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Summary 
 

Objectives: The aim of our study was to investigate the electrophysiologic parameters in 
neurologically asymptomatic patients with vitamin B12 deficiency, and to compare the results 
with the control group and also to investigate a correlation between vitamin B12 levels and 
the recorded parameters. 
Methods: Asymptomatic and untreated patients with vitamin B12 deficiency were examined 
by nerve conduction studies, visual evoked potentials (VEPs), medial and tibial 
somatosensory evoked potentials (SEPs), and motor evoked potentials (MEPs), prospectively. 
Patients who have any other disease that can effect nerve conduction studies, VEPs, SEPs, 
and MEPs were excluded. 
Results: Twenty-seven patients ( 22 women, 5 men) with a mean age of 37.65±13.08 and 21 
healthy subjects were examined. The mean vitamin B12 level was 127±35.6 (N: 200-900) in 
the patient group and 301±67 in the control group. There was not a statistically significant 
difference between the patient and control groups according to nerve conduction studies, 
median SEP, tibial SEP, VEP, and MEP studies (p>0.05). There was no correlation between 
vitamin B12 levels and median SEP, tibial SEP, VEP, and MEP parameters (p>0.05). 
Conclusion: To our knowledge, this is the first study that has investigated neurologically 
asymptomatic patients with B12 deficiency by nerve conduction studies, VEPs, SEPs, and 
MEPs. The electrophysiological findings may be normal in asymptomatic patients with 
vitamin B12 deficiency if the diagnosis is made early. 
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Vitamin B12 Eksikliği Olan Nörolojik Açıdan Asemptomatik Hastalarda 
Elektrodiagnostik Çalışmalar 

 
Özet 
 

Amaç: Çalışmamızın amacı vitamin B12 eksikliği olan nörolojik açıdan asemptomatik 
hastalarda elektrofizyolojik parametrelerin incelenmesi, sonuçların kontrol grubu ile 
karşılaştırılması ve vitamin B12 düzeyleri ile kayıtlanan sonuçlar arasındaki korelasyonun 
araştırılmasıdır. 
Metod: Vitamin B12 eksikliği olan asemptomatik ve tedavi edilmemiş hastalar prospektif 
olarak sinir ileti çalışmaları, görsel uyarılmış potansiyeller (VEP), medial ve tibial 
somatosensoriel uyarılmış potansiyeller (SEP) ve motor uyarılmış potansiyeller (MEP) 
tetkikleri ile incelenmiştir. Sinir ileti çalışmaları, VEP, SEP ve MEP'leri etkileyebilecek 
hastalığı olanlar çalışma dışı bırakılmıştır. 
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Bulgular: Yaş ortalaması 37.65±13.08 olan 27 hasta (22 kadın, 5 erkek) ile 21 sağlıklı 
gönüllü incelenmiştir. Ortalama vitamin B12 düzeyi hasta grubunda 127±35.6 pg/ml)(N: 200-
900pg/ml), kontrol grubunda 301±67pg/ml idi. Hasta ve kontrol grupları arasında sinir ileti 
çalışmaları, median SEP, tibial SEP, VEP ve MEP parametreleri açısından anlamlı 
istatistiksel fark saptanmadı (p>0.05). Vitamin B12 düzeyleri ile median SEP, tibial SEP, 
VEP ve MEP parametreleri arasında korelasyon bulunmadı (p>0.05). 
Sonuç: Bu çalışma vitamin B12 eksikliği olan nörolojik açıdan asemptomatik hastaları sinir 
ileti çalışmaları, VEP, SEP ve MEP tetkikleriyle inceleyen ilk çalışmadır. Eğer tanı erken 
konulursa vitamin B12 eksikliği olan asemptomatik hastalarda elektrofizyolojik çalışmalar 
normal olabilmektedir. 
 

Anahtar Kelimeler: Vitamin B12 eksikliği, elektrodiagnostik çalışma 
 
 

INTRODUCTION 

Vitamin B12 or cobalamin is a water 
soluble vitamin that is required as a 
cofactor in several enzymatic reactions and 
performs an important function in organic 
metabolism(17). Even though vitamin B12 
stores in the human body last for up to five 
years, its deficiency is not uncommon(1). 
Vitamin B12 deficiency is frequently seen 
in vegetarians and can also occur as a 
result of malabsorption, gastrointestinal 
surgery, drugs, parasitic diseases, 
autoimmune diseases and genetic 
defects(7,29). 

Though, vitamin B12 deficiency effects all 
age groups it is relatively common in the 
elderly population(9,34). Vitamin B12 
deficiency may lead to decreased 
bioavailability and functional deficiency of 
cobalamin and may cause heamatological, 
gastrointestinal, psychiatric, 
dermatological and neurological 
disorders(1,2,8,13,27). Neurological features 
are related to the pathologies in the 
peripheral and optic nerves, posterior and 
lateral columns of the spinal cord and in 
the brain leading to myelopathy, 
myeloneuropathy, peripheral neuropathy, 
optic neuropathy, encephalopathy and 
neuropsychiatric abnormalities(8,13,35). 
Patients with neurological syndrome have 
been investigated with various 
electrophysiological techniques such as 
nerve conduction studies, visual evoked 
potentials (VEPs), somatosensory evoked 
potentials (SEPs) or motor evoked 

potentials (MEPs), but there are only a few 
studies that have examined asymptomatic 
patients with vitamin B12 
deficiency(6,15,26,32) 

The aim of this study was to evaluate the 
effects of vitamin B12 deficiency on the 
nervous system with electrophysiological 
studies in neurologically asymptomatic 
patients, and also to investigate a 
correlation between vitamin B12 levels and 
the recorded parameters. 

MATERIAL AND METHODS 

This study was conducted in the 
Department of Electrodiagnostic 
Neurology, Marmara University, İstanbul, 
Turkey. Patients diagnosed as vitamin B12 
deficiency in the outpatient clinic of 
internal medicine with low serum vitamin 
B12 values (<200pg/ml) and high serum 
concentrations of homocysteine and 
methyl malonate but without neurological 
complaints, signs or symptoms were 
included in the study. Electrophysiological 
studies were conducted before treatment 
and neurologically asymptomatic and 
untreated patients with vitamin B12 
deficiency were examined prospectively. 
Age-matched healthy subjects with normal 
serum values of vitamin B12, 
homocysteine and methyl malonate were 
chosen as control group. 

Patient and control groups were subjected 
to a detailed clinical history, family 
history, dietary intake, drug exposure, 
gastrointestinal surgery, small bowel 
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disease (malabsorption, ileal by-pass or 
resection, Crohn's disease) and history of 
systemic, rheumatological or autoimmune 
diseases including thyroid disorders and 
diabetes mellitus. 

Detailed neurological and general 
examination were performed for both of 
the groups. The examination of muscle 
power, tone, tendon reflex, coordination 
and sensation to pinprick, joint position 
and vibration was normal. Mental status of 
each of the patient was evaluated by the 
Mini Mental State Examination (MMSE-
total score of 30). In neuroophtalmological 
examination visual acuity, colour vision, 
field of vision and fundus oculi were 
detected and found to be normal in each 
patient and control subject. Hemoglobin, 
RBC indices, mean corpuscular volume, 
folate, homocysteine, methyl malonate, 
routine biochemical and microbiological 
tests, HIV and thyroid profile were 
detected. The findings were in normal 
ranges in both of the groups except for 
megaloblastic anemia in the patient group. 
Vitamin B12 level was detected by 
chemiluminescent immunoassay method 
(normal:200-900pg/mL). 

All patients and control subjects underwent 
conventional sensory and motor nerve 
conduction studies recorded in a warm 
room and the skin temperature was 
maintained between 35-37°C. In each 
subject, the median, ulnar, sural, tibial, and 
common peroneal nerves were tested using 
a Synergy electromyograph (Medelec Ltd., 
UK) with surface recording and 
stimulating electrodes bilaterally. 
Amplitude and the latency of the 
compound muscle action potentials 
(CMAP) and motor nerve conduction 
velocity (MNCV) were measured with the 
stimulation of the median nerve (wrist/ 
elbow), ulnar nerve (wrist, below and 
upper elbow), common peroneal nerve 
(ankle/ fibula head/knee), and tibial nerve 
(ankle/ knee) with a special care to insure 
that stimulation was supramaximal at all 
points. F wave latency of each motor nerve 

was evaluated. Sensory nerve potentials 
were recorded antidromically with surface 
recording and stimulating electrodes 
bilaterally. The amplitude and latency of 
the sensorial action potentials (SNAP) and 
sensorial nerve conduction velocity 
(SNCV) of median nerve (third finger- 
wrist with a distance of 14cm), ulnar nerve 
(fifth finger- wrist with a distance of 12cm) 
and sural nerve (lateral malleolus-foreleg 
with a distance of 14cm) were measured. 

Visual evoked potentials were elicited by 
monoocular pattern reversal stimulation 
recording from Oz with a reference 
electrode on Fz (10-20 system) and ground 
electrode on Cz. The electrode impedance 
was kept below 5Ω with a band pass of 1-
300Hz and sweep time of 500ms. 
Stimulation rate was 1 Hz, producing 
reversal pattern every 500msec. Stimuli 
were presented as a checkerboard pattern 
of black and white squares with a check 
size of 56, arc luminance of central 
fieldwas 50cd/m² (contrast 100%) at a 
reversal frequency of 3 Hz. The distance 
between the eye and the center of the 
screen was 100cm. With one eye patched, 
subjects were instructed to fixate on a point 
in the middle of the screen. One hundred 
and twenty-eight epochs were averaged 
twice, to check the reproducibility of wave 
forms. The latencies of N75, P100 and 
N145 were measured. We compared VEP 
latencies between the right and left eyes 
within each population. 

Somatosensory evoked potentials were 
elicited by bilateral percutaneous 
stimulation (0.2ms square wave pulse) at 3 
Hz and 256 epochs were averaged twice to 
check the reproducibility of wave forms. 
Stimuli were delivered at an intensity just 
above motor threshold. The electrode 
placements were done according to the 
10/20 system. Medial SEPs were recorded 
2cm posterior and 7cm lateral to Cz. 
Reference electrode was put on Fz and 
ground electrode was placed on the same 
extremity proximally. The stimulus was 
given from the median nerve at the 



J.Neurol.Sci.[Turk] 

 4 
 

contrlateral wrist and the intensity was 
increased until thumb movement was seen 
bilaterally. Band width was 10-2000 Hz 
and analysis time was 100msec and the 
latencies of N20 and P25, the cortical 
responses were evaluated. Tibial SEPs 
were carried out by stimulating the tibial 
nerve behind the medial malleolus 
bilaterally, recording from Cz´(2cm 
posterior to Cz) with a reference electrode 
on Fpz´ (2cm behind Fp). Band width was 
10-2000 Hz with an analysis time of 
200msec. The latencies of N35 and P40 
were evaluated. 

Motor evoked potentials (MEPs) were 
recorded bilaterally with surface electrodes 
from abductor pollicis brevis (APB) 
muscles and stimulated with a round coil at 
the vertex and C7 spinous process with 
%20 above motor threshold. (Medtronic, 
Magpro 200, Denmark). During cortical 
stimulation a slight voluntary contraction 
of the target muscles was maintained (10% 
of maximum force). Three responses were 
obtained and the potential with shortest 
latency was analysed. Latency differences 
were used to estimate central motor 
conduction time (CMCT). 

Patients under 50 years of age without 
cognitive impairment, paresthesia, 
abnormal sensory or motor findings, 
changes in reflex examination were 
included in the study. Patients with 
previous diagnosis and treatment of vit 
B12 deficiency, servical or lomber 
radiculopathy, demyelinating disease, optic 
neuropathy, systemic, autoimmune or 
rheumatological diseases, treatment with 
drugs that could effect the absorbtion of 
vitamin B12 or any other diseases that 
could affect nerve conduction studies, 
pattern reversal VEPs, median and tibial 
SEPs or MEPs were excluded. 

The objective of the study was described 
and informed consent was obtained from 
all patients and control subjects and local 
ethical committee approval regarding this 
study had been obtained from local ethical 
committee. 

Statistical analysis 

The student's t test using a 95% confidence 
interval was applied to evaluate the 
differences between the patient and 
matched control groups. The correlation 
between the parameters and serum vitamin 
B12, homocysteine and methyl malonate 
levels was examined by Pearson's 
Correlation Test. p < 0.05 was considered 
to be significant. 

RESULTS 

Sixty five patients with vitamin B12 
deficiency were admitted. Thirthy eight 
patients who did not have the inclusion 
criteria (10 patients with diabetes mellitus, 
7 patients with thyroid disease, 6 patients 
with previous diagnosis of vitamin B12 
deficiency, 5 patients under cobalamine 
treatment, 4 patients with cervical 
radiculopathy, 3 patients with lumbar 
radiculopathy, 2 patients with optic 
neuropathy and 1 patient with additional 
folate deficiency) were excluded. 
Neurologically asymptomatic 27 young 
patients with isolated vitamin B12 
deficiency (22 females, 5 males) and 21 
age-matched healthy subjects (16 females, 
5 males) with the inclusion criteria were 
examined. Mean age was 37.7±12.1 in the 
patient group and 37.9±11.7 in the control 
group. The mean vitamin B12 level was 
127±35.6 (N: 180-900) in the patient group 
and 351±67 in the control group. MMSE 
scores were 30 both in patient and control 
groups. 

Dietary lack was observed in 10 of the 
patients. Upper gastrointestinal endoscopy 
was performed in 17 patients and atrophic 
gastritis was observed in 7, and ulcus at 
duodenum in 2 of the patients. As in 8 
patients no aetiology was found schilling 
test was applied and 4 patients had 
pernicious anemia, 1 had pancreatic 
enzyme defect. After all of the 
electrophysiological tests have been 
applied, intramuscular application of 
cobalamin was started. 
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The results of sensory and motor nerve 
conduction studies are shown in Tables 
1&2. There was not a statistically 
significant difference between the patient 
and control groups according to nerve 
conduction studies (p>0.05). There was no 
correlation between serum vitamin B12 
homocysteine or methyl malonate levels 
and nerve conduction studies (p>0.05). 

There was not a statistically significant 
difference between the patient and control 

groups according to VEP, median SEP, 
tibial SEP, and MEP studies (p>0.05). The 
results of the studies are shown in Tables 
3&4. There was not a right to left 
asymmetry in all of the studies. There was 
also no correlation between serum vitamin 
B12, homocysteine and methyl malonate 
levels and VEP, median SEP, tibial SEP, 
and MEP parameters (p>0.05). 

 

Table 1: Motor Nerve Conduction Studies: Controls/Patients 

  Latency (ms) 

Mean ± SD 

(p) 

CMAP amplitude 

(mV) 

Mean ± SD 

(p) 

NCV (m/s) 

Mean ± SD 

(p) 

F Wave 

Latency (ms) 

Mean ± SD 

(p) 

Median 3.1±0.6/ 3.2±0.4 

p=0.29 

7.1±2.1 / 7.2±3.7

p=0.61 

59.6±4/ 56.6±4 

p=0.06 

25±2/25.1±2 

p=0.85 

Ulnar 2.4±0.4/ 2.5±0.1 

p=0.44 

6.9±1.5 / 7±3.3 

p=0.32 

63±5/ 63±5 

p=0.53 

25.1±2/ 25.4±2

p=0.62 

Peroneal 4.1±0.7/ 3.9±0.6 

p=0.22 

4.1±0.8 / 3.9±1.5

p=0.14 

48.9±4/ 49.2±5 

p=0.71 

44.2±3/ 44.4±3

p=0.93 

Tibial 4.4±0.3/ 4.5±1.1 

p=0.43 

5.0±1 / 4.5±2 

p=0.29 

45.2±2/ 45.1±3 

p=0.89 

47±4/47±5 

p=0.38 

 

Table 2: Sensory Nerve Conduction Studies: Controls/Patients 

  Latency (ms) 
Mean ± SD 
(p) 

SNAP amplitude (µV) 
Mean ± SD 
(p) 

NCV (m/s) 
Mean ± SD 
(p) 

Median 2.4 ± 0.1 / 2.5 ± 0.4 
p=0.07 

41.5 ± 22 / 38.4 ± 24 
p=0.45 

56.7 ± 5 / 54 ± 7 
p=0.21 

Ulnar 2.1 ± 0.3 / 2.2 ± 0.2 
p=0.30 

44 ± 23/ 41 ± 33 
p=0.83 

55.4 ± 5/ 55 ± 4 
p=0.56 

Sural 2.5 ± 0.4 / 2.6 ± 0.3 
p=0.87 

21 ± 6/ 21 ±12 
p=0.91 

50.2 ± 5/ 49 ± 5 
p=0.17 
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Table 3: Results of  Visual Evoked Potentials  (N75, P100, N145), Median Somatosensorial  
Evoked Potentials  (N20, P25) and  Tibial Somatosensorial  Evoked Potentials (N35,P40) in 
the Control and Patient Groups 
 

 Latency (ms) Control Group 

Mean ± SD 

Patient Group        

Mean ± SD  

    p 

Right N75        71.7 ±2.2       73.1 ±2.6   0.07 

Right P100      102 ±4.3      103.2 ±3.1   0.96 

Right N145      135.5 ±9.3      136.2 ±9.8   0.91 

Left N75        73.3 ±3.1        74.4 ±3.5   0.62 

Left P100      101.8 ±4.6      102.4 ±4.3   0.93 

Left N145      133.8 ±10.7      134 ±10.2   0.62 

Right N20        19.6 ±1.5        19.9 ±1   0.48 

Right P25        24.2 ±2.7        25 ±2.5   0.08 

Left N20        19.2 ±1.5       19.6 ±1   0.46 

Left P25        24.1 ±2.8       24.9 ±2.4   0.15 

Right  N35       33.4±4.8       32.5 ±2.0   0.57 

Right  P40      39.3 ±3.4       39.5 ±2.8   0.65 

Left N35      33.4 ±1.5       33.6 ±1.1   0.56 

Left P40      39.1 ±2.2       39.3 ±1.8   0.62 

 

 

 

Table 4: Results of Motor  Evoked Potentials in the Control and Patient Groups Recorded 
from APB Muscles 
 

    Controls     Patients      p 

Right cortical latency (ms)  20.1 ±1.7    20.8 ±1.9   0.15 

Right central motor conduction time (ms)    8.2 ±1.3      8.7 ±1.6   0.38 

Left cortical latency (ms)   19.9 ±1.9     20.9 ±2.0    0.28 

Left central motor conduction time (ms)     8.3 ±1.5       8.9 ±1.9    0.49 
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DISCUSSION 

Vitamin B12 (cobalamin) is a water-
soluble vitamin that is required as a 
cofactor in several enzymatic reactions. 
One of them is the conversion of 
methylmalonyl Co A to succinyl CoA in 
which adenosylcobalamin is required as a 
cofactor. Lack of adenosylcobalamin may 
lead to accumulation of methylmalonyl 
CoA, causing a decrease in normal myelin 
synthesis and leading to incorporation of 
abnormal fatty acids into neuronal lipids(4). 
Vitamin B12 deficiency is therefore 
suggested to result in defective myelin 
synthesis leading to diverse central and 
peripheral nervous system dysfunction(23). 

Though there is much debate regarding the 
appropiate method for the diagnosis of 
vitamin B12 deficiency, the diagnosis is 
often made according to the low levels of 
serum vitamin B12(23). Classic laboratory 
findings of low serum vitamin B12, 
macrocytic red blood cell indices, and 
megaloblastic anemia were not always 
present(25). Hematologic indices are normal 
in up to 30% of patients with vitamin B12 
deficiency, and results of the Schilling test 
may be normal in patients with symptoms 
of deficiency(11). 

A wide variety of neurologic symptoms 
and signs were encountered including 
ataxia, loss of cutaneous sensation, muscle 
weakness, diminished or hyperactive 
reflexes, spasticity, urinary or fecal 
incontinence, orthostatic hypotension, loss 
of vision, dementia, psychoses, and 
disturbances of mood(16). In our study, we 
have excluded the patients with neurologic 
symptoms and examined asymptomatic 
patients. 

Nerve conduction studies of vitamin B12 
deficient patients with clinically apparent 
neuropathy have shown decreased 
amplitudes of mostly sensory nerves in a 
majority of cases(10,12,20). Some studies 
have shown sensory demyelinating 
polyneuropathy(3,30) or motor 

demyelinating polyneuropathy(5) or 
sensory-motor demyelinating 
polyneuropathy findings(11,13,22,28). F-wave 
latency may be prolonged, and there may 
be an increase in F wave 
chronodispersion(26). Most of the patients 
have improved after the administration of 
vitamin B12(22,28,30) unless the irreversible 
damage of the axons was seen in 
predominantly axonal neuropathy(11,20). 

In the literature there are a few studies that 
have investigated the electrophysiologic 
parameters in neurologically asymptomatic 
patients with B12 deficiency. Boylu et al 
have found the prolongation of the 
latencies and reduction of nerve 
conduction velocities of common peroneal 
and sural nerves of the patients with 
vitamin B12 deficiency as compared with 
healthy subjects(6). In our study, there was 
no significant difference for any of the 
nerve conduction study parameters 
between the neurologically asymptomatic 
patients with vitamin B12 deficiency and 
the control group (p>0.05). This maybe 
due to the younger age of our study 
population and detailed examination of the 
patients for any disease that could effect 
nerve conduction studies. 

Vitamin B12 deficiency is known to effect 
the visual pathways(10,11,21,22). Optic 
neuropathy is a rare complication of 
vitamin B12 deficiency which may 
proceed to visual failure if not diagnosed 
early(19,26). Chronic vitamin B12 deficiency 
was suggested to result in chronic 
demyelination and remyelination which 
had resulted in prolongation of P100 
latency(11,22,24). In a few studies, patients 
with B12 deficiency but without visual 
symptoms were examined and a delay of 
P100 latency was displayed(26,32) that 
usually returned to normal after 
treatment(24). In our study, 
neuroophtalmogical examination of the 
patients was normal and no prolongation of 
P100 latency was observed as compared 
with healthy subjects. 
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Somatosensorial evoked potentials have 
also been reported to be abnormal in 
patients with neurological 
syndrome(1,10,11,14,15,23). A significant 
correlation was found between the disease 
duration and N20 latency, whereas similar 
correlation was not found between P37 
latency(26). Some studies have revealed 
higher frequency of abnormalities in lower 
extremity nerves (tibial and peroneal) 
compared to upper extremities (median) of 
the patients with neurological 
syndrome(11,13,21) and a right to left 
asymmetry was observed in tibial SEP(22). 

There are a few studies that have 
investigated neurologically asymptomatic 
patients with SEP studies. Jones et. al have 
examined vegetarian patients with low 
vitamin B12 levels and have reported mild 
sensory symptoms suggestive of peripheral 
neuropathy in 33% of them and 16% had 
clinical signs as diminished sensation and 
depressed tendon jerks while the remaining 
patients were asymptomatic. No peripheral 
or central SEP abnormalities were seen in 
both neurologically asymptomatic and 
symptomatic Patients(15). Boylu et al. have 
investigated the patients with tibial SEP 
and found no prolongation of P40 
latency(6). In our study, we have found all 
of the latencies of median and tibial SEPs 
in normal ranges. There was also no right 
to left asymmetry (p>0.05). 

Motor pathways may also be effected in 
vitamin B12 deficiency. Prolongation of 
CMCT can be mild to moderate and can be 
due to desynchronisation of descending 
volleys in the motor pathways(13,22,23,31,35). 
TheCMCT changes are consistent with the 
demyelination of lateral column and 
histopathologically pyramidal pathways 
are regularly involved at cervicodorsal 
region in vitamin B12 deficiency(18). All of 
these studies have investigated 
neurologically symptomatic patients. In the 
literature we could not find a study that has 
examined the asymptomatic patients with 
vitamin B12 deficiency with MEP studies. 
In our study, there was not an impairment 

in MEP parameters. We suspect that, 
vitamin B12 deficiency has been detected 
so early that demyelinating changes have 
not begun yet. 

There are few studies proposing a 
correlation between laboratory findings 
and neurological findings in vitamin B12 
deficiency. Serum vitamin B12 level was 
found to correlate with sural SNAP and 
prolonged latency of tibial SEP 
responses(26) while in another study no 
correlation was found between 
electrophysiological and laboratory 
findings(33). In our study, there was no 
correlation between serum vitamin B12 
levels and electrophysiological parameters 
(p>0.05). 

In conclusion, to our knowledge, this is the 
first study that has investigated 
neurologically asymptomatic patients with 
B12 deficiency by nerve conduction 
studies, visual evoked potentials, 
somatosensory evoked potentials, and 
motor evoked potentials. The 
electrophysiological findings may be 
normal in neurologically asymptomatic 
patients with vitamin B12 deficiency if the 
patients are diagnosed early and the 
suitable treatment is important to prevent 
neurological symptoms, progressive 
adverse outcomes and irreversible 
neurological complications. 
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