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Aim of the study: The aim of the study was to assess the effectiveness of vitamin
B6, B9, B12, and D3 supplements in reducing symptoms and the frequency of
syncope, improving autonomic nervous system functions, and enhancing
quality of life (QOL) in children following an episode of vasovagal syncope (VVS).
Materials and methods: The study involved 68 adolescents with VVS who
consistently took vitamin B and D supplements and returned for the
examination after 3 months. The effectiveness of the therapy was assessed
using the CSSS (Calgary Syncope Seizure Score) and MCSSS (Modified Calgary
Syncope Seizure Score), serum vitamin profiles (measured using the ELISA
method), heart rate variability, blood pressure variability, and the PedsQL™
(Pediatric Quality of Life Inventory™) 4.0 Generic Core Scales and PedsQL™
2.0 Family Impact Module surveys.

Results: The study demonstrated that 3 months of vitamin supplementation were
associated with a significant reduction in the frequency of symptoms and syncope
episodes (p<0.05). A marked decrease in serum homocysteine levels was
observed, from 13.8 (9.9-17.9) ymol/L to 85 (7.6-10.8) pmol/L (p<0.001).
Vitamin supplementation also resulted in improved heart rate variability, evidenced
by a significant increase in the SDANN index (p =0.03) and reductions in TP
(p=0.002), LF (p=0.004), and LF/HF (p=0.01), indicating a decrease in
sympathotonic influences on the cardiovascular system. Additionally, improved
cardiac autonomic function in children with VVS during therapy was reflected by a
higher prevalence of dipper profiles for systolic (p=0.008) and diastolic
(p<0.001) blood pressure. During the 3-month therapy, the QOL in children
showed improvements in physical, emotional, and school functioning (p < 0.05). In
parents of children with a history of VVS, there were enhancements in physical,
emotional, social, and cognitive functioning, as well as in communication and a
reduction in worry levels. Among family members, daily activities and family
relationships also improved (p < 0.05).

Conclusion: The use of vitamin B6, B9, B12, and D3 supplements in therapeutic
and preventive doses over 3 months in patients with a history of VVS is
associated with a reduction in symptoms and syncope frequency, a decrease
in serum homocysteine levels, a reduction in autonomic dysregulation, and an
improvement in the QOL for children and their families.

KEYWORDS
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Introduction

Over the past two decades, significant progress has been made
in understanding various aspects of the diagnosis and treatment of
syncope. A substantial part of this progress lies in the establishment
of clear criteria necessary for diagnosing syncope (1). The diversity
of pathophysiological mechanisms and clinical patterns of transient
loss of consciousness, as well as the irrational use of numerous
costly laboratory and instrumental investigations, significantly
impact the final clinical-diagnostic and financial-economic
outcomes (2-4). Current methods for managing non-cardiac
syncope focus on educating children and their relatives about
physical measures to counteract symptoms and prevent fainting.
However, there is no clear consensus among pediatric specialists
of other
pharmacological interventions (5-7). These facts highlight the

regarding the use pharmacological and non-
importance of optimizing the diagnostic and therapeutic process
for vasovagal syncope (VVS), which is the most common cause
of transient loss of consciousness in childhood.

Recent scientific research suggests that vitamin B12 deficiency
and hyperhomocysteinemia are involved in the pathogenesis of
syncope (8-11). Additionally, the role of vitamin D deficiency in
the development of autonomic dysfunction, disruptions in
circadian blood pressure (BP) rhythms, and the severity of
symptoms in children with VVS has been established (12-14).
Although the causal relationships between folate cycle indicators,
vitamin D, and syncope remain insufficiently studied, they provide
a window of opportunity for exploring new pathogenetically
grounded methods of treatment and prevention of fainting.
Despite the high relevance of this issue, no studies have yet
evaluated the effectiveness of vitamin D in patients with VVS (15).
There are only isolated reports of the positive effects of
cyanocobalamin in reducing VVS symptoms and recurrence rates
in adults (16, 17), and no data exist regarding the effectiveness of
B-group vitamin supplements in the pediatric population with
VVS. Therefore, the aim of this study was to assess the
effectiveness of B6, B9, B12, and D3 vitamin supplements in
reducing symptoms and syncope frequency, improving autonomic
nervous system functions, and enhancing health-related quality of
life (HRQOL) in children following an episode of VVS.

Materials and methods

General characteristics of the examined
group of children

Inclusion criteria: syncope triggered by pain, fear, or prolonged
standing and associated with a typical progressive prodromal period
(pallor, sweating, and/or nausea); at least one syncope episode within
the past month; normal response to active orthostatic testing; absence
of structural heart disease and electrocardiography findings suggestive
of arrhythmogenic syncope; no signs of epileptiform activity on
electroencephalogram; absence of any other evident etiology of syncope.

Exclusion criteria: use of vitamin B and/or D supplements within
the past year; seasonal period from May to August; presence of
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overweight, obesity, hypertension, anemia, malabsorption syndrome,
chronic kidney diseases, other acute or exacerbation of chronic
illnesses; inability to read and write in Ukrainian.

Inclusion criteria for parents or guardians’ participation in
surveys: ability to read and write in Ukrainian; being the primary
caregiver of the child for at least the past year.

Ethical approval for this clinical study was obtained from the
Ivan Horbachevsky Ternopil National Medical University of the
Ministry of Health of Ukraine. All participants signed written
informed consent before the study.

Determination of serum levels of vitamins
B6, B9, B12, D, and homocysteine

Each participant had 5ml of blood drawn from the cubital
vein between 8:00 and 11:00 a.m. in a fasting state. The collected
blood was centrifuged within 30 min at a speed of 3,000 rpm
for 3-5 min. Serum samples were frozen at —80°C until analysis.
The concentrations of pyridoxine, folates,
[25(OH)D],

measured in the serum using the quantitative enzyme-linked

cyanocobalamin,

25-hydroxyvitamin D and homocysteine were
immunosorbent assay (ELISA) method. The results of the vitamin
status evaluation and homocysteine profile in the examined children

are presented in Table 1.

Method of pharmacological correction of
vitamins deficiency and insufficiency

All children involved in the study with a diagnosis of syncope
were prescribed a vitamin supplement containing pyridoxine, folic
acid, and cyanocobalamin, depending on their baseline serum

TABLE 1 Status of serum pyridoxine, folic acid, cyanocobalamin, 25(OH)D,
and homocysteine in children with VVS before treatment.

 Parameter status Vs n (0

Pyridoxine

Optimal 39 (57.4) >7.41 ug/L (18)
Suboptimal 21 (30.9) 7.41-4.94 pg/L (18)
Deficiency 8 (11.7) <4.94 pg/L (18)
Folates

Optimal 23 (33.8) >4.5 ug/L (19)
Suboptimal 35 (51.5) 3-4.5 pg/L (19)
Deficiency 10 (14.7) <3 ug/L (19)
Cyanocobalamin

Optimal 31 (45.6) >300 ng/L (19, 20)
Suboptimal 30 (44.1) 200-300 ng/L (19, 20)
Deficiency 7 (10.3) <200 ng/L (19, 20)
25(0OH)D

Optimal 6 (8.8) 30-50 ng/L (21)
Suboptimal 23 (33.8) 20-30 ng/L (21)
Deficiency 39 (57.4) 20 ng/L (21)
Homocysteine

Optimal 31 (45.6) <95th percentile (22)
Hyperhomocysteinemia 37 (54.4) >95 percentile (22)
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levels. Pyridoxine (2 mg), folic acid (0.4 mg), and cyanocobalamin
(0.006 mg) were administered daily to children with deficiency and
every other day for those with optimal or suboptimal vitamin status
for a period of 3 months. The choice of dosage for vitamins B6, B9,
and B12 was based on age-related daily vitamin requirements and
recommendations for the treatment of hypovitaminosis (18, 19,
23). The preventive dose of cholecalciferol for children with
optimal or suboptimal vitamin D status was 1,000 IU. In the case
of vitamin D deficiency, the therapeutic dose of cholecalciferol
was 4,000 IU for 3 months (21). Thus, the dosage of vitamins
B and D was based on the assessment of serum vitamin levels
(deficient, insufficient, and optimal status) and the child’s age.
The weight criterion was not considered in vitamin dosing, as all
children with overweight and obesity were excluded from the study.

Methods of assessing therapy effectiveness

The effectiveness of vitamin supplements in the treatment and
prevention of recurrent syncope episodes was assessed through
careful collection of complaints and medical history using the
CSSS (Calgary Syncope Seizure Score) and MCSSS (Modified
Calgary Syncope Seizure Score) scales before treatment, at 3 and
12 months. Vitamin levels in the blood were monitored by
measuring serum profiles of pyridoxine, folates, cyanocobalamin,
homocysteine, and 25(OH)D using ELISA method after 3
months of treatment. The functioning of the autonomic nervous
system was evaluated using heart rate variability (HRV)
indicators (24-h Holter monitoring) and the circadian type of the
daily BP profile (24-h ambulatory BP monitoring) before
treatment and after 3 months.

The 24-h Holter monitoring was conducted during 24 h of
usual daily activity in stationary or outpatient settings. All
intensive physical activities were excluded on that day. The
analysis of the main 24-h Holter monitoring parameters was
performed using software after manually removing all artifacts
from the recording. For the analysis of HRV, 3 time-domain
(SDANN, standard deviation of the averages of NN intervals;
RMSSD, root mean square of successive differences; pNN50,
percentage of NN intervals differing by more than 50 ms) and 5
frequency-domain (TP, total power; VLF, very low-frequency
power; LF, low-frequency power; HF, high-frequency power; LF/
HEF, ratio of low-frequency to high-frequency power) parameters
of 24-h Holter monitoring were used.

24-h ambulatory BP monitoring was performed using an
oscillometric monitor with a properly sized cuff over a 24-h
period during normal daily activities. BP was measured on the
“non-dominant” arm, but in cases of asymmetry greater than
10 mm Hg, it was measured on the arm with the higher BP
value. Automatic measurements were taken every 15 min during
the day and every 30 min at night. Four categories of nocturnal
BP reduction were identified: dippers (24-h index of 10%-22%),
non-dippers (24-h index of 0%-10%), over-dippers (24-h index
above 22%), and night-peakers (24-h index below 0).

To assess the psychosocial effects of the proposed therapy,
children and their parents/caregivers were surveyed using the
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PedsQL™ (Pediatric Quality of Life InventoryTM) 4.0 Generic
Core Scales and PedsQL™ 2.0 Family Impact Module before
and 3 months after vitamin supplements. These questionnaires
were used in the study only after obtaining official permission
from the developer, J.JW. Varni, through the signing of a user
agreement with MAPI Research Trust (Lyon, France).

Statistical methods used in the study

The data analysis was performed using the SPSS 12.0 software
package for Windows. Hypothesis testing was conducted using
both parametric and non-parametric tests. Quantitative
measurements with normal data distribution were presented as
M £ SD (Mean + Standard Deviation). Quantitative variables that
deviated from normal distribution were expressed as medians
(IQR, The

measurements were presented as counts (1) and percentages (%).

interquartile  range). results of qualitative
A comparative analysis of two dependent samples with normal
distribution was performed using the Student’s t-test, while for
non-normal distributions, the Wilcoxon signed-rank test was
used. The y*-Pearson test was applied to compare the frequency
of effects between two groups. A significance level of p <0.05
indicated statistically significant differences.

The validation of the HRQOL questionnaires consisted of
evaluations for format and data analysis (relevance criterion),
reliability (internal consistency criterion), and validity (construct
and criterion-related validity). To assess the relevance criterion of
the questionnaires, the percentage of missing values for each
item, the distribution of responses to each question within the
survey, as well as the percentage of responses with the maximum
possible score (“ceiling” effect) and the minimum possible score
(“floor” determined. The reliability of the

questionnaires was assessed by evaluating internal consistency

effect) were

using Cronbach’s o coefficient. Construct validity was evaluated
using factor analysis. The agreement between the child’s self-
report and the parent proxy report within a single questionnaire
was studied using the intraclass correlation coefficient and
Cohen’s d effect size.

Results

The study included 83 children with VVS, aged 12-17 years,
consisting of 42 girls and 41 boys. The average age of the
participants was 15.0+2.1 years, with the average age at
the onset of the first syncopal episode being 13.4 + 2.8 years. At
the time of enrollment, the average number of prior syncopal
episodes recorded in the children’s medical histories was
41+16. All 83 children had their baseline vitamin levels
measured, and a follow-up examination 3 months after the start
of treatment was recommended. However, only 68 patients (35
girls and 33 boys) consistently took the vitamin supplements at
the prescribed doses and returned for the examination after 3
months. The attrition rate of 18%, resulting in the loss of 15
participants, is considered acceptable.
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During 3 months of therapy with the combined vitamin
supplement, only 4 (5.9%) children experienced a repeat episode
of uncomplicated syncope. On therapy, the VVS group showed a
significant decrease in the total CSSS score [2 (0-3) points to 0
(0-0) points; p=0.001] and an increase in the MCSS score (—2
[(—4)-(=2)] points to 0 (0-0) points; p <0.001). Over the course
of a year from the start of therapy, repeat episodes of syncope
were recorded in 8 (11.8%) of cases. Compared to baseline data,
significant observed: CSSS
remained significantly low [0 (0-1) points; p=0.01], while the
MCSS score remained significantly high [0 (0-0) points; p < 0.001].

The control of the vitamin content in the blood after 3 months

improvements were still score

of treatment showed an increase in the serum concentrations of
pyridoxine [from 8.1 (5.8-11.8) pg/L to 13.9 (9.2-16.3) pg/L;
P <0.001], folic acid [from 3.7 (3.0-4.7) ug/L to 6.6 (5.7-8.2) ug/
L; p<0.001], cyanocobalamin [from 293.3 (234.8-323.2) ng/L to
411.1 (358.5-511.4) ng/L; p<0.001], and 25(OH)D [from 17.8
(13.9-23.6) ng/ml to 33.5 (29.4-38.2) ng/ml; p<0.001]. These
results were associated with a significant decrease in the serum
homocysteine level [from 13.8 (9.9-17.9) pmol/L to 8.5 (7.6-
10.8) umol/L; p < 0.001].

The changes in HRV indicators after 3 months of treatment in
children with a history of syncope were characterized by an
increase in SDANN (standard deviation of the averages of NN
intervals), and a decrease in TP (total power), LF (low-frequency
power), and LF/HF (ratio of low-frequency to high-frequency

TABLE 2 HRV before and after treatment.

3 months after
treatment median
(IQR)

Indicator Before treatment

median (IQR)

SDANN, ms 207 (148-353) 348 (302-425) 0.034
RMSSD, ms 236 (175-433) 377 (314-412) 0.097
PNN50, % 33 (21-40) 32 (27-39) 0.431
TP, ms® 7,500 (4,872-11,871) 5,711 (4,892-6,625) 0.002
VLF, ms® 3,022 (2,196-4,745) 3,440 (2,078-4,826) 0.400
LF, ms® 2,311 (1,178-3,873) 1,910 (1,268-2,189) 0.004
HE, ms* 1,267 (813-2,946) 1,570 (1,157-2,108) 0.555
LF/HF 1.4 (1.0-2.3) 1.2 (1.1-1.2) 0.010

SDANN, standard deviation of the averages of NN intervals; RMSSD, root mean square of
successive differences; pNN50, percentage of NN intervals differing by more than 50 ms; TP,
total power; VLE, very low-frequency power; LF, low-frequency power; HF, high-frequency
power; LF/HF, ratio of low-frequency to high-frequency power; IQR, interquartile range.

Bold values are statistically significant data.

10.3389/fped.2025.1553428

power), indicating a reduction in sympathetic-adrenal influences
on heart rate (Table 2).

After 3 months of treatment, changes in the circadian type of
the daily BP profile were accompanied by a significant increase
in the dipper pattern for systolic blood pressure (SBP) and
diastolic blood pressure (DBP, Table 3).

The psychometric analysis of the PedsQL™ 4.0 Generic Core
Scales revealed that the missing data rate for self-reports from
children and proxy-reports from parents was 0.7% and 1.4%,
respectively, with “ceiling” and “floor” effects not exceeding 15%
in the group of children with VVS. The Cronbach’s alpha
correlation coefficient was 0.96 for the child’s self-report and
0.94 for the parent’s proxy-report, indicating a high degree of
internal consistency between the child and parent versions of the
PedsQL™ 4.0 Generic Core Scales. All scales of the PedsQL™
4.0 Generic Core Scales showed strong (>0.70) correlations with
the overall QOL factor, confirming their construct validity. The
obtained intraclass correlation coefficients (r) demonstrated good
agreement between the child’s self-report and the parent’s proxy-
report within the PedsQL™ 4.0 Generic Core Scales: physical
functioning—0.76; ~ emotional  functioning—0.75;  social
functioning—0.72; school functioning—0.72; physical health
summary score—0.76; psychosocial health summary score—0.76;
total scale score—0.81 (p <0.001). Cohen’s d effect size <0.20
within the PedsQL™ 4.0 Generic Core Scales further indicates
no statistically significant difference between children’s self-
reports and parents’ proxy-reports in the VVS group: physical
functioning—0.19;  emotional  functioning—0.03;  social
functioning—0.16; school functioning—0.12; physical health
summary score—0.19; psychosocial health summary score—0.08;
total scale score—0.14.

According to the results of the PedsQL™ 4.0 Generic Core Scales
survey, 3 months after the use of vitamin B6, B9, B12, and D3
supplements, improvements were observed in physical, emotional,
and school functioning, along with an increase in the total QOL
score in children who had recently experienced VVS (Table 4).

The psychometric assessment of the PedsQL™ 2.0 Family
Impact Module revealed that the percentage of missing values for
each item did not exceed 2.4%. The “ceiling” and “floor” effects
within the questionnaire did not exceed 15% for each scale.
These results met the established measurement standards and
indicated that the PedsQL™ 2.0 Family Impact Module was

appropriate for surveying family members of children with

TABLE 3 Nocturnal blood pressure dipping in VVS patients before and after treatment.

Before treatment n (%)

Dipping pattern

3 months after treatment n (%)

SBP Dippers 36 (53.0) 51 (75.0) 7.178 0.008
Non-dippers 28 (41.2) 15 (22.0) 5.747 0.017
Over-dippers 2(2.9) 1(1.5) 0.341 0.560
Night-peakers 2(2.9) 1(1.5) 0.341 0.560

DBP Dippers 40 (58.8) 58 (85.3) 11.832 <0.001
Non-dippers 5(7.3) 3 (44) 0.531 0.467
Over-dippers 22 (32.4) 6 (8.8) 11513 <0.001
Night-peakers 1(1.5) 1(1.5) 0.000 1.000

BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.
Bold values are statistically significant data.
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TABLE 4 QOL indicators in children with VVS before and after treatment.

10.3389/fped.2025.1553428

Mo @ 4.0 gene O ea e afte ea e D p
Child self-report

Physical functioning 73.7+16.2 81.1+10.1 <0.001
Emotional functioning 68.5+16.8 721+145 0.012
Social functioning 79.1£18.0 83.1+10.9 0.051
School functioning 64.8+17.5 828+79 <0.001
Physical health summary score 73.7+16.2 81.1+10.1 <0.001
Psychosocial health summary score 70.9 +13.7 79.3+8.0 <0.001
Total scale score 71.8 £13.1 79.9+7.9 <0.001
Parent proxy-report

Physical functioning 67.3+20.2 80.1+8.9 <0.001
Emotional functioning 68.2+16.3 71.2+11.5 0.225
Social functioning 76.9 +19.5 81.3+£9.0 0.098
School functioning 60.6+18.8 81.8+7.1 <0.001
Physical health summary score 67.3+20.2 80.1+8.9 <0.001
Psychosocial health summary score 68.6+15.2 78.1+6.5 <0.001
Total scale score 68.2+14.8 78.8+6.7 <0.001

M + SD, mean + standard deviation.

Bold values are statistically significant data.

TABLE 5 Dynamics of HRQOL among family members of children with VVS during proposed therapy.

PedsQL™ 2.0 family impact module Before treatment M + SD 3 months after treatment M + SD

Physical functioning 59.2+17.8 73.8+9.6 <0.001
Emotional functioning 59.3+20.5 726+12.8 <0.001
Social functioning 70.4+20.3 77.6 £14.7 <0.001
Cognitive functioning 70.7 £20.0 78.6 £13.7 <0.001
Communication 63.0 £24.7 77.0 £14.7 <0.001
Worry 43.8+19.9 69.3+11.6 <0.001
Daily activities 52.0+20.8 70.6 £13.8 <0.001
Family relationships 73.8+19.5 81.8+12.4 0.001
Parent HRQOL summary score 64.3+16.7 75.4+10.0 <0.001
Family summary score 65.6 +16.9 77.6 £10.9 <0.001
Total impact score 61.7 £14.0 752+8.4 <0.001

HRQOL, health-related quality of life; M + SD, mean + standard deviation.
Bold values are statistically significant data.

syncope. The Cronbach’s o coefficient was 0.93, confirming the
reliability of the PedsQL™ 2.0 Family Impact Module in
assessing the QOL of family members in VVS group. All scales
of the PedsQL™ 2.0 Family Impact Module showed strong
(>0.70) correlations with the HRQOL factor, except for the
communication and worry scales, which proved moderate
correlations (0.67 and 0.57).

It has been demonstrated that vitamin supplementations over 3
months in children with recent VVS had a positive impact on the
parents’ QOL, family functioning, and the overall family QOL (Table 5).

Discussion

Despite significant advances in understanding the mechanisms
underlying VVS in recent years, including the abnormal Bezold-
Jarisch  reflex, autonomic nervous system dysfunction,
neurohumoral, and hereditary factors, the pathogenesis of this
condition remains poorly understood, debated, and in need of
further investigation into other potential etiopathogenic factors

Frontiers in Pediatrics

(1, 3, 6). Recent scientific studies suggest a likely indirect, and in
some cases, direct role of vitamin B and D deficiencies and
hyperhomocysteinemia in the pathogenesis of syncope (8, 10, 13).
It has been proven that vitamin B12 deficiency may influence
the development of the pathological Bezold-Jarisch reflex through
impaired myelination, leading to slowed nerve conduction and
increased serum norepinephrine levels (8, 20). As is well known,
this catecholamine regulates the adaptive and compensatory
functions of the cardiovascular system by increasing myocardial
contractility, heart rate, cardiac output, and BP (24). Some
studies demonstrate the impact of hyperhomocysteinemia on the
autonomic nervous system via activation of the renin-
angiotensin-aldosterone system and the development of
sympathicotonia (25). Furthermore, hyperhomocysteinemia is
associated with reduced HRV and increased BP variability (26).
The mechanisms by which vitamin D deficiency influences the
development of VVS remain poorly understood and controversial.
It has been established that excessive contractions of the left
ventricle trigger the activation of cardiac C-fibers during the
Bezold-Jarisch reflex, while vitamin D deficiency is associated
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with impaired cardiac autonomic function due to suppressed vagal
balance (12, 13). Furthermore, vitamin D is involved in the
proliferation and development of smooth muscle and endothelial
cells, contributing to vascular elasticity (27). Its deficiency may
lead to syncope through reduced peripheral vascular resistance
during the pathological Bezold-Jarisch reflex in response to a
trigger (15, 17). The likelihood of this mechanism is supported
by observations from Usalp S. et al., who reported significantly
lower vitamin D levels in tilt-positive patients compared to tilt-
negative individuals (28). Another potential pathophysiological
link in syncope could be disrupted neuronal conduction of the
baroreflex mechanism. Vitamin D, present in both the central
and peripheral nervous systems, plays a critical role in
maintaining the neurotrophic and neuroprotective effects of
growth factors involved in neurotransmitter conduction and
nerve cell growth (29).

This study revealed a significant prevalence of vitamin
insufficiencies and deficiencies, particularly for vitamins B6, B9,
B12, and D. These deficiencies were linked to a high occurrence
of hyperhomocysteinemia in children with VVS. The findings
highlight with
subsequent alleviating

the necessity of vitamin supplementation,

assessment of its effectiveness in
symptoms, reducing syncope episodes, improving autonomic
nervous system function, and enhancing HRQOL.

Despite the high relevance of this issue, studies on the efficacy of
vitamin D in patients with VVS have not yet been conducted (15).
There are only isolated reports on the positive effects of
cyanocobalamin in reducing VVS symptoms and decreasing
recurrence rates in adults (16, 17), while data on the efficacy of
B vitamins in children with VVS are completely lacking. At the
same time, it has been proven that B vitamin supplementation can
effectively alleviate symptoms of autonomic dysfunction by
reducing serum homocysteine levels (30). Considering the fact that
vitamin D may regulate the expression of genes involved in
homocysteine metabolism enzymes, an increasing number of
studies support the efficacy of vitamin D3 supplementation in
(31). In our study, the
effectiveness of oral supplementation with vitamins B6, B9, B12,

treating  hyperhomocysteinemia

and D3 in the doses described above for 3 months was confirmed
by a significant reduction in serum homocysteine levels (p < 0.001).

Studies on the effectiveness of vitamin B and D supplementation
in improving autonomic nervous system function are extremely
limited and fail to shed light on the pathophysiological mechanisms
of this interaction. Zhong et al. demonstrated the ability of
B vitamin supplements to influence autonomic regulation of the
cardiovascular system, as evidenced by a decrease in heart rate HR
and an increase in HRV among healthy adults (32). Similarly,
B vitamin supplementation in healthy individuals reduced the
adverse effects of air pollution on cardiac autonomic dysfunction
(33). Mann et al. showed that vitamin D supplementation improves
cardiac autonomic tone in hemodialysis patients with 25(OH)D
deficiency (34). Another study demonstrated that vitamin D and
calcium supplementation in patients with vitamin D deficiency and
insufficiency may modulate the sympathetic nervous system, leading
to changes in BP and heart rate (35). Furthermore, it was showed
that low-dose vitamin D intake enhances the sensitivity of the
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bradycardic component of the baroreflex in rats (36). It has been
proven in another study that daily vitamin D intake leads to
improvements in blood pressure levels and autonomic balance in
individuals with overweight and obesity (37). These findings
underscore the need for further research to better understand the
pathophysiological mechanisms and the potential efficacy of
vitamin supplementations in controlling cardiac autonomic
dysfunction symptoms.

In our study, a 3-month course of vitamin supplementation
was shown to increase HRV, as evidenced by a significant rise in
the SDANN index, along with a decrease in TP, LF, and LF/HF
(p<0.01). These findings confirm a reduction in sympathotonic
influences on the cardiovascular system. Another indication of
improved cardiac autonomic function observed in our patients
with VVS during therapy is the increased prevalence of dipper
profiles for SBP and DBP (p <0.01).

According to the World Health Organization Constitution,
HRQOL serves as an additional tool for assessing health in a
broader context, encompassing perceptions of health, psychosocial,
(38). The
methodology for evaluating HRQOL in pediatric populations can
help determine the burden of disease on both the child and their

family members, as well as assess the effectiveness of therapeutic

mental well-being, and overall quality of life

and preventive interventions (38-40). At the same time, studies
addressing HRQOL in children with a history of VVS remain
extremely limited. One such study identified lower HRQOL scores
based on child self-reports compared to parent proxy-reports,
influenced by the children’s age and levels of parental stress (41).
Shigeyasu et al. were the first to examine QOL in children with
autonomic dysfunction, revealing low parameters of physical and
emotional well-being, self-esteem, peer relationships, and school
functioning (42). Numerous studies confirm the impact of
autonomic nervous system imbalance on reduced HRQOL in
children with autonomic disorders (43, 44).

In this study, the PedsQLTM 4.0 Generic Core Scales and
PedsQL™ 2.0 Family Impact Module underwent psychometric
evaluation, which confirmed their suitability, reliability, and validity
when used with patients suffering from VVS. The results of the
current research confirmed that the reduction in the frequency of
symptoms and episodes of syncope, along with changes in
autonomic nervous system functioning, were accompanied by
improvements in the quality of life (QOL) for both children and
their families during vitamin supplementation therapy. In children,
there was an
functioning (p <0.05). In parents of children with a history of VVS,

increase in physical, emotional, and school

these changes were accompanied by improvements in physical,
emotional, social, and cognitive functioning, communication, and a
decrease in worry levels. Among family members, daily activities
and family relationships also improved (p < 0.05).

This study has several limitations. The obtained results are
based on a relatively small group of children and the absence of
a healthy control group. It is also not definitively known what
changes in HRV, BP variability, and HRQOL indicators occur 3
months after VVS in children who did not receive vitamin
supplementations. This study also did not take into account the
dietary habits of the children included in the research, which
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could have provided more insight into understanding the causes of
vitamins insufficiency and deficiency in VVS. The effectiveness of
treatment was monitored only after 3 months, so the long-term
effectiveness of this approach at 6, 12, and more months remains
unknown. The study presents results of correcting vitamin
imbalances in pyridoxine, folates, cyanocobalamin, and
25(OH)D, whereas the impact of other vitamins on disease

progression and treatment outcomes was not studied.
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