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Abstract. There are many reports about the role of vitamins B6, B9, B12, and D in the development of cardiovascular
diseases. However, most of them relate mainly to the adult population and are limited relative to grades in children with
syncope.Understanding the role of these vitamins in the pathogenesis of syncope will help expand the range of therapeutic
and preventive care for children. The purpose of the study was to analyse current scientific achievements regarding the
role of the folate cycle and vitamin D in the genesis of syncope in childhood. The PubMed Medline and Scopus databases
were used and the following search terms were used: “syncope” and “vitamin B”; “syncope” and “homocysteine”;
“syncope” and “vitamin D”. The paper summarises the role of vitamin B12 deficiency in delayed myelination and nerve
conduction, increased serum norepinephrine levels, and possible pathogenetic mechanisms for the development of non-
cardiogenic syncope. Scientific facts of the effect of vitamins B1, B6, and B9 on the functioning of the cardiovascular
and nervous systems in children are described. The prevalence of vitamin D deficiency in 60-73% of children with
vasovagal syncope and its relationship with the symptoms of the disease was established. Probable pathogenetic
mechanisms of vitamin D deficiency in the development of syncope, namely a decrease in peripheral vascular resistance,
a violation of neuronal conduction of the baroreflective mechanism, and heart muscle dysfunction, are analysed. The
findings will allow doctors and researchers to better approach the diagnosis, prevention, and treatment of syncope in
childhood and can serve as a basis for developing new strategies to manage the condition and improve medical practices

Keywords: vitamins; homocysteine; vasovagal syncope; syncope due to orthostatic hypotension; cardiogenic syncope;
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INTRODUCTION

Recent studies give every reason to believe that vitamins
B6, B9, B12, and D affect the functioning of the cardio-
vascular and nervous systems, although the pathogenetic
mechanisms of such effects are still poorly understood and
unclear. The folate cycle enzymes methylenetetrahydro-
folate reductase (MTHFR), methionine synthase (MTR),
and methionine synthase reductase (MTRR) are vital in
the formation of cellular homeostasis due to their key
functions in the single-carbon cycle, which includes the
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metabolism of methionine and folate, and the synthesis of
protein, deoxyribonucleic acid (DNA), and ribonucleic acid
(RNA). The role of polymorphism of these genes in the de-
velopment of diseases of the cardiovascular system (CVS) —
metabolic syndrome, vascular atherosclerosis, arterial hy-
pertension, myocardial infarction, stroke, thrombosis and
thromboembolism — has been proven. In addition, there
is no doubt that vitamin D deficiency is associated with
various risk factors for CVS diseases associated with high-
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er mortality and the incidence of cardiovascular events.
Considering the above facts, studies of folate cycle disor-
ders and vitamin D deficiency are scientifically based and
relevant from the standpoint of a better understanding
of the pathogenetic mechanisms of transient loss of con-
sciousness in children.

Vitamins B6 (pyridoxine), B9 (folic acid), and B12 (cy-
anocobalamin) are important cofactors in the folate and
single-carbon cycles. Low levels of these vitamins are often
consequences of hyperhomocysteinemia and independent
risk factors for CVS, dementia, and depression [1-3]. Serum
vitamins B6, B9, B12, and homocysteine levels depend on
actual B vitamin intake and polymorphism of the MTHFR,
MTR, and MTRR genes [4, 5]. A.D. Kaye et al. [6], A. Ueno et
al. [7] proved the effectiveness of pyridoxine, folic acid, and
cyanocobalamin preparations in reducing homocysteine
levels in hyperhomocysteinemia. However, W. Herrmann et
al. [8] were unable to demonstrate a reduction in the risk of
CVS disease against the background of reduced homocyst-
eine with vitamin supplements. Although the treatment of
hyperhomocysteinemia with high doses of B vitamins does
not have a positive effect on the secondary prevention of
CVS diseases, the role of homocysteine in the primary pre-
vention of diseases is poorly understood.

Vitamin D receptors have been shown to be found in
most human cells and tissues, which indicates numerous
non-intestinal effects of the vitamin, and highlights its
special role in the functioning of the cardiovascular system.
Vitamin D deficiency is associated with various risk factors

for cardiovascular disease associated with increased mor-
tality and the incidence of cardiovascular events in adults.
Thus, A. Nitsa et al. [9] substantiated the role of vitamin D
in the regulation of blood pressure by its effect on endothe-
lial and smooth muscle cells of the vascular wall. N. Cosen-
tino et al. [10] summarised several mechanisms that link
vitamin D deficiency to cardiovascular risk factors, namely
activation of the renin-angiotensin-aldosterone system,
abnormal nitric oxide regulation, oxidative stress, and al-
tered inflammatory pathways. However, the results of re-
cent randomised controlled trials of J.E. Manson et al. [11,
12] do not confirm any benefit of vitamin D supplementa-
tion in the treatment of CVS diseases.

Considering all the above facts, the purpose of the
study was to analyse current scientific achievements re-
garding the possible role of homocysteine and vitamins B6,
B9,B12,and D in the pathogenetic mechanisms of syncopal
states in children.

THE PROCESS OF SELECTING SCIENTIFIC
PAPERS BY RESEARCH SUBJECT

The following search terms were used for the review: “synco-
pe” and “vitamin B”; “syncope” and “homocysteine”; “syn-
cope” and “vitamin D” in the PubMed Medline and Scopus
databases. The full texts of papers in English published over
the past 10 years were included in the study (January 2013 —
December 2022). The results of the literature search are pre-
sented in Figure 1 as a flowchart Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) [13].
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Figure 1. Prisma flowchart of the selection process for scientific publications on the research subject

Source: [13]

A total of 95 papers were identified — 38 in PubMed
Medline and 57 in Scopus. Due to duplicates, 37 sources
were excluded from the study. After the verification pro-
cedure of 58 publications, 47 of them were removed from
the search based on irrelevant research subjects, the lack
of full-text versions of study’s and the results of their own

experiments. Only 11 scientific sources were checked for
compliance with the search subject and are reflected in Ta-
ble 1. These publications have become key in the current
understanding of the state of the problem of the role of ho-
mocysteine and vitamins B6, B9, B12, and D in the patho-
genetic mechanisms of syncope formation in children.
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Table 1. Studies that examined folate cycle and vitamin D scores in patients with syncope

. . . The parameter Characteristics
Sisiy (ot i vepts I b DR that was defined of the indicator
A. Pektas et al. [14] Turkey, 2018 children, 160 VS vitamin B12 reduced
" . vitamin B12 reduced
T. Oner et al. [15] Turkey,2014 children,125 VS vitamin B9 not changed
Y.].Kong et al. [16] China, 2022 children, 122 VS vitamin D deficit
VS
Y. Xiao et al. [17] China, 2022 children,142 SPOT vitamin D reduced
OH
R.Zou et al. [18] China, 2021 children, 130 VS vitamin D deficit
Q.Zhanget al. [19] China, 2021 children, 76 VS vitamin D reduced
A. Gilani et al. [20] United Kingdom, adults,7 735 OH vitamin D unchanged reduced
2021 deficit
S. Usalp et al. [21] Cyprus, 2020 adults,75 Vs vitamin D reduced
’ ’ ’ > vitamin B12 reduced
R.R. Hesselbrock et al. [22] USA, 202 adult, 1 syncope vitamin B12 deficit
H.M. Serin et al. [23] Turkey, 2019 children, 6 syncope vitamin B12 deficit
Y. Li et al. [24] China, 2018 children, 35 SPOT homocysteine increased

Notes: VS - vasovagal syncope, SPOT — Syndrome of Postural Orthostatic Tachycardia, OH — orthostatic hypotension
Source: developed by the authors based on the results of a literary search

INDICATORS OF THE FOLATE CYCLE
IN CHILDREN AFTER SYNCOPE

The results of the search suggest that only two studies
examined vitamin B12 levels in children with vasovagal
syncope (VS). Thus, A. Pektas et al. [14] showed that se-
rum vitamin B-12 concentrations in tilt-positive children
were substantially lower than in tilt-negative children
with VS. Overall, the prevalence of vitamin B12 deficiency
was 100.0% in cardioinhibitory, 45.5% in vasodepressive,
91.7% in mixed VS types, and 92.3% in postural orthostat-
ic tachycardia syndrome (SPOT). Furthermore, T. Oner et
al. [15] examined plasma concentrations of vitamin B12 in
patients with VS and healthy children and established the
prevalence of their deficiency in 47.2% and 18.2% in the
groups, respectively. In patients with SPOT, vitamin B12
deficiency was reported in 62.8%, and in children with syn-
cope and without SPOT —in 47.2 %. As a result, both groups
of authors suggested that cyanocobalamin may be involved
in the pathogenetic mechanisms of syncope development.

Vitamin B12 has been shown to be a cofactor of at
least three enzymes: (1) methylmalonyl-coenzyme A
(CoA) mutase, which catalyses the isomerisation of meth-
ylmalonyl-CoA to succinyl-CoA during myelin synthesis;
(2) phentolamine-N-methyltransferase, which is involved
in the conversion of norepinephrine to epinephrine; and
(3) catechol-O-methyltransferase, which is necessary for
the breakdown of catecholamines [25, 26]. Thus, vitamin
B12 deficiency is pathophysiologically characterised by
delayed demyelination and nerve conduction, and in-
creased serum norepinephrine levels [27]. As is known, it
is the pathological Bezold-Jarisch reflex with a decrease
in sympathetic impulses and an increase in vagal effects
against the background of inadequate norepinephrine re-
lease that is one of the key mechanisms for the develop-
ment of non-cardiogenic syncope [28, 29]. Therefore, it is
logical to assume that vitamin B12 deficiency can affect the
autonomic regulation of cardiac activity, just as it occurs
with VS [15]. In addition, vitamin B12 deficiency is often
diagnosed in patients with impaired autonomic control of

CVS activity against the background of diabetes mellitus,
atherosclerosis, and multiple sclerosis [30, 31].

Y. Liu et al. [32] have shown that both low and high
levels of vitamin B12, and low serum folic acid levels, are
associated with an increased risk of CVS mortality among
people with diabetes mellitus. X. Xu et al. [33] established
that dietary folic acid deficiency negatively correlates with
all-cause mortality, cardiovascular disease mortality, and
cancer mortality in men, and all-cause and cardiovascular
disease mortality in women, and proved that increased di-
etary folic acid intake can reduce the risk of mortality in
adults with diabetes in the United States. An analysis of
884 randomised controlled intervention studies among
883 627 participants found that folic acid supplementation
reduced the risk of stroke [34]. In another UK cohort study
involving 115 664 respondents, folic acid intake was found
to be associated with a 5% reduction in the risk of cardio-
vascular events and a 10% reduction in the risk of mortality
from cardiovascular diseases [35].

The beneficial effect of folic acid on the human body can
be explained by several likely mechanisms. Firstly, folic acid
is a cofactor of methionine synthase, which catalyses the
conversion of homocysteine, so a decrease in vitamin B9 is
always associated with hyperhomocysteinemia. Second, the
polymorphism of 5.10-methylenetetrahydrofolatereductase,
which is a critical component in folic acid metabolism due to
its role in directing folic acid metabolites to the DNA meth-
ylation pathway and from the DNA synthesis pathway, can
modulate subjects’ susceptibility to numerous birth defects,
cancer, cardiovascular, and neurological diseases [36, 37].

Studies have also shown that folic acid can prevent
the development and eliminate endothelial dysfunction,
which is an important risk factor for CVS. Vitamin B9 has
the ability to increase the bioavailability of nitric oxide
by increasing endothelial no synthase binding and nitric
oxide production, and by direct uptake of superoxide radi-
cals. By increasing the bioavailability of nitric oxide, folate
improves endothelial function, thereby preventing or stop-
ping the progression of CVS diseases [38-40].
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Analysis of literature sources on the study of vitamin
B9 in children with syncope identified only one study in
this area. Thus, T. Oner et al. [15] identified no differenc-
es in folate scores in the groups of children with VS and
healthy respondents. Given the important role of folate in
the functioning of the cardiovascular and nervous systems,
the need for further research on vitamin B9 in children
with syncope is quite relevant and justified. Pyridoxine is
another B vitamin that, as a cofactor of two cystathionine
synthase enzymes, plays an important role in homocyst-
eine metabolism, namely the conversion of homocyst-
eine to cystathionine and cystathionase and the synthe-
sis of cysteine from cystathionine. The absence of this
cofactor leads to an increase in homocysteine levels [40].

The existence of a direct link between the level of
circulating pyridoxal-5-phosphate and the development
of cardiovascular diseases has been actively debated in
recent decades, but the established evidence is still con-
tradictory. While some researchers suggest that this re-
lationship is direct [41], others claim that it is mediated
and implemented through inflammatory mechanisms [42,
43]. One of the proposed pathways is kynurenine, which is
involved in tryptophan metabolism. Along this pathway,
pyridoxal-5-phosphate acts as a cofactor for enzymes that
convert kynurenine into various compounds, including
kynurenic acid, anthranilic acid, xanthurenic acid, and
3-hydroxyanthranilic acid with anti-inflammatory ef-
fects. Vitamin B6 can also inhibit inflammation through
mechanisms involving Nuclear Factor-kappa B (NF-kB)
and NOD-like Receptor Family Pyrin Domain Contain-
ing 3 (NLRP3) inflammation [44]. Inhibition of oxidative
stress is another likely cardioprotective mechanism of vi-
tamin B6 [45].

A prospective cohort study by J. Jeon et al. [46] showed
that increased dietary intake of vitamin B6 was associated
with a reduced risk of heart disease in Korean men, but
not in Korean women. In another study involving two
prospective cohorts in the Chinese population, high di-
etary intake of vitamin B6 was inversely proportional to
the risk of all-cause mortality, including cardiovascular
disease [47]. Another national population-based cohort
study found that consuming higher doses of vitamin B6 in
combination with folic acid is associated with lower mor-
tality from CVS diseases [48]. On the other hand, a recent
meta-analysis of several randomised controlled trials has
shown that vitamin supplements, including vitamin B6,
are ineffective in preventing cardiovascular diseases and
their complications [49, 50].

The results of the conducted literature search give
every reason to say that no studies on the study of vitamin
B6 levels in children with syncope have yet been conduct-
ed. S. Blitshteyn [51] documented vitamin B1 deficiency in
6% of 65 patients with SPOT and described a substantial
improvement in symptoms in one in four deficient patients
after oral vitamin B1 administration. Thus, a much wider
range of B vitamins than previously described may be asso-
ciated with the development of syncope.

Hyperhomocysteinemia has been shown to be an in-
dependent risk factor for many diseases, including neuro-
degenerative and cardiovascular diseases. Despite a large
body of evidence for the involvement of homocysteine in
these diseases, pathophysiological mechanisms are still

poorly described, complex, and multifactorial. Numerous
experimental studies have shown that homocysteine can
cause cellular and molecular oxidative stress through the
formation of reactive oxygen forms [52, 53]. Disruption of
epigenetic mechanisms to control gene expression, such
as DNA methylation, histone modification, and non-cod-
ing RNA, is another possible mechanism for homocyst-
eine toxicity. Homocysteine can alter the structure and
function of proteins by binding to their lysine or cysteine
residues. These mechanisms of homocysteine-mediated
damage are not mutually exclusive since altered expres-
sion and post-translational modification of proteins in-
volved in pro-oxidant/antioxidant pathways can lead to
increased cellular oxidative stress, and conversely, free
radicals can cause changes in gene expression and oxi-
dative post-translational modifications of proteins [54,
55]. There is more than enough evidence that homocyst-
eine affects mitochondrial homeostasis, including energy
metabolism, mitochondrial apoptotic pathway, and mito-
chondrial dynamics [56].

Y. Li et al. [24] established that elevated plasma ho-
mocysteine concentrations in children with SPOT, which
correlated with the severity of symptoms and indicated
that homocysteine may be involved in the pathogenesis of
SPOT. No other studies to confirm or refute the likely role
of homocysteine in the development of syncope in children
have yet been conducted.

THE ROLE OF VITAMIN D DEFICIENCY

IN THE DEVELOPMENT OF SYNCOPE

Unlike the folate cycle, the problem of vitamin D deficiency
in children with syncope is more well understood. Q. Zhang
et al. [19] found low vitamin D levels in 60% of children
with VS, which correlated with root mean square of succes-
sive differences (rMSSD) heart rate variability. The authors
suggested that children with VS may experience autonom-
ic CVS dysfunction and a decrease in vagal tone against
the background of a drop in vitamin D levels in the blood.
R. Zou et al. [18] described a high incidence of insufficient
nocturnal blood pressure reduction (non-dipper) in chil-
dren with VS on the background of vitamin D deficiency,
which indicates the role of the latter in the violation of the
circadian rhythm of blood pressure.

In another study, the prevalence of vitamin D defi-
ciency in the group of children with VS was 73%, and sub-
stantial differences in syncope symptoms were found de-
pending on serum levels of 25-hydroxyvitamin D (25(0OH)
D). The authors showed that syncope, nausea, and heavy
sweating are more common in deficient children, while
dizziness and darkening of the eyes are more common in
children with vitamin D deficiency [16]. Y. Xiao et al. [17]
showed that compared to healthy children, 25(OH)D lev-
els were reduced in patients with orthostatic insufficien-
cy, while parathyroid hormone levels did not differ. In
addition, vitamin D was the only factor associated with
orthostatic insufficiency — with an increase of 25(OH)D
per unit, the probability of orthostatic insufficiency de-
creased by 77.7%.

The role of serum 25(OH)D deficiency in the devel-
opment of syncope may be due to several likely mecha-
nisms. The active form of vitamin D is thought to be one
of the key factors in the proliferation and development
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of vascular wall smooth muscle cells, endothelial cells,
and immune system cells. The vitamin D receptor present
in these cells regulates the relaxation and contraction of
vascular wall smooth muscle cells through the synthesis
of nitric oxide and calcium-mediated pathways [57, 58].
Thus, 25(0OH)D deficiency in the blood can contribute
to the development of syncope due to a decrease in pe-
ripheral vascular resistance during the pathological Bez-
old-Jarisch reflex.

One of the causes of syncope is a violation of the func-
tion of the heart muscle. It has been proven that strong
contractions of the empty ventricle of the heart cause
activation of cardiac C-fibres during the Bezold-Jarisch
reflex, while vitamin deficiency is accompanied by a vio-
lation of the autonomic activity of the heart due to inhi-
bition of vagus nerve tone [21]. In addition, vitamin D de-
ficiency increases the risk of cardiovascular disease, heart
failure, and sudden cardiac death [59, 60]. As a result, a
lack of this vitamin can be considered an independent risk
factor for developing heart muscle dysfunction.

Another important pathophysiological link of synco-
pe is a violation of the neuronal conduction of the barore-
flector mechanism. Vitamin D, which is also present in the
central and peripheral nervous system, plays an important
role in maintaining the neurotrophic and neuroprotective
effects of growth factors involved in neurotransmitter
conduction and nerve cell growth [61, 62]. Therefore, the
risk of syncope may increase with hypovitaminosis D due
to the indirect effect of 25(OH)D on the central nervous
system, smooth muscle cells, and baroreceptor zones.

Therefore, all the above facts indicate the involvement
of vitamin B6, B9, B12 deficiency, hyperhomocysteinemia,
and 25-OH-D in the pathogenetic mechanisms of transient
loss of consciousness of syncopal origin. Determination
of the levels of vitamins B6, B9, B12, 25-OH-D and homo-
cysteine in children with syncope will allow not only a bet-
ter understanding of the nature of syncope but also con-
ducting timely medical correction of detected disorders.
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AHoTauif. IcHye yMmano TMOBimOMJIeHb OO poii BiTamiHiB B6, B9, B12 Ta D y po3BUTKY cepleBO-CyIMHHUX
3aXBOpIOBaHb. OHAK, 6IBIIICTD i3 HMX CTOCYIOTHCS TOJIOBHMM YMHOM JIOPOCJIOTO HACEIEHHS i € JOCUTh JIiMiTOBAHUM MU
I0JI0 OLiHOK Y AAiTeil i3 cuHKoIe. Po3ymiHHS poii IMX BiTaMiHiB B MaToreHe3i HEIPUTOMHOCTI JOITOMOYKe PO3IMIUPUTH
KOMIIIEKC JiKyBaabHO-MPOMITAKTUYHOI TOMOMOTM [IiTIM. MeTOW HOCHiIkeHHS OYB aHadi3 CydacHUX HayKOBUX
IOCSITHEHb W00 poiii GoMaTHOrO IMKIY Ta BiTaMiHy D y reHesi cuHKoIe B OSTSYOMY Billi. Byau BUKOpUCTaHi 6a3u
nanux PubMed Medline i Scopus Ta 3acTocoBaHi HACTYIHI MMOIIYKOBI TEPMiHM: «CMHKOIIe» Ta «BiTaMiH B»; «cMHKOTIE»
Ta «TOMOIIMCTEIH»; «CUMHKOIe» Ta «BiTamiH D». B po6oTi y3arajbHeHo poib gedinuty BiTamina B12 y crioBinbHeHiit
miemiHisanii Ta HepBOBiMi MpoBigHicTi, MigBUINEHH]I piBHS HOpaApeHaliHY B CUPOBATIi KpOBi, SIK iMOBipHMX
MaTOreHeTUYHMX MEeXaHi3MiB PO3BUTKY HeKapAioreHHMUX cuHKorme. OmucaHi HaykoBi ¢hakTu BIiMBY BiTamiHiB B1, B6,
B9 Ha (yHKIiOHYBaHHS CceplieBO-CyAMHHOI Ta HEPBOBOI CUCTEM Y AiTeii. Byll0 BCTaHOBJIEHO MOMIMPEHiCTh AedinnTy
BiTamina Dy 60-73% niTeiti3 Ba30oBaraJbHMMM CUHKOTIE Ta 10T0 B3a€MO3B’SI3KM 3 CUMITTOMaMu xBopobu. [IpoaHanizoBaHi
IMOBipHi maToreHeTMYHi MeXxaHi3MM HecTaui BiTamiHa D y po3BUTKY CMHKOIIe, a caMe 3HVDKEHHS nepudepuaHoro
OTIOPY CY[IMH, TTOPYIIeHHS HelipoHaIbHOI MPOBiMHOCTI 6apopedIeKTOPHOTO MeXaHi3my, M1chYHKIIiSI cepiieBoro M's3a.
OTpuMaHi pe3yabTaTy JO3BOJISTH JIiKapsiM Ta HAYKOBIISIM GiTbIll epeKTUBHO MiAXOMUTY 10 AiarHOCTUKY, MPOGdiTaKTVKA
Ta JIIKyBaHHSI CUHKOTIE Y IUTSIYOMY Billi TA MOXKYTb CJTYSKUTU OCHOBOTO JIJISI PO3POOKM HOBUX CTPATETi il yIIPABIiHHS 1M
CTAHOM Ta BJOCKOHAJI€HHSI MeAVYHOI MPaKTUKU

KniouoBi cnoBa: BiTaMiHM; rOMOIMCTEiH; Ba3oBarajbHi CMHKOIE; CMHKOIE BHACIiJJOK OPTOCTATUYHOI TilTOTEH3ii;
KapfioreHHi CMHKOIIE; AiTU
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