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ABSTRACT 

Background: Diabetes is the epidemic of the modern era. In this disease, the morbidity is more than mortality and 

results from various micro- and macro-vascular complications. The goal of therapy in diabetes is to maintain the 

blood glucose levels within the normal range to prevent complications. The nervous system frequently gets involved 

with the complications of diabetes mellitus as the duration of disease increases. So far most of the studies on diabetic 

neuropathy have been concerned with peripheral and autonomic nerve but recently with refinement of evoked potential 

technique, detailed exploration of sensory pathway in central nervous system has been possible. 

Aim: To study the correlation between visual evoked potentials and vitamin B12 levels in patients with controlled 

diabetes mellitus. 

Methods: This was a cross sectional study. Total 60 cases of diabetes mellitus were examined and investigated. 

Simple random sampling was done among controlled diabetes mellitus patients. VEP of all diabetic patients was done 

and two groups were created. Group 1 comprises diabetic patients with abnormal VEP. Group 2 comprises diabetic 

patients with normal VEP. Serum vitamin B12 levels of patients of both groups was estimated. All patients selected in 

the study had clinical symptoms and signs of peripheral neuropathy but only those patients who had normal fundus 

examination were included in the study. Statistical analysis of data was done by using chi-square tests for desired 

parameters. Data compared to obtain ‘p’ value for knowing the significance and correlation between the different 

variables of the study. 

Results: Deficiency of vitamin B12 was found in 48.33% total cases in this study. VEP latency was prolonged in 65% 

cases and low VEP amplitude found in 56.67% cases. There was significant correlation between duration of diabetes 

and VEP abnormalities in this study. VEP abnormalities are more frequent in controlled diabetes mellitus patients 

having vitamin B12 deficiency and infrequent in controlled diabetes patients having normal serum vitamin B12 levels. 

Conclusion: Visual evoked potentials latencies are more common in diabetic patients having vitamin B12 deficiency. 
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Introduction 

Diabetes mellitus is a group of metabolic diseases 

characterized by hyperglycemia resulting from 

defects in insulin secretion, insulin action or both. 

The chronic hyperglycemia of diabetes is associated 

with long-term damage, dysfunction and failure of 

various organs, especially the eyes, kidneys, nerves, 

heart and blood vessels.
1
 

Autonomic and peripheral neuropathy, nephropathy, 

retinopathy and hearing impairment are some of the 

late micro-vascular complications of diabetes 

mellitus which are related to the type of diabetes, 

duration of disease and instability in blood sugar 

levels. Type II diabetes mellitus has a long 

asymptomatic period of hyperglycemia, and many 

of the individuals have complications at the time of 

diagnosis due to the asymptomatic period
2
. The 

nervous system frequently gets involved with the 

complications of diabetes mellitus as the duration of 

disease increases. The peripheral neuropathy is far 

more common having prevalence varies from 55% 

if based on signs, 62% based on subjective 

symptoms and 100% if based on motor conduction 

velocities
3
. Cranial mono-neuropathies are also 

commonly observed in diabetes. The 3rd, 4th and 

6th nerves are commonly involved. Optic nerve 

affection manifests as optic atrophy, which as a 

result of diabetes alone is estimated to occur in 

about 0.6% cases
4
. So far most of the studies on 

diabetic neuropathy have been concerned with 

peripheral and autonomic nervous system but 

recently with refinement of evoked potential 

techniques, detailed exploration of sensory pathway 

in central nervous system has been possible. 

The terms visual evoked potential (VEP), visual 

evoked response (VER) and visual evoked cortical 

potential (VECP) are equivalent.  They refer to 

electrical potentials initiated by brief visual stimuli, 

which are recorded from the scalp overlying visual 

cortex. VEP wave forms are extracted from the 

electro-encephalogram (EEG) by signal 

averaging.  VEPs are used primarily to measure the 

functional integrity of the visual pathways from 

retina via the optic nerves to the visual cortex of the 

brain
5
. The VEP abnormalities may be:- 1) Latency 

prolongation 2)Amplitude reduction  3)Combined 

latency & amplitude abnormalities. 

Vitamin B12 is a water-soluble vitamin that is 

required for proper red blood cell formation, 

neurological function, and DNA synthesis
6
. Vitamin 

B12 deficiency is characterized by megaloblastic 

anaemia, fatigue, weakness, constipation, loss of 

appetite, and weight loss
7
. Neurological changes, 

such as numbness and tingling in the hands and feet 

can also occur
7
. Additional symptoms of vitamin 

B12 deficiency include difficulty in maintaining 

balance, depression, confusion, dementia, poor 

memory, and soreness of the mouth or tongue
8
. The 

neurological symptoms of vitamin B12 deficiency 

can occur without anaemia, so early diagnosis and 

intervention is important to avoid irreversible 

damage
23

. 

Vitamin B12 deficiency can occur in diabetic 

patients due to use of metformin
9
, PPIs

10
 and 

become a cause of neuropathy in patients with 

diabetes mellitus. 

Vitamin B12 deficiency and accompanying 

hyperhomocysteinemia and elevated MMA levels 

have been documented to cause a distinct sensory 

polyneuropathy that closely mimics diabetic 

neuropathy. Worsening of diabetic neuropathy is 

also noted in patients with co-existing vitamin B12 

deficiency
11

. 

 

Materials and Methods 

This study was carried out in the UPUMS, Saifai 

from Sept 2016 to Feb 2017 on diabetic patients 

attending indoor and outdoor. 

This was a cross sectional study. Total 60 cases of 

diabetes mellitus were examined and investigated. 

Simple random sampling was done among 

controlled diabetes mellitus patients. 

Inclusion criteria 

A known case of controlled diabetes mellitus of age 

group 30-60 years. 

Exclusion criteria 

 Patients of diabetes mellitus with altered 

sensorium, disturbed mental state, pregnant 

and lactating females. 
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 Patients of diabetes mellitus having any 

other diseases known to cause peripheral 

neuropathy like chronic renal failure, liver 

failure, hypothyroidism, leprosy, porphyria 

etc. 

 Patients with diabetes mellitus on drugs 

known to cause peripheral neuropathy like 

isoniazid, linezolid, metronidazole and 

phenytoin. 

 Patient with raised serum creatinine level 

(males-1.5 mg/dl, females-1.2 mg/dl). 

 Patient having high risk category like HIV 

or Alcohol. 

Step 1: VEP of all diabetic patients was done and 

two groups were created. 

Group 1 comprises diabetic patients with abnormal 

VEP. 

Group 2 comprises diabetic patients with normal 

VEP 

All patients was subjected to a detailed history and 

thorough clinical examination specially focussing 

on neurological examination after obtaining his/her 

informed consent. 

Step 2: Serum vitamin B12 levels of patients of both 

groups was estimated. 

Investigations 

1) VEP of patients with DM 

2) Vitamin B12 levels in all patients 

3) Other additional investigations- chest x-ray, 

electro-cardiogram (ECG), Haemogram, 

Fasting and postprandial blood sugar, kidney 

function test, liver function test, refraction 

etc. 

All patients selected in this study had clinical 

symptoms and signs of peripheral neuropathy. 

Visual acuity with Snellen’s chart and ophthalmo-

scopy were done to rule out any visual disorder. 

Fundus examination of all patients included in this 

study was normal. Fundus Fluorescein Angiography 

(FFA) was done to rule out diabetic retinopathy in 

doubtful cases and patients having normal FFA was 

included in study. 

Determination of serum vitamin B12 levels was 

done: Normal Range is 211-911pg/mL (Method: 

Chemiluminescence-CLIA) 

Visual evoked potential was recorded. VEP 

represent mass response of cortical and sub-cortical 

areas. Amplitude and latency of P100 was taken.  

Normal values as per Shahrokhi et al (1978), Mishra 

and Kalita are P100 latency (ms) 96.9 + 3.6 and 

amplitude (mV) 7.8 + 1.9. 
Parameters Shahrokhi et al 

(1978) 
Misra and Kalita 

P100 Latency (ms) 102.3±5.1 96.9±3.6 

Amplitude (µV) 10.1±4.2 7.8±1.9 

 

Statistical analysis of data was done by using chi-

square tests for desired parameters. Data compared 

to obtain ‘p’ value for knowing the significance and 

correlation between the different variables of the 

study. 

 

Results 

In this study total 60 patients was taken which 

satisfies the inclusion and exclusion criteria. 

Minimum age in this study was 32 years and 

maximum 60 years with mean age of study was 

49.25 years. 

 
Out of 60 patients 57 patients (95%) had type 2 

diabetes mellitus and 3 patients (5%) have type 1 

diabetes mellitus. 

Out of total 60 patients 25 patients (41.67%) were 

female and 35 patients (58.33%) were male patients. 

Sex ratio is 1.4:1. 

Out of 60 patients, 13 patients (21.67%) had 

positive family history of diabetes, 47 patients 

(78.33%) had no family history of diabetes. 

There was no significant difference in VEP latency 

(mean right eye P100 latency was 114 ms and mean 
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left eye P100 latency was 113.92 ms) and VEP 

amplitude of right and left eye in this study.  VEP 

latency (P100) in ms and VEP Amplitude (N75-

P100) in µV was taken for all stastical purposes. 

Out of 39 patients (of group 1A) 14 patients 

(35.90%) had normal vitamin b12 levels and 25 

patients (64.10%) had low vitamin b12 levels. 24 

patients (61.54%) were male and 15 patients 

(38.46%) were female (M:F=1.6:1). 7 patients 

(17.95%) had positive family history and 32 patients 

(82.05%) had no family history of diabetes. 4 

patients (10.26%) were on insulin alone for 

glycemic control, 5 patients (12.82%) on insulin and 

metformin based oral hypoglycemic agents and 30 

patients (76.92%) on metformin based oral 

hypoglycemic agents. 

 

Table: Correlation between VEP latency and 

vitamin B12 levels 
VEP latency ABNORMAL NORMAL TOTAL  

P Value=0.001 
Continuity 

correlation=0.002 

Linear by linear 
association=0.001 

Vitamin B12 

ABNORMAL 25 4 29 

NORMAL 14 17 31 

TOTAL 39 21 60 

 

Table: Correlation between VEP amplitude and 

vitamin B12 levels 
VEP 

Amplitude 

ABNORMAL NORMAL TOTAL P value=0.32 

Continuity 
correlation=0.60 

Linear by linear 

association=0.31 

Vitamin B12 

ABNORMAL 20 9 29 

NORMAL 14 17 31 

TOTAL 34 26 60 

 

 
Out of 34 patients (of group 1B) 12 patients were 

female (35.29%) and 22 patients (64.71%) were 

male, 6 patients (17.65%) had positive family 

history and 28 patients (82.35%) had no family 

history of diabetes, 3 patients (8.82%) were using 

insulin alone for glycemic control, 5 patients 

(14.71%) were using insulin and metformin based 

OHA for glycemic control, 26 patients (76.47%) 

were using metformin based OHA for glycemic 

control. All 34 patients (100%) had VEP latency. 14 

patients (41.18%) had normal vitamin B12 levels 

and 20 patients (58.82%) had low serum vitamin 

B12 levels. 8 patients (23.53%) were below 45 

years of age and 26 patients (76.47%) were more 

than or equal to 45 years of age. 

 
Out of 21 patients (of group 2A) 17 patients 

(80.95%) had normal vitamin b12 levels and 4 

patients (19.05%) had abnormal vitamin b12 levels. 

11 patients (52.38%) were male and 10 patients 

(47.62%) were female (M:F=1.1:1). 6 patients 

(28.57%) had positive family history of diabetes and 

15  patients (71.43%) had no family history of 

diabetes. 7 patients (33.33%) were on insulin alone 

for glycemic control, 2 patients (9.52%) were taking 

insulin and metformin based oral hypoglycemic 

agent for glycemic control, and 12 patients (57.14%) 

were taking metformin based oral hypoglycemic 

agent for glycemic control. 

 
Out of 26 patients (of group 2B), 13 patients (50%) 

were male and 13 patients (50%) were female, 7 

patients (26.92%) had positive family history of 
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diabetes and 19 patients (73.08%) did not have 

family history of diabetes. Duration of diabetes was 

less than 10 years in 23 patients (88.46%) and more 

than 10 years in 3 patients (11.54%),  8 patients 

(30.77%) were taking insulin alone for glycemic 

control, 16 patients (61.54%) were taking 

metformin based OHA for glycemic control and 2 

patients (7.69%) were taking insulin and metformin 

based OHA for glycemic control, low serum 

vitamin B12 levels found in 9 patients (34.62%) and 

normal serum vitamin B12 levels found in 17 

patients (65.38%). 

Out of total 60 patients, 22 patients (36.67%) were 

known diabetic for less than or equal to 5 years, 18 

patients (30%) were known diabetic for 6 to 9 years 

and 20 patients (33.33%) were known diabetic for 

10 years or more. Out of 22 patients with duration 

of diabetes less than or equal to 5 years, 6 patients 

(27.27%) had prolonged VEP latency (Group 1A) 

and 16 patients (72.73%) had normal VEP latency 

(Group 2A)  and 5 patients (22.73%) had low VEP 

amplitude (Group 1B) and 17 patients (77.27%) had 

normal VEP amplitude (Group 2B). 

 
Normal vitamin B12 levels were found in 14 

patients (63.64%) and low vitamin B12 levels were 

found in 8 patients (36.36%). Out of 6 patients of 

group 1A 5 patients (83.33%) had low serum 

vitamin B12 levels and 1 patient (16.67%) had 

normal serum vitamin B12 level. Out of 5 patients 

of group 1B 4 patients (80%) had low serum 

vitamin B12 levels and 1patient (20%) had normal 

serum B12 level. Out of 16 patients of Group 2A, 3 

patients (18.75%) had low serum vitamin B12 levels 

and 13 patients (81.25%) had normal serum vitamin 

B12 levels. Out of 17 patients of group 2B, 4 

patients (22.53%) had low serum vitamin B12 levels 

and 13 patients (76.47%) had normal serum vitamin 

B12 levels. 

Out of 20 patients with duration of diabetes more 

than or equal to 10 years, 15 patients (75%) were 

male and 5 patients (25%) were female, 15 patients 

(75%) with no family history of diabetes and 5 

patients (25%) with positive family history, 4 

patients (20%) were using insulin alone, 3 patients 

(15%) were taking insulin and metformin based oral 

hypoglycemic agents and 13 patients (65%) were 

using oral hypoglycemic agents for glycemic 

control. 8 patients (40%) had normal vitamin B12 

levels, 12 patients (60%) had low serum vitamin 

B12 levels, all patients (100%) had VEP latency 

(group 1A) and 17 patients (85%) had low VEP 

amplitudes (group 1B) and 3 patients (15%) had 

normal VEP amplitudes (Group 2B). 

 

Discussion 

In this study, family history of diabetes was present 

in 21.67%% of cases. Ramchandran A. et al
12 

(2001) 

found prevalence (16.9%) of diabetes in families of 

diabetic patients in Indian population. 

VEP latency was prolonged in 65% cases and low 

VEP amplitude found in 56.67% cases. Bortec et 

al
13

 (1989) found PVEP abnormalities in 77% of 

diabetic patients. Jawad H et al
14

 found  abnormal 

latencies in 60% of diabetic patients. 

Deficiency of vitamin B12 among diabetic patients 

has multi-factorial mechanism. Type 1 Diabetes 

Mellitus is an autoimmune condition. It is invariably 

associated with other organ and non organ specific 

autoimmune and endocrine conditions leading to 

development of autoimmune poly-glandular 

syndromes
15

. 

Several cross sectional studies 
(16-18)

 and have 

documented an increased frequency of vitamin B12 

deficiency among type 2 Diabetes Mellitus patients. 

Metformin use has been unequivocally 

demonstrated as the prime factor associated with 

vitamin B12 deficiency among patients with Type 2 

Diabetes Mellitus
19

. Studies assessing Type 2 

Diabetes Mellitus on Metformin have reported the 

prevalence of vitamin B12 deficiency ranges from 

5.8% to 33%
20

. 
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Deficiency of vitamin B12 was found in 48.33% 

total cases in this study. Qureshi et al. (2011) found 

vitamin B12 deficiency of 33% among adult 

patients with T2DM, they used serum vitamin B12 

concentrations <150 pg/ml as deficiency
21

. 

In this study vitamin B12 deficiency in patients on 

metformin based oral hypoglycaemic drugs were 

found in 53.06%. Iftikhar R et al
22

 (2013) found 

prevalence of vitamin B12 deficiency in 31% in 

Pakistan. 

Omer et al
23

 (1996) who found significant 

correlation between the duration of diabetes and 

VEP abnormalities. There was significant 

correlation between duration of diabetes and VEP 

abnormalities in this study. 

In this study, among patients with duration of 

diabetes less than or equal to 5 years (n=22), 27.27% 

patients (n=6) had prolonged VEP latency and 

72.73% patients (n=16) had normal VEP latency 

and 22.73% patients (n=5) had low VEP amplitude 

and 77.27% patients (n=17) had normal VEP 

amplitude. Normal vitamin B12 levels in 63.64% 

patients (n=14) and low serum vitamin B12 levels 

in 36.36% patients (n=8). 

In this study among patients with duration of 

diabetes more than or equal to 10 years (n=20), 100% 

patients (n=20) had VEP latency, 85% patients 

(n=17) had low VEP amplitude and only 15% 

patients (n=3) had normal VEP amplitude. 40% 

patients (n=8) had normal vitamin B12 levels and 

60% patients (n=12) had low vitamin B12 levels. 

 

Conclusion 

By this study, it can be concluded that the 

abnormalities in the VEP response occur in diabetic 

patients much before the development of overt 

retinopathy and these changes are positively 

correlated with the duration of the disease. VEP 

abnormalities are more frequent in controlled 

diabetes mellitus patients having vitamin B12 

deficiency and infrequent in controlled diabetes 

patients having normal serum vitamin B12 levels. 

So there is a positive correlation between VEP 

abnormalities and serum vitamin B12 levels in 

controlled diabetes mellitus patients. Hence 

measurement of VEP and serum vitamin B12 levels 

is recommended in all diabetes mellitus patients. 

VEP is a highly sensitive, reliable, non-invasive and 

reproducible method for detecting the early 

alterations in the central optic pathways in diabetes 

mellitus patients, should be recommended in 

patients of diabetes mellitus, whenever possible and 

VEP must be added to the list of screening tools for 

assessment of central neuropathy for a more 

complete and early assessment of the neurological 

involvement in diabetic patients, to advise them for 

an early and proper management of the disease. 

However further research  work  with many more 

subjects is required for establishment of role of 

vitamin B12 supplementation in diabetic patients 

and to make suitable and acceptable recommend--

ations for proper management of disease.  
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