can be affected. The nerves that are commonly affected are oculomotor 

nerve, abducent nerve, femoral and sciatic nerves. Involvement of oculomotor and 

abducent nerves result in diplopia
(14)

.  

 

The onset of mononeuropathy is often severe and rapid in contrast to symmetric 

and asymmetric sensorimotor neuropathy. Hence the involvement of median nerve can 

sometimes be confused with carpal tunnel syndrome. Occasionally lateral popliteal nerve 

might get involved in diabetic mononeuropathy simulating foot drop 
(14)

.  

 

 

 

 



 

PATHOPHYSIOLOGY OF DIABETIC PERIPHERAL NEUROPATHY: 

 

The main pathophysiology behind peripheral neuropathy is the relative loss of 

myelin fibers resulting in segmental demyelination. The involvement of the polyol 

pathway and non-enzymatic glycation of proteins that trigger oxidative and inflammatory 

stress damages the neuronal cells 
(6)

 and this has been postulated as the pathogenesis for 

segmental demyelination 
(20)

.  

 

 Enhanced glycemic control in people with type 1 diabetes mellitus has reduced 

the incidence of diabetic peripheral neuropathy dramatically. The relative risk for the 

occurrence of diabetic peripheral neuropathy in type 1 diabetes mellitus was reduced to 

78% with good glycemic control
(6)

.  

 

In contrast, enhanced glycemic control in people with type II diabetes mellitus has 

only modestly reduced the risk of developing diabetic peripheral neuropathy. The relative 

risk for the development of diabetic peripheral neuropathy in type II diabetes mellitus 

was only reduced by 5% to 9% even with enhanced glycemic control
(7)

.  

 

Hence it is clear that chronic hyperglycemia is not the only major 

pathophysiological factor in the development of diabetic peripheral neuropathy in type II 

diabetes mellitus
(7)

; other factors are also involved in the development of diabetic 

peripheral neuropathy. Hence further research should be done in this context. 

 

 



 

ANEMIA IN DIABETES MELLITUS: 

 

Anemia is a common manifestation in diabetes mellitus. The prevalence of anemia 

is two to three times higher in diabetic patients compared to the general population. This 

prevalence was supported by the myth that diabetes mellitus is the single most common 

cause of end-stage renal failure and hence it is natural for anemia to manifest in end-stage 

renal failure
(8)

.  

 

However recent surveys have shown that the prevalence of anemia was increased 

in patients with diabetes mellitus, even with preserved renal function 
(8)

. This has been 

explained by the occurrence of diabetic autonomic neuropathy resulting in efferent 

sympathetic denervation of the kidneys. This denervation of the efferent sympathetic 

nervous system of the kidneys severe the renal interstitium and the resultant production 

of erythropoietin 
(9)

.  

 

Erythropoietin is also known as hematopoietin or hemopoietin. It is a glycoprotein 

that is secreted by the kidneys in response to the hypoxia that occurs at the cellular level. 

Erythropoietin that is secreted during times of cellular hypoxia stimulates red blood cell 

production in the bone marrow. Hence the loss of erythropoietin results in deficient 

erythropoiesis and anemia. Loss of erythropoietin and henceforth the occurrence of 

anemia has been attributed to the renal interstitial damage resulting from diabetic 

autonomic neuropathy 
(9)

. 

 



 

ANEMIA AND DIABETIC NEPHROPATHY: 

 

Diabetic nephropathy is the leading cause of end-stage renal disease. About 30% 

to 40% of patients with diabetes mellitus develop clinical evidence of nephropathy. But 

only a small fraction of patients with type II diabetes mellitus progress to end-stage renal 

disease 
(15)

. 

 

The pathophysiology is that advanced glycated end-products resulting from 

hyperglycemia accumulate in the glomerular basement membrane and mesangial matrix 

resulting in glomerular basement membrane thickening and an increase in mesangial 

matrix; thus contributing to the development of glomerulosclerosis
(18)

.  

 

This process is further accentuated by the loss of podocytes. The podocyte loss is 

either due to an acceleration of apoptosis in podocytes by reactive oxygen species or 

because of metabolic abnormalities 
(18)

. 

 

Recently the association of anemia with diabetic microvascular complications was 

studied. In trials like RENAAL (Reduction in End Points in NIDDM with Angiotensin II 

Antagonist Losartan) and IDNT (Irbesartan Diabetic Nephropathy Trial), a low baseline 

of hemoglobin predicted the onset of renal complications in diabetic patients 
(10)

. 

 

Low hemoglobin triggers the activation of hypoxia-inducible factor (HIF-1α) in 

renal interstitium which inturn causes fibrosis and decreases glomerular filtration rate 



 

(GFR). Thus anemia has been considered as an independent risk factor that predicts the 

mortality and morbidity in patients with diabetic nephropathy 
(10)

.  

 

ANEMIA AND DIABETIC RETINOPATHY: 

 

Diabetic retinopathy is one of the most common causes of blindness in adults 

between the age group of 30 years to 65 years. The major pathogenesis is impaired 

vascular autoregulation resulting from the thickening of the retinal vasculature basement 

membrane 
(16)

.  

 

Hyperglycemia increases the retinal blood flow and alters the metabolism in 

retinal endothelial cells and pericytes; thus severing the retinal blood vessels 
(16)

. 

 

The retinal microcirculation in patients with diabetes mellitus is extremely leaky 

because of the pericyte loss and retinal endothelial injury. This leaky retinal vasculature 

results in macular edema, a common cause of visual loss in diabetic patients 
(17)

.  

 

Although the retinal vasculature is often hyperpermeable, there are also micro 

occlusions in the circulation. The reduced perfusion of retina as a result of 

microcirculatory obstructions triggers the production of vascular endothelial growth 

factors (VEGF) and cause retinal neovascularisation severing the retina 
(17)

. 

 

In a study by Qiao et al, the risk of development of retinopathy in diabetic patients 

was 5.3 times higher in patients with hemoglobin less than 12 g/dL. The mechanism that 

has been stated is that hypoxia-induced erythropoietin (EPO) acts in parallel with VEGF 



 

as a proliferative agent in diabetic retinopathy. Thus anemia is identified as an 

independent risk factor for influencing the severity in patients with diabetic       

retinopathy 
(11)

.  

 

ANEMIA AND DIABETIC NEUROPATHY: 

 

Since diabetic neuropathy is also a microvascular complication of diabetes, the 

association of anemia with diabetic neuropathy is an interesting subject 
(12)

. 

 

As the neuronal microenvironment needs adequate blood supply, oxygenation, and 

nutrition; impairment in any of these would severe the nerve. Since anemia is a reduction 

in the oxygen-carrying capacity of blood; the resultant impaired oxygenation because of 

anemia could severe the neurons causing endoneurial hypoxia 
(12)

.  

 

A study was conducted by He BB, Xu M, Wei L, et al. to study the relationship of 

anemia to the complications arising from diabetes mellitus. The study has concluded that 

anemia is an independent risk factor for microvascular complications like diabetic 

neuropathy 
(21)

.   

 

A study conducted by Fan Wu and Yuanyan Jing emphasized that anemia is an 

independent risk factor for diabetic peripheral neuropathy. This has been attributed to the 

fact that erythrocytes play an important role as free radical scavengers. Thus in anemia, 

an imbalance occurs between free radicals and antioxidant mechanisms resulting in 

oxidative stress; hence contributing to the severity of diabetic peripheral neuropathy 
(22)

. 



 

 

A study conducted by Sinha Babu A, et al. has concluded that addressing anemia 

in diabetic individuals could have a major impact on the management of diabetic 

neuropathy; a microvascular complication of diabetes mellitus 
(8)

. 

 

NERVE CONDUCTION STUDIES: 

 

In 1850, Herman Von Helmholtz measured the nerve conduction velocity in frog 

by recording the muscle twitch mechanically 
(43)

. The development of clinical techniques 

for nerve conduction studies dates back to the period of second world war 
(24)

. Many 

important discoveries in clinical nerve conduction studies can be traced back to 1940s 
(25)

.  

 

In 1946, George Dawson invented a machine using high-gain, low-noise 

amplifiers which employed the technique of photographic superimposition 
(26)

.  

 

In 1949, Dawson and Scott published their method for recording the sensory 

action potentials through the skin in response to electric stimulation of peripheral nerves. 

The advancement in nerve conduction studies is undoubted because of the work done by 

Dawson and Scott 
(26)

.  

 

Hodes, Larrabee, and German authored a seminar paper about motor conduction 

velocity in healthy and injured nerve. It was found that when compared to healthy nerves, 

the motor conduction velocity was reduced in nerves that were regenerating after      

injury 
(25)

.  



 

In succession to these great scientists, Ed Lambert and his colleagues conducted 

studies analyzing the various parameters of motor nerve conduction studies in health and 

disease 
(27)

.  

 

In 1955, Ian Simpson studied the effect of carpal tunnel syndrome on nerve 

conduction velocity. The study demonstrated a significant delay in nerve conduction 

velocity. This delay in nerve conduction was attributed to the ischemia that occurred in 

carpal tunnel syndrome 
(28)

. Since then numerous studies have been done in this regard. 

 

In 1961, Gilliatt et al. conducted nerve conduction studies in lateral popliteal 

nerves. In the following year, Gilliatt and Willison published a paper on nerve conduction 

studies in diabetic neuropathy. It was demonstrated that the nerve conduction was 

delayed in case of diabetic neuropathy 
(29)

. 

 

A study conducted by Ian McDonald confirmed that demyelination of nerve fibers 

could significantly reduce the nerve conduction velocity. By 1960s, it was possible to 

categorize neuropathies into axonal and demyelinating types based on nerve conduction 

studies 
(30)

.   

 

Motor and sensory nerve conduction studies have always been used to clinically 

correlate the finding of neuropathy.  Sensory aspects of the peripheral nervous system are 

more commonly affected when compared to the motor aspects of the peripheral nervous 

system 
(13)

.  

 



 

Hence this study to analyze the effect of anemia on sensory nerve conduction 

studies in diabetic peripheral neuropathy patients has been chosen.   If an association has 

been proven then the treatment of anemia will be addressed on par to other treatment 

modalities of diabetic peripheral neuropathy.  
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MATERIALS AND METHODOLOGY 

 

STUDY DESIGN                :    Cross-sectional Study  

PLACE OF STUDY           :    Department of Neurology, PSG IMS&R,  

                                                 Coimbatore 

DURATION OF STUDY  :     December 2017 to December 2018, one year 

STUDY POPULATION   :    Patients with clinical diabetic peripheral neuropathy  

       attending the  Neurology outpatient  department of  

       PSG    Institute   of   Medical   Science  &  Research  

       (PSG IMS& R)  Coimbatore. 

SAMPLE SIZE                 :      80 

 

JUSTIFICATION FOR SAMPLE SIZE: 

 

The sample size was calculated using Open Epi software version 3.01. A 

simplified formula using 80% power, 95% confidence interval and mean ± SD values of 

nerve conduction obtained from a study conducted by Fan Wu and Yuanyan Jing 
(22) 

was 

utilized for finding the difference in means. The formula used is as follows 

  

 

*)(

)(2

2

2
2/

2 +
=

d

ZZ
n

αβσ



 

Where in 

n = Sample size in each group                                                                                                                                                     

σ = Standard deviation of the outcome variable 

d = difference in means 

Zβ  = Corresponds to desired power (0.84 = 80% power)                                                                              

Zα/2 = Corresponds to two - tailed significance level (1.96 for α = 0.05) 

The calculated sample size was 40 subjects in each group. 

 

STUDY GROUPS 

 
GROUP A:   40 diabetic peripheral neuropathy patients without anemia. 

                     Hemoglobin:  > 12g/dL in women and > 13g/dL in men. 

 

GROUP B:  40 diabetic peripheral neuropathy patients with anemia. 

 

According to the World Health Organisation (WHO); anemia is defined as 

hemoglobin less than 12g/dl in women and less than 13g/dl in men 
(31)

. 

 

CRITERIA FOR STUDY POPULATION 

 

INCLUSION CRITERIA: 

• Age: 35-70 years 

• Gender: Both males and females 

• Subjects with a history of type II diabetes mellitus for more than 1 year. 



 

• Diagnosis of diabetic peripheral neuropathy was made using the criteria proposed 

in 19
th

 annual NEURODIAB (Diabetic Neuropathy Study group of the European 

association) and 8
th

 International Symposium on Diabetic neuropathy in Toronto, 

2009 
(51)

. DSPN was confirmed if nerve conduction abnormality was accompanied 

by either a symptom or symptoms or sign or signs of neuropathy.  

 

1) The symptoms include decreased sensation and positive sensory neuropathy 

symptoms such as asleep numbness, pricking, stabbing, burning or aching pain 

that predominantly occurs in toes, feet or leg.  

 

2) The signs include a symmetrical reduction in distal sensation or unequivocally 

reduced or absent ankle reflexes. 

 

GROUP A:   40 diabetic peripheral neuropathy patients without anemia. 

Hemoglobin values > 12g/dl in women and > 13g/dl in men. 

 

GROUP B:   40 diabetic peripheral neuropathy patients with anemia. 

Hemoglobin values < 12g/dl in women and < 13g/dl in men. 

 

 

 

 

 



 

According to the World Health Organisation(WHO), classification of anemia
(31)  

is as 

given below. 

 

Severity of anemia 

Hemoglobin (gm/dl) 

Male Female 

Mild 11-12.9 11-11.9 

Moderate 8-10.9 8-10.9 

Severe <8 <8 

 

 

EXCLUSION CRITERIA: 

 
1. Subjects with other potential causes of neuropathy such as thyroid disorder, 

connective tissue disease, CIDP (Chronic Inflammatory Demyelinating  

Polyneuropathy) or neuromuscular disease. 

2. Subjects with hemolytic anemia or aplastic anemia. 

3. Subjects with advanced renal failure  

(eGFR < 40ml/min/1.73m
2
) 

4. Subjects with signs of peripheral vascular disease  

(ankle-brachial index < 0.9) 



 

5. Subjects with a history of cerebral infarction, cervical spondylosis or lumbar 

spondylosis. 

6. Subjects diagnosed with malignancies. 

7. Subjects with cardiac failure, hepatic failure or poor general conditions. 

8. Subjects with vitamin B12 deficiency. 

9. Chronic use of medications like Amiodarone, Isoniazid, Metronidazole, 

Nitrofurantoin, NRTIs (Nucleoside Reverse Transcriptase Inhibitors) used in 

HAART therapy, Immunosuppressants  like TNFα inhibitors, interferons.   

10.  Subjects who were not willing to participate.   



 

METHODOLOGY 
 

ENROLLMENT: 

 

The study was initiated after getting IHEC clearance. The study was conducted in 

the Department of Neurology for a period of one year from December 2017 to December 

2018. After getting informed and written consent from 80 diabetic peripheral neuropathy 

patients, data were collected using a structured data collection tool.   

 

The study groups consisted of 40 diabetic peripheral neuropathy patients with 

anemia and 40 diabetic peripheral neuropathy patients without anemia. The subjects were 

subjected to sensory nerve conduction studies in median, ulnar and sural nerves.  

 

DATA COLLECTION: 

 

After getting informed and written consent from the study subjects, data was 

collected. Details about the duration of diabetes, presence of other co-morbidities, family 

history, personal history were collected through interviews. Personal history included 

details regarding smoking and alcohol consumption. 

 

Height, weight, systolic and diastolic blood pressures were recorded using 

standard apparatus. The body mass index (BMI) was calculated for each subject using the 

formula of weight in kilograms divided by height in meters squared (kg/m
2
). 

 

 



 

LABORATORY MEASUREMENTS: 

 

Blood samples of the subjects were collected for the estimation of hemoglobin, 

mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), fasting blood 

sugar, postprandial blood sugar, glycosylated hemoglobin (HbA1c), serum urea, serum 

creatinine, total cholesterol, low density lipoproteins (LDL), high density lipoproteins 

(HDL), triglycerides (TGL). 

 

All the blood investigations were done using fully automated machines. 

Hemoglobin was estimated using the cyanmethemoglobin method. Plasma glucose levels 

were estimated using hexokinase, UV, kinetic method. 

 

Glycosylated hemoglobin (HbA1c) levels were assessed using high-pressure liquid 

chromatography (HPLC). Serum cholesterol and triglycerides (TGL) were measured 

using enzymatic endpoint methods. Serum high-density lipoproteins (HDL) and low-

density lipoproteins (LDL) levels were measured using direct enzymatic assays. Serum 

urea and creatinine were determined using enzymatic methods. Estimated glomerular 

filtration (eGFR) was calculated based on chronic kidney disease epidemiology 

collaboration (CKD – EPI) equation (2009). 

 

 

 

 



 

NERVE CONDUCTION STUDIES 

 

EQUIPMENT: 

 

Recorders Medicare System (RMS) EMG EPM 2K version 1 (as shown in figure 

1) was used to record the sensory nerve conduction in ulnar, median and sural nerves. 

Surface electrodes made up of silver chloride and nickel was used for the study.

 

Figure 1: Recorders Medicare System 



 

PRINCIPLE: 

 

Sensory conduction can be measured either orthodromically or antidromically. In 

orthodromic conduction, the stimulus is applied to the distal portion of the nerve and 

sensory action potential is recorded at a proximal point along the nerve 
(43)

.  

 

In antidromic conduction, the stimulus is applied at a proximal point along the 

nerve and sensory action potential is recorded distally 
(43)

. Since the sensory nerves send 

some efferent sympathetic fibers to cutaneous blood vessels, the distinction between 

orthodromic and antidromic action potentials is not perfect
 (30)

. 

 

In this study, antidromic conduction was performed using surface electrodes. The 

basic principle in recording sensory action potentials in nerve conduction studies is the 

usage of active recording, ground and stimulating electrodes. Active recording electrodes 

that were placed over one end of the nerve recorded the action potential when a stimulus 

was applied some distance away from the recording electrode on the nerve. To prevent 

short-circuiting and to minimize artifact, ground electrodes were placed between the 

stimulating and recording electrodes 
(30)

. 

 

Since motor fibers were not stimulated while recording sensory action potentials, 

motor artifacts were avoided. As the motor artifact formation was minimal, stimulating 

and recording electrodes were used interchangeably and a resultant biphasic action 

potential was produced 
(30)

.   



 

The biphasic sensory action potential obtained as a result of antidromic conduction 

comprised of an initial negative deflection followed by a positive peak (as shown in 

figure 2).  Peak latency was measured from the onset of stimulus artifact to the initial 

negative peak 
(32)

. 

 

 

 

Figure 2: sensory action potential 

 

 



 

NERVE CONDUCTION VARIABLES STUDIED 

 

1) LATENCY 

 

Onset latency was measured from the onset of stimulus artifact to the initial 

negative peak in antidromic conduction. This represents the time taken for the 

propagation of impulse along the nerve. Latency was measured in milliseconds (ms) 
(44)

.   

 

2) AMPLITUDE 

 

In antidromic conduction, the amplitude was measured from the baseline to the 

negative peak of the biphasic response obtained after supramaximal nerve stimulation. 

Amplitude suggests the density of nerve fibers especially the number of viable axons. 

This variable is measured in microvolts (µV) 
(44)

. 

 

3) CONDUCTION VELOCITY 

 

Conduction velocity was measured by applying a stimulus at a single stimulus site. 

This is unlike motor nerve conduction velocity where the nerve is stimulated at two 

stimulation sites. This difference is because residual latency which represents the 

neuromuscular transmission time and muscular propagation time are not applicable to 

sensory nerve conduction 
(43)

. 

 



 

Nerve Conduction velocity was calculated in meters per second (m/s) 
(39)

. The formula 

used is as follows: 

 

Conduction velocity     = 

Distance between stimulating 

and recording electrodes (cm) x    10 

Onset of latency (msec) 

 

PREPARATION: 

 

The subjects participating in the study were reassured and were asked to remove 

metallic ornaments in the limbs. The subjects were given a clear explanation about the 

procedure and were made to lie comfortably on the couch. The head of the subject was 

supported in such a way that the screen of the RMS machine was visible to them. 

 

Instrumentation and the electrodes were kept ready. Surface electrodes made up of 

silver chloride and nickel were used for the study. The surface electrodes used to record 

the nerve action potential were placed over the nerve of interest. The minimum separable 

distance between the surface electrodes and nerve studied was about 30 to 90mm 

 

 

 

 

 

 

 

 

 

 



 

PROCEDURE: 

 

Electrical stimulation of nerves using supra-maximal intensities was avoided 

because small myelinated fibers that conveyed pain were activated in this process causing 

unpleasantness.  The position of the electrode in context to the skin where the threshold 

stimulus produces a response was identified for various nerves of interest and was noted 

as the site of stimulation. 

 

At the optimum site of stimulation for various nerves, the stimulus was given at a 

rate of 1 per second. Initially, minimal intensity of stimuli was provided and then 

increased progressively to supramaximal stimulation intensity. This transition from 

minimal to supramaximal stimulant intensity was made in 3 to 4 large steps 
(30)

.  

 

The recommended filter setting of 10 Hz to 2 kHz, sweep speed of 1 to 2 

ms/division and gain of 1 to 5µV/division was used. The signal enhancement that was 

used was proportional to the square root of the number of trials 
(43)

.  

 

� MEDIAN NERVE 

 

The median nerve is the main nerve in the front of the forearm. It supplies most of 

the muscles of the forearm and controls coarse movements of the hand. Hence it is also 

called as the laborer's nerve. 

 

 

 

 



 

ORIGIN AND COURSE OF MEDIAN NERVE: 

 

Median nerve arises from the medial cord of the brachial plexus. The medial cord 

is in turn formed by the ventral division of the lower trunk arising from the roots C8 and 

T1 of the brachial plexus. 

 

The medial cord of the brachial plexus gives rise to ulnar and median roots of the 

median; which together form the median nerve. Throughout its course in the arm, the 

median nerve is closely related to the brachial artery. Even after entering the cubital 

fossa, the median nerve lies medial to the brachial artery. 

 

After the cubital fossa, the median nerve enters the forearm by passing between 

the flexor digitorum superficialis and flexor digitorum profundus. On reaching the wrist, 

the median nerve lies deep and lateral to Palmaris longus tendon. 

 

Lastly, the median nerve passes deep to flexor retinaculum through the carpal 

tunnel and enters the palm. In the palm, median nerve gives off cutaneous and muscular 

branches. The cutaneous branches supply the palmar skin over the lateral three and a half 

digits, along with their nail beds 
(36)

. 

 

 

 

 

 



 

SENSORY NERVE CONDUCTION IN MEDIAN NERVE (as shown in figure 3) 

 

 

Figure 3: Sensory Nerve Conduction in Median Nerve 

 

POSITION: 

This procedure was done with the subject in the supine position. 

 

ACTIVE ELECTRODE (A): 

 

The active electrode was placed in contact with the radial and ulnar sides of the 

index finger, slightly distal to the base of the digit. The active electrode is denoted by 

black color in figure 3. 

 



 

REFERENCE ELECTRODE (R): 

 

The reference electrode was placed in contact with the radial and ulnar sides of the 

index finger, 4cms distal to the active electrode. The reference electrode is denoted by the 

red color in figure 3. 

 

GROUND ELECTRODE (G): 

 
The ground electrode was placed on the dorsum of the hand. It is denoted by the 

green color in figure 3. 

 

STIMULATION POINT (S): 

 
The subject was asked to straighten their fingers. The cathode of the stimulating 

electrodes was placed over the median nerve 3 cms proximal to the distal wrist crease. 

The anode was positioned proximal to the cathode and the stimulating electrodes were 

placed between the tendons of flexor carpi radialis and palmaris longus. 

 

MACHINE SETTINGS: 

 
Sensitivity                 :  20µV/ division 

Low-frequency filter: 10 Hz 

High-frequency filter:  2 kHz 

Sweep speed              :  1 ms/ division 

 



 

NERVE FIBRES TESTED: 

C6 nerve root was tested. A similar procedure was done on the other side of the 

body. 

� ULNAR NERVE 

 

ORIGIN OF ULNAR NERVE: 

 
Ulnar nerve controls fine movements of the fingers. Hence it is also known as the 

musician’s nerve. Ulnar nerve (C7, C8, T1) is a branch of the medial cord in the brachial 

plexus. 

 

COURSE OF ULNAR NERVE: 

 

After its origin from the brachial plexus, the ulnar nerve runs on the medial side of 

the brachial artery till the insertion of coracobrachialis in the arm. Then ulnar nerve 

enters the posterior compartment of the arm after piercing the medial intermuscular 

septum. 

 

Ulnar nerve enters the forearm behind the medial epicondyle of humerus by 

trespassing between the two heads of flexor carpi ulnaris. 

 

In the wrist, ulnar nerve courses superficial to flexor retinaculum and enters the 

palm. After entering the palm, the nerve divides into superficial and deep terminal 



 

branches. The superficial terminal branches which are cutaneous supplies the medial one 

and a half fingers, along with their nail beds 

 

SENSORY NERVE CONDUCTION IN ULNAR NERVE 

POSITION: 

This procedure was done with the subject in the supine position. 

 

ACTIVE ELECTRODE (A): 

 
The active electrode was placed in contact with the radial and ulnar sides of the 

little finger (5
th

 digit), slightly distal to the base of the digit. The active electrode is 

denoted by black color in figure 4. 

 

REFERENCE ELECTRODE (R): 

 
The reference electrode was placed in contact with the radial and ulnar sides of the 

little finger (5
th

 digit), 4cms distal or as far as possible distal to the active electrode. The 

reference electrode is denoted by the red color in figure 4.  

 

GROUND ELECTRODE (G): 

 
 

The ground electrode was placed on the dorsum of the hand. It is denoted by the 

green color in figure 4. 

 

 



 

STIMULATION POINT (S): 

 
The subject was asked to straighten their fingers. The cathode of the stimulating 

electrodes was placed over the ulnar nerve 3 cms proximal to the distal crease at the 

wrist. The anode was positioned proximal to the cathode and the stimulating electrodes 

were placed slightly radial to the tendon of flexor carpi ulnaris. 

 

 

Figure 4: Sensory Nerve Conduction in Ulnar Nerve 

  

 

 



 

MACHINE SETTINGS: 

 
Sensitivity                :  20µV/ division 

Low-frequency filter: 10 Hz 

High-frequency filter:  2 kHz 

Sweep speed              :  1 msec/ division 

 

NERVE FIBRES TESTED: 

 

C8 nerve root was tested. A similar procedure was done on the other side of the 

body. 

 

� SURAL NERVE 

 

The sural nerve is a pure sensory nerve in the calf region of the leg. It is made up of 

collateral branches from the tibial nerve and common peroneal nerve. 

 

ORIGIN AND COURSE OF SURAL NERVE: 

 

Sural nerve (L5, S1, S2) is a branch of the tibial nerve in the popliteal fossa. It 

descends in the calf region of leg between the two heads of gastrocnemius. 

The sural nerve is joined by the sural or peroneal communicating nerve 

approximately 5cms above the heel. The sural nerve enters the lateral border of the foot 

after passing behind the lateral malleolus and supplies the lateral side of the little toe. In 

addition to this, the sural nerve also supplies small areas on the lateral side of the sole 
(38)

. 



 

SENSORY NERVE CONDUCTIION IN SURAL NERVE 

POSITION: 

This procedure was done with the subject in the supine position. 

 

ACTIVE ELECTRODE (A): 

 
The active electrode was placed between the lateral malleolus and tendoachilles. 

The active electrode is denoted by black color in figure 5. 

 

 

Figure 5: Sensory Nerve Conduction in Sural Nerve 

 



 

REFERENCE ELECTRODE (R): 

 

The reference electrode was placed distal to the active electrode. The reference 

electrode is denoted by the red color in figure 5. 

 

GROUND ELECTRODE (G): 

 
The ground electrode was placed between the stimulating and recording 

electrodes. The recording electrodes include the active and reference electrodes. It is 

denoted by the green color in figure 5. 

 

STIMULATION POINT (S): 

 
The subject was asked to place the leg in a convenient lateral position. The 

cathode of the stimulating electrodes was placed 10 to 16 cms proximal to the active 

electrode, distal to the lower border of gastrocnemius at the junction of the middle and 

lower third of leg. The anode was positioned proximal to the cathode. 

 

MACHINE SETTINGS: 

 
Sensitivity                   :  2 - 5µV/ division 

Low-frequency filter : 10 Hz 

High-frequency filter:  2 kHz 

Sweep speed              :  1 msec/ division 

 



 

NERVE FIBRES TESTED: 

 
S1 and S2 nerve fibers were tested. A similar procedure was done on the other side 

of the body 
(37)

. 

 

NORMAL VALUES IN SENSORY NERVE CONDUCTION STUDIES 
(43) 

 

NERVE 
LATENCY        

(ms) 

AMPLITUDE  

(µV) 

NERVE 

CONDUCTION 

VELOCITY (m/s) 

Median nerve 3.06 + 0.41 38.5 + 15.6 56.20 + 5.80 

Ulnar nerve 2.83 + 0.40 35.0 + 14.7 54.17 + 9.40 

Sural nerve 2.56 + 0.61 18.0 + 10.5 50.90 + 5.40 

 

 

FACTORS AFFECTING NERVE CONDUCTION STUDIES 

 

Various physiological and technical variables can influence the nerve conduction  

velocity 
(43)

.  

 

 

 

 



 

PHYSIOLOGICAL VARIABLES 

1) AGE: 

 
The nerve conduction velocity in children less than 3 years of age is affected mainly 

because of immaturity in the myelination of nerve fibers 
(34)

. By 3 to 5 years of age, as the 

myelination progresses velocity reaches that of the adult value. This velocity starts to 

decline after 30 to 40 years of age 
(43)

. With increasing age, there is an increase in the 

proportion of demyelination when compared to remyelination; thus attributing to axonal 

loss 
(30)

. 

 

2) GENDER: 

 
Gender can also affect the parameters of nerve conduction study; particularly the 

amplitude of sensory action potentials. The amplitude of antidromic sensory action 

potential was found to be larger in females when compared to the males 
(35)

. 

 

3) TEMPERATURE: 

 
All parameters of nerve conduction are affected by the temperature changes in the 

limbs. On cooling of the limb, there occurs a fall in conduction velocities; prolongation in 

distal motor latencies and an increase in the duration of sensory action potentials 
(33)

.  

 

 

 

 

 



 

4) UPPER LIMB VERSUS LOWER LIMB: 

 
An inverse relationship exists between the height of the nerve and nerve conduction 

velocity. Longer nerves of lower limbs like tibial and peroneal nerves have slower 

conduction velocity when compared to median and ulnar nerves of the upper limb. 

Reasons attributed for a reduction in conduction velocity in long nerves are abrupt distal 

axonal tapering, shorter internodal distances, reduction in axon diameter along the course 

of the nerve and lower temperature of feet when compared to the hand 
(43)

. 

 

TECHNICAL VARIABLES 

 

1) STIMULATING SYSTEM: 

 
Failure of the stimulating system may result from the usage of a submaximal stimulus. 

Even upon the usage of a maximal stimulus, the response is insufficient when stimulators 

are wrongly placed or if there is an excess of fat or edema between the stimulator and the 

nerve 
(43)

. 

 

2) RECORDING SYSTEM: 

 
Errors occur in spite of optimal stimulation in case of a break in the cable, incorrect 

oscilloscope settings like gain, sweep speed, filter range or in case of wrong preamplifier 

connections. Incorrect position of active or reference electrodes can also contribute to 

error. 

 



 

3) Inadvertent stimulation of unintended nerves 

 

4) Anomalous cross over between nerves
 (43)

. 

 

POSSIBLE ERRORS 
(44)

: 

 

1. The most common error arises from the incorrect measurement of nerve length. 

This can occur because of stretching the skin, not following the course of the 

nerve or from not following standard limb positions. 

2. Reversing the polarity of the stimulating or active electrodes. 

3. Usage of submaximal stimulation. 

4. Skin temperature below 32
.
C 

5. Stimulus artifact arising from inadequate grounding, high impedance of recording 

electrode or inadvertent connection between electrodes. 

6. Movement artifact from poor patient co-ordination 
(39)

. 

STATISTICAL ANALYSIS:  

 
The information collected from the subjects was recorded in a master sheet. The 

data collected were analyzed using SPSS IBM software version 25. Normally distributed 

variables were presented in the form of mean + SD. Categorical variables were presented 

in the forms of frequencies and proportions. Independent ‘t’ test was used to compare 

continuous variables between the two groups. Karl Pearson's correlation was used to 

correlate the continuous variables which were normally distributed. P values < 0.05 was 

considered statistically significant. 
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RESULTS 

 

Sensory nerve conduction study variables such as latency, amplitude, and nerve 

conduction velocity were compared between group A (Diabetic peripheral neuropathy 

without anemia) and group B (Diabetic peripheral neuropathy with anemia). The baseline 

characteristics and clinical profile of the subjects were compared between the two groups. 

Comparison of continuous variables between the two groups was made using unpaired  

"t" test. 

Factors that could influence diabetic peripheral neuropathy such as HbA1c, BMI 

(Body Mass Index) and hemoglobin values were correlated to nerve conduction study 

variables using Pearson's correlation. Statistical analysis was made using IBM SPSS 

software version 25. p-value < 0.05 was considered to be statistically significant and 

value < 0.01 was considered as statistically highly significant. 

STUDY GROUPS (TABLE 2): 

Grouping of the study participants was based on the hemoglobin levels in diabetic 

peripheral neuropathy patients. Mean hemoglobin value of group A (Diabetic peripheral 

neuropathy without anemia) was 15.11 ± 1.60 g/dl and that of group B (Diabetic 

peripheral neuropathy with anemia) was 10.89 ± 1.20 g/dl. Hemoglobin values of group 

B were reduced when compared to group A and the difference of means was statistically 

significant (p-value was 0.031*). Hence they were taken as study groups. 



 

COMPARISON OF BASELINE CHARACTERISTICS BETWEEN GROUP A 

(DIABETIC PERIPHERAL NEUROPATHY WITHOUT ANEMIA) AND                  

GROUP B (DIABETIC PERIPHERAL NEUROPATHY WITH ANEMIA) 

 

MEAN AGE (TABLE 1 AND CHART 1): 

 

The mean age of diabetic peripheral neuropathy subjects without anemia was 

50.53 ± 11.73 years and that of diabetic peripheral neuropathy subjects with anemia was 

57.38 ± 10.12 years. The p-value was 0.349 and the difference was statistically not 

significant. Hence these diabetic patients were recruited to study the effect of anemia on 

nerve conduction parameters.  

 

GENDER DISTRIBUTION (TABLE 1 AND CHART 2): 

 

Out of the 80 study participants, 38 members (47.50%) were male and                             

42 members (52.50%) were female. In group A (diabetic peripheral neuropathy without 

anemia) 20 (50%) were male and 20 (50%) were female. In group B (diabetic peripheral 

neuropathy with anemia) 17 (42.50%) were male and 23 (57.50%) were female.      

 

BODY MASS INDEX (TABLE 1 AND CHART 3): 

 

BMI of diabetic peripheral neuropathy patients without anemia was                                     

28.12 ± 1.58 kg/m
2
 and that of diabetic peripheral neuropathy patients with anemia was 

28.73 ± 1.56 kg/m
2
. The difference in means was not statistically significant (p-value 

0.671) and hence the effect of anemia was studied in them. 

 



 

COMPARISON OF CLINICAL PROFILE BETWEEN GROUP A                      

(DIABETIC PERIPHERAL NEUROPATHY WITHOUT ANEMIA) AND                

GROUP B (DIABETIC PERIPHERAL NEUROPATHY WITH ANEMIA) 

 

Comparison between the two groups was made using unpaired “t” test.                     

p-value < 0.05 was considered to be statistically significant. 

 

RENAL PROFILE (TABLE 2): 
 

Serum urea, creatinine and eGFR of DPN subjects without anemia was                      

24.98 ± 9.14 mg/dl, 0.69 ± 0.18 mg/dl and 106.38 ± 15.05 ml/min respectively and that 

of DPN subjects with anemia was 26.80  ± 9.54 mg/dl, 0.71 ± 0.17 mg/dl and                          

105.19 ± 11.59 ml/min respectively. The difference in their means was not statistically 

significant. Hence these variables don’t affect the study results. 

 

Systolic and diastolic blood pressure of DPN subjects without anemia was                

132.18 ± 10.50 mmHg and 84.98 ± 6.39 mmHg respectively and that of DPN subjects 

with anemia was 138.85 ± 8.89 mmHg and 90.65 ± 6.93 mmHg respectively. The 

difference in their means was not statistically significant. Hence these variables don’t 

affect the study results. 

 

 

 

 

 

 



 

GLYCEMIC PROFILE (TABLE 2 AND CHART 4): 

 
Fasting blood sugar of DPN without anemia was 120.85 ± 24.49 mg/dl and that of 

DPN with anemia was 129.93 ± 29.18 mg/dl. The difference in mean between the two 

groups was not statistically significant (p-value 0.246). 

 

The postprandial blood sugar of DPN patients without anemia was                                  

188.50 ± 29.95 mg/dl and that of DPN patients with anemia was 195.20 ± 29.39 mg/dl. 

The difference in means was not statistically significant (p-value 0.312). 

 

Duration of diabetes in DPN without anemia was 5.1 ± 2.9 years and that of DPN 

with anemia was 6.9 ± 3.2 years. The difference in mean between the two groups was not 

statistically significant (p-value 0.942). 

 

HbA1c of DPN patients without anemia was 7.03 ± 0.87 % and that of DPN 

patients with anemia was 7.31 ± 1.09 %. The difference in means was not statistically 

significant (p-value 0.197). 

Hence these variables don’t have a significant effect on the study results and the 

variations in nerve conduction studies produced between the two groups might be 

considered to be due to anemia in these diabetic patients. 

 

LIPID PROFILE (TABLE 2 AND CHART 5): 

Total cholesterol in DPN without anemia was 182.50 ± 26.36 mg/dl and that of 

DPN with anemia was 188.33 ± 26.68 mg/dl. The difference in mean between the two 

groups was not statistically significant (p-value 0.844). 



 

High-density lipoprotein (HDL) in DPN patients without anemia was               

31.88 ± 12.09 mg/dl and that of DPN patients with anemia was 30.48 ± 10.11 mg/dl. The 

difference in means was not statistically significant (p-value 0.325). 

 

Low-density lipoprotein (LDL) in DPN patients without anemia was                       

153.48 ± 30.97 mg/dl and that of DPN patients with anemia was 154.58 ± 31.54 mg/dl. 

The difference in means was not statistically significant (p-value 0.518). 

 

Triglycerides (TGL) level in DPN patients without anemia was                                    

169.03 ± 54.59 mg/dl and that of DPN patients with anemia was 164.95 ± 32.89 mg/dl. 

The difference in means was not statistically significant (p-value 0.180). 

 

Hence these variables don’t have a significant effect on the study results and the 

variations in nerve conduction studies produced between the two groups might be 

considered to be due to anemia in these diabetic patients. 

 

 

COMPARISON OF SENSORY NERVE CONDUCTION VARIABLES BETWEEN 

GROUP A (DIABETIC PERIPHERAL NEUROPATHY WITHOUT ANEMIA) 

AND GROUP B (DIABETIC PERIPHERAL NEUROPATHY WITH ANEMIA) 

 

Comparison between the two groups was made using unpaired “t” test.                    

p-value < 0.05 was considered to be statistically significant. 

 

 

 

 



 

RIGHT MEDIAN NERVE (TABLE 3 AND CHART 6): 

 
The latency of DPN patients without anemia was 4.45 ± 0.94 ms and that of DPN 

patients with anemia was 4.55 ± 1.15 ms. Latency was increased in patients with anemia 

when compared to the other group but the difference in means was not statistically 

significant (p-value 0.257). 

 

The amplitude of DPN patients without anemia was 16.95 ± 3.89 µV and that of 

DPN patients with anemia was 16.42 ± 3.72 µV. Amplitude was decreased in patients 

with anemia compared to the non-anemic group, but the difference in means was not 

statistically significant (p-value 0.342). 

 

Nerve conduction velocity of DPN patients without anemia was 49.29 ± 1.20 m/s 

and that of DPN patients with anemia was 46.48 ± 3.42 m/s. Conduction velocity was 

reduced in subjects with anemia when compared to those without anemia and the 

difference in means was statistically highly significant (p-value 0.000**). This implies 

that anemia considerably reduces the conduction velocity of the right median nerve in 

DPN patients in its presence. 

 

LEFT MEDIAN NERVE (TABLE 4 AND CHART 7): 

 

The latency of DPN patients without anemia was 4.55 ± 1.15 ms and that of DPN 

patients with anemia was 4.29 ± 1.08 ms. Latency was reduced in DPN patients with 

anemia compared to the other group. But the difference in means was not statistically 

significant (p-value 0.729). 



 

The amplitude of DPN patients without anemia was 16.88 ± 3.91 µV and that of 

DPN patients with anemia was16.78 ± 3.60 µV. Amplitude was reduced in patients with 

anemia but the difference in means between the groups was not statistically significant   

(p-value 0.209).  

 

Nerve conduction velocity of DPN patients without anemia was 48.09 ± 5.73 m/s 

and that of DPN patients with anemia was 46.32 ± 5.02 m/s. The conduction velocity was 

reduced in patients with anemia compared to the other group. But the difference in means 

was not statistically significant (p-value 0.365). 

 

RIGHT ULNAR NERVE (TABLE 5 AND CHART 8): 

 
The latency of DPN patients without anemia was 4.42 ± 0.99 ms and that of DPN 

patients with anemia was 4.54 ± 1.27 ms. Latency was increased in patients with anemia, 

but the difference in means between the groups was not statistically significant                                  

(p-value 0.135).  

 

The amplitude of DPN patients without anemia was 17.10 ± 3.95 µV and that of 

DPN patients with anemia was 16.56 ± 3.52 µV. Though amplitude was reduced in DPN 

patients with anemia when compared to those without anemia, the difference in means 

between the groups was not statistically significant (p-value 0.072).  

 

Nerve conduction velocity of DPN patients without anemia was 45.99 ± 10.11 m/s 

and that of DPN patients with anemia was 35.96 ± 6.92 m/s. Conduction velocity was 



 

reduced in subjects with anemia when compared to those without anemia and the 

difference in means was statistically significant (p-value 0.035*). This implies that 

anemia considerably reduces the conduction velocity of the right ulnar nerve in DPN 

patients with anemia.    

 

LEFT ULNAR NERVE (TABLE 6 AND CHART 9): 

 
The latency of DPN patients without anemia was 4.35 ± 1.11 ms and that of DPN 

patients with anemia was 4.47 ± 1.30 ms. Though latency was increased in patients with 

anemia, the difference in means between the groups was not statistically significant                      

(p-value 0.375). 

 

The amplitude of DPN patients without anemia was 17.21 ± 3.99 µV and that of 

DPN patients with anemia was 16.46 ± 3.46 µV. Amplitude was reduced in subjects with 

anemia when compared to those without anemia and the difference in means was 

statistically significant (p-value 0.017*). This implies that anemia considerably reduces 

the amplitude of the left ulnar nerve in DPN patients with anemia.    

 

Nerve conduction velocity of DPN patients without anemia was 38.38 ± 5.84 m/s 

and that of DPN patients with anemia was 38.53 ± 7.25 m/s. NCV was reduced in 

patients with anemia when compared to those without anemia. But the difference in 

means was not statistically significant (p-value 0.071). 

 

 

 



 

RIGHT SURAL NERVE (TABLE 7 AND CHART 10): 

 
The latency of DPN patients without anemia was 3.38 ± 0.96 ms and that of DPN 

patients with anemia was 3.26 ± 0.83 ms. Though latency of DPN patients with anemia 

was reduced when compared to the other group, the difference in means was not 

statistically significant (p-value 0.290). 

 

The amplitude of DPN patients without anemia was 9.60 ± 1.92 µV and that of 

DPN patients with anemia was 3.24 ± 0.90 µV. Amplitude was reduced in subjects with 

anemia when compared to those without anemia and the difference in means was 

statistically significant (p-value 0.010*). This implies that anemia considerably reduces 

the amplitude of the right sural nerve in DPN patients with anemia. 

 

Nerve conduction velocity of DPN patients without anemia was 51.76 ± 11.11 m/s 

and that of DPN patients with anemia was 29.67 ± 6.23 m/s. Conduction velocity was 

reduced in subjects with anemia when compared to those without anemia and the 

difference in means was statistically significant (p-value 0.023*). This implies that 

anemia considerably reduces the conduction velocity of the right sural nerve in DPN 

patients with anemia. 

 

LEFT SURAL NERVE (TABLE 8 AND CHART 11): 

 
The latency of DPN patients without anemia was 3.50 ± 1.02 ms and that of DPN 

patients with anemia was 3.38 ± 1.03 ms. Latency was reduced in patients with anemia, 

but the difference in means was not statistically significant (p-value 0.948). 



 

The amplitude of DPN patients without anemia was 6.64 ± 1.74 µV and that of 

DPN patients with anemia was 3.53 ± 1.02 µV. Amplitude was reduced in subjects with 

anemia when compared to those without anemia and the difference in means was 

statistically highly significant (p-value 0.002**). This implies that anemia considerably 

reduces the amplitude of the left sural nerve in DPN patients with anemia. 

 

Nerve conduction velocity of DPN patients without anemia was 57.90 ± 13.54 m/s 

and that of DPN patients with anemia was 29.06 ± 7.26 m/s. Conduction velocity was 

reduced in subjects with anemia when compared to those without anemia and the 

difference in means was statistically highly significant (p-value 0.000**). This implies 

that anemia considerably reduces the conduction velocity of the left sural nerve in DPN 

patients with anemia. 

 

PEARSON’S CORRELATION BETWEEN HBA1C AND SENSORY NERVE 

CONDUCTION STUDY VARIABLES IN DIABETIC PERIPHERAL 

NEUROPATHY (TABLE 9) 

 

Latency, amplitude and nerve conduction velocity (NCV) of right median nerve 

had a correlation coefficient (r) of 0.025, -0.152 and -0.066 respectively and that of left 

median nerve had a correlation coefficient (r) of 0.039, -0.132 and -0.039 respectively 

with HbA1c. This implies that with increasing HbA1c; latency increases, amplitude 

decreases, and velocity decreases. The correlation was not statistically significant.   

 



 

Latency, amplitude, and NCV of right ulnar nerve had a correlation coefficient (r) 

of 0.285, -0.002 and -0.104 respectively with HbA1c, which means that with increasing 

HbA1c; latency increases, the amplitude decreases, and velocity decreases. The 

correlation of right ulnar nerve latency with HbA1c alone was statistically significant (p-

value was 0.010*).   

 

Latency, amplitude, and NCV of left ulnar nerve had a correlation coefficient (r) 

of 0.168, -0.195 and -0.016 respectively and that of right sural nerve had a correlation 

coefficient (r) of 0.085, -0.166 and -0.098 respectively with HbA1c. Latency, amplitude, 

and NCV of left sural nerve had a correlation coefficient (r) of 0.043, -0.210 and -0.119 

respectively with HbA1c, which implies that with increasing HbA1c; latency increases, 

amplitude decreases and velocity decreases. The correlation was not statistically 

significant. 

 

PEARSON’S CORRELATION BETWEEN BMI AND NERVE CONDUCTION 

VARIABLES IN DIABETIC PERIPHERAL NEUROPATHY (TABLE 9) 

 
Latency, amplitude and nerve conduction velocity (NCV) of right median nerve 

had a correlation coefficient (r) of 0.089, -0.243 and -0.009 respectively and that of left 

median nerve had a correlation coefficient (r) of 0.071, -0.132 and -0.018 respectively 

with BMI. This implies that with increasing BMI; latency increases, amplitude decreases, 

and velocity decreases. The correlation was not statistically significant.   

 



 

Latency, amplitude, and NCV of right ulnar nerve had a correlation coefficient (r) 

of 0.061, -0.052 and -0.008 respectively and that of left ulnar nerve had a correlation 

coefficient (r) of 0.168, -0.050 and -0.036 respectively with BMI. This implies that with 

increasing BMI; latency increases, amplitude decreases, and velocity decreases. The 

correlation was not statistically significant.   

 

Latency, amplitude and nerve conduction velocity of right sural nerve had a 

correlation coefficient (r) of 0.335, -0.172 and -0.053 respectively and that of left sural 

nerve had a correlation coefficient (r) of 0.024, -0.251 and -0.087 respectively with BMI. 

This means that with increasing HbA1c; latency increases, the amplitude decreases, and 

velocity decreases. The correlation was statistically significant for the right sural nerve 

latency with BMI (p-value 0.035*).  

 

GROUPING OF ANEMIA (TABLE 2 AND CHART 12)  

 
Hemoglobin, MCV, MCH values of DPN subjects with anemia were                                       

10.89 ± 1.20 g/dl, 82.09 ± 11.99 fl, 26.72 ± 4.53pg respectively and that of DPN subjects 

without anemia were 15.11 ± 1.60 g/dl, 85.92 ± 4.46 fl, 28.58 ± 1.75pg respectively. 

Hemoglobin, MCV, MCH values of DPN patients with anemia were less when compared 

to DPN patients without anemia and the difference was statistically highly significant. p 

values were 0.031**, 0.003**, 0.003** respectively. 

 

 



 

Out of 40 DPN subjects with anemia, 23 subjects (57.50%) had mild anemia and 

17 subjects (42.50%) had moderate anemia. The mean hemoglobin, MCV, and MCH of 

subjects with mild anemia was 11.73 ± 0.56 mg/dl, 84.05 ± 9.63 fl and 27.67 ± 3.72pg 

respectively. The mean hemoglobin, MCV, and MCH of subjects with moderate anemia 

was 9.76 ± 0.85 g/dl, 79.44 ± 14.48 fl and 25.43 ± 5.28pg respectively. 

 

PEARSON’S CORRELATION BETWEEN HEMOGLOBIN VALUES AND 

SENSORY NERVE CONDUCTION VARIABLES IN DIABETIC PERIPHERAL 

NEUROPATHY WITH ANEMIA (TABLE 11) 

 
Latency, amplitude and nerve conduction velocity (NCV) of right median nerve 

had a correlation coefficient (r) of -0.245, 0.299 and 0.311 respectively and that of left 

median nerve had a correlation coefficient (r) of   -0.203, 0.427 and 0.243 respectively 

with hemoglobin. This implies that as hemoglobin level decreases; latency increases, 

amplitude decreases, and velocity decreases. The correlation was statistically highly 

significant for the amplitude of the left median nerve with hemoglobin with a p-value of 

0.006**. 

 

Latency, amplitude, and NCV of right ulnar nerve had a correlation coefficient (r) 

of -0.089, 0.359 and 0.218 respectively and that of left ulnar nerve had a correlation 

coefficient (r) of -0.121, 0.250 and 0.376 respectively with hemoglobin. This implies that 

with a fall in hemoglobin values; latency increases, amplitude decreases, and velocity 

decreases. The correlation of right ulnar nerve amplitude with hemoglobin                                      



 

(p-value 0.023*) and left ulnar nerve conduction velocity with hemoglobin (p-value 

0.017*) were statistically significant.   

 

Latency, amplitude, and nerve conduction velocity of right sural nerve had a 

correlation coefficient (r) of -0.171, 0.189 and 0.554 respectively and that of left sural 

nerve had a correlation coefficient (r) of  -0.372, 0.062 and 0.424 respectively with 

hemoglobin. This implies that with decreasing hemoglobin; latency increases, amplitude 

decreases, and velocity decreases. The correlation of right sural NCV with hemoglobin 

(p-value 0.000**) and left sural NCV with hemoglobin (p-value 0.006**) were 

statistically highly significant. The correlation was statistically significant for the latency 

of left sural nerve with hemoglobin with a p-value of 0.018*. 

 

  



 

TABLE 1: 

 

Baseline characteristics in Diabetic peripheral neuropathy without anemia 

(Group A) and Diabetic peripheral neuropathy with anemia (Group B) 

 

a) Mean age and BMI 

 
 

 

Variables 

 

Diabetic peripheral 

neuropathy 

without anemia 

(Group A) 

n = 40 

Diabetic peripheral 

neuropathy with 

anemia 

(Group B) 

n = 40 

 

 

p-value 

 

Mean age (years) 

 

 

50.53 ± 11.73 

 

57.38 ± 10.12 

 

0.349 

 

BMI (kg/m
2
) 

 

 

28.12 ± 1.58 

 

28.73 ±1.56 

 

0.671 

 

BMI - Body mass index. Data are mean ± SD. p-value < 0.05 - Statistically significant* 

 

b) Gender 

 

 

Gender 

Diabetic peripheral 

neuropathy without 

anemia 

(Group A) 

n = 40 

Diabetic peripheral 

neuropathy with anemia 

(Group B) 

n = 40 

 

Male count 

Percentage (%) 

 

 

20 

50.00% 

 

17 

42.50% 

 

Female count 

Percentage (%) 

 

 

20 

50.00% 

 

23 

57.50% 

 

Data are in percentage (%) 



 

TABLE 2: Clinical profile of participants  

 

 

Variables 

Diabetic peripheral 

neuropathy without 

anemia(Group A) 

Mean ± SD 

n = 40 

Diabetic peripheral 

neuropathy with 

anemia (Group B) 

Mean ± SD 

n = 40 

 

 

p value 

Hemoglobin (g/dL) 

 
15.11 ± 1.60 10.89 ± 1.20 0.031* 

Mean Corpuscular Volume 

(fL) 
85.92 ± 4.46 82.09 ± 11.99 0.003** 

Mean Corpuscular Hemoglobin 

(pg) 
28.58 ± 1.75 26.72 ± 4.53 0.003** 

Systolic Blood pressure 

(mmHg) 
132.18 ± 10.50 138.85 ± 8.89 0.114 

Diastolic Blood pressure 

(mmHg) 
84.98 ± 6.39 90.65 ± 6.93 0.961 

Serum urea (mg/dL) 

 
24.98 ± 9.14 26.80 ± 9.54 0.305 

Serum creatinine(mg/dL) 

 
0.69 ± 0.18 0.71 ± 0.17 0.322 

eGFR (ml/min) 

 
106.38 ± 15.05 105.19 ± 11.59 0.311 

Duration of diabetes (years) 

 
5.1 ± 2.9 6.9 ± 3.2 0.942 

Fasting Blood Sugar (mg/dL) 

 
120.85 ± 24.49 129.93 ± 29.18 0.246 

Postprandial Blood Sugar  

(mg/dL) 
188.50 ± 29.95 195.20 ± 29.39 0.312 

HbA1c (%) 

 
7.03 ± 0.87 7.31 ± 1.09 0.197 

Total cholesterol (mg/dL) 

 
182.50 ± 26.36 188.33 ± 26.68 0.844 

High Density Lipoproteins 

(mg/dL) 
31.88 ± 12.09 30.48 ± 10.11 0.325 

Low Density Lipoproteins 

(mg/dL) 
153.48 ± 30.97 154.58 ± 31.54 0.518 

Triglycerides (mg/dL) 

 
169.03 ± 54.59 164.95 ± 32.89 0.180 

eGFR- estimated glomerular filtration rate.HbA1c- glycosylated hemoglobin.                        

p-value < 0.05 – Statistically significant*  p-value < 0.01 – Statistically highly 

significant** 



 

TABLE 3: 

Comparison of sensory nerve conduction study variables of Right Median 

nerve between Diabetic peripheral neuropathy without anemia (Group A) and 

Diabetic peripheral neuropathy with anemia (Group B) 

 

 

 

Variables 

Diabetic peripheral 

neuropathy 

without 

anemia(Group A) 

Mean ± SD 

n = 40 

Diabetic peripheral 

neuropathy with 

anemia (Group B) 

Mean ± SD 

n = 40 

 

 

p-value 

 

Latency (ms) 

 

 

4.45 ± 0.94 

 

4.55 ± 1.15 

 

0.257 

 

Amplitude (µV) 

 

 

16.95 ± 3.89 

 

16.42 ± 3.72 

 

0.342 

Nerve Conduction 

Velocity (m/s) 

 

 

49.29 ± 1.20 

 

46.48 ± 3.42 

 

0.000** 

 

Data are in the form of mean ± SD. p-value < 0.01 – Statistically highly significant** 

 

    

 

 

 

 

 

 

 

 



 

TABLE 4: 

Comparison of sensory nerve conduction study variables of Left Median 

nerve between Diabetic peripheral neuropathy without anemia (Group A) and 

Diabetic peripheral neuropathy with anemia (Group B) 

 

 

 

Variables 

Diabetic peripheral 

neuropathy 

without 

anemia(Group A) 

Mean ± SD 

n = 40 

Diabetic peripheral 

neuropathy with 

anemia (Group B) 

Mean ± SD 

n = 40 

 

 

p-value 

 

Latency (ms) 

 

 

4.29 ± 1.08 

 

4.55 ± 1.15 

 

0.729 

 

Amplitude (µV) 

 

 

16.88 ± 3.91 

 

16.78 ± 3.60 

 

0.209 

Nerve Conduction 

Velocity (m/s) 

 

 

48.09 ± 5.73 

 

46.32 ± 5.02 

 

0.365 

 

Data are in the form of mean ± SD. p-value < 0.05 – Statistically significant* 

 

 

 

 

 

 

 

 

 

 



 

TABLE 5: 

Comparison of sensory nerve conduction study variables of Right Ulnar nerve 

between Diabetic peripheral neuropathy without anemia (Group A) and 

Diabetic peripheral neuropathy with anemia (Group B) 

 

 

 

Variables 

Diabetic peripheral 

neuropathy 

without 

anemia(Group A) 

Mean ± SD 

n = 40 

Diabetic peripheral 

neuropathy with 

anemia (Group B) 

Mean ± SD 

n = 40 

 

 

p-value 

 

Latency (ms) 

 

 

4.42 ± 0.99 

 

4.54 ± 1.27 

 

0.135 

 

Amplitude (µV) 

 

 

17.10 ± 3.95 

 

16.56 ± 3.52 

 

0.072 

Nerve Conduction 

Velocity (m/s) 

 

 

45.99 ± 10.11 

 

35.96 ± 6.92 

 

0.035* 

 

p value < 0.05 – Statistically significant* 

 

 

 

 

 

 

 

 

 

 



 

TABLE 6: 

Comparison of sensory nerve conduction study variables of Left Ulnar nerve 

between Diabetic peripheral neuropathy without anemia (Group A) and 

Diabetic peripheral neuropathy with anemia (Group B) 

 

 

 

Variables 

Diabetic peripheral 

neuropathy 

without 

anemia(Group A) 

Mean ± SD 

n = 40 

Diabetic peripheral 

neuropathy with 

anemia (Group B) 

Mean ± SD 

n = 40 

 

 

p-value 

 

Latency (ms) 

 

 

4.35 ± 1.11 

 

4.47 ± 1.30 

 

0.375 

 

Amplitude (µV) 

 

 

17.21 ± 3.99 

 

16.46 ± 3.46 

 

0.017* 

Nerve Conduction 

Velocity (m/s) 

 

 

38.53 ± 7.25 

 

38.38 ± 5.84 

 

0.071 

 

p value < 0.05 – Statistically significant* 

 

 

 

 

 

 

 

 

 

 



 

TABLE 7: 

Comparison of sensory nerve conduction study variables of Right Sural nerve 

between Diabetic peripheral neuropathy without anemia (Group A) and 

Diabetic peripheral neuropathy with anemia (Group B) 

 

 

 

Variables 

Diabetic peripheral 

neuropathy 

without 

anemia(Group A) 

Mean ± SD 

n = 40 

Diabetic peripheral 

neuropathy with 

anemia (Group B) 

Mean ± SD 

n = 40 

 

 

p-value 

 

Latency (ms) 

 

 

3.26 ± 0.83 

 

3.38 ± 0.96 

 

0.290 

 

Amplitude (µV) 

 

 

9.60 ± 1.92 

 

3.24 ± 0.90 

 

0.010* 

Nerve Conduction 

Velocity (m/s) 

 

 

51.76 ± 11.11 

 

29.67 ± 6.23 

 

0.023* 

 

p value < 0.05 – Statistically significant* 

 

 

 

 

 

 

 

 

 

 



 

TABLE 8: 

Comparison of sensory nerve conduction study variables of Left Sural nerve 

between Diabetic peripheral neuropathy without anemia (Group A) and 

Diabetic peripheral neuropathy with anemia (Group B) 

 

 

 

Variables 

Diabetic peripheral 

neuropathy 

without 

anemia(Group A) 

Mean ± SD 

n = 40 

Diabetic peripheral 

neuropathy with 

anemia (Group B) 

Mean ± SD 

n = 40 

 

 

p-value 

 

Latency (ms) 

 

 

3.38 ± 1.03 

 

3.50 ± 1.02 

 

0.948 

 

Amplitude (µV) 

 

 

6.64 ± 1.74 

 

3.53 ± 1.02 

 

0.002** 

Nerve Conduction 

Velocity (m/s) 

 

 

57.90 ± 13.54 

 

29.06 ± 7.26 

 

0.000** 

 

p value < 0.01 – Statistically highly significant** 

 

 

 

 

 

 

 

 

 

 



 

TABLE 9: 

Pearson’s correlation between HbA1c and sensory nerve conduction variables 

in Diabetic peripheral neuropathy (n=80) 

 

HbA1c 

 

                 Sensory nerve  

conduction variables 

 

Correlation coefficient 

(r) 

 

p-value 

 

Right Median Latency (ms) 

Right Median Amplitude (µV) 

Right Median NCV (m/s) 

Left Median Latency (ms) 

Left Median Amplitude (µV) 

Left  Median NCV (m/s) 

 

 

0.025 

-0.152 

-0.066 

0.039 

-0.132 

-0.039 

 

 

0.828 

0.178 

0.561 

0.734 

0.244 

0.729 

 

 

Right Ulnar Latency (ms) 

Right Ulnar Amplitude (µV) 

Right Ulnar NCV (m/s) 

Left Ulnar Latency (ms) 

Left Ulnar Amplitude (µV) 

Left  Ulnar NCV (m/s) 

 

 

0.285 

-0.002 

-0.104 

0.168 

-0.195 

-0.016 

 

 

0.010* 

0.985 

0.359 

0.136 

0.084 

0.890 

 

 

Right Sural Latency (ms) 

Right Sural Amplitude (µV) 

Right Sural NCV (m/s) 

Left Sural Latency (ms) 

Left Sural Amplitude (µV) 

Left  Sural NCV (m/s) 

 

 

0.085 

-0.166 

-0.098 

0.043 

-0.210 

-0.119 

 

0.452 

0.141 

0.388 

0.707 

0.061 

0.292 

 

NCV is Nerve conduction velocity.    p-value <0.05 – Statistically significant* 

 

  

 



 

TABLE 10: 

 

Pearson’s correlation between BMI and sensory nerve conduction variables in 

Diabetic peripheral neuropathy (n=80) 

 

BMI 

 

                 Sensory nerve  

conduction variables 

 

Correlation coefficient 

(r) 

 

p-value 

 

Right Median Latency (ms) 

Right Median Amplitude (µV) 

Right Median NCV (m/s) 

Left Median Latency (ms) 

Left Median Amplitude (µV) 

Left  Median NCV (m/s) 

 

 

0.089 

-0.243 

-0.009 

0.071 

-0.132 

-0.018 

 

 

0.585 

0.131 

0.958 

0.665 

0.416 

0.913 

 

 

Right Ulnar Latency (ms) 

Right Ulnar Amplitude (µV) 

Right Ulnar NCV (m/s) 

Left Ulnar Latency (ms) 

Left Ulnar Amplitude (µV) 

Left  Ulnar NCV (m/s) 

 

 

0.061 

-0.052 

-0.008 

0.168 

-0.050 

-0.036 

 

 

0.710 

0.748 

0.961 

0.300 

0.760 

0.827 

 

 

Right Sural Latency (ms) 

Right Sural Amplitude (µV) 

Right Sural NCV (m/s) 

Left Sural Latency (ms) 

Left Sural Amplitude (µV) 

Left  Sural NCV (m/s) 

 

 

0.335 

-0.172 

-0.053 

0.024 

-0.251 

-0.087 

 

0.035* 

0.288 

0.744 

0.882 

0.118 

0.596 

 

NCV is Nerve conduction velocity.  p value <0.05 – Statistically significant* 

 

 

 

 



 

TABLE 11: 

 

Pearson’s correlation between Hemoglobin values and sensory nerve 

conduction variables in Diabetic peripheral neuropathy with anemia (n=40) 

 

Hemoglobin 

 

                 Sensory nerve  

conduction variables 

 

Correlation coefficient 

(r) 

 

p-value 

 

Right Median Latency (ms) 

Right Median Amplitude (µV) 

Right Median NCV (m/s) 

Left Median Latency (ms) 

Left Median Amplitude (µV) 

Left  Median NCV (m/s) 

 

 

-0.245 

0.299 

0.311 

-0.203 

0.427 

0.243 

 

0.128 

0.061 

0.051 

0.210 

0.006** 

0.131 

 

Right Ulnar Latency (ms) 

Right Ulnar Amplitude (µV) 

Right Ulnar NCV (m/s) 

Left Ulnar Latency (ms) 

Left Ulnar Amplitude (µV) 

Left  Ulnar NCV (m/s) 

 

 

-0.089 

0.359 

0.218 

-0.121 

0.250 

0.376 

 

0.587 

0.023* 

0.176 

0.456 

0.120 

0.017* 

 

Right Sural Latency (ms) 

Right Sural Amplitude (µV) 

Right Sural NCV (m/s) 

Left Sural Latency (ms) 

Left Sural Amplitude (µV) 

Left  Sural NCV (m/s) 

 

 

-0.171 

0.189 

0.554 

-0.372 

0.062 

0.424 

 

0.292 

0.242 

0.000** 

0.018* 

0.705 

0.006** 

 

NCV is Nerve conduction velocity.  p value <0.05 – Statistically significant*                      

p value <0.01 – Statistically highly significant** 

 

 

 



 

CHART 1: 

 

Comparison of mean age between Diabetic peripheral neuropathy without anemia 

(Group A) and Diabetic peripheral neuropathy with anemia (Group B)

 

 

p value < 0.05 -  Statistically significant*
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CHART 2: 

 

Comparison of gender distribution between Diabetic peripheral 

anemia (Group A) and Diabetic peripheral neuropathy with anemia (Group B)
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CHART 3: 

 

Comparison of BMI between Diabetic peripheral neuropathy without anemia 

(Group A) and Diabetic peripheral neuropathy with anemia (Group B)

 

p value < 0.05 -  Statistically significant*

 

 

 

 

 

 

 

26.5

27.0

27.5

28.0

28.5

29.0

29.5

Diabetic peripheral neuropathy without 

anemia

M
ea

n
 B

M
I 
±

S
D

Comparison of BMI between Diabetic peripheral neuropathy without anemia 

(Group A) and Diabetic peripheral neuropathy with anemia (Group B)

Statistically significant* 

Diabetic peripheral neuropathy without 

anemia

Diabetic peripheral neuropathy with 

anemia

p value 0.671

BMI 

Comparison of BMI between Diabetic peripheral neuropathy without anemia 

(Group A) and Diabetic peripheral neuropathy with anemia (Group B) 

 

Diabetic peripheral neuropathy with 



 

CHART 4: 

 

Comparison of HbA1c between Diabetic peripheral neuropathy without anemia 

(Group A) and Diabetic peripheral neuropathy with anemia (Group B)

 

p value < 0.05  -  Statistically significant*
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CHART 5: 

 

Comparison of lipid profile between Diabetic peripheral neuropathy without 

anemia (Group A) and Diabetic peripheral neuropathy with anemia (Group B)

 

p value of Total cholesterol -  

p value of High density lipoproteins 
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p value < 0.05  -  Statistically significant*
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CHART 6: 

Comparison of Right Median nerve sensory variables between Diabetic peripheral 

neuropathy without anemia (Group A) and 

anemia (Group B) 

 

p value of Latency - 0.257 

p value of Amplitude - 0.342 

p value of Nerve Conduction Velocity (NCV) 

p value < 0.01  -  Statistically highly significant**
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CHART 7: 

 

Comparison of Left Median nerve sensory variables between Diabetic peripheral 

neuropathy without anemia (Group A) and Diabetic peripheral neuropathy with 

anemia (Group B) 

 

p value of Latency - 0.729 

p value of Amplitude - 0.209 

p value of Nerve Conduction Velocity (NCV)

p value < 0.05 -  Statistically significant*
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CHART 8: 

 

Comparison of Right Ulnar nerve sensory variables between Diabetic peripheral 

neuropathy without anemia (Group A) and Diabetic peripheral neuropathy with 

anemia (Group B) 

 

p value of Latency - 0.135 

p value of Amplitude - 0.072 

p value of Nerve Conduction Velocity (NCV)

p value < 0.05  -  Statistically significant*
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CHART 9: 

 

Comparison of Left Ulnar nerve sensory variables between Diabetic peripheral 

neuropathy without anemia (Group A) and Diabetic peripheral neuropathy with 

anemia (Group B) 

 

p value of Latency - 0.375 

p value of Amplitude - 0.017*

p value of Nerve Conduction Velocity (NCV)

p value < 0.05  -  Statistically significant*
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CHART 10: 

 

Comparison of Right Sural nerve sensory variables between Diabetic peripheral 

neuropathy without anemia (Group A) and Diabetic peripheral neuropathy with 

anemia (Group B) 

 

p value of Latency - 0.290 

p value of Amplitude - 0.010*

p value of Nerve Conduction Velocity (NCV) 

P value < 0.05  -  Statistically significant*
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CHART 11: 

 

Comparison of Left Sural nerve sensory variables between Diabetic peripheral 

neuropathy without anemia (Group A) and Diabetic peripheral neuropathy with 

anemia (Group B) 

 

p value of Latency - 0.948 

p value of Amplitude - 0.002**

p value of Nerve Conduction Velocity (NCV) 

p value < 0.01  -  Statistically highly significant**
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CHART 12: 

 

Grouping of anemia in Diabetic peripheral neuropathy with anemia  
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DISCUSSION 

 

Type 2 diabetes mellitus is the predominant form of diabetes worldwide 

accounting for about 90% of the diabetic cases 
(3)

. The chronic vascular complications 

associated with type 2 diabetes mellitus affects multiple organ systems derailing their 

function 
(5)

. Among the microvascular complications of diabetes; diabetic neuropathy 

occurs in more than 50% of individuals with diabetes mellitus 
(5)

. Nerve conduction study 

is the most sensitive and specific method for the detection of peripheral neuropathy 
(42)

. 

 
  

Distal symmetric polyneuropathy (DSPN) accounting for 75% of diabetic 

neuropathies is the commonly seen clinical presentation 
(6)

. Though multi-factorial 

pathogenesis has been claimed for the occurrence of diabetic peripheral neuropathy; the 

exact mechanism for the pathogenesis is unclear 
(6)

. The risk factors for diabetic 

peripheral neuropathy are the duration of diabetes, HbA1c, dyslipidemia, smoking, BMI, 

old age, hypertension 
(45)

. The association of anemia with DPN needs attention since even 

after effective control of the risk factors DPN continues to progress 
(7)

.   

 

In this present study, the study participants with DPN were grouped into DPN 

patients without anemia (group A) and DPN patients with anemia (group B) based on 

their hemoglobin values and the difference was statistically significant.  

 

 



 

COMPARISON OF BASELINE CHARACTERISTICS BETWEEN GROUP A 

(DPN WITHOUT ANEMIA) AND GROUP B (DPN WITH ANEMIA)  

 

A study by Popsescu S, et al showed a positive correlation of severity in diabetic 

peripheral neuropathy (DPN) with increasing age. Higher rates of lower extremity 

amputations are observed in older adults with diabetes due to DPN 
(60)

. 

 

In the present study, the mean age of DPN subjects without anemia and those with 

anemia was not statistically significant and hence age doesn’t influence the results of the 

study. 

 

A study by Aaberg M.L, et al has shown that diabetic neuropathy, a serious 

complication of type II diabetes mellitus presents 4 years earlier in males when compared 

to females affected with diabetes. It has been shown that most of the DPN patients were 

males and their duration of type II diabetes mellitus was approximately 10 years 
(61)

. In 

the present study, participants were recruited in such a way to minimize the effect of 

gender on the results obtained. 

 

A study by Ugoya S.O, et al had shown an association of obesity with diabetic 

peripheral neuropathy. It was observed that obesity, which is an index of insulin 

resistance predisposes to peripheral neuropathy 
(62)

. In the present study, Body Mass 

Index (BMI) of DPN subjects without anemia and those with anemia was not statistically 

significant. Hence BMI doesn’t affect the results of the study.  



 

COMPARISON OF CLINICAL PROFILE BETWEEN GROUP A                   

(DPN WITHOUT ANEMIA) AND GROUP B (DPN WITH ANEMIA)  

 

Renal dysfunction is indicated by commonly used parameters such as serum urea, 

creatinine, and eGFR. A study conducted by Mohapatra D, et al showed that; with 

increasing severity of DPN, there was a significant increase in urea, creatinine and a 

decrease in values of eGFR. This has been attributed to the occurrence of anemia as a 

result of diabetic nephropathy 
(63)

.  

 

Serum urea, creatinine, and eGFR of DPN subjects with anemia in the present 

study were not altered significantly compared to those without anemia. Though it is a fact 

that anemia is severe in patients with diabetic nephropathy 
(53)

, the present study has 

produced an association of anemia with DPN patients who didn't have a significant renal 

compromise. A similar finding has been shown in a study conducted by Fan Wu, et al 
(22)

. 

The mechanism for the same is yet to be studied.    

 

A study by Wang S, et al showed a diminished blood pressure regulatory 

capability of diabetes with neuropathy. This has been attributed to the derangement in 

sympathetic and parasympathetic control of heart rate and peripheral vascular resistance. 

Loss of baroreflex regulation leads to a rise in blood pressure that in turn exacerbates 

endoneurial hypoxia and in turn diabetic peripheral neuropathy 
(64)

. In the present study, 

there was no significant difference in systolic and diastolic blood pressures between the 

two groups. Hence they don’t influence the results of the study. 



 

A study by Busui R.P, et al showed that the development of diabetic peripheral 

neuropathy is related to the degree of metabolic control. Metabolic control is indicated by 

factors like fasting blood sugar (FBS), postprandial blood sugar (PPBS), glycosylated 

hemoglobin (HbA1c) and duration of diabetes 
(65)

. In the present study; FBS, PPBS, 

HbA1c, and duration of diabetes in DPN subjects without anemia was not statistically 

significant when compared to those with anemia. Hence these variables don't influence 

the results of the present study. 

 

A study conducted by Vincent A.M, et al proved the emerging idea that 

dyslipidemia contributes to the severity of diabetic peripheral neuropathy. Lipid profile 

abnormalities such as raised cholesterol, low-density lipoproteins (LDL), triglycerides 

(TGL) and a fall in high-density lipoprotein (LDL) levels are more common in type II 

diabetes mellitus when compared to type I diabetes mellitus. LDLs carrying cholesterol 

are more prone to spontaneous oxidation. Oxidized LDLs are involved in endothelial cell 

dysfunction in turn leading to endoneurial hypoxia and diabetic peripheral              

neuropathy 
(66)

.  

 

In the present study, there was no statistically significant difference in total 

cholesterol, HDL, LDL, TGL of DPN subjects without anemia and those with anemia.  

Hence these variables don’t influence the results of this study.  

 

 

 



 

COMPARISON OF SENSORY NERVE CONDUCTION VARIABLES BETWEEN 

GROUP A (DPN WITHOUT ANEMIA) AND GROUP B (DPN WITH ANEMIA)  

 

Latencies of the median, ulnar and sural nerves in DPN patients with anemia were 

not significantly increased in the present study when compared to that of DPN patients 

without anemia. Latencies represent the nerve conduction time for the largest cutaneous 

sensory fibers. Hence large sensory fibres are not significantly affected by anemia. 

Similar findings were obtained in a study done by Fan Wu, et al 
(22)

.   

 

Amplitudes of left ulnar, right sural and left sural nerves in DPN patients with 

anemia were significantly decreased in the present study when compared to DPN patients 

without anemia. Reduced amplitude denotes axonal loss. Similar findings were obtained 

in a study done by Fan Wu, et al 
(22)

.  

 

A study conducted by Bianchi R, et al suggested that the neuroprotective effect in 

the central nervous system and peripheral nerves were produced by erythropoietin in 

streptozotocin-induced diabetic rats 
(54)

. Anemia in type II diabetes mellitus has been 

attributed to erythropoietin deficiency as a result of diabetic autonomic neuropathy 

causing efferent sympathetic denervation of the kidneys 
(8)

. Anemia induced low oxygen-

carrying capacity exacerbates endoneurial hypoxia, thus resulting in axonal loss and a 

reduction in amplitude 
(58)

. 



 

Nerve conduction velocities of the right median, right ulnar, right sural and left 

sural nerves in DPN patients with anemia were significantly reduced in the present study 

when compared to DPN patients without anemia. 

 

Axonal degeneration and demyelination are the major pathological changes that 

can affect the impulse conduction in a nerve. Nerve conduction velocity (NCV) is a 

measure of faster-conducting nerve fibers. A reduction in nerve conduction velocity 

doesn't always occur unless larger myelinated fibres are lost in random 
(43)

.   

 

A study conducted by Fan Wu, Yuanyan Jing, et al showed a reduction in sensory 

nerve conduction velocity of sural and tibial nerves in DPN subjects with anemia when 

compared to those without anemia 
(22)

. 

 

A study conducted by Sundem L, et al has shown that in nerve crush injury, 

erythropoietin treatment causes functional recovery of myelin and protects myelin from 

the effects of nitric oxide exposure 
(55)

.  

 

A study conducted by Wang W, et al in the rat model has shown that by causing 

upregulation of IGF-1 (Insulin-like Growth Factor- 1) expression, erythropoietin 

promoted peripheral nerve repair 
(56)

. Hence erythropoietin deficiency is hypothesized as 

the link between anemia and severity of DPN in type II diabetes mellitus. The severity of 

DPN is indicated in terms of a reduction in amplitude and nerve conduction velocity of 

the nerves 
(22)

.  



 

In the present study, NCV of lower limb nerves (bilateral sural nerves) was 

reduced in DPN subjects with anemia when compared to those without anemia. A study 

by Kang J.H, Lee Y.S, et al in diabetic peripheral neuropathy subjects showed that 

sensory nerve conduction velocity of the sural nerve was reduced in the lower limb when 

compared to NCV in upper limb nerves. Thus based on electrophysiological findings, 

nerves of the lower limb are more likely to be damaged diabetic sensorimotor 

polyneuropathy 
(67)

.   

 

A study by Bril V, Ono Y, et al demonstrated by performing nerve biopsy study in 

diabetic subjects that sorbitol accumulation is more in the sural nerve 
(68)

. The 

exaggerated activity of intracellular aldose reductase in diabetic subjects leads to excess 

formation of sorbitol within nerve fibers. It was previously thought that this impermeable 

intraneural sorbitol accumulation causes osmosis and intraneural swelling affecting 

conduction velocities
(69)

.  

 

At present, poor energy utilization theory has been put forth by Greene stating that 

with an increase in sorbitol, osmolytes such as Myo-inositol, taurine, adenosine were 

depleted. Phosphatidylinositol and adenosine triphosphate (ATP) depletion as a result of 

myo-inositol deficiency lead to a reduction in the activity of protein kinase C and Na
+
K

+
 

ATPase respectively. These derangements occur at an increased rate in lower limb nerves 

when compared to upper limb nerves of diabetic subjects 
(69)

. This explains the rise of 

lower-limb amputations in the present era. A study by Hale et al also demonstrated the 

same fact 
(70)

. 



 

PEARSON’S CORRELATION BETWEEN HBA1C AND SENSORY NERVE 

CONDUCTION STUDY VARIABLES IN DIABETIC PERIPHERAL 

NEUROPATHY  

 
Latency, amplitude, and nerve conduction velocity (NCV) of the nerves were 

correlated with HbA1c of DPN patients. In the present study, the latency of the right 

ulnar nerve was positively correlated with HbA1c and the correlation was statistically 

significant. Though statistical significance was not produced in other nerves, their 

correlation with HbA1c had certain features in common. As HbA1c increased; latency 

increased, amplitude decreased and NCV decreased in the present study. 

 

In a study done by Farheen A, Malipatil BS, et al there was a significant reduction 

in the conduction velocity, amplitude of median, ulnar nerves and an increase in latency 

of median nerve
 (46)

.  

 

HbA1c has been referred as the index of polyneuropathy severity in a study done 

by Lee WJ, Jang S, et al. The degree of hyperglycemia as denoted by HbA1c increases 

the occurrence of polyneuropathy by more than 5 fold in diabetic patients 
(47)

. 

 

Slowing of NCV denotes ongoing myelin sheath damage and a reduction in 

amplitude suggests the onset of axonal degeneration. Hyperglycemia induced alteration 

in glucose metabolism leads to a decrease in neural nitric oxide. This, in turn, causes 

vasoconstriction and causes endoneurial hypoxia even before capillary basement 

membrane thickening 
(46)

.  



 

In addition to this, sorbitol which is a neurotoxin accumulates in neurons causing 

dysfunction of Na
+
 K

+
 ATPase and Na

+
 dependent myo-inositol uptake. Thus a reduced 

concentration of Myo-inositol in peripheral nerves results in the slowing of nerve 

conduction 
(46)

.  

 

PEARSON’S CORRELATION BETWEEN BMI AND NERVE CONDUCTION 

VARIABLES IN DIABETIC PERIPHERAL NEUROPATHY  

 
Latency, amplitude, and nerve conduction velocity (NCV) of the nerves were 

correlated with BMI of DPN subjects. The latency of the right sural nerve was positively 

correlated in the present study with BMI and the correlation was statistically significant. 

With regards to other nerve conduction variables though statistical significance was not 

produced in their correlation with BMI, certain features were common to them. As BMI 

increased; latency increased, amplitude decreased and NCV decreased in the present 

study. 

 

This is supported by a study done by Brismar, et al which suggests that small-

caliber non-myelinated fibers are affected first as a result of alteration in Na
+ 

K
+ 

channels 

at the nodes of Ranvier in obese subjects 
(48)

.  

 

A study done by Yadav RL, Sharma D, et al revealed a reduction in the amplitudes 

of sensory nerves. This has been attributed to a decrease in the number of synchronously 

discharging neurons 
(49)

. Similar results have been obtained in a study done by                  

Giacinta, et al 
(50)

. 



 

GROUPING OF ANEMIA IN (GROUP B) DIABETIC PERIPHERAL 

NEUROPATHY PATIENTS WITH ANEMIA  

 

Out of 40 DPN subjects with anemia, 57.50% had mild anemia and 42.50% had 

moderate anemia. In the present study, normocytic normochromic anemia was the 

predominant form of anemia seen in group B (DPN with anemia). The morphological 

type of anemia seen in subjects with mild and moderate anemia was normocytic 

hypochromic anemia and microcytic hypochromic anemia respectively.  

 

The morphological classification was done based on MCV and MCH in the 

present study. MCV, MCH values < 80 fl and < 27 pg was considered to be microcytic 

hypochromic. MCV, MCH values between 80-100 fl and 27-32 pg were considered to be 

normocytic normochromic 
(52)

.   

 

Similarly, in a study done by Sinha Babu A, et al normocytic normochromic 

anemia was the most common form of anemia seen in patients with diabetic peripheral 

neuropathy 
(23)

.  

 

In a study done by Thomas MC, et al similar findings were observed. It has been 

postulated that efferent sympathetic denervation of kidneys as a result of diabetic 

autonomic neuropathy severe the renal interstitium 
(9)

. The resultant deficiency of 

erythropoietin results in normocytic anemia with either hypochromic or normochromic 

anemia 
(23)

. 



 

PEARSON’S CORRELATION BETWEEN HEMOGLOBIN VALUES AND 

SENSORY NERVE CONDUCTION VARIABLES IN DPN WITH ANEMIA  

 

Latency, amplitude, and nerve conduction velocity (NCV) of the nerves were 

correlated with hemoglobin values of DPN subjects with anemia. The latency of the right 

sural nerve was negatively correlated with hemoglobin levels in the present study and the 

correlation was statistically significant. Similarly in other nerves with fall in hemoglobin 

levels, latencies increase. But the correlation was not statistically significant. Thus the 

latency which denotes nerve conduction time in large cutaneous nerve fibers is mildly 

prolonged with a decrease in hemoglobin levels in the present study.     

 

Amplitudes of left median and right ulnar nerves were positively correlated with 

hemoglobin values of DPN subjects with anemia. Similarly in other nerves with fall in 

hemoglobin levels, amplitudes decrease. But the correlation was not statistically 

significant. Hence in the present study; with a reduction in hemoglobin levels, the axonal 

loss exacerbates, in turn, contributing to a reduction in amplitude. 

 

NCV of the left median, left ulnar, right sural and left sural nerves were positively 

correlated with hemoglobin values of DPN subjects with anemia. Similarly in other 

nerves with fall in hemoglobin levels, conduction velocities decrease. But the correlation 

was not statistically significant. 

 



 

Nervous microenvironment that includes blood supply, oxygen and nutrition 

maintain the vitality of peripheral nerve axons. Hence endoneurial hypoxia can result 

from a reduction in microvascular blood supply or oxygenation 
(57)

.  

 

Anemia induced low oxygen-carrying capacity exacerbates endoneurial hypoxia, 

thus correlating with the severity of nerve fiber pathology such as a reduction in 

amplitude, prolongation of latency and slowing nerve conduction velocity 
(58)

. 

 

Erythrocytes are free radical scavengers that provide antioxidant protection 
(59)

. 

This antioxidant protection is weakened by anemia resulting in the excess formation of 

free radicals. The endothelial dysfunction caused by free radicals further accelerates the 

pathology in diabetic peripheral neuropathy 
(56, 58)

. 

 

LIMITATIONS 

 

• The bias of selection and information could not be avoided as the study 

participants were selected from a single center. 

•  Confounding factors were avoided to the best of the abilities but insufficient 

vitamin B12 and folate levels could not be excluded.   

• Though the discussion mainly revolves around erythropoietin, EPO levels could 

not be measured. 

•  The study size was small. 

 



 

RECOMMENDATIONS 

 
• Further studies comparing the nerve conduction variables before and after treating 

anemia with erythropoietin supplementation must be done. 

• Prospective studied should be done to explore if anemia has got any direct role in 

the progression of DPN. 

• Association of anemia with DPN subjects without renal compromise needs to be 

studied further to unravel the pathophysiology. 
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CONCLUSION 

 

In the present study, diabetic peripheral neuropathy patients with anemia had 

lower NCV and amplitude of sensory nerves when compared to those without anemia. 

Sensory NCV of the sural nerve which is a lower limb nerve was reduced when 

compared to upper limb nerves. The latency of sensory nerves was positively correlated 

with BMI, HbA1c and hemoglobin levels. Amplitude, NCV of sensory nerves was 

negatively correlated with BMI, HbA1c and hemoglobin levels. 

 

In the present study, normocytic normochromic anemia was the predominant form 

of anemia seen. Out of 40 DPN subjects with anemia, 57.50% had mild anemia and 

42.50% had moderate anemia. Normocytic hypochromic anemia and microcytic 

hypochromic anemia were the morphological types of anemia seen in subjects with mild 

and moderate anemia respectively. 

 

Hence treatment of anemia should be considered in diabetic peripheral neuropathy 

patients while treating the other possible risk factors. Thus DPN should be managed with 

a combined approach. 
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ANNEXURE I 

 

DATA COLLECTION TOOL 

Name                                 : 

Age                                      : 

Sex                                     :   male / female 

OP/IP Number                    : 

Height                                 :                   metres 

Weight                                :                   kgs 

BMI                                    :  

BP (Systole/Diastole)     :                  mm Hg 

 Duration of type 2 DM    :                 years 

Treatment taken for diabetes: 

Are you hypertensive?                  Yes/ No        

If Yes, Duration                :   

Treatment for hypertension   : 

Are you on treatment for any other chronic illness? 

1) Any cardiac illness 

2) Bronchial asthma 

3) Parkinson’s 

4)  Hyperthyroidism/ Hypothyroidism 

Chronic use of any other  medications like Amiodarone / Isoniazid / Metronidazole / 

Nitrofurantoin / Immunosuppressants  like TNFα inhibitors/ interferons/NRTIs 

(Nucleoside Reverse Transcriptase Inhibitors) used in HAART therapy 

Family history                : 

Personal history (alcohol/smoking/tobacco chewing): 



 

General examination : 

 

Systemic examination : 

CVS             : 

RS               : 

Abdomen    : 

CNS            : 

 

 

Blood investigations 

Fasting blood sugar (FBS)   :             

Postprandial  sugar(PPBS)   : 

HbA1c                                  : 

Hemoglobin (Hb)                 : 

MCV                                    : 

MCH                                    : 

Total cholesterol (TC)          : 

High-Density Lipoproteins   : 

Low-Density Lipoproteins    : 

Triglycerides (TG)                 : 

Serum urea                             : 

Serum creatinine                    : 

eGFR                                      : 

 



 

Sensory  Nerve Conduction Studies 

 

 Right side Left side 

Nerves  
Latency 

(ms) 

Amplitude 

(mV) 

Conduction 

velocity(m/s) 

Latency 

(ms) 

Amplitude 

(mV) 

Conduction 

velocity(m/s) 

Median       

Ulnar        

Sural        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ANNEXURE II 
 

PSG Institute of Medical Science and Research, Coimbatore 
 

Institutional Human Ethics Committee 
 

INFORMED CONSENT FORMAT FOR RESEARCH PROJECTS 
 

Study Volunteer ID       :                                                   

Study Volunteer Name:  
 

I  (write name of the investigator(s) here), ____ Dr. S.Nirangjhana ______,  am  carrying out a study on the 

topic:  Effect of anemia on sensory nerve conduction in diabetic peripheral neuropathy: A cross-sectional 

study as part of my / our research project being carried out under the aegis of the Department of: Physiology & 

Neurology   

 

(Applicable to students only): My research guide is: Dr. N.Shuba 
 

The justification for this study is: According to my knowledge; not much significant published studies have 

been conducted in India emphasizing the association of anemia to the severity of peripheral neuropathy in 

type 2 diabetic patients. If an association has been proven then the treatment of anemia will be addressed on 

par to other treatment modalities of diabetic peripheral neuropathy 

 
 

The objectives of this study are:  
 

                Primary Objective: To compare the sensory nerve conduction study parameters in diabetic 

peripheral neuropathy patients who present with anemia to those who are not anemic. The study  parameters 

are latency, amplitude, and nerve conduction velocity. 

 

Secondary Objective:  

1. To correlate the sensory nerve conduction study parameters to the severity of anemia.  

 

2. To correlate the nerve conduction study parameters to other risk factors like BMI, HbA1c, 

hypertension that could affect the study parameters in diabetic peripheral neuropathy patients 

presenting with anemia. 
 

Sample size: __80___ 
 



 

Study volunteers/participants are (specify population group & age group): _40 diabetic peripheral 

neuropathy patients without anemia (Group A) and  40 diabetic peripheral neuropathy patients with anemia. 

(GroupB) 

 
Location:   Department of Neurology , PSGIMSR, Coimbatore.  

Study Volunteer ID       :                                                   

Study Volunteer Name:  
 

 
We request you to kindly cooperate with us in this study. We propose to collect background information and 

other relevant details related to this study. We will be carrying out: 

 
Initial interview (specify approximate duration):____15______ minutes.  
 
Data collected will be stored for a period of _____ years. We will / will not use the data as part of another study. 
 
Health education sessions: Number of sessions: ___one______. Approximate duration of each session:  
 
______ten________ minutes.  
 
Clinical examination (Specify details and purpose): Clinical examination of the nervous system including 

the sensory and motor system examination. In the sensory system; pain, touch, vibration sensations 

will be tested and in the motor system; reflexes will be examined for diagnosing diabetic peripheral 

neuropathy. 

 
Blood sample collection: Specify quantity of blood being drawn: ___5_____ml.  
 
No. of times it will be collected: ____once________.  
 
Whether blood sample collection is part of a routine procedure or for research (study) purpose: 
 
�1. Routine procedure 2. Research purpose  
 
Specify purpose, discomfort likely to be felt and side effects, if any: blood tests for hemoglobin and renal 

function tests will only be done if they have not been done earlier. The purpose is to know whether the 

patient is anemic and to rule out advanced renal failure. Not much discomfort will be felt. 

 
Whether the blood sample collection will be stored after the study period: Yes / �No, it will be destroyed 
 
Whether the blood sample collection will be sold: Yes /� No  
 



 

Whether the blood sample collection will be shared with persons from another institution: Yes / �No 

The sensory nerve conduction study will be done in ulnar, median and sural nerves. 

Medication given, if any, duration, side effects, purpose, benefits: nil 

 
Whether medication given is part of the routine procedure: Yes / No (If not, state reasons for giving this 

medication) 

 
Whether alternatives are available for medication given: Yes / No (If not, state reasons for giving this particular 

medication) 

 
Final interview (specify approximate duration):____10_____ mts. If photograph is taken, purpose: no 
 
Benefits from this study: If diabetic peripheral neuropathy patients with anemia show significant changes 

in nerve conduction study parameters; then treatment of anemia will also be given importance on par 

with other medical treatments in diabetic peripheral neuropathy. Thus improving the prognosis for the 

patient.  

 
Risks involved by participating in this study: mild discomfort during sensory nerve conduction studies. 
 
How the results will be used: For my dissertation study. 
 
 
If you are uncomfortable in answering any of our questions during the interview / biological sample collection, 

you have the right to withdraw from the interview/study at any time. You have the freedom to withdraw 

from the study at any point in time. Kindly be assured that your refusal to participate or withdrawal at any stage, 

if you so decide, will not result in any form of compromise or discrimination in the services offered nor would it 

attract any penalty. You will continue to have access to the regular services offered to a patient. You will NOT 

be paid any remuneration for the time you spend with us for this interview/study. The information provided by 

you will be kept in strict confidence. Under no circumstances shall we reveal the identity of the respondent or 

their families to anyone. The information that we collect shall be used for approved research purposes only. You 

will be informed about any significant new findings - including adverse events if any, – whether directly related to 

you or to other participants of this study, developed during this research which may relate to your willingness to 

continue participation. 

 
 

 



 

Consent: The above information regarding the study, has been read by me/ read to me and has been explained 

to me by the investigator/s. Having understood the same, I hereby give my consent to them to interview me. I 

am affixing my signature / left thumb impression to indicate my consent and willingness to participate in this 

study (i.e., willingly abide by the project requirements). 

 
Signature / Left thumb impression of the Study Volunteer / Legal Representative:  
 
 
Signature of the Interviewer with date:      Witness: 
 
Contact number of PI:  
 
Contact number of Ethics Committee Office:  0422 4345818  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 

ANNEXURE III 

ââââ    º¡ §¸¡ ÁÕòÐÅì ¸øæÃ¢ ÁüÚõ ¬Ã¡öîº¢ ¿¢ÚÅÉõ, §¸¡¨Åº¡ §¸¡ ÁÕòÐÅì ¸øæÃ¢ ÁüÚõ ¬Ã¡öîº¢ ¿¢ÚÅÉõ, §¸¡¨Åº¡ §¸¡ ÁÕòÐÅì ¸øæÃ¢ ÁüÚõ ¬Ã¡öîº¢ ¿¢ÚÅÉõ, §¸¡¨Åº¡ §¸¡ ÁÕòÐÅì ¸øæÃ¢ ÁüÚõ ¬Ã¡öîº¢ ¿¢ÚÅÉõ, §¸¡¨Å    
ÁÉ¢¾ ¦¿È¢Ó¨Èì ÌØÁÉ¢¾ ¦¿È¢Ó¨Èì ÌØÁÉ¢¾ ¦¿È¢Ó¨Èì ÌØÁÉ¢¾ ¦¿È¢Ó¨Èì ÌØ    

´ôÒ¾ø ÀÊÅõ´ôÒ¾ø ÀÊÅõ´ôÒ¾ø ÀÊÅõ´ôÒ¾ø ÀÊÅõ    
                               §¾¾¢ :                  

  

சி. . . . நிர�ஜனா  ¬¸¢Â ¿¡ý, â º¡ §¸¡ ÁÕòÐÅì ¸øæÃ¢Â¢ý / ÁÕòÐÅ Á¨ÉÂ¢ý  உடலிய� 

ம�	
 நர
பிய� Ð¨ÈÂ¢ý ¸£ú, ந	
ழி� �ற நர�பியலி� உ�ள உண��சி நர�� கட�த� 

மீ" இர�த ேசாைக விைள�: ஒ) *+,* பி
� ஆ.�  ±ýÈ ¾¨ÄôÀ¢ø ¬ö× §Áü¦¸¡ûÇ 

2û§Çý. 

±ý ¬ö× ÅÆ¢¸¡ðÊ (Á¡½Å÷¸ÙìÌ ÁðÎõ): ±ý ¬ö× ÅÆ¢¸¡ðÊ (Á¡½Å÷¸ÙìÌ ÁðÎõ): ±ý ¬ö× ÅÆ¢¸¡ðÊ (Á¡½Å÷¸ÙìÌ ÁðÎõ): ±ý ¬ö× ÅÆ¢¸¡ðÊ (Á¡½Å÷¸ÙìÌ ÁðÎõ):     ம���வ� நா. �பா 

¬ö× §Áü¦¸¡ûÅ¾ý «ÊôÀ¨¼:¬ö× §Áü¦¸¡ûÅ¾ý «ÊôÀ¨¼:¬ö× §Áü¦¸¡ûÅ¾ý «ÊôÀ¨¼:¬ö× §Áü¦¸¡ûÅ¾ý «ÊôÀ¨¼:    எ� அறிவி� ப�, வைக 2 ந !ழி# ேநாயாளிக'() 

*றநர
பழ�+சி த விர
 இர�த ேசாைகயி� ெதாட�ைப வலி0	�தி மிக#
 )றி1பிட�த(க 

ஆ3#க4 இ5தியாவி� நிக6�த1படவி�ைல.  

¬öÅ¢ý §¿¡ì¸õ:¬öÅ¢ý §¿¡ì¸õ:¬öÅ¢ý §¿¡ì¸õ:¬öÅ¢ý §¿¡ì¸õ:    
1. இர�த ேசாைக ெகா7��()
 ம�	
 இர�த ேசாைக இ�லாத ந !ழி# *ற நர
* 

ேநாயாளிக'() உண�+சி நர
* கட�த� ஆ3# அள#�(க4 ஒ1பி:வத�). ஆ3# 

அள#�(க4 தாமத
, வ  +� ம�	
 நர
* திைசேவக
. 

2. இர�த ேசாைக த விர�ைத உண�+சி நர
* கட�த� ஆ3#  அள#�(க;() 

ஒ1பி:வத�. 

3. பிஎ
ஐ, HbA1c, உய� இர�த அ=�த
 >�ய ந !ழி# *றநர
பழ�+சி ேநாயாளிக'() 

நர
* கட��த� ஆ3# அள#�(கைள ஒ1பி:வத�). 

¬öÅ¢ø ÀíÌ ¦ÀÚõ ¿À÷¸Ç¢ý ±ñ½¢ì¨¸:¬öÅ¢ø ÀíÌ ¦ÀÚõ ¿À÷¸Ç¢ý ±ñ½¢ì¨¸:¬öÅ¢ø ÀíÌ ¦ÀÚõ ¿À÷¸Ç¢ý ±ñ½¢ì¨¸:¬öÅ¢ø ÀíÌ ¦ÀÚõ ¿À÷¸Ç¢ý ±ñ½¢ì¨¸:    80808080    

¬öÅ¢ø ÀíÌ ¦ÀÚ§Å¡÷ ÁüÚõ ÅÂÐ:¬öÅ¢ø ÀíÌ ¦ÀÚ§Å¡÷ ÁüÚõ ÅÂÐ:¬öÅ¢ø ÀíÌ ¦ÀÚ§Å¡÷ ÁüÚõ ÅÂÐ:¬öÅ¢ø ÀíÌ ¦ÀÚ§Å¡÷ ÁüÚõ ÅÂÐ: இர�த ேசாைக இ�லாம� 40 ந !ழி# *ற நர
பிய� 

ேநாயாளிக4 ()= A) ம�	
 40 இர�த ேசாைக ெகா7ட ந !ழி# *ற நர
பிய� ேநாயாளிக4.    

()= B)    



 

¬ö× ¬ö× ¬ö× ¬ö× §Áü¦¸¡ûÙõ þ¼õ:§Áü¦¸¡ûÙõ þ¼õ:§Áü¦¸¡ûÙõ þ¼õ:§Áü¦¸¡ûÙõ þ¼õ: நர
பிய� �ைற, â º¡ §¸¡ ÁÕòÐÅì ¸øæÃ¢ ÁüÚõ ¬Ã¡öîº¢ 

¿¢ÚÅÉõ , §¸¡¨Å 

þó¾ ¬öÅ¢ø ±í¸Ù¼ý ´òÐ¨ÆìÌÁ¡Ú §¸ðÎì¦¸¡û¸¢§È¡õ. ¿¡í¸û º¢Ä ¾¸Åø¸¨Ç þó¾ 

¬öÅ¢ü¸¡¸ §º¸Ã¢ì¸ 2û§Ç¡õ. 

¬ö× ¦ºöÂôÀÎõ Ó¨È:¬ö× ¦ºöÂôÀÎõ Ó¨È:¬ö× ¦ºöÂôÀÎõ Ó¨È:¬ö× ¦ºöÂôÀÎõ Ó¨È: நர
* ம7டல�தி� ம���வ ப!ேசாதைன. உண�+சி அைம1*; வலி, 

ெதா:த�, அதி�# உண�# ஆகியைவ ேசாதைன ம�	
 ெசய�பா@: Aைற; ந !ழி# *ற நர
* 

ேநாைய( க7டறிவத�) நர
* கட�த� ஆ3# ெச3ய1ப:
  

Ó¾ý¨Á §¿÷¸¡½ø:Ó¾ý¨Á §¿÷¸¡½ø:Ó¾ý¨Á §¿÷¸¡½ø:Ó¾ý¨Á §¿÷¸¡½ø: __15___ ¿¢Á¢¼í¸û 

þó¾ ¬öÅ¢ø ¸¢¨¼ìÌõ ¾¸Åø¸û ___5__ ÅÕ¼í¸û À¡Ð¸¡ì¸ôÀÎõ. þó¾ò ¾¸Åø¸û §ÅÚ 

¬öÅ¢üÌô ÀÂýÀÎò¾ô À¼ Á¡ð¼¡Ð.  

Í¸¡¾¡Ãì ¸øÅ¢:Í¸¡¾¡Ãì ¸øÅ¢:Í¸¡¾¡Ãì ¸øÅ¢:Í¸¡¾¡Ãì ¸øÅ¢:  «Á÷×¸û: __ ஒ�__ Ó¨È   ´Õ «Á÷×ì¸¡É §¿Ãõ: _10___ ¿¢Á¢¼í¸û 

ÁÕòÐÅ ÀÃ¢§º¡¾¨É¸û:ÁÕòÐÅ ÀÃ¢§º¡¾¨É¸û:ÁÕòÐÅ ÀÃ¢§º¡¾¨É¸û:ÁÕòÐÅ ÀÃ¢§º¡¾¨É¸û:    

þÃò¾ Á¡¾¢Ã¢ §º¸Ã¢ôÒ:þÃò¾ Á¡¾¢Ã¢ §º¸Ã¢ôÒ:þÃò¾ Á¡¾¢Ã¢ §º¸Ã¢ôÒ:þÃò¾ Á¡¾¢Ã¢ §º¸Ã¢ôÒ:  __5__ Á¢Ä¢    __ ஒ� __ Ó¨È 

þÃò¾ Á¡¾¢Ã¢ ±ÎôÀÐ ÅÆì¸Á¡É º¢¸¢î¨ºì¸¡¸Å¡ «øÄÐ þó¾ ¬öÅ¢ü¸¡¸Å¡?þÃò¾ Á¡¾¢Ã¢ ±ÎôÀÐ ÅÆì¸Á¡É º¢¸¢î¨ºì¸¡¸Å¡ «øÄÐ þó¾ ¬öÅ¢ü¸¡¸Å¡?þÃò¾ Á¡¾¢Ã¢ ±ÎôÀÐ ÅÆì¸Á¡É º¢¸¢î¨ºì¸¡¸Å¡ «øÄÐ þó¾ ¬öÅ¢ü¸¡¸Å¡?þÃò¾ Á¡¾¢Ã¢ ±ÎôÀÐ ÅÆì¸Á¡É º¢¸¢î¨ºì¸¡¸Å¡ «øÄÐ þó¾ ¬öÅ¢ü¸¡¸Å¡?    

1. �ÅÆì¸Á¡É º¢¸¢î¨ºì¸¡¸   2. ÌÈ¢ôÀ¢ð¼ ¬öÅ¢ü¸¡ 
 

þÃò¾ Á¡¾¢Ã¢¸û ¬öÅ¢üÌô À¢ý  À¡Ð¸òÐ ¨Åì¸ôÀÎÁ¡?:þÃò¾ Á¡¾¢Ã¢¸û ¬öÅ¢üÌô À¢ý  À¡Ð¸òÐ ¨Åì¸ôÀÎÁ¡?:þÃò¾ Á¡¾¢Ã¢¸û ¬öÅ¢üÌô À¢ý  À¡Ð¸òÐ ¨Åì¸ôÀÎÁ¡?:þÃò¾ Á¡¾¢Ã¢¸û ¬öÅ¢üÌô À¢ý  À¡Ð¸òÐ ¨Åì¸ôÀÎÁ¡?:  ¬õ / �þø¨Ä, «Æ¢ì¸ôÀÎõ 

§º¸Ã¢ì¸ôÀð¼ þÃò¾õ Å¢ü¸ôÀÎÁ¡?:§º¸Ã¢ì¸ôÀð¼ þÃò¾õ Å¢ü¸ôÀÎÁ¡?:§º¸Ã¢ì¸ôÀð¼ þÃò¾õ Å¢ü¸ôÀÎÁ¡?:§º¸Ã¢ì¸ôÀð¼ þÃò¾õ Å¢ü¸ôÀÎÁ¡?:  ¬õ / �þø¨Ä 

§º¸Ã¢ì¸ôÀð¼ þÃò¾õ §ÅÚ ¿¢ÚÅÉòÐ¼ý À¸¢÷óÐ ¦¸¡ûÇôÀÎÁ¡?:§º¸Ã¢ì¸ôÀð¼ þÃò¾õ §ÅÚ ¿¢ÚÅÉòÐ¼ý À¸¢÷óÐ ¦¸¡ûÇôÀÎÁ¡?:§º¸Ã¢ì¸ôÀð¼ þÃò¾õ §ÅÚ ¿¢ÚÅÉòÐ¼ý À¸¢÷óÐ ¦¸¡ûÇôÀÎÁ¡?:§º¸Ã¢ì¸ôÀð¼ þÃò¾õ §ÅÚ ¿¢ÚÅÉòÐ¼ý À¸¢÷óÐ ¦¸¡ûÇôÀÎÁ¡?: ¬õ / �þø¨Ä 

ÁÕóÐ¸û ²§¾Ûõ ¦¸¡Îì¸ôÀ¼Å¢Õó¾¡ø «¨Å ÀüÈ¢Â Å¢ÅÃõÁÕóÐ¸û ²§¾Ûõ ¦¸¡Îì¸ôÀ¼Å¢Õó¾¡ø «¨Å ÀüÈ¢Â Å¢ÅÃõÁÕóÐ¸û ²§¾Ûõ ¦¸¡Îì¸ôÀ¼Å¢Õó¾¡ø «¨Å ÀüÈ¢Â Å¢ÅÃõÁÕóÐ¸û ²§¾Ûõ ¦¸¡Îì¸ôÀ¼Å¢Õó¾¡ø «¨Å ÀüÈ¢Â Å¢ÅÃõ ( ¦¸¡Îì¸ôÀÎõ ¸¡Ã½õ, ¸¡Äõ, Àì¸ 

Å¢¨Ç×¸û, ÀÂý¸û): இ�ைல 

ÁÕóÐ¸û ¦¸¡Îì¸ôÀÎÅÐ ÅÆì¸Á¡É º¢¸¢î¨º Ó¨ÈÂ¡?:ÁÕóÐ¸û ¦¸¡Îì¸ôÀÎÅÐ ÅÆì¸Á¡É º¢¸¢î¨º Ó¨ÈÂ¡?:ÁÕóÐ¸û ¦¸¡Îì¸ôÀÎÅÐ ÅÆì¸Á¡É º¢¸¢î¨º Ó¨ÈÂ¡?:ÁÕóÐ¸û ¦¸¡Îì¸ôÀÎÅÐ ÅÆì¸Á¡É º¢¸¢î¨º Ó¨ÈÂ¡?: ¬õ / þø¨Ä (þø¨Ä ±ýÈ¡ø 

¦¸¡Îì¸ôÀÎõ ¸¡Ã½õ)  



 

¦¸¡Îì¸ôÀÎõ ÁÕóÐ¸ÙìÌ Á¡üÚ 2ûÇ¾¡?:¦¸¡Îì¸ôÀÎõ ÁÕóÐ¸ÙìÌ Á¡üÚ 2ûÇ¾¡?:¦¸¡Îì¸ôÀÎõ ÁÕóÐ¸ÙìÌ Á¡üÚ 2ûÇ¾¡?:¦¸¡Îì¸ôÀÎõ ÁÕóÐ¸ÙìÌ Á¡üÚ 2ûÇ¾¡?:  ¬õ / þø¨Ä (¬õ ±ýÈ¡ø þó¾ ÌÈ¢ôÀ¢ð¼ ÁÕóÐ 

¦¸¡Îì¸ôÀÎõ ¸¡Ã½õ) 

¬öÅ¢ø ÀíÌ ¦ÀÚÅ¾¡ø ²üÀÎõ ÀÄý¸û¬öÅ¢ø ÀíÌ ¦ÀÚÅ¾¡ø ²üÀÎõ ÀÄý¸û¬öÅ¢ø ÀíÌ ¦ÀÚÅ¾¡ø ²üÀÎõ ÀÄý¸û¬öÅ¢ø ÀíÌ ¦ÀÚÅ¾¡ø ²üÀÎõ ÀÄý¸û:::: இர�த ேசாைக ந !ழி# *றநர
பழ�+சி ஒ� காரணியாக 

இ�1ப� க7:பி�(க1ப@ட� எனி�, இர�த ேசாைக சிகி+ைச0
 A(கிய��வ
 சம மீ� ந !ழி# 

*ற நர
* இய(க� தைட ம�ற ம���வ சிகி+ைசக'ட� வழCக1ப:
. இதனா� ேநாயாளி() 

A�கணி1* அதிக!(கிற�. 

¬öÅ¢ø Àí§¸üÀ¾¡ø ²üÀÎõ ¬öÅ¢ø Àí§¸üÀ¾¡ø ²üÀÎõ ¬öÅ¢ø Àí§¸üÀ¾¡ø ²üÀÎõ ¬öÅ¢ø Àí§¸üÀ¾¡ø ²üÀÎõ «¦ºª¸Ã¢Âí¸û / Àì¸ Å¢¨Ç×¸û:«¦ºª¸Ã¢Âí¸û / Àì¸ Å¢¨Ç×¸û:«¦ºª¸Ã¢Âí¸û / Àì¸ Å¢¨Ç×¸û:«¦ºª¸Ã¢Âí¸û / Àì¸ Å¢¨Ç×¸û: உண�# நர
* கட�த� 

ஆ3#க4 ேபா� ேலசான அெசௗக!ய
.    

¬öÅ¢ý ÓÊ×¸û ±ó¾ Ó¨ÈÂ¢ø ÀÂýÀÎò¾ô ÀÎõ? எ� ஆ3#(காக 

þó¾ ¬öÅ¢ý §¸ûÅ¢¸ÙìÌ À¾¢ÄÇ¢ôÀ¾¢§Ä¡, þÃò¾ Á¡¾¢Ã¢¸û «øÄÐ ¾¢Í Á¡¾¢Ã¢¸û ±ÎôÀ¾¢§Ä¡ 

2í¸ÙìÌ ²§¾Ûõ «¦ºª¸Ã¢Âí¸û þÕó¾¡ø, ±ó¾ §¿Ãò¾¢ø §ÅñÎÁ¡É¡Öõ ¬öÅ¢Ä¢ÕóÐ 

Å¢Ä¸¢ì¦¸¡ûÙõ 2Ã¢¨Á 2í¸ÙìÌ 2ñÎ. ±ô¦À¡ØÐ §ÅñÎÁ¡É¡Öõ ¬öÅ¢Ä¢ÕóÐ Å¢ÄÌõ 2Ã¢¨Á 

2í¸ÙìÌ 2ûÇÐ. ¬öÅ¢Ä¢ÕóÐ Å¢Ä¸¢ì¦¸¡ûÅ¾¡ø 2í¸ÙìÌ «Ç¢ì¸ôÀÎõ º¢¸¢î¨º Ó¨ÈÂ¢ø ±ó¾ 

Å¢¾ À¡¾¢ôÒõ þÕì¸¡Ð ±ýÚ 2í¸ÙìÌ 2Ú¾¢ÂÇ¢ì¸¢§È¡õ. ÁÕòÐÅ Á¨ÉÂ¢ø §¿¡Â¡Ç¢¸ÙìÌ 

«Ç¢ì¸ôÀÎõ §º¨Å¸¨Ç ¿£í¸û ¦¾¡¼÷óÐ ¦ÀÈÄ¡õ. þó¾ ¬öÅ¢ø Àí§¸ü¸ ´ôÒì¦¸¡ûÙÅ¾¡ø 

§ÅÚ ±ó¾ Å¢¾Á¡É ÜÎ¾Ä¡É ÀÄÛõ 2í¸ÙìÌì ¸¢¨¼ì¸¡Ð. ¿£í¸û «Ç¢ìÌõ ¾¸Åø¸û 

þÃ¸º¢ÂÁ¡¸ ¨Åì¸ôÀÎõ. ¬öÅ¢ø Àí§¸üÀÅ÷¸û ÀüÈ¢§Â¡ «Å÷¸û ÌÎõÀò¨¾ô ÀüÈ¢§Â¡ ±ó¾ò 

¾¸ÅÖõ ±ì¸¡Ã½õ ¦¸¡ñÎõ ¦ÅÇ¢Â¢¼ôÀ¼¡Ð ±ýÚ 2Ú¾¢ÂÇ¢ì¸¢§È¡õ. ¿£í¸û «Ç¢ìÌõ ¾¸Åø¸û / 

þÃò¾ Á¡¾¢Ã¢¸û / ¾¢Í Á¡¾¢Ã¢¸û «í¸£¸Ã¢ì¸ôÀð¼ ¬öÅ¢üÌ ÁðÎ§Á ÀÂýÀÎò¾ô ÀÎõ. þó¾ ¬ö× 

¿¨¼¦ÀÚõ ¸¡Äò¾¢ø ÌÈ¢ôÀ¢¼ò¾Ìó¾ Ò¾¢Â ¸ñÎÀ¢ÊôÒ¸û «øÄÐ Àì¸ Å¢¨Ç×¸û ²Ðõ ²üÀð¼¡ø 

2í¸ÙìÌò ¦¾Ã¢Å¢ì¸ôÀÎõ. þ¾É¡ø ¬öÅ¢ø ¦¾¡¼÷óÐ ÀíÌ ¦ÀÚÅÐ ÀüÈ¢Â 2í¸û ¿¢¨ÄôÀ¡ð¨¼ 

¿£í¸û ¦¾Ã¢Å¢ì¸ ²ÐÅ¡Ìõ. 



 

¬ö×ìÌðÀÎÀÅÃ¢ý ´ôÒ¾ø:¬ö×ìÌðÀÎÀÅÃ¢ý ´ôÒ¾ø:¬ö×ìÌðÀÎÀÅÃ¢ý ´ôÒ¾ø:¬ö×ìÌðÀÎÀÅÃ¢ý ´ôÒ¾ø: þó¾ ¬ö¨Åô ÀüÈ¢Â §ÁüÜÈ¢Â ¾¸Åø¸¨Ç ¿¡ý ÀÊòÐ «È¢óÐ 

¦¸¡ñ§¼ý / ¬öÅ¡Ç÷ ÀÊì¸ì §¸ðÎò ¦¾Ã¢óÐ ¦¸¡ñ§¼ý. ¬öÅ¢¨Éô ÀüÈ¢ ¿ýÈ¡¸ô ÒÃ¢óÐ 

¦¸¡ñÎ þó¾ ¬öÅ¢ø ÀíÌ ¦ÀÈ ´ôÒì¦¸¡û¸¢§Èý. þó¾ ¬öÅ¢ø Àí§¸üÀ¾ü¸¡É ±ÉÐ ´ôÒ¾¨Ä 

¸£§Æ ¨¸¦Â¡ôÀÁ¢ðÎ / ¨¸ §Ã¨¸ À¾¢òÐ ¿¡ý ¦¾Ã¢Å¢òÐì ¦¸¡û¸¢§Èý.  

Àí§¸üÀ¡ÇÃ¢ý ¦ÀÂ÷, Ó¸ÅÃ¢ :    

Àí§¸üÀ¡ÇÃ¢ý ¨¸¦Â¡ôÀõ / ¨¸ §Ã¨¸ / ºð¼â÷Å À¢Ã¾¢¿¢¾¢Â¢ý ¨¸¦Â¡ôÀõ :    

§¾¾¢     : 

¬öÅ¡ÇÃ¢ý ¨¸¦Â¡ôÀõ  : 

§¾¾¢     :       

¬öÅ¡ÇÃ¢ý ¦¾¡¨Ä§Àº¢ ±ñ        : 

ÁÉ¢¾ ¦¿È¢Ó¨Èì ÌØ «ÖÅÄ¸ò¾¢ý ¦¾¡¨Ä§Àº¢ ±ñ: 0422 4345818 

     

 



 

 



 

 Group 0 (DPN without anemia)     Group 1 (DPN with anemia) 


