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Just a vitamin? Should cobalamin (Vitamin B12) levels
be checked in children with neurological disadvantages?
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ABSTRACT

OBJECTIVE: The assay of serum cobalamin (Cbl) level is commonly used to diagnose Cbl deficiency. Unexpectedly, the ele-
vated Cbl levels may be determined in some of the patients and its interpretation is difficult. We investigated the association
between elevated Cbl levels and a variety of clinical entities in patients presenting with various neurological symptoms.

METHODS: The data were obtained from the patients’ electronic medical records in a tertiary hospital affiliated with a uni-
versity. The pediatric patients with serum Cbl levels above 1000 pg/mL were included in the study. The patients with serum
Cbl levels below 900 pg/mL and above 200 pg/mL constituted the control group.

RESULTS: The mean Cbl level of the patients with neurological problems was 1424.2+354.2 pg/mL, whereas the average
Cbl level of neurologically healthy was 1316+317.8 pg/mL, and the difference was statistically significant. While the rate of
having neurological deficits or symptoms in the study group was found to be 24%, this rate was only 18% in the control
group. Unexpectedly, despite elevated Cbl level, the high mean corpuscular volume rate was higher in the study group com-
pared to the control group.

CONCLUSION: This study highlights the importance of the disorders of Cbl metabolism in patients presenting with various
neurological symptoms. In children with neurological deficits, serum Cbl levels should be checked. In case of high Cbl level
is determined, patients should be followed up closely, and further investigations should be performed in terms of Cbl metab-
olism disorders.
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Cobalamin (Cbl) synthesization lacks in humans
and exists only in animal foods. Such food in-
cludes dairy products, meat, fish, and eggs. 2-3 mg of
Cbl is stored primarily in the liver [1]. In infancy, while
the recommended dietary intake of Cbl is 0.4 pg/day
for the ages of 0—6 months and 0.5 pg/day for 7-12
months of age, the daily requirement for children and
adolescents ranges from 0.7 to 2 pg/day [2]. The uptake
of Cbl takes place in the terminal ileum with the aid
of the intrinsic factor. After the uptake by the ileum,
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while about 20% of Cbl binds to transCbl II, most of
the remaining Cbl binds to circulating haptocorrin. The
amount of free Cbl in the circulation is negligibly low.
Haptocorrin is predominantly synthesized by myeloid
cells. There are two forms of this synthesis: The sialic
acid-rich form and the sialic acid-poor form. It is con-
sidered that the former is produced by myeloid precur-
sor cells, whereas the latter is produced more by mature
granulocytes [3]. The function of haptocorrin has yet
to be elucidated. However, it may be playing a role in
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the defense against microorganisms [4]. Vitamin B12
or Cbl has a variety of biological functions in mam-
malians. Especially, Cbl role plays in the nervous system
as a cofactor methionine synthesis from homocysteine
(methionine synthase pathway) and in hematopoiesis
as cofactor succinyl-CoA synthesis from methyl-
malonyl-CoA (methylmalonyl-CoA mutase pathway).
Cbl deficiency in children may present as megaloblas-
tic anemia or a variety of neurological symptoms such
as hypotonia, irritability, lethargy, developmental delay,
cerebral atrophy, convulsion, and movement disorders.
Even further, mental deterioration, encephalopathy, and
extrapyramidal signs may also be seen in some patients.
Favorable response is generally achieved through Cbl
support therapy, and especially neurological symptoms
may improve in a few days, although the recovery rates
may vary from one patient to another [5, 6].

The assay of serum Cbl level is commonly used to
diagnose Cbl deficiency. Unexpectedly, the elevated Cbl
levels may be determined in some of the patients and
its interpretation is difficult. In our study, the source of
inspiration was the patients admitted to the pediatric
intensive care unit due to various reasons and found to
have high values of mean corpuscular volume (MCV)
during the routine examinations. It was noteworthy
that as opposed to the expectations, serum Cbl values
were high in some of these patients; moreover, most of
these children had neurological deficits. Although Cbl
deficiency is frequently discussed in the literature, the
number of publications is very limited concerning chil-
dren with high Cbl levels. However, some studies have
recently reported that elevated serum levels of Cbl might
be a sign of serious and life-threatening diseases, such
as myeloproliferative disease, acute hepatitis, severe al-
coholic liver disease, and cirrhosis [4, 7-9].

Our primary motive was to understand the unex-
pected elevated Cbl levels and its clinical significance in
the patients suspected of Cbl deficiency. In this context,
we investigated the association between elevated Cbl lev-
els and a variety of clinical entities, including neurologi-
cal deficits, psychiatric disorders, and visual impairment.

MATERIALS AND METHODS

The pediatric patients with serum Cbl levels above
1000 pg/mL were included in the study and called as
the study group. The control group was composed of
randomized among children whose Vitamin B12 lev-
els were found to be normal during the study period.

Highlight key points
e The mean serum Cbl level of the group with neurological
problem was higher than those of neurologically healthy.

e While high MCV was detected as 20.8% among those with
neurological deficits, the rate of having high MCV was only
3.9% among those without any neurological deficits.

e Children with neurological deficits may have defects in the
metabolism and use of Cbl.

e In patients presenting with various neurological symptoms,
the Cbl metabolism disorder should be kept in mind, and
serum Cbl levels should be checked.

Patients with serum Cbl levels below 900 pg/mL and
above 200 pg/mL were considered normal. Cbl and
folate levels were measured by Simens Advia Cen-
taur® XP immunoassay system using the chemilumi-
nescence method. Those who were vegetarian received
medicine containing Cbl or valproate, and the patients
with thalassemia were excluded from the study. There
were no patients with hepatitis, alcoholic liver disease,
cirrhosis, rheumatoid arthritis, cystic fibrosis, or any
malignancy in the entire study group (the study group
and control group). In the study group, three patients
were excluded due to the use of drugs containing Cbl,
two patients due to thalassemia major, and one patient
due to chronic kidney disease (CKD). In the control
group, two patients were excluded from the study due
to CKD, one patient for type I diabetes mellitus, and
one patient for heredofamilial amyloidosis. The data
were obtained from the patients’ electronic medical
records in a tertiary hospital afliliated with a univer-
sity. All medical charts were examined by the same in-
vestigator. The neurological deficits and the secondary
pathologies (psychiatric and ophthalmological) of pa-
tients were recorded as well as their serum Cbl, folate
levels, and hematologic parameters. The patients who
presented with the change of consciousness, person-
ality change, convulsion, paresis, and paralysis were
defined as having neurological deficits. Ophthalmo-
logical (misting, bloodshot, eye pain, flashes of light,
and sensitivity to light) and psychiatric (learning dis-
orders, attention deficit, hyperactivity, and behavioral
disorders) problems were determined according to
the patient’s application to the relevant polyclinics
with any complaints.

The study was approved by the local ethics committee
with the number E-86737044-806.01.03. The study was
conducted by the Declaration of Helsinki.
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Statistical Analysis

The statistical analyses were performed using the Statis-
tical Package for the Social Sciences for Windows, re-
lease 22.0 (SPSS, Chicago, IL, USA). The results were
accounted for as meantstandard deviation or median
interquartile range (IQR), and the statistical significance
was accepted as p<0.05. While the normality of data was
tested using the Kolmogorov—Smirnov test, the Mann—
Whitney U test, or t-test was used to compare the mean
values. The Pearson or Spearman correlation analysis
was utilized to determine the correlations.

RESULTS

The data of 4360 patients were scanned and analyzed ret-
rospectively in terms of serum Cbl levels between 2016
and 2020. The percentage of those with elevated serum
Cbllevel was determined as 4.6%. A total of 300 patients
constituted the entire study, including 200 in the study
group and 100 in the control group. In the entire study
group, the median age was calculated as 4 years (min 0,
max 16) (IQR 1-10), and 41.7% (n=125) and 58.3%

(n=175) were males and females, respectively.

In the study group, the median age was 3 years (min 0,
max 16) (IQR 1-8), and 45% (n=90) and 55% (n=110)
were composed of males and females, respectively. In this
group, the mean Cbl level was detected as 1342+329.3
pg/mL (min 1000, max 2280), 95% confidence interval of
1296.1-1387.9. In the control group, the median age was
4 years (min 0, max 16) (IQR 2-13),and 35% (n=35) and
65% (n=65) were males and females, respectively. In this
group, the mean Cbl level was calculated as 364.3+144.9
pg/mL (min 109, max 918), 95% confidence interval
335.6-393.1. The age and gender distributions of the
study and control groups were similar (p>0.05).

The rate of having neurological deficits or symptoms
in the study group was found to be 24% (n=48) (Table
1). In addition, of the patients in this group, 7% had psy-
chiatric, 18.5% ophthalmological, and 10.5% had both
psychiatric and ophthalmological symptoms. While the
rate of those with normal MCV was 50.5%, the rate
of those with MCV low and high was 41.5% and 8%,
respectively. The rate of having neurological deficits or
symptoms in the control group was 18% (n=18). In ad-
dition, 6% of the patients in the control group had psy-
chiatric, 28% had ophthalmologic and 9% had both psy-
chiatric and ophthalmologic symptoms. While the rate
of MCV of the normal was 70%, the rates of MCV low
and high were 28% and 2%, respectively.

TABLE 1. Incidence of signs or symptoms in the study and
control groups

Symptoms Study group Control group p

n % n %
Neurological 48 24 18 18 >0.05
Low MCV rate 83 41.5 28 28 <0.05
Normal MCV 101 50.5 70 70 <0.05
High MCV rate 16 8 2 2 <0.05

MCV: Mean corpuscular volume.

TABLE 2. Comparison of cobalamin levels of groups in terms
of neurological deficits and secondary pathologies

Neurological
deficits (+)

Neurological p
deficits (-)

Cbl level of study group 1424.2+354.2 1316+317.8 <0.05
Cbl level of control group 344.4+121.5 368.7£149.8 >0.05

Cbl: Cobalamin.

In the study group, the mean Cbl level of the patients
with neurological deficits was 1424.24354.2, whereas
the average Cbl level of those without any neurological
deficits was 1316+317.8, and the difference was statisti-
cally significant (p<0.05) (Table 2). However, in the con-
trol group, the mean Cbl level of those with neurological
deficits was detected as 344.4+121.5, whereas the aver-
age Cbl level of those without any neurological deficits
was 368.7+149.8, and this difference was not statistical-
ly significant (p>0.05). While 9 (18.8%) of 48 patients
with neurological deficits in the study group were fed
with enteral nutrition products, three (16.7%) of 18 pa-
tients with neurological deficits in the control group were
fed with enteral nutrition products.

In the study group, while the mean Cbl level of the
patients with secondary pathologies was 1348.2+326.1,
the average Cbl level among those without any second-
ary pathologies was 1338.5+£332.3, and this difference
was not statistically significant (p>0.05). In the control
group, the mean Cbl level of those with secondary pa-
thologies was 398.6+156.1, whereas the average Cbl
level of those without any secondary pathologies was
found to be 338.4+131.3, and the difference was statis-
tically significant (p<0.05). The data including MCV,
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TABLE 3. Mean levels of folate, iron, iron-binding capacity and ferritin, and mean corpuscular volume
Study group Control group p
Folate 13.5+£6.3 11.3+4.8 >0.05
Iron 46.8+27 76.9+68.4 <0.002
IBC 306.4+67.2 286.6+81.5 >0.05
Ferritin 59.8+133.8 29.6+32.9 <0.05
MCV 75.2+17 78+7.6 >0.05
Neurological deficits (+) Neurological deficits (-) Neurological deficits (+) Neurological deficits (-)
n=48 n=152 n=18 n=82

Folate 12.3+6.9 14.2+5.8 11.2+4.4 11.5+5.5 >0.05
IBC 281.5+65.2 318.6+65.6 326.7+80 263.5+74.4 <0.05*
High MCV rate 20.8% (n=10) 3.9% (n=6) 2.4% (n=1) 2% (n=2) <0.001**

IBC: Iron-binding capacity; MCV: Mean corpuscular volume; *: The difference was between the groups with neurological deficits (+) and (-) in the control group;
**: The difference was between the groups with a neurological deficit (+) and (-) in the study group.

mean folate, iron, iron-binding capacity (IBC), and fer-
ritin level of both groups are shown in Table 3. Com-
pared to the control group, the mean serum iron level of
the study group was found to be statistically significant-
ly lower, whereas the average ferritin level was higher.
There was no difference among MCV, mean folate, and

IBC levels of both groups.

When the average folate levels were compared, no
difference was observed between those with and with-
out neurological deficits in both the study and control
groups (Table 3). In the study group, among those with
neurological deficits, the rate of the patients with high
MCV was 20.8% (n=10), whereas the rate of having
high MCV was only 3.9% (n=6) among those without
any neurological deficits. However, among those with
neurological deficits in the control group, the rate of
those with high MCV was 2.4% (n=1), whereas the rate
of having high MCV was only 2% (n=2) among those

without any neurological deficits.

DISCUSSION

The unknown physiopathological basis for neurologic
dysfunction in patients with elevated Cbl levels and the
frequent divergence between the neurologic and hema-
tologic manifestations inspired us to plan and carry out
this work. Elevated serum concentration of Cbl is
mostly considered to be non-hazardous in clinical prac-
tice and is usually underestimated due to there is no

complete consensus regarding the assessment of high
serum Cbl levels. However, elevated Cbl levels may
be associated with various life-threatening situations.
Recently, the number of studies investigating the rela-
tionship between neurological development and Cbl
has increased [10—12]. We also observed that serum
Cbl levels were higher in the patients with neurologi-
cal deficits. Although the reason for low Cbl levels can
be explained by poor nutritional status, it is not always
likely to explain high Cbl levels, given the nutritional
problems of children with neurological deficits. While
the active form of Cbl constitutes approximately 6-20%
of total serum Cbl, the remaining major part is bound
to haptocorrin (also named holohaptocorrin) and is
stored in the liver [13, 14]. Some authors have reported
that the unexpectedly high values are due to increasing
holohaptocorrin levels and tried to explain the situation
by the probable holohaptocorrin leakage into the circu-
lation due to the destruction of hepatocytes. Alterna-
tively, the reduced uptake of holohaptocorrin by injured
hepatocytes may contribute to elevated serum Cbl levels
(15]. Consequently, elevated serum Cbl level consists of
metabolically inactive haptocorrin complexes.

The relationship between Cbl and various neurolog-
ical disorders has yet to be understood fully. It can be
speculated that Cbl dysfunction and the resulting lack
of activity of methionine synthase and methylmalonyl-
CoA mutase, the accumulation of inactive Cbl analogs,
and concurrent abnormalities in folate metabolism can
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play a role in the development of different neurologi-
cal symptoms. However, the roles of both methionine
synthase and methylmalonyl-CoA mutase pathways in
the pathogenesis of neurocognitive dysfunction have
yet to be supported consistently in experimental ani-
mal and human studies [16, 17]. In addition, in ani-
mal models, the role of Cbl analogs inhibiting Cbl-de-
pendent enzymes has not been confirmed yet. On the
other hand, relatively increased serum folate, S-adeno-
sylmethionine, cysteine, and cysteine-glycine levels in
patients with pernicious anemia and neurologic deficits
suggest a role for folate-mediated inhibition of glycine
N-methyltransferase in the pathogenesis of neurologic
symptoms [18]. Observations in gastrectomized rats
with Cbl deficiency implicate the cytokines and growth
factors as mediators of neurologic disorders [19]. The
myelinolytic cytokines and tumor necrosis factor are
increased in the spinal fluid of these animals, while the
neurotrophic cytokines, epidermal growth factor, and
interleukin 6 are decreased. Furthermore, it has been
shown that neurologic lesions can be prevented in Cbl-
deficient rats by intraventricular injections of tumor
necrosis factor antibodies, epidermal growth factor, or
interleukin 6 and induced in rats without Cbl deficiency
by intraventricular injections of epidermal growth fac-
tor antibodies or tumor necrosis factor. In addition, in-
creased tumor necrosis factor and decreased epidermal
growth factor levels have been determined in Cbl-defi-
cient humans and improved with the supportive treat-

ment of Cbl [20].

Megaloblastic anemia is one of the most common
signs of Cbl deficiency. However, neurologic changes
sometimes occur in the absence of hematologic abnor-
malities [21]. In our study, 200 patients with high Cbl
levels were described as the study group. Serum Cbl lev-
el in all cases was above 1000 pg/mL in this group, and
MCYV was above 90 fL in 36 (8%) patients. Especially
given the roles played by Cbl as a cofactor both in the
methionine synthase pathway in the nervous system and
methylmalonyl-CoA mutase pathway in hematopoiesis,
this made us think that there may be a disorder in Cbl
metabolism. The fact that a higher elevation of MCV
was detected in the patients with neurological deficits
both in the study and control groups supported our
hypothesis. In addition, hyperglycinemia has been con-
sidered a causative factor for neurological disturbances
in x-linked Cbl disorders, and it has been shown that
the clinical conditions of these patients can be improved
with Cbl treatment.

In various previous studies, elevated Cbl levels were re-
ported in acute hepatitis, severe alcoholic liver disease, cit-
rhosis, cancer, rtheumatoid arthritis, cystic fibrosis, and my-
eloproliferative diseases, such as chronic myeloid leukemia,
polycythemia vera, and hypereosinophilic syndrome [11,
12, 15, 22, 23]. While most studies investigating elevated
Cbl levels have been carried out with adults, there are few
studies performed on children. While one study suggested
that increased immunoglobulin G level may cause elevated
Cbl levels, in another study, it was reported that higher Cbl
levels were seen in children receiving valproate therapy [24,
25]. In addition, in the study by LeBlanc et al. [26], high
Cbl levels were associated with excessive production by gut
bacteria. The data of our study showed that the patients
with high Cbl levels have higher neurological deficit rates.
Theoretically, elevated serum Cbl levels may be associat-
ed with functional disorders of Cbl metabolism. It should
be kept in mind that Cbl metabolism-induced disorders
may be the main reason for hospital admission, or such
disorders may change the symptoms of the current disease.
Thus, it may be appropriate to check Cbl levels in admis-
sion to the hospital, especially in patients with neurological
deficits. While Carmel et. al. [23] reported the rate of el-
evated serum Cbl levels as 14% in the study performed in
adults, the rates of elevated Cbl levels were reported as 13%
in those with “moderate-to-high” (600-1000 pmol/L) and
7% in those with “very high” in a recent study by Arendt
and Nexo [27]. In our study, the elevated serum Cbl ratio
was found to be 4.6% in scanned hospital records, and our
finding was compatible with that reported by the study of
Arendt and Nexo.

As a result, elevated serum Cbl levels are a quite com-
mon laboratory finding, especially among children with
neurological deficits, compared to the neurologically
healthy population. Given that these children are often
in a nutritional deficiency state, neurological deficits can
sometimes be accompanied by signs of Cbl deficiency,
such as megaloblastic anemia. Therefore, this made us
consider a functional deficiency of Cbl, such as tissue
uptake or action. However, it may be proposed that el-
evated serum Cbl levels may be due to the increased ho-
lohaptocorrin, or as Stenberg et al. [22] have speculated,
subclinical gut inflammation may be playing a role in this
increase. In addition, the changes in gut microbiota may
have caused the increase. However, these mechanisms
do not explain the MCV elevation seen more common-
ly in patients having elevated Cbl levels. The shortage of
current knowledge leads to numerous unanswered ques-
tions and challenges. Therefore, clinicians should focus
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on what to consider, when unexpectedly encountering
elevated levels of Cbl in a patient evaluated for Cbl de-
ficiency. The abovementioned situations, such as liver
diseases, hematologic disorders, and the use of vitamin
preparations containing Cbl should be ruled out in pa-
tients with unexpectedly elevated Cbl levels.

In the study group, while high MCV was detected as
20.8% among those with neurological deficits, the rate of
having high MCV was only 3.9% among those without
any neurological deficits. In the control group, however,
these rates were 2.4% and 2% in those with and with-
out neurologic deficits, respectively. Given that the study
group consisted of patients with high Cbl levels, such a
finding was surprising. It can be hypothesized that chil-
dren with neurological deficits also have deficits in the
metabolism and use of Cbl. However, it is difficult to de-
termine whether such a deficit in Cbl metabolism is a
reason or a result.

Our results do not allow us to conclude whether ele-
vated Cbl levels could be a marker for a specific diagnosis.
However, our study showed that more comprehensive
investigations including other parameters of Cbl metab-
olism (total and Cbl-saturated transCbl, total haptocor-
rin, soluble TC receptor, sCD320, and methylmalonic
acid) are needed to determine the further investigation
indications and the clinical strategies to be followed on
the discovery of elevated Cbl levels.

Conclusion

This study demonstrated the importance of interpreting se-
rum Cbl levels in patients presenting with various neurolog-
ical symptoms. We suggest that children with neurological
deficits also have deficits in the Cbl metabolism. More com-
prehensive studies are needed to elucidate the changes in
Cbl metabolism in patients with neurological disadvantages.
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