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Abstract

Background: Recent studies confirm the role of B vitamins deficiency and hyperhomocysteinae-
mia in the development of dysautonomia that has been considered to be the main factor in
vasovagal syncope development. The aim of the study was to investigate serum pyridoxine,
folate, cobalamin, and homocysteine levels in children presenting with vasovagal syncope
and to analyse the correlation between them and main clinical parameters of syncope.
Methods: We studied 40 children, ages 8–17 years with a history of vasovagal syncope and
24 healthy volunteers. The serum pyridoxine, folate, cobalamin, and homocysteine levels were
measured by a quantitative sandwich enzyme immunoassay technique using a commercial kit
(Monobind, USA). Twenty-four-hour Holter monitoring and 24-hour ambulatory blood pres-
sure monitoring were conducted for all participated patients. Results: Serum pyridoxine
(9.42 ± 4.87, 16.11 ± 5.53 μg/L) and cobalamin (307.48 ± 95.50, 447.28 ± 108.85 ng/L) levels
were reasonably low (p< 0.05) in patients with vasovagal syncope. Although there was no sig-
nificant change in folate levels between syncope and healthy children (4.00 ± 1.34,
4.71 ± 1.73 μg/L; p= 0.20), we detected low folate-level association with longer duration of syn-
cope (r = −0.42) and post syncope (r = −0.43) symptoms (p< 0.05). Finally, there was
increased serum homocysteine level (13.55 ± 5.03, 7.81 ± 1.71 μmol/L; p< 0.05) in patients
with vasovagal syncope. It was positively correlated with the average PQ interval (r= 0.35,
p< 0.05) and average QTc interval (r= 0.49, p< 0.05). Conclusions: The results suggested that
pyridoxine, folate, cobalamin, and homocysteine may be involved in the pathogenesis of vaso-
vagal syncope. This might provide a new approach for effective treatment of paediatric vaso-
vagal syncope, requiring further study.

Syncope is a common problem in children and adolescents.1 Syncope is defined as transient loss
of consciousness due to cerebral hypoperfusion, characterised by a rapid onset, short duration,
and spontaneous complete recovery.2 The vast majority of paediatric syncope is caused by neu-
rally mediated hypotension leading to vasovagal syncope. The last one is characterised by sys-
temic hypotension resulting in inadequate cerebral blood flow from a reflex-mediated
combination of inappropriate vasodilatation and bradycardia.3 Paediatric patients with vasova-
gal syncope have lower health-related quality of life in comparison to healthy children.4,5 A
searching and better understanding of new pathophysiological mechanisms of vasovagal syn-
cope development is essential if the correct diagnostic and treatment strategies are to be
implemented.

Achieving an optimal status of folate is an urgent priority because of its established role in the
prevention of neural tube defects and a potential protective role in cardiovascular disease.6,7

Particularly folate (vitamin B9), pyridoxine (vitamin B6), and cobalamin (vitamin B12) contrib-
ute essentially to the maintenance of a healthy nervous system. Their importance is highlighted
by many neurological diseases related to deficiencies in one or more of these vitamins, but they
can improve certain neurological conditions even without a (proven) deficiency.8 The shared
metabolism between folate and vitamin B12 suggests that deficiencies in one vitamin may alter
the metabolism of the other.9 This is perhaps related to the roles that vitamin B12 plays in myeli-
nation, or in the synthesis of methionine from homocysteine in combination with folic acid.10

Some studies have shown a relationship between folate, vitamin B12, homocysteine and vari-
ous diseases such as epilepsy, cognitive disorders, neurodegenerative diseases, autism spectrum
disorder, schizophrenia, affective disorder, depression, and attention deficit hyperactivity dis-
orders.11–13 These observations can be explained by the important role of pyridoxine, folate,
vitamin B12, and homocysteine in the carbon transfer metabolism that is necessary for the pro-
duction of serotonin, other monamine neurotransmitters, and catecholamines.13 Several reports
have indicated that through various molecular mechanisms, hyperhomocysteinaemia is toxic
for the brain.9,14 Hyperhomocysteinaemia also causes cardiovascular diseases due to effects
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on autonomic nerve function, increased oxidative stress, promo-
tion of inflammation, proliferation of smooth muscle cells, and
injury to vascular endothelium.15,16

Several studies point out that vitamin B-12 deficiency may
affect the sympathetic regulation of blood vessels and the auto-
nomic nervous system, similar to the situation observed in vaso-
vagal syncope.17,18 Dysfunction of the sympathetic nervous
system has been considered to be the main factor in vasovagal syn-
cope and postural tachycardia syndrome.19 People who have vita-
min B12 deficiency may present with neurological symptoms, pre-
syncope and falling attacks. This may or may not occur without B-
12 associated anaemia.20,21 Supplementation of Vitamin B12 in
deficient patients presenting with suspected vasovagal syncope
resulted in significant improvement in symptoms at 1 and 6
months of follow-up.22

To the best of our knowledge, there has been no study that has
shown a potential relationship between serum pyridoxine, folate,
cobalamin, and homocysteine levels and vasovagal syncope in chil-
dren. The aim of the current study was, therefore, to investigate
serum pyridoxine, folate, cobalamin, and homocysteine levels in
children presenting with vasovagal syncope and to analyse the cor-
relation between them and main clinical parameters of vasovagal
syncope to evaluate role of B vitamins and hyperhomocysteinae-
mia in the pathogenesis of vasovagal syncope. Such findings can
be useful for searching a new management strategy for children
with the diagnosis of vasovagal syncope.

Materials and methods

We studied 40 children, ages 8–17 years with a history of vasovagal
syncope. For the diagnosis of vasovagal syncope was used diagnos-
tic criteria of European Society of Cardiology (2018).2 Children
enrolled in the study had to meet the following inclusion criteria:
(1) as minimum 1 event of vasovagal syncope during last month,
(2) normal response during active standing test, (3) absence of
structural heart diseases and electrocardiography findings sug-
gesting arrhythmic syncope, (4) absence of electroencephalogra-
phy signs of epilepsy, (5) absence of any other evident aetiology
for syncope, and (6) no concomitant acute or chronic disease
including hypertension, overweight or obesity, anaemia, hypothy-
roidism, and renal dysfunction. The control group consisted of 24
healthy volunteers. All the children, including the control group,
met the following inclusion criteria: absence of history of syncope,
normal physical examination data, normal routine blood and urine
analyses, absence of acute or chronic organic diseases including
hypertension, overweight or obesity, anaemia, seizure, hypothy-
roidism, and renal dysfunction. This study was approved by the
Ethics Committee of the Ivan Horbachevsky Ternopil National
Medical University, and all participants gave their written
informed consent before participation.

The main demographic and clinical characteristics of vasovagal
syncope and control groups are presented in Table 1. There was no
difference between the patient and control groups in terms of age
or gender distribution. Vasovagal syncope and control groups were
similar to each other according to bodymass index, blood pressure,
hemoglobin, and red blood count. It has helped to eliminate the
influence of overweight, obesity, hypertension, and anaemia at
the serum pyridoxine, folate, cobalamin, and homocysteine levels
in research groups of children.

The patient’s history was carefully taken from all children pre-
senting with vasovagal syncope: age at the first syncope; factors that
preceded primary syncope; frequency, stereotypes, and serial

syncope; trigger factors; methods to prevent syncope; clinical man-
ifestations of the pre syncope, syncope, and post syncope symp-
toms; paraepileptic phenomena; hereditary factors. Calgary
Syncope Seizure Score (Table 2) and Modified Calgary Syncope
Seizure Score (Table 3) were used to differential diagnosis between
vasovagal syncope, cardiac syncope, and epilepsy in paediatric
patients.23 Active standing test was used for all patients for exclud-
ing of orthostatic hypotension and postural orthostatic tachycardia
syndrome.24

Heart rhythm recordings were conducted for 24-hour both in
the patient and control groups using a 3-channel rhythm Holter
monitorisation device (SDM3, Ukraine). After automated QRS
detection and classification, very careful, direct visual confirmation
of beat types and then verification of the edge values of the tacho-
gram was performed manually. Ectopic beats and signal artifacts
were corrected by interpolation with the previous and following
R-R intervals. After editing, the beats files were analysed for indices
of heart rate variability: standard deviations of the averages of the
R-R intervals in all 5-min segments of R-R intervals (SDANN); the
root of the 24-hours square; the proportion of adjacent normal R-R
intervals <50 ms; the total power; very-low-frequency power; the
low-frequency index; the high-frequency index; and low-fre-
quency/ high-frequency ratio.

At the same day was conducted 24-hour Ambulatory Blood
Pressure Monitoring. Studies were performed with a BAT41–2
device (Ukraine) using a protocol of European Society of
Hypertension (2014).25 Automaticmeasurements were taken every
15 minutes during the day and every 30 minutes during the night.

Blood samples were taken from the study participants between
08.00 and 11.00. A sample with 5 ml of venous blood was obtained
from the forearm of each subject and centrifuged at 3000 rpm for
3–5min within 30min. All of the samples were frozen at−80°C for
20 months until analysed. In our study, the serum levels of pyri-
doxine, folate, cobalamin, and homocysteine were measured by
a quantitative sandwich enzyme immunoassay technique
(ELISA) using a commercial kit (Monobind, USA) according to
the manufacturer’s instructions at the scientific and clinical labo-
ratory of Ivan Horbachevsky Ternopil National Medical
University.

Optimal vitamin B6 status was defined as serum pyridoxal 5’-
phosphate concentration >7,41 μg/L (>30 nmol/L). Serum pyri-
doxal 5’-phosphate level 7.41–4.94 μg/L (30–20 nmol/L) was esti-
mated as suboptimal vitamin B6 status, and serum pyridoxal 5’-
phosphate level<4,94 μg/L (<20 nmol/L) was estimated as vitamin
B6 deficiency.26

Optimal folate status was evaluated as serum folate >4.5 μg/L.
Suboptimal folate status was confirmed at the folate serum concen-
tration 3–4.5 μg/L. The concentration suggested for defining folate
deficiency based on metabolic indicator was <3 μg/L for serum
folate.27

The determination of optimal vitamin B12 status was based on
its serum level >300 ng/L. Suboptimal vitamin B12 status was
defined as serum cobalamin level 200–300 ng/L.28 Vitamin B12
deficiency was estimated as serum cobalamin concentration was
<200 ng/L.27

Hyperhomocysteinaemia was defined as serum homocysteine
above the 95th percentile for the respective age of healthy children
and adolescents.29

All statistics were analysed using the SPSS 12.0 package pro-
gramme. The study data were expressed using descriptive statistics
(mean ± standard deviation, number, percentage). The vasovagal
syncope and control groups were compared using the chi-square
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test for categorical variables and the Mann–Whitney U test for
continuous variables. Relationships between variables were exam-
ined using Spearman linear correlation analysis. For all analyses, a
p value <0.05 was considered statistically significant.

Results

Serum pyridoxine and cobalamin levels were significantly lower in
the vasovagal syncope group than in the control group (Table 1).
By contrast, there were no significant difference between the two

groups regarding folate. However, a high serum homocysteine level
was found in children with vasovagal syncope compared with
healthy children.

The number of patients with suboptimal status of vitamins B6
and vitamin B12 was significantly higher among children with vas-
ovagal syncope (Table 4). There was no significant difference
between healthy and vasovagal syncope patients regarding vitamin
B6, folate, and vitamin B12 deficiency. The prevalence of hyperho-
mocysteinaemia was significantly higher in the vasovagal syncope
group than in the control group.

Table 1. Demographic, clinical and biochemical characteristics of patients

Characteristics Vasovagal syncope group Control group p

Cases, n 40 24 –

Age, years 14.45 ± 2.18 13.71 ± 2.42 0.0589

Males/females, n 21/19 8/16 0.1359

Body mass index, kg/m2 20.13 ± 3.48 18.83 ± 2.62 0.2553

Age of the first syncopal event, years 13.18 ± 2.72 – –

Number of syncopal events, n 3.43 ± 4.81 – –

Calgary Syncope Seizure Score, points 1.63 ± 2.06 0.00 ± 0.00 0.0000

Duration of the last syncope symptoms, min. 1.29 ± 1.01 – –

Duration of the last post syncope symptoms, min. 116.66 ± 262.98 – –

Average systolic blood pressure during 24-hours ambulatory blood pressure monitoring, mmHg 111.90 ± 8.10 110.54 ± 5.83 0.5880

Average diastolic blood pressure during 24-hours ambulatory blood pressure monitoring, mmHg 65.78 ± 5.53 64.13 ± 3.34 0.2055

Average heart rate during 24-hours Holter monitoring, bpm 75.70 ± 11.26 78.24 ± 9.61 0.2607

Average PQ interval during 24-hours Holter monitoring, ms 181.35 ± 31.77 182.26 ± 32.43 0.8360

Average QTc interval during 24-hours Holter monitoring, ms 410.43 ± 43.94 414.25 ± 43.26 0.8244

Haemoglobin, g/dl 14.12 ± 1.39 13.52 ± 1.22 0.0597

Red blood count, x106/μL 4.90 ± 0.63 4.58 ± 0.67 0.0739

Serum pyridoxine, μg/L 9.42 ± 4.87 16.11 ± 5.53 0.0000

Serum folate, μg/L 4.00 ± 1.34 4.71 ± 1.73 0.1988

Serum cobalamin, ng/L 307.48 ± 95.50 447.28 ± 108.85 0.0000

Serum homocysteine, μmol/L 13.55 ± 5.03 7.81 ± 1.71 0.0000

All parameters were presented asmean ± standard deviation except parameters cases andmales/females which were denoted as numbers and percentages. Mann–Whitney U test was used for
continuous variables, and chi-square test was used for categorical variables.

Table 2. Prevalence of Calgary Syncope Seizure Score parameters in children with vasovagal syncope.

Parameter Score (if yes) N (%) Mean ± standard deviation

Is there a history of at least one of bifascicular block, asystole, supraventricular
tachycardia, diabetes?

−5 0 (0.0) 0.00 ± 0.00

At times have bystanders noted you to be blue during your faint? −4 2 (5.0) −0.20 ± 0.88

Did your syncope start when you were 35 years or older? −3 0 (0.0) 0.00 ± 0.00

Do you remember anything about being unconscious? −2 2 (5.0) −0.01 ± 0.44

Do you have lightheaded spells or faint with prolonged sitting or standing? 1 13 (32.5) 0.33 ± 0.47

Do you feel warm or sweaty before a faint? 2 20 (50.0) 1.00 ± 1.01

Do you have lightheaded spells or faint with pain or in medical settings? 3 8 (20.0) 0.60 ± 1.22

Total score 1.63 ± 2.06
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Serum pyridoxine levels were positively correlated with the sex
and average QTc interval during 24-hours Holter monitoring in
the group of vasovagal syncope (Table 5). Serum folate levels were
negatively correlated with the duration of the last syncope and the
duration of the last post syncope symptoms. By contrast, serum
cobalamin concentrations were negatively correlated with the
duration of the last post syncope symptoms.We additionally inves-
tigated correlations between serum homocysteine levels and aver-
age PQ interval and average QTc interval during 24-hours Holter
monitoring. There was no relationship between serum levels of
vitamin B6, folic acid, vitamin B12, and homocysteine and indices

of heart rate variability (SDANN, root of the 24-hours square, the
proportion of adjacent normal R-R intervals <50 ms, total power,
very-low-frequency, low frequency, high frequency, low-fre-
quency/high-frequency ratio).

Discussion

B vitamins play special and essential roles both in the central nerv-
ous system and the peripheral nervous system. It is well known that
the diet and thus the supply of nutrients strongly affect normal
functioning of central nervous system and the peripheral nervous
system. In particular, vitamin B6, B9, and B12 are essential for
maintaining the health of the nervous system.8,10 Interaction
between pyridoxine and cobalamin in the methionine cycle, as well
as their participation in the citric acid cycle with other B vitamins,
suggests that these vitamins are linked from a biochemical point of
view.9,29 Evidence suggests that a significant proportion of the pop-
ulation suffers from deficiencies and insufficiencies of one or more
of these neurotropic B vitamins.26–29

The implementation of mandatory folic acid fortification in the
United States has been shown to be effective in increasing the bio-
marker status of folate and, more importantly, has resulted in a
substantial reduction in the prevalence of neural tube defects
and stroke-related mortality via the homocysteine-lowering effect
of folic acid.30 In one meta-analysis of 13 randomised controlled
trials of generally good quality, among over 65,000 people living
in countries without mandatory folic acid fortification in food,
was found that addition of folic acid was associated with a 15% rel-
ative risk reduction in future stroke risk. Folic acid alone or com-
bination of folic acid and minimal cyanocobalamin (≤0.05 mg/
day) was associated with a 25% lower risks of future stroke.31

Folate and the metabolically related B vitamins are an impor-
tant priority throughout life, but few studies have examined their
status through childhood and adolescence. In one of them was
observed progressive decreases in the status of pyridoxine, folate,
cobalamin, with corresponding increases in homocysteine concen-
trations in British children aged 4–18 years. Although higher
homocysteine concentrations were generally associated with lower
vitamin B status, the boys were found to have higher homocysteine
concentrations compared with girls from age 15 years, despite hav-
ing a higher biomarker status of the relevant B vitamins.7

Table 3. Prevalence of Modified Calgary Syncope Seizure Score parameters in children with vasovagal syncope.

Parameter Score (if yes) N (%) Mean ± standard deviation

Waking with cut tongue? 2 1 (2.5) 0.05 ± 0.32

Prodromal déjà vu or jamais vu? 1 2 (5.0) 0.05 ± 0.22

Loss of consciousness during sleeping? 1 0 (0.0) 0.00 ± 0.00

Head turning to one side during loss of consciousness? 1 1 (2.5) 0.03 ± 0.16

Abnormal behaviour noted by bystanders, including witnessed unresponsive,
unusual posturing, or limb jerking?

1 1 (2.5) 0.03 ± 0.16

Postictal confusion? 1 3 (7.5) 0.08 ± 0.27

Any presyncope, such as dizziness, palpitation, or nausea? −2 39 (97.5) −1.95 ± 0.32

Diaphoresis before a spell? −2 14 (35.0) −0.70 ± 0.97

Loss of consciousness with prolonged sitting or standing? −2 11 (27.5) −0.55 ± 0.90

Total score −2.95 ± 1.77

Table 4. Vitamin B6, folic acid, B12, and homocysteine status in examined
patients.

Indicator status

Vasovagal
syncope
group

Control
group

χ2 рn % n %

Vitamin B6

Optimal status 22 55.0 23 100.0 14.49 0.0001

Suboptimal status 12 30.0 0 0.0 8.52 0.0035

Deficiency 6 15.0 0 0.0 3.81 0.0509

Folate

Optimal status 14 35.0 10 43.5 0.45 0.5047

Suboptimal status 18 45.0 12 52.2 0.30 0.5831

Deficiency 8 20.0 1 4.3 2.92 0.0874

Vitamin B12

Optimal status 18 46.2 23 100.0 18.73 0.0000

Suboptimal status 16 41.0 0 0.0 12.72 0.0004

Deficiency 5 12.8 0 0.0 3.21 0.0733

Homocysteine

Optimal status 18 47.4 22 95.7 14.80 0.0001

Hyperhomo-cysteinae-
mia

20 52.6 1 4.3 14.80 0.0001

Values are presented as numbers and percentages. Chi-square test was used.
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Vasovagal syncope is themost common cause of syncope across
all age groups. Nonetheless, despite its clinical importance and
considerable research effort over many years, the pathophysiology
of vasovagal syncope remains incompletely understood.
Dysfunction of the sympathetic nervous system has been consid-
ered to be themain factorr in vasovagal syncope.19 Numerous stud-
ies have been undertaken in an attempt to improve insight into the
evolution of syncope episodes, and many of these studies have
examined neurohormonal changes that occur during the vasovagal
syncope events.32,33 Therefore, investigating the pathogenesis of
vasovagal syncope and finding effective treatments are necessary.

The present study indicates that serum pyridoxine and cobala-
min levels are significantly lower in children with vasovagal syn-
cope while in comparing with healthy ones. There was also
statistically higher prevalence of suboptimal status of vitamin B6
and vitamin B12 in children with vasovagal syncope. Despite this,
vitamin B6 and vitamin B12 deficiency was not significantly more
common in patients with vasovagal syncope than in healthy
children.

Our findings are partially comparable with other studies. In one
of them, vitamin B12 level was significantly lower in the patients
with vasovagal syncope, and authors postulated that vitamin B12
deficiency in patients with postural tachycardia syndrome may
lead to sympathetic nervous system baroreceptor dysfunction.28

In the other one study, serum vitamin B12 was significantly lower,
and prevalence of vitamin B12 deficiency was significantly higher
in postural tachycardia syndrome group than in the vasodepressor
group.34 Vitamin B12 acts as a co-factor for three enzymes:
(1) phentolamine N-methyltransferase which is needed for the
conversion of noradrenaline to adrenaline, (2) catecholamine-
O-methyltransferase which is required for the degradation of
catecholamines, (3) methylmalonyl coenzyme A mutase which
catalyses the conversion of methylmalonyl coenzyme A to succinyl
coenzyme A in myelin synthesis.35 Vitamin B12 deficiency causes

reduction in myelinisation, deceleration in nerve conduction, and
elevation in serum concentrations of noradrenaline. These factors
may contribute to the impairment of autonomic functions which
are involved in the pathogenesis of vasovagal syncope.34 Parekh
et al. evaluated 35 patients presenting with vasovagal syncope
and vitamin B12 deficiency. Supplementation of Vitamin B12 in
these patients resulted in significant improvement in symptoms
at 1 and 6 months of follow-up. Authors suggested that vitamin
B12 deficiency may be linked to vasovagal syncope, and all patients
with suspected vasovagal syncope should have their Vitamin B12
levels tested and supplementation given if found to be deficient.22

We also have found a negative relationship between serum pyri-
doxine level and average QTc interval during 24-hours Holter
monitoring (r = −0.34, p< 0.05). Kim et al showed that prolonged
QTc interval may be considered to be a biomarker for detecting
alterations in sympathovagal balance, especially cardiovagal dys-
function in orthostatic hypotension.36 Diedrich et al. used the tri-
methaphan infusion for interrupting neurotransmission at the
level of autonomic ganglia to determine its effect on the QT inter-
val. Autonomic blockade prolongs QT interval in normal subjects
to a similar duration as in pure autonomic failure patients.
Furthermore, blocking residual autonomic tone in pure autonomic
failure patients is associated with a further increase in QT interval
length.37 Regarding the vitamin B12, its serum level was correlated
negatively with the duration of the last post syncope symptoms
(r = −0.35, p< 0.05). The results suggesting that pyridoxine and
cobalamin may be involved in the pathogenesis of vasovagal
syncope.

This is the first study evaluating serum vitamin B6 level in chil-
dren presenting with vasovagal syncope. It is well known that vita-
min B6 has been associated with over 140 coenzymatic functions.
Although its role goes far beyond, it is particularly well known for
its important function in the synthesis of neurotransmitters like
dopamine from L-3,4-dihydroxyphenylalanine, serotonin from

Table 5. Correlation matrix of main clinical parameters of vasovagal syncope and serum levels of vitamin B6, folic acid, vitamin B12, and homocysteine (n= 40).

Parameter Serum pyridoxine Serum folate Serum cobalamin Serum homocysteine

Age −0.17 0.11 0.09 0.15

Sex 0.39* −0.15 0.09 −0.29

Body mass index −0.08 0.12 −0.12 0.22

Age of the first syncopal event −0.11 0.04 −0.00 0.23

Number of syncopal events 0.04 −0.16 0.23 −0.08

Duration of the last pre syncope symptoms −0.08 −0.28 0.12 0.22

Duration of the last syncope symptoms 0.10 −0.42* −0.15 0.20

Duration of the last post syncope symptoms 0.05 −0.43* −0.35* 0.16

Calgary Syncope Seizure Score −0.07 0.15 0.14 0.00

Modified Calgary Syncope Seizure Score 0.22 −0.24 −0.28 −0.13

Average systolic blood pressure during 24-hours
ambulatory blood pressure monitoring

−0.13 −0.01 0.08 0.15

Average diastolic blood pressure during 24-hours
ambulatory blood pressure monitoring

−0.12 −0.09 −0.06 0.12

Average heart rate during 24-hours Holter monitoring 0.25 −0.12 −0.02 −0.24

Average PQ interval during 24-hours Holter monitoring −0.27 0.21 0.00 0.35*

Average QTc interval during 24-hours Holter monitoring −0.34* 0.08 0.20 0.49*

Values are the Spearman’s correlation coefficient.
*Statistically significant correlations (p< 0.05).
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5-hydroxytryptophan, and gamma-aminobutyric acid from gluta-
mate.38,39 According to its function for the previously mentioned
neurotransmitters, pyridoxine affects the adrenergic, the seroto-
nergic, and the glutamatergic system. Some authors hypotheses
that enhanced serotonin responsiveness with clomipramine lead-
ing to a presumed greater sympatholytic effect supports a mecha-
nistic role for serotonin in the central pathways leading to
vasovagal syncope initiation.40 Pyridoxine can also be attributed
to a neuroprotective role that appears to be mainly linked with
its ability to regulate the glutamatergic system and thus gamma-
aminobutyric acid and glutamate levels. Since gamma-aminobuty-
ric acid serves as the major inhibitory neurotransmitter, it seems
obvious that gamma-aminobutyric acid deficiency can lead to seri-
ous consequences, such as syncope and seizures.8,39

It should be emphasised that there was no significant difference
in folate level and its deficiency between children with vasovagal
syncope and healthy individuals in our study. However, decreased
levels of folic acid were closely associated with longer duration of
syncope (r = −0.42, p< 0.05) and post syncope symptoms
(r=−0.43, p< 0.05). There are a limited data regarding serum folic
acid level in patients with vasovagal syncope. Oner et al. examined
125 children with neutrally mediated syncope, and 50 healthy chil-
dren did not find any difference in serum folate level between
them.28 It is now generally recognised that folate deficiency is rare
in the Western world due to folate fortification of wheat flour.30

There is no folic acid fortification programme in Ukraine. This
may be the cause of the prevalence of folate suboptimal status
and deficiency in 52.2% and 4.3% of healthy children in our study.

In this study, the serum homocysteine level in children with
vasovagal syncope was found to be significantly higher than that
of the control group. Serum homocysteine level was positively cor-
related with the average PQ interval (r= 0.35, p< 0.05) and aver-
age QTc interval (r= 0.49, p< 0.05) during 24-hours Holter
monitoring. Nevertheless, we did not find any relationship
between serum levels of vitamin B6, folic acid, vitamin B12, and
homocysteine and indices of heart rate variability (SDANN, root
of the 24-hours square, the proportion of adjacent normal R-R
intervals <50 ms, total power, very-low-frequency, low frequency,
high frequency, and low frequency/high frequency ratio). Changes
in PR interval, QTc interval, and heart rate variability in younger
population can be attributed to incomplete autonomic nervous
system maturation.41–43 The physiology of the autonomic nervous
system maturation has not been entirely elucidated yet and poten-
tially relates to both mechanical and neural alterations with ageing.
Syncope results from the increased vagal tone, which can also
reflect in atrioventricular node activation. The shortening of the
PR interval duration is the result of sympathetic activation, despite
prolongation of the PR interval duration is the result of parasym-
pathetic activation. Only several papers associate these alterations
with the etiopathogenesis of syncope.41

To the best of our knowledge, this is the first study to have
evaluated the relationship between the serum homocysteine level
and children with vasovagal syncope. Li et al. reported that plasma
homocysteine levels were significantly higher in children with pos-
tural tachycardia syndrome and that the levels were closely asso-
ciated with the severity of postural tachycardia syndrome, we
inferred that homocysteine might be involved in the mechanism
of postural tachycardia syndrome by increasing baroreflex sensitiv-
ity.44 Our findings suggest that the change in dietary habits and
pyridoxine, folate, cobalamin supplementation may be a therapeu-
tic target in lowering homocysteine level in children with vasovagal
syncope. The future studies are required. Equally important is the

study of how such recommendations will affect the general well-
being of children and be effective in preventing recurrent episodes
of vasovagal syncope.

The metabolism of homocysteine is influenced by B vitamins,
and homocysteine-lowering vitamin treatments have been pro-
posed. However, clinical trials have not reached a consensus about
the effectiveness of vitamin supplementation on the reduction of
homocysteine levels and improvement of pathological condition,
suggesting that other dietary and non-dietary factors are involved
in high homocysteine levels.45 The importance of novel experi-
mental designs focusing on intraindividual variability as a comple-
ment to the typical case control experimental designs and the study
of interactions between different factors should be emphasised.

However, there were some limitations to this study, the most
important of which were the small size of the sample. Further
investigation is needed to confirm the significance of these find-
ings. We did not investigate a possible genetic basis for the
differences in the serum homocysteine and vitamin B levels such
as gene polymorphisms associated withmethylenetetrahydrofolate
reductase and other homocysteine metabolism. In further studies,
whether vitamins B6, B9, B12 supplementation will help improve
vasovagal syncope symptoms can be investigated.

In conclusion, serum pyridoxine and cobalamin levels were rea-
sonably low in patients with vasovagal syncope. Although there
was no significant change in folate levels between syncope and
healthy children, we detected low folate level association with
longer duration of syncope and post syncope symptoms. Finally,
there was increased serum homocysteine level in patients with vas-
ovagal syncope. The results suggested that pyridoxine, folate,
cobalamin, and homocysteine may be involved in the pathogenesis
of vasovagal syncope. This might provide a new approach for effec-
tive treatment of paediatric vasovagal syncope, requiring fur-
ther study.
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