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Abstract

Introduction: Vitamin B12 deficiency continues to be an important health problem in developing countries with a wide
spectrum of neurological and other system findings. Early diagnosis and appropriate treatment are essential to prevent
permanent damage. In our study, we aimed to evaluate the demographic, clinical, radiological, and electrophysiological
characteristics of the cases who applied to pediatric neurology outpatient clinic and had Vitamin B12 deficiency.

Methods: Among the patients presenting to the pediatric neurology department between January 2020 and June 2020, pa-
tients with Vitamin B12 deficiency were included in the study. Vitamin B12 deficiency was classified as subclinical deficiency
(200-300 pg/mL), deficiency (160-199 pg/mL), and severe deficiency (<160 pg/mL). Demographic, clinical, radiological, and
electrophysiological findings were analyzed.

Results: Vitamin B12 deficiency was found in 210 (21.4%) of 978 patients. The mean age was 3.3+5.1 years (1 month-17
years). About 53.3% (n: 112) of the patients were male. The most common complaints were seizures (n:59, 26.8%), headache
(n:41, 18.6%), and neuromotor retardation (n:14, 6.3%). Subclinical deficiency was observed in 98 (46.7%) of the patients,
deficiency in 55 (26.2%), and severe deficiency in 57 (27.1%). Nine patients (4.2%) showed improvement in symptoms after
Vitamin B12 treatment, of whom the complaints were headache (n:5, 2.3%), tremor (n:2, 0.9%), forgetfulness (n:1, 0.5%), and
dizziness (n:1, 0.5%).

Discussion and Conclusion: While Vitamin B12 deficiency was observed at a high rate, the complaints regressed with Vi-
tamin B12 treatment in 4.2% of the cases. These complaints, which completely regressed with treatment, were headache,
tremor, forgetfulness, and dizziness.
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itamin B12, also known as cobalamin, is a water-solu-

ble vitamin of which main source is animal products
such as red meat, dairy products, and eggs. After absorp-
tion, Vitamin B12 acts as a cofactor for enzymes involved
in the synthesis of deoxyribonucleic acid, fatty acids, and
myelin. Excess Vitamin B12 is stored in the liver, reducing
the likelihood of deficiencyl'l. Depletion of liver stores
leads deficiency mainly due to nutritional deficiency or
malabsorption. A wide range of prevalence has been re-
ported, ranging from 14 to 73.5% in children in develop-
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ing countries213], The concept of broad spectrum also
applies to signs and symptoms in Vitamin B12 deficiency.
As well as, non-neurological symptoms such as growth
retardation, vomiting, anorexia, fatigue, drowsiness, pale
skin, rapid heartbeat and breathing, abdominal pain,
weight loss, diarrhea or constipation, lack of motivation,
neurological signs, and symptoms with or without hema-
tological disorders are included in this spectrum. Muscle
weakness, numbness, tingling, and other sensory distur-
bances such as vibration, proprioception, loss of taste or
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smell, ataxia, visual impairment, dizziness, urinary or fecal
incontinence, personality changes, memory impairment,
seizures, hypotonia, and developmental delay are only a
few components of the long list of neurological presen-
tations. A high level of awareness, especially in children
with mild symptoms, is required to prevent permanent
neurological damage due to Vitamin B12 deficiency!’. In
this study, we aimed to evaluate the demographic, clini-
cal, radiological, and electrophysiological findings of the
patients with Vitamin B12 deficiency followed in the pe-
diatric neurology department of Dokuz Eylul University
Faculty of Medicine with a particular focus on those who
benefit from replacement therapy.

Materials and Methods

Archival records of all cases followed up by the pediatric
neurology department of Dokuz Eylul University Faculty
of Medicine between January 2020 and June 2020 were
retrospectively analyzed of those with low Vitamin B12
levels were included in the study. Vitamin B12 deficiency
was classified as subclinical deficiency (200-300 pg/mL),
deficiency (160-199 pg/mL), and severe deficiency (<160
pg/mL)!15-18] While patients with deficiency and severe
deficiency were treated with intramuscular cyanocobal-
amin, oral cobalamin was used in patients with deficiency.
Demographic, clinical, radiological, and electrophysiolog-
ical findings of the patients were analyzed with the infor-
mation obtained from patient files and system data. The
accepted upper limits for neurodevelopmental stages
were responsive social smile at 3 months, head control at
4 montbhs, sitting with support at 6 months, sitting with-
out support at 9 months, and independent walking at
18 months!1920], The age limits for language retardation
were accepted as age of two for a single word, and age of
three for the inability to form a two-word sentence. The
study was approved by Dokuz Eylul University Faculty of
Medicine Ethics Committee (approval number: 2021/26-
41) and conducted in accordance with the Declaration of
Helsinki.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows version 22.0 (IBM Corp., Armonk, NY, USA). The
normality of the distribution of numerical variables was
evaluated using the Kolmogorov-Smirnov test. Numerical
variables were expressed as median (minimum [min]-max-
imum [max]), and categorical variables were expressed as
numbers and percentages (%).

Results

Demographic Features

Vitamin B12 level was below 300 pg/mLin 210 (21.4%) of
978 patients who were examined in the outpatient clin-
ics of Dokuz Eylul University Faculty of Medicine pedi-
atric neurology department between January 2020 and
June 2020. In terms of severity, 98 patients (46.7%) had
subclinical deficiency, 55 (26.2%) had a deficiency, and
57 (27.1%) had severe deficiency. The patients were be-
tween 1 month and 17 years of age (median 3.3 years).
About 53.3% (n=112) of the patients were male. There
was consanguineous marriage between the parents in
8.1% (n=17). A family history of neurological disease
was found in 17.1% (n=36). Of these, 14 were epilepsy
(6.6% in all cases, 38.8% in cases with a family history
of neurological disease), nine were migraine (4.3% in all
cases, 25% in cases with a family history of neurologi-
cal disease), four unspecified neuromuscular diseases
(1.9% in all cases, 11.1% in cases with a family history of
neurological disease), two each with psychomotor retar-
dation and pervasive developmental disorder (1% in all
cases, 5% in cases with a family history of neurological
disease), and one each of them was neurobehcet, tuber-
ous sclerosis, Gullian-Barre syndrome, multiple sclerosis,
and unspecified neurodegenerative disease (0.5% of all
cases, 2.7% of cases with a family history of neurologi-
cal disease). Three (1.4%) patients had a family history of
febrile seizures.

Complaints of the Patients

A total of 220 complaints, including more than one in
ten patients, were evaluated. The most common com-
plaints were seizures (n=59, 26.8%), headache (n=41,
18.6%), presentation for routine control of epileptic pa-
tients (n=31, 14%), growth retardation (n=14, 6.3%, and
weakness (n=10, 4.5%). There were 101 complaints in the
female gender in three of whom had more than one com-
plaint, including seizures (n=29, 13.2%), headache (n=27,
12.2%), and routine follow-up visits of patients with
epilepsy (n=10, 4.5%), developmental delay (n=5, 2.3%),
and fainting (n=5, 2.3%). On the other hand, in males,
seven patients had more than one complaint, a total of
119 reasons were evaluated, and seizures (n=30, 13.6%),
routine control of patients with epilepsy diagnosis (n=21,
9.5%), headache (n=14, 6.4%), developmental delay (n=9,
4%), and weakness (n=8, 3.6%) were the most common
reasons for admission (Table 1).
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Table 1. Presentation complaints of the patients
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Complaints Female, n (%) Male, n (%) Total, n (%)
Seizure 29(13.2) 30(13.6) 59 (26.8)
Headache 27 (12.2) 14 (6.4) 41(18.6)
Routine follow-up 10 (4.5) 21 (9.5) 31(14)
Developmental delay 5(2.3) 9(4) 14 (6.3)
Weakness 2(0.9) 8(3.6) 10 (4.5)
Fainting 5(2.3) 3(1.3) 8 (3.6)
Language developmental delay 2(0.9) 5(2.3) 7 (3.2)
Dizziness 2(0.9) 5(2.3) 7(3.2)
Behavioral problems 2(0.9) 3(1.3) 5(2.2)
Tremor 3(1.3) 2(0.9) 5(2.2)
Prematurity follow-up 1(0.5) 3(1.3) 4(1.8)
Pain in the limbs 3(1.3) - 3(1.3)
Premature closing of fontanelle 2(0.9) 1(0.5) 3(1.3)
Numbness 2(0.9) 1(0.5) 3(1.3)
Tic - 3(1.3) 3(1.3)
Forgetfulness - 2(0.9) 2(0.9)
Large head circumference - 2(0.9) 2(0.9)
Blurred vision 1(0.5) - 1(0.5)
Hallucination - 1(0.5) 1(0.5)
Frequent falling 1(0.5) 1(0.5)
High creatine kinase - 1(0.5) 1(0.5)
Stereotypy - 1(0.5) 1(0.5)
Hyperpigmented lesion 1(0.5) 1(0.5)
Speech disorder - 1(0.5) 1(0.5)
Facial asymmetry 1(0.5) - 1(0.5)
Strabismus (0.5) - 1(0.5)
Loss of vision (0.5) - 1(0.5)
Control after neonatal jaundice - 1(0.5) 1(0.5)
Head deformity - 1(0.5) 1(0.5)
incontinence - 1(0.5) 1(0.5)

Neurodevelopment and Neurologic Examination

Since one patient was adopted, information about neuro-
motor developmental stages could not be obtained. The
responsive social smile of the patients was median of 2.2
months (min-max: 1-6 months). The ages of two (0.9%)
patients were too young to perform this particular neuro-
motor developmental step. However, in 7 (3.3%), despite
appropriate age, this neuromotor milestone could not be
performed. Head control was achieved at a median age of
2.6 months (min-max: 1-9 months). Two (0.9%) patients
were too young to perform this neuromotor developmen-
tal step and 8 (3.8%) patients could not do this step, despite
being age-appropriate. The median time of sitting with
support was 5.5 months (min-max: 4-24 months), while
7 (3.3%) patients were too young to perform this step.
Eight (3.8%) patients had never performed this step, al-

though they were age appropriate. Sitting without support
was performed between 5 and 18 months (median: 7.2
months). The number of both those who were too young
to perform this step and those who could not perform this
step despite appropriate age was 12 (5.7%). While the pa-
tients started to walk independently at a median of 13.8
months (min-max: 9-48 months), the patients who were
too young to perform this step and could not do this step
despite their age were 21 (10%) and 14 (6.6%) in number,
respectively. The onset of single-word use was between 8
and 84 months (median 15). While the number of patients
who were too young to speak yet was 19 (9%), 14 (6.6%)
were those who could not perform this step despite their
age appropriateness. Formation of two-word sentences
started between 15 and 60 months (median 23.1). While 25
(11.9%) of the patients were too young to form a two-word



380 Gunay et al., Vitamin B12 Deficiency in Pediatric Neurology Practice / doi: 0.14744/hnh;j.2022.96729

sentence, 27 (12.8%) did not perform this developmental
step despite being appropriate for their age. Responsive
social smile, head control, sitting with support, sitting with-
out support, independent walking, single-word use, and
forming two-word sentences were detected above the de-
fined upper limitin 23 (10.9%), 19 (9%), 18 (8.5%), 20 (9.5%),
17 (8.1%), 9 (4.3%), and 3 (1.4%) patients, respectively.

Regression in acquired abilities was observed in 5 (2.4%)
patients in whom the diagnoses were epilepsy (n=2, 0.9%),
Limb-Girdle muscular dystrophy Type 2a (n=1, 0.5%), per-
vasive developmental disorder (n=1, 0.5%), and demyeli-
nating disease (n=1, 0.5%). The number of patients with
normal neurological examination was 171 (81.4%). More
than one abnormal examination finding was detected in
14 of the patients. The most common abnormal findings
were very brisk deep tendon reflexes (n=18, 8.6%), muscle
weakness (n=9, 4.3%), and spasticity (n=6, 2.8%) (Table 2).

Diagnoses

No neurological disease was detected in 49 (23.3%) of the
cases, while 22 (10.4%) had more than one diagnosis. The
most common diagnoses were epilepsy (n=72, 34.2%), mi-
graine (n=14, 6.6%), cerebral palsy (n=11, 5.2%), non-spe-
cific headache (n=111, %) 5.2), global developmental delay
(n=11, 5.2%), syncope (n=9, 4.2%), and microcephaly (n=6,
2.8%). In the analysis by gender, in girls, the most com-
mon diagnoses were epilepsy (n=33, 15.7%), non-specific
headache (n=9, 4.2%, and migraine (n=8, 3.8%). In boys,
epilepsy (n=39, %). 18.5), cerebral palsy (n=8, 3.8%), and
migraine (n=6, 2.8%) were the most common ones. Lan-
guage development delay and autism spectrum disorder

Table 2. Abnormal neurological examination findings of the patients

Number Percentage
Very brisk deep tendon reflexes 18 8.6
Muscle weakness 9 43
Spasticity 6 2.8
Hypoactive deep tendon reflexes 4 1.9
Hyperpigmented lesion 3 14
Facial asymmetry 2 0.9
Loss of deep tendon reflexes 2 0.9
Microcephaly 2 0.9
Dysmorphism 2 0.9
Strabismus 1 0.5
Nystagmus 1 0.5
Hypoesthesia 1 0.5
Macrocephaly 1 0.5
Muscle atrophy 1 0.5

were reported in 5 (2.3%) patient each. Four patients (1.9%)
had febrile seizure. Pseudotumor cerebri, hydrocephalus,
multiple sclerosis, limb-girdle muscular dystrophy Type 2A,
essential tremor, central vertigo, structural macrocephaly,
Poland syndrome, intracranial mass, and undefined neu-
romuscular disease were identified in two patients each
(0.9%). Furthermore, in one patient each (0.5%), acute
psychotic attack, spina bifida, viral myositis, carpal tunnel
syndrome, central facial paralysis, tic disorder, and breath-
holding spells were described.

Neuroimaging Findings

Forty-seven (22.3%) patients were evaluated with brain
computed tomography in which 11 (5.2%) revealed abnor-
mal results consisting of encephalomalacia, hydrocephalus,
and intracranial mass in two patients each (0.9%) and
Arnold-Chiari malformation, periventricular leukomalacia,
cerebral atrophy, calcification, and intracranial hemorrhage
in one patient (0.5%) each. Brain magnetic resonance imag-
ing (MRI) was performed in 127 (60.4%) patients. A total of
58 abnormal results were obtained in 49 (24.2%) cases, with
more than one abnormality in seven patients. The most
common abnormal findings were non-specific T2 signal in-
crease (n=10, 4.7%), gliosis (n=9, 4.2%), encephalomalacia
(n=5, 2.3%), and cortical dysplasia (n=4, 1.9%). Periventric-
ular leukomalacia, intracranial mass, hydrocephalus, thin
corpus callosum, and arachnoid cysts were detected in three
patients each (1.4%), while Arnold Chiari malformation,
venous angioma, demyelinating disease-related findings,
and pineal cyst were observed in two patients each (0.9%).
In one patient each (0.5%), signs of increased intracranial
pressure syndrome, cerebral atrophy, and intracranial hem-
orrhage were described. Magnetic resonance spectroscopy
was performed and was normal in 2 (0.9%) patients. Spinal
MRI was performed in 5 (2.3%) patients, and plaque and sy-
ringomyelia associated with demyelinating disease were de-
tected in one patient each (0.5%).

Electrophysiological Study

Electroencephalography was performed in 106 (50.4%)
patients in whom abnormal findings were identified in
51 (24.2%). The most common electroencephalographic
abnormality was focal epileptic discharge (n=27, 12.8%).
Generalized epileptic discharge (n=18) and dysrhythmia
(n=6) were observed in 8.5% and 2.8%, respectively. Seven
(3.3%) patients were evaluated with electromyography
which demonstrated demyelinating polyneuropathy and
mixed sensorimotor polyneuropathy were detected in one
patient each (0.5%).



Gunay et al., Vitamin B12 Deficiency in Pediatric Neurology Practice / doi: 0.14744/hnh;j.2022.96729 381

Developmental Screening Tests

Patients with certain developmental delays were evaluated
with developmental screening and intelligence tests such as
Ankara Developmental Screening Inventory (AGTE), Denver I,
and revised Wechsler's intelligence test for children (WISC-R).
Denver Il developmental screening inventory was performed
in 23 (10.9%) patients. Twenty-two (10.4%) patients had de-
velopmental delay of which global developmental delay
(n:19, 9%) was the most common one. Delays in the language
and gross-fine motor skills were detected in 2 (0.9%) and in 1
(0.5%) patients, respectively. Moreover, AGTE was performed
in 5 (2.3%) patients, 1 (0.5%) normal result and 4 (1.8%) global
growth retardation were observed. In WISC-R, 1 (0.5%) normal
result and 4 (1.8%) cognitive retardation were identified.

Vitamin B12 Levels

Of all patients in this cohort, Vitamin B12 levels were be-
tween 65 and 299 pg/mL (median: 198.1). While subclin-
ical deficiency (200-300 pg/mL) was detected in most of
the cases (n=98, 46.7%), deficiency (160-199 pg/mL), and
severe deficiency (<160 pg/mL) were found in 55 (26.2%)
and 57 (27.1%) patients, respectively. Of the patients with
subclinical deficiency, 53 (25.2%) were female and the age
range was fairly wide as 1 month-17 years (median 37
months). In cases with deficiency, male gender predomi-
nated (n=31, 14.7%), while the median age was 35 months
(min-max: 1 month-17 years). While male gender was more
common (n=36, 17.1%) in cases with severe deficiency, the
median age was 49.7 months (1 month-17 years).

After the optimal treatment, the control Vitamin B12 lev-
els were between 97 and 1500 pg/mL (median 353). In
patients whose Vitamin B12 levels could not be increased
with treatment (n=13, 6.1%), the median Vitamin B12 level
was 195.7 (min-max: 97-269) pg/mL. The median Vitamin
B12 levels were 229.3 (min-max: 172-288) pg/mL in pa-
tients (n=22, 10.4%) in whom, after treatment, Vitamin B12
levels improved, but not in sufficient amounts. Adequate
improvement in Vitamin B12 levels after treatment was
seenin 33 (15.7%) patients with a median Vitamin B12 level
of 497.7 (min-max: 300-1500) pg/mL.

In this cohort, after adequate improvement in Vitamin B12
levels, nine patients had complete improvement of symp-
toms and/or signs consisting of headache (n=5, 2.3%),
tremor in the hands (n=:2, 0.9%), forgetfulness (n=1, 0.5%),
and dizziness (n=1, %). 0.5). While the median Vitamin B12
values of these cases were 209.1 (min-max: 130-293) pg/
mL at the beginning, after treatment, the median value was
found as 456.6 (min-max: 300-923) pg/mL.

Discussion

The prevalence studies of Vitamin B12 deficiency are
mostly limited to regional reports. Despite the frequency in
clinical practice of pediatric patients. Although a very low
rate as 0.37% was reported in one study in Tirkiye (0.37%),
in another study, the prevalence in 0-3, 3-10, and 10-16
age groups was found to be 53.8%, 43.3%, and 75.7%, re-
spectively!2122] |n other countries, Vitamin B12 deficiency
was reported at rates ranging from 14 to 73.5%[213.23-25],
Vitamin B12 deficiency was found in 21.4% of the patients
in our study. This broad range of rates in the literature can
be explained by the heterogeneity of age, gender, and so-
ciodemographic characteristics in the study groups. Stud-
ies on Vitamin B12 deficiency have generally been con-
ducted for certain age groups. Goyal et al.[Zl reported that
the mean age of cases with Vitamin B12 deficiency in chil-
dren aged 6-60 months with malnutrition was 11.4+4.22
months. In a study investigating Vitamin B12 deficiency in
1-12 months-old patients aged 1-12 months in India, Vita-
min B12 deficiency was reported in 22%. Under 4 months
of age, this rate was 11%, but patients over 4 months of age
had a higher incidence (27%) which has been attributed to
increased metabolic need(®l.

In a study evaluating the neurological findings related to Vi-
tamin B12 deficiency, the age of the patients was reported
to be approximately 8.51 years!'#. The mean age of patients
with Vitamin B12 deficiency was 3.1+1.0 years in a study in
Turkiye investigating the relationship between Vitamin B12
level and hematological parameters('9l. In a study in which
the relationship between Vitamin B12 deficiency and clini-
cal symptoms was investigated in Tiirkiye, the mean age of
the patients was 9.4+4.8 years in patients with Vitamin B12
levels <200 pg/mL and 9.1+4.4 years in patients with <300
pg/mL[22l The different mean ages in the study groups can
be explained by the fact that the studies were conducted
only in certain age groups, as well as the different dietary
habits of the populations and the inclusion of only patients
with clinical manifestations of B12 deficiency.

In our study, optimal replacement treatment has been
shown to give rise to improve in the neurological condi-
tions which were headache (n=5, 2.3%), tremor (n=2, 0.9%),
forgetfulness (n=1, 0.5%), and dizziness (n=1,0.5%), in 4.2%
of patients overall. In a study evaluating Vitamin B12 de-
ficiency in anemic children, neurological symptoms were
narrated in 22.5% of the patients of whom 80%, approxi-
mately 18% of all cases, was particularized with Vitamin B12
deficiency. The most common neurological symptoms in
the group with Vitamin B12 deficiency were muscle weak-
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ness (46.8%), fatigue (45%), behavioral changes (7.2%), and
developmental delay (6.3%). Headache, forgetfulness, and
dizziness, which were symptoms that improved with treat-
ment in our study, were not reported, but tremor (0.9% in
our study) was present in 3.6% of the patients[2l. However,
the lack of data on whether the clinical findings regressed
with the Vitamin B12 treatment of the patients in that par-
ticular study makes the certainty that the clinical pictures
were caused by Vitamin B12 deficiency was questionable.
Furthermore, the fact that the patients included in the
study suffered anemia in most of which etiologies other
than Vitamin B12 deficiency were identified indicates that
the neurological manifestations could be rationalized by
diverse reasons. Chhabra et al.[3l showed that neurological
symptoms were present with a rate of 11.1% in pediatric
patients with megaloblastic anemia secondary to Vitamin
B12 deficiency. Aaron et al.2”) and Cui et al.[28! found neu-
ropsychiatric and cognitive dysfunctions associated with
Vitamin B12 deficiency in 3% of the study population. In a
study conducted in our country in which the neurological
findings in pediatric patients with Vitamin B12 deficiency
were investigated, Vitamin B12 treatment has been shown
to improve neurological conditions including hypotonia
(23.7%), fatigue (21%), syncope (15.8%), dizziness (10.5%),
seizure (10.5%), numbness (7.9%), unable to sit/walk with-
out support/gait ataxia (5.2%), tremor (2.6%), and blurred
vision (2.6%). In the same study, the median Vitamin B12
levels of the patients were 137.18 and 680.63 pg/ml before
and after treatment, respectively('4. In our study, while the
median Vitamin B12 values were 209.1 pg/mL at the begin-
ning, it was found to be 456.6 pg/mL after the treatment.
Differences in dietary habits, timing of follow-up examina-
tions, and compliance with treatment may be the reasons
for the difference in vitamin levels before and after treat-
ment. The fact that there are quite different clinical condi-
tions and rates in the literature compared to our study may
be due to the dissimilarity in study durations, disparate lev-
els of pre-treatment Vitamin B12 deficiency, and heteroge-
neous study groups.

Conclusion

In our study, Vitamin B12 deficiency was found at a high
rate in patients in the pediatric neurology outpatient
clinics. Complaints consisting of headache, tremor in the
hands, forgetfulness, and dizziness improved in 4.2% of the
patients with Vitamin B12 treatment. Although neuroimag-
ing and electrophysiological examinations do not give a
specific result, the usefulness in the differential diagnosis
process is indisputable. In Vitamin B12 deficiency, the level

of which can be measured in many centers and the pro-
gression of the disease can be prevented with rapid and
correct treatment, we believe that a careful and conscious
approach is essential.

Ethics Committee Approval: The study was approved by Dokuz
Eylul University Faculty of Medicine Ethics Committee (approval
number: 2021/26-41) and conducted in accordance with the
Declaration of Helsinki.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: C.G.; Design: C.G., G.S.U,,
0.0., ASHK, Supervision: U.Y; Materials: G.S.U.,, 0.0, ASHK;
Data Collection or Processing: C.G., G.S.U, 0.0; Analysis or Inter-
pretation: C.G., G.S.U, 0.0, ASHK, U.Y; Literature Search: C.G.,
G.S.U., 0.0,; Writing: C.G., AS.HK.; Critical Review: C.G., G.S.U,
0.0,ASHK, UY.

Conflict of Interest: None declared.

Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References

1. Ankar A, Kumar A.Vitamin B12 Deficiency. Available at: https://
www.ncbi.nlm.nih.gov/books/NBK441923/. Accessed Sep 22,
2023.

2. Goyal S, Tiwari K, Malviya S, Asif M. Cobalamin and folate status
in malnourished children. Int J Contemp Pediatr 2017;4:1480-
4,

3. Chhabra A, Chandar V, Gupta A, Chandra H. Megaloblas-
tic anaemia in hospitalised children. J Indian Acad Clin Med
2012;13:195-7.

4. Gomber S, Kumar S, Rusia U, Gupta P, Agarwal KN, Sharma S.
Prevalence & etiology of nutritional anaemias in early child-
hood in an urban slum. Indian J Med Res 1998;107:269-73.

5. Stabler SP, Allen RH. Vitamin B12 deficiency as a worldwide
problem. Annu Rev Nutr 2004;24:299-326.

6. Allen LH, Rosado JL, Casterline JE, Lopez P, Mufioz E, Garcia OP,
et al. Lack of hemoglobin response to iron supplementation
in anemic mexican preschoolers with multiple micronutrient
deficiencies. Am J Clin Nutr 2000;71:1485-94.

7. Chandra J, Jain V, Narayan S, Sharma S, Singh V, Kapoor AK, et
al. Folate and cobalamin deficiency in megaloblastic anemia
in children. Indian Pediatr 2002;39:453-7.

8. Azad C, Jat KR, Kaur J, GuglaniV, Palta A, Tiwari A, et al. Vitamin
B12 status and neurodevelopmental delay in Indian infants: A
hospital-based cross-sectional study. Paediatr Int Child Health
2020;40:78-84.

9. Taneja S, Bhandari N, Strand TA, Sommerfelt H, Refsum H,
Ueland PM, et al. Cobalamin and folate status in infants and
young children in a low-to-middle income community in In-
dia. Am J Clin Nutr 2007;86:1302-9.

10. Hanumante NM, Wadia RS, Deshpande SS, Sanwalka NJ,
Vaidya MV, Khadilkar AV. Vitamin B12 and homocysteine



Gunay et al., Vitamin B12 Deficiency in Pediatric Neurology Practice / doi: 0.14744/hnh;j.2022.96729

11.

12.

13.

14.

15.

16.

17.

18.

19.

status in asymptomatic Indian toddlers. Indian J Pediatr
2008;75:751-3.

Mittal M, Bansal V, Jain R, Dabla PK. Perturbing status of Vita-
min B12 in Indian infants and their mothers. Food Nutr Bull
2017;38:209-15.

Kadiyala A, Palani A, Rajendraprasath S, Venkatramanan
P. Prevalence of Vitamin B12 deficiency among exclu-
sively breast fed term infants in South India. J Trop Pediatr
2021;67:fmaa114.

Bellows AL, Smith ER, Muhihi A, Briegleb C, Noor RA, Mshamu
S, et al. Micronutrient deficiencies among breastfeeding in-
fants in Tanzania. Nutrients 2017; 9:1258.

Serin HM, Arslan EA. Neurological symptoms of Vitamin B12
deficiency: Analysis of pediatric patients. Acta Clin Croat
2019;58:295-302.

Green R. Indicators for assessing folate and Vitamin B-12 sta-
tus and for monitoring the efficacy of intervention strategies.
Am J Clin Nutr 2011;94:666-72.

Aydogdu Colak A, Anil M, Toprak B, Kése E, Ustiiner F. B12 vita-
min level in children and its relationship with complete blood
count parameters. J Dr Behcet Uz Child Hosp [Article in Turk-
ish] 2012;2:75-9.

Koc A, Kocyigit A, Ulukanligil M, Demir N. The frequency of
Vitamin B12 and folic acid deficiency in children 9-12 years
of age in the Sanliurfa region and their relation with intesti-
nal helminths. Cocuk Sagligi Hast Derg [Article in Turkish]
2005;48:308-15.

Garcia-Casal MN, Osorio C, Landaeta M, Leets |, Matus P, Fazz-
ino F, et al. High prevalence of folic acid and Vitamin B12
deficiencies in infants, children, adolescents and pregnant
women in Venezuela. Eur J Clin Nutr 2005;59:1064-70.

Yalaz K. Normal konusma ve dil gelisimi. In: Yalaz K, editor.
Temel gelisimsel ¢ocuk norolojisi. 2nd ed. Ankara: Hipokrat

20.

21.

22.

23.

24,

25,

26.

27.

28.

383

Kitabevi; 2018. p. 35-41.

WHO Multicentre Growth Reference Study Group. WHO mo-
tor development study: Windows of achievement for six
gross motor development milestones. Acta Paediatr Suppl
2006;450:86-95.

Baytan B, Ozdemir O, Erdemir G, Giines M. Vitamin B12 defi-
ciency: The clinical features and treatment during childhood.
Uludag Univ Tip Fak Derg [Article in Turkish] 2007;33:61-4.
Kazanci S, Saglam N, Omar R. Vitamin B12 < 300 pg/mL in chil-
dren and especially adolescents may predispose forgetful-
ness, anxiety, and unhappiness. Iran J Pediatr 2016;27:e4663.
Wright JD, Bialostosky K, Gunter EW, Carroll MD, Najjar MF,
Bowman BA, et al. Blood folate and vitamin B12: United States,
1988-94. Vital Health Stat 11. 1998;243:1-78.

Kapil U, Sareen N. Prevalence of ferritin, folate and vitamin B12
deficiencies amongst children in 5-18 years of age in Delhi.
Indian J Pediatr 2014;81:312.

Kapil U, Bhadoria AS. Prevalence of folate, ferritin and cobal-
amin deficiencies amongst adolescent in India. J Family Med
Prim Care 2014;3:247-9.

Umasanker S, Bhakat R, Mehta S, Rathaur VK, Verma PK, Bhat
NK, et al. Vitamin B12 deficiency in children from Northern
India: Time to reconsider nutritional handicaps. J Family Med
Prim Care 2020;9:4985-91.

Aaron S, Kumar S, Vijayan J, Jacob J, Alexander M, Gnana-
muthu C. Clinical and laboratory features and response to
treatment in patients presenting with vitamin B12 deficiency-
related neurological syndromes. Neurol India 2005;53:55-8.
Cui J, Wang Y, Zhang H, Cui X, Wang L, Zheng H. Isolated sub-
acute combined degeneration in late-onset cobalamin C de-
ficiency in children: Two case reports and literature review.
Medicine Baltimore 2019;98:e17334.



