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Abstract

n and greatly affect both physical and mental health. But the
Background: Vasovagal syncope (VVS) is common in childre
mechanisms have not been completely explained. This study was designed to analyze the gut microbiota in children with VVS and
explore its clinical significance.
Methods: Fecal samples from 20 VVS children and 20 matched controls were collected, and the microbiota were analyzed by 16S
rRNA gene sequencing. The diversity and microbiota compositions of the VVS cases and controls were compared with the
independent sample t test or Mann-Whitney U test. The correlation between the predominant bacteria and clinical symptoms was
analyzed using Pearson or Spearman correlation test.
Results: No significant differences in diversity were evident between VVS and controls (P>0.05). At the family level, the relative
abundance of Ruminococcaceae was significantly higher in VVS children than in controls (median [Q1, Q3]: 22.10% [16.89%,
27.36%] vs. 13.92% [10.31%, 20.18%], Z=�2.40, P<0.05), and LEfSe analysis revealed Ruminococcaceae as a discriminative
feature (linear discriminant analysis [LDA] score>4, P<0.05). The relative abundance of Ruminococcaceae in VVS patients was
positively correlated with the frequency of syncope (r=0.616, P<0.01). In terms of its correlation with hemodynamics, we showed
that relative abundance of Ruminococcaceae was negatively correlated with the systolic and diastolic pressure reduction at the
positive response in head-up tilt test (HUTT; r=�0.489 and �0.448, all P<0.05), but was positively correlated with the mean
pressure drop and decline rate (r=0.489 and 0.467, all P<0.05) as well as diastolic pressure drop and decline rate at the HUTT
positive response (r=0.579 and 0.589, all P<0.01) in VVS patients.
Conclusion:Ruminococcaceaewas the predominant gut bacteria and was associated with the clinical symptoms and hemodynamics
of VVS, suggesting that gut microbiota might be involved in the development of VVS.
Keywords: Vasovagal syncope; Gut microbiota; Ruminococcaceae; Children

Introduction The pathogenesis of VVS is perplexing and includes the
Bezold–Jarisch reflex, autonomic nervous system dysfunc-
Vasovagal syncope (VVS) is the most common form of
syncope, accounting for more than one-half of children
presenting to the emergency department.[1] The peak onset
age of VVS is between 13 and 15 years.[2] Patients with
VVS are often triggered by long-term standing or by
emotional stimuli with or without presyncope symptoms.
VVS is a benign self-limiting process but recurrent seizures
may affect both the quality of daily life and mental
health.[3] Therefore, further clarification of the pathogen-
esis of this disease is very important and valuable for
clinical practice.
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tion, excessive activation of the renin-angiotensin system
(RAS), and vasoactive substances.[4-7] These mechanisms
often interact or coexist but are not completely under-
stood. With the continuous development of genetic
technology, the role of gut microbiota in a variety of
diseases has attracted great attention in the past few
years.[8] Previous studies have shown that the diversity and
composition of gut microbiota play important pathophys-
iological roles in cardiovascular diseases, such as hyper-
tension and atherosclerosis.[9] The main mechanisms for
these diseases involve vasomotor dysfunction caused by a
variety of neurological and humoral factors,[10] which
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exhibit some similarities to the pathogenesis of VVS.Many
precursor symptoms of VVS are often accompanied by
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for 10min in a quiet, dark environment. A non-
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gastrointestinal disorders manifested as nausea, vomiting,
and abdominal pain. These abdominal symptoms were
previously thought to be related to autonomic dysfunction.
Therefore, we hypothesized that gut microbiota might be
involved in the mechanisms for VVS. However, the role of
gut microbiota in VVS has not yet been elucidated.
Therefore, the present study was undertaken to explore the
change and significance of gut microbiota in VVS of
children.

Methods
Ethical approval

This study was approved by the Peking University First
Hospital and informed consent was obtained from all of
the patients before their enrolment in this study. All
procedures performed in studies were in accordance with
the ethical standards of the institutional and/or national
research committee and with theHelsinki Declaration and
its later amendments or comparable ethical standards.

Subjects
The VVS group consisted of 20 children diagnosed with
VVSwhowere recruited from the Department of Pediatrics
of Peking University First Hospital from July 2016 to
January 2017. While, the control group consisted of 20
age- and sex-matched healthy children.

The VVS inclusion criteria were as follows: (1) aged
between 5 and 18 years, (2) the diagnostic criteria of VVS
are met,[11] and (3) a normal routine stool examination.
The exclusion criteria were as follows: (1) structural
abnormalities of the cardiovascular, neurological or
metabolic systems as observed by electrocardiogram
(ECG), echocardiography, blood biochemistry, cerebral
magnetic resonance imaging (MRI) or computed
tomography (CT) scan; (2) body mass index (BMI) >
24kg/m2; (3) a history of antibiotic or probiotic use within
8 weeks; (4) an onset of constipation or diarrhoeal
disease within 8 weeks.

The healthy children inclusion criteria were as follows:
(1) aged between 5 and 18 years; (2) no syncope,
dizziness, paleness and so on; and (3) a normal routine
stool examination. The exclusion criteria were as follows:
(1) a history of structural or functional abnormalities;
(2) a history of antibiotic or probiotic use within the last
8 weeks; (4) an onset of constipation or diarrhoeal disease
within the last 8 weeks.

All participants were analyzed for general characteristics
and demographic data. The children with VVS were
examined for the syncope frequency and clinical data
during the head-up tilt test (HUTT).

Head-up tilt test
12
After fasting for 4h before the test, participants were
instructed to lie down on a HUTT bed (HUT-821, Beijing
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invasive continuous blood pressure monitor (Finapres
Medical System-FMS, FinometerPRO, FMS Company,
Netherlands) was used to record heart rate and blood
pressure, and ECG was recorded. The head of the bed
frame was then tilted upward to a 60° angle and the
changes in heart rate, blood pressure, and ECG were
recorded. The test was terminated when a positive reaction
was detected or after 45min of HUTT if no positive
reaction was detected.

The positive criteria for HUTT were as follows:[11]

decreased blood pressure; decreased heart rate; a junction-
al escape rhythm that occurred after sinus arrest; a second-
or third-degree atrioventricular block; and a pause of
asystole of more than 3 seconds. A fall in blood pressure
and heart rate was defined as follows: systolic pressure
�80mmHg (1mmHg=0.133kPa) or diastolic pressure
�50mmHg or a drop in mean blood pressure ≥25%.
Bradycardia was defined as follows: a heart rate decline
to <75 beats/min in 4 to 6-year-old, <65 beats/min in 7 to
8-year-old, <60 beats/min in children over 8 years old.

Fecal sample collection and microbiota analysis
Fecal samples were collected from all participants in the
morning following an overnight fast using disposable
sterile forceps. Each fecal sample was immediately
packaged in a liquid nitrogen container and stored at
�80°C until DNA extraction.

Genomic DNA from fecal samples was extracted using the
CTAB method. A frozen aliquot (200mg) of each fecal
sample was briefly immersed in 1000ml of 2% cetyltri-
methylammonium bromide (CTAB) buffer with 20ml of
lysozyme. The sample was incubated at 65°C for 2h and
then centrifuged at 3000�g for 5min, and the supernatant
was saved. An equal volume of hydroxybenzene (pH 8.0):
chloroform: isoamyl alcohol at a ratio of 25:24:1 was
added to the saved supernatant. The mixed sample was
then centrifuged at 3000�g for 10min and the superna-
tant was saved. An equal volume of chloroform: isoamyl
alcohol at a ratio of 24:1 was added to the supernatant.
The mixed sample was centrifuged at 3000�g for 10min
and the supernatant was saved. A three-quarter volume of
isopropanol was added to the saved supernatant. The
sample was mixed well, precipitated at �20°C, and
centrifuged at 3000�g for 10min. The supernatant was
discarded. The saved pellet was washed with 1ml of 75%
ethanol twice and dried. A total of 51ml of ddH2O and 1ml
of RNase A were added to hydrolyze the RNA. The
samples were placed at 37°C for 15min and stored at
�20°C before DNA amplification by polymerase chain
reaction (PCR).

The hypervariable region (V4) of the bacterial 16S rRNA
gene was amplified from fecal DNA extracts using the
modified universal bacterial primer pair 515F
(GTGCCAGCMGCCGCGGTAA) and 806R (GGAC-
TACHVGGGTWTCTAAT). All PCR analyses were
carried out with the Phusion® High-Fidelity PCR Master
Mix with GC Buffer (New England Biolabs, Ipswich, MA,

http://www.cmj.org


USA). An initial PCR sample contained approximately 10
ng of template DNA, 0.2mmol/L of forward and reverse

Statistical analysis
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primers, and 12.5mL of 2�Taq PCR Mix in a total
volume of 25mL. The reaction was carried on a Veriti 96-
well Thermal Cycler (Applied Biosystems, USA) using the
following program: initial denaturation at 98°C for 1min,
30 cycles of denaturation at 98°C for 10s, annealing at
50°C for 30s, and elongation at 72°C for 30s, with a final
extension step at 72°C for 5min.

An equal volume of 1 � loading buffer (containing SYBR
green) was mixed with the PCR products and the mixtures
were subjected to gel electrophoresis on 2% agarose gels.
Samples with bright bands between 400 and 450bp were
selected for further experiments. PCR products of the same
sample were mixed in equidensity ratios and the mixed
products were purified with the GeneJET gel extraction kit
(Thermo Scientific).

Sequencing libraries were generated using the TruSeq®

DNA PCR-Free Sample Preparation Kit according to the
manufacturer’s recommendations, and index codes were
added. The library quality was assessed on the Qubit@ 2.0
Fluorometer (Thermo Scientific) and Agilent Bioanalyzer
2100 system. Lastly, the library was sequenced on an
Illumina HiSeq 2500 platform, and 250-bp paired-end
reads were generated.

Paired-end reads were assigned to each sample according
to unique barcodes and were truncated by cleaving the
barcode and primer sequence. The paired-ends were
merged by FLASH, a fast and accurate analysis tool
designed to merge overlapping reads. The splicing
sequences were termed raw tags, and the effective tags
were ultimately obtained after filtering and removing
chimera sequences from the raw tags.

Sequences were analyzed using UPARSE software
(v7.0.1001, Robert C. Edgar, USA) and assigned to the
same operational taxonomic units (OTUs) according to
sequences with more than 97% similarity. Representative
sequences for each OTU were selected, and taxonomic
information was annotated using the mothur method
and SILVA SSU rRNA as a template database. Rapid
multiple sequence alignment was conducted with the
MUSCLE software (v3.8.31) to determine the phylogenetic
relationships of the representative sequences of all
obtained OTUs.
Table 1: Comparison of clinical characteristics in the study groups.

Items VVS group (n=20) C

Age (years) 11.1±2.0
Boys/girls, n 7/13
Height (cm) 153.5 (143.0, 162.0) 1
Weigh (kg) 41.6±11.4
BMI (kg/m2) 17.3 (16.0, 20.1)
∗
t values of parametric data with normal distributions. †x2 values of the Chi-s

continuous variables. Values are median (Q1, Q3) or mean± standard devia
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IBM SPSS 22.0 (International Business Machines Corpo-
ration, USA) was used for data analysis. The Shapiro-Wilk
test was used to check the normality of the data
distribution. Measurement data with normal distributions
were expressed as the mean± standard deviation (SD),
while enumeration data with non-normal distributions
were expressed as the median (Q1, Q3). Parametric data
with normal distributions were compared with the
independent sample t test and the correlation was
examined using Pearson correlation test. The Mann-
Whitney U test was used for comparisons and the
Spearman correlation test was used for correlations for
the enumeration data with non-normal distributions.

Alpha and beta diversity-weighted UniFrac were calculat-
ed for each sample using the Qiimer software (version
1.9.1, Pathogen and Microbiome Institute, Northern
Arizona University, USA) based on the rarefied OTU
counts. Alpha diversity was applied to analyze the
complexity of the species diversity in each sample based
on six indexes: the observed-species, Chao1, ACE,
Shannon, Simpson, and Good’s coverage indexes. These
indexes were used to evaluate the uniformity and richness
of each sample.[12] A beta diversity analysis was used to
evaluate differences in the species complexity between
samples based on diversity-weighted UniFrac.[13] Rarefac-
tion curves and principal coordinate analysis (PCoA) were
displayed using R software (v2.15.3). Differences in beta
diversity between the two groups were tested based on the
UniFrac distance using Anosim, which was used to
examine whether the differences between groups were
significantly greater than the differences within groups; this
algorithm was included in the R vegan package. The
specific bacterial taxa differentiating the two groups were
characterized using the LEfSe method, which emphasized
statistical significance and biological relevance. An effect
size threshold of 4 was used for the biomarkers in the two
groups. P-values <0.05 were considered statistically
significant for all tests.

Results

Demographic features

The VVS group comprised a total of 20 children (7 boys
and 13 girls), with a mean age of 11.1±2.0 years. The
control group comprised 20 children (8 boys and 12 girls),
ontrol group (n=20) t/x2/Z P

10.7±2.5 0.48
∗

0.63
8/12 0.11† 0.74

50.0 (140.0, 156.5) �1.08‡ 0.29
40.7±8.5 0.28

∗
0.78

18.2 (17.2, 19.8) 0.81‡ 0.43

quare test for categorical variables. ‡Z values of the nonparametric test for
tion. BMI: Body mass index; VVS: Vasovagal syncope.
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with a mean age of 10.7±2.5 years. No significant
differenceswere evident in terms of age, gender distribution,

Principal coordinate analysis
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height, weight, and BMI between the two groups [Table 1].
A total of 2,922,206 effective tags were generated from all
samples with an average of 73,055±11,305 effective tags
per sample.A total of 7012OTUswere obtained. TheOTUs
for each sample are shown in Figure 1A.

Rarefaction curve

The rarefaction curves based on the observed-species and
Shannon indexes were nearly asymptotic with the
increased sequencing, indicating that the sequencing data
were enough to cover virtually all species in all samples and
to reveal microbial information, as shown in Figure 1B.

OTUs between the two groups

Venn graph 5942 OTUs were obtained in the VVS group,
while 4547 OTUs were obtained in the control group. The
common number of OTUs was 3478; 2464 were unique to
the VVS group and 1069 were unique to the control, as
shown in Figure 1C.

Alpha diversity between the two groups

There was no significant difference in alpha diversity
between the two groups [Table 2].
Figure 1: Characteristics of the microbiota in the 2 groups. (A) Distribution diagram of the OTU
represents the number of OTUs. (B) Rarefaction curves (1) based on observed-species indexes
selected sequences, and the ordinate represents the annotated number of OTUs based on the se
and the ordinate represents the calculated Shannon index based on the selected sequences. (C
OTUs of the healthy control group (blue color), and the common OTUs in the two groups (cyan colo
dot) and healthy controls (red square). PCoA1, principal coordinate analysis 1 for 47.04% of the
Healthy group; OTUs: Operational taxonomic units; PC1: The first principal coordinate; PC2: The
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The PCoA was performed to obtain the principal
coordinates and to visualize complex multidimensional
data. The closer and more aggregated in the graph the
UniFrac was, the more similar the composition of the
species in each sample would be, as shown in Figure 1D.
No significant difference was evident between the two
groups as tested by Anosim (R=0.013, P>0.05).

Gut microbiota structural diversity at different levels

At the phylum level, Firmicutes, Bacteroidetes, and
Actinobacteria were the predominant bacteria in the two
groups, and no difference was evident for the two groups at
the phylum level (Z=�1.05, P>0.05; t=0.16, P>0.05;
Z=0.70, P>0.05, Figure 2A). At the family level,
Lachnospiraceae, Bacteroidaceae, and Ruminococcaceae
were the predominant bacteria in the two groups, and the
relative abundance of Ruminococcaceae was higher in the
VVS group than in the control group (median [Q1, Q3]:
22.10% [16.89%, 27.36%] vs. 13.92% [10.31%,
20.18%], Z=�2.40, P<0.05, Figure 2B).

Differential bacterial analysis

The LEfSe methodwas used to compare the gut microbiota
compositions of the VVS group and control group to
s of each sample for all subjects. The abscissa represents the samples, and the ordinate
and (2) based on Shannon indexes. (1) The abscissa represents the number of randomly
lected sequences. (2) The abscissa represents the number of randomly selected sequences
) Venn graph. Venn graph showing the unique OTUs of VVS group (green color), the unique
r). (D) PCoA plot. PCoA plot showing the dispersal of microbiota from the VVS patients (green
total variation; PCoA2, principal coordinate analysis 2 for 13.07% of the total variation. HG:
second principal coordinate; PCoA: Principal coordinate analysis; VVS: Vasovagal syncope.
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identify the specific bacterial taxa associated with VVS.[14]

A cladogram representing the structures of the fecal
abundance of Ruminococcaceae and the reduction and
decline rate of systolic, diastolic, andmean pressure at the

Chinese Medical Journal 2019;132(4) www.cmj.org
microbiota and the predominant bacteria in the VVS group
was generated. The LEfSe analysis revealed Ruminococ-
caceae as the discriminative feature (LDA > 4, P<0.05,
Figure 3A and B) at the family level.

Associations between relative abundance of

Ruminococcaceae and clinical data
We analyzed the associations between the relative
abundance of Ruminococcaceae and clinical symptoms,
including syncope frequency, the time to the positive
response in HUTT, systolic, diastolic and mean pressure
in baseline and at the positive response in HUTT.
We also assessed the association between relative
Table 2: Comparison of alpha diversity in the study groups.

Parameters VVS group (n=20)

Observed species 617 (413, 1534)
Shannon 5.76±0.63
Simpson 0.937 (0.929, 0.958)
Chao1 767 (479, 2072)
Ace 772 (495, 2196)
Goods coverage 0.997 (0.988, 0.998)
∗
Z values of the nonparametric test for continuous variables; †t values of pa

mean± standard deviation. Observed species represents the number of observe
on different calculations, Shannon and Simpson represent the evenness of sam
depth of sequencing, and the closer the value to 1, the better the depth of sequ

Figure 2: The distribution of gut microbiota in phylum level and family level of the two groups. (A
of each group. (C) Top 10 bacteria at the family level of each sample. (D) Top 10 bacteria a
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positive response in HUTT. The relative abundance of
Ruminococcaceae was positively correlated with the
frequency of syncope (r=0.616, P<0.01, Figure 4A),
negatively correlated with systolic and diastolic
pressure (r=�0.489, P<0.05, Figure 4B; r=�0.448,
P<0.05, Figure 4C), and positively correlated with
the reduction and decline rate of diastolic pressure at
the positive response of HUTT (r=0.579, P<0.01,
Figure 4D; r=0.589, P<0.01, Figure 4E). The
relative abundance of Ruminococcaceae was also posi-
tively correlated with the mean pressure drop and
decline rate at the positive response of HUTT (r=
0.489, P<0.05, Figure 4F; r=0.467, P<0.05,
Figure 4G).
Control group (n=20) Z/t P

415 (348, 1021) �1.84
∗

0.07
5.45±0.82 1.36† 0.18

0.939 (0.915, 0.960) �0.42
∗

0.68
518 (439, 1015) �1.65

∗
0.10

514 (436, 1067) �1.73
∗

0.09
0.998 (0.995, 0.998) 1.69

∗
0.11

rametric data with normal distributions. Values are median (Q1, Q3) or
dOTUs, Chao1 and Ace were used to estimate the number of OTUs based
ples, and lager value means better evenness. Goods coverage represents the
encing is. OUTs: Operational taxonomic units; VVS: Vasovagal syncope.

) Top 10 bacteria at the phylum level of each sample. (B) Top 10 bacteria at the phylum level
t the family level of each group. HG: Healthy group; VVS: Vasovagal syncope.
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Discussion pathogenesis of cardiovascular disease and include
vasomotor dysfunction caused by a variety of neurohu-
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VVS is the most common form of syncope in children.
The pathogenesis of VVS is complex and remains to
be elucidated. With the development of genetic techniques,
advances in the microbiome have suggested a relationship
between gut microbiota dysbiosis and cardiovascular
disease. Complex mechanisms are involved in the
Figure 3: The predominant bacteria in vasovagal syncope group using LEfSe. (A) Histogram of
abundant between the VVS and healthy children; VVS-enriched bacteria are indicated with a po
abundant taxon. (B) Cladogram. In the cladogram, circles radiating from the inside to the outside
classification levels of kingdom, phylum, class, order, family, genus, and species. Yellow indicate
VVS group. (C) Relative abundance of Ruminococcaceae in each sample. The solid line shows the
analysis; VVS: Vasovagal syncope.
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moral regulatory processes, which exhibit similarities to
the pathogenesis of VVS. Clinically, we found VVS
children often had concomitant abdominal pain, nausea,
and other gastrointestinal discomforts as a prodromal
symptom, which was previously thought to be related to
autonomic regulation. However, the role of gut microbiota
the LDA scores. Histogram of the LDA scores computed for bacteria that were differentially
sitive LDA score. The LDA score indicates the effect size and ranking of each differentially
, with the diameter positively correlated with the relative abundance, represent the different
s no significant difference between the two groups and red indicates an important role in the
average, and the dotted line shows the median. HG: Healthy group; LDA: Linear discriminant
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in VVS has not been investigated. Therefore, we deter-
mined the difference between the gut microbiota of VVS

positive response in HUTT (P<0.01), and positively
correlated with the mean pressure drop and decline rate

Chinese Medical Journal 2019;132(4) www.cmj.org
children and that of healthy children and then explored its
significance in the development of the disease.

In our study, we found that no significant differences in
alpha and beta diversity were evident between the VVS and
control groups. Ruminococcaceae was the predominant
bacteria in the gut microbiota composition of the VVS
group according to the results of the LEfSe method, and its
relative abundance was positively correlated with the
syncopal frequency (P<0.05), negatively correlated with
systolic and diastolic pressure of the time to positive
response in HUTT (P<0.05), positively correlated with
the reduction and decline rate of diastolic pressure at the
Figure 4: Correlation between the relative abundance of Ruminococcaceae in the vasovagal
Ruminococcaceae in the VVS group and syncopal frequency. (B) Correlation between the relative
to HUTT positivity. (C) Correlation between the relative abundance of Ruminococcaceae in the VVS
the relative abundance of Ruminococcaceae in the VVS group and the reduction in diastolic pre
Ruminococcaceae in the VVS group and the decline rate of diastolic pressure during the time
diastolic pressure during the HUTT positive time)/basic diastolic pressure. (F) Correlation betwee
pressure during the time to HUTT positive response. 1mmHg=0.133kPa. Mean pressure= (s
Ruminococcaceae in the VVS group and the decline rate of the mean pressure during the time to
decline rate of the mean pressure= (basic mean pressure – the mean pressure during the HU
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(P<0.05). Therefore, we speculate that the increased
relative abundance of Ruminococcaceae may be involved
in the development of VVS.

Ruminococcaceae, comprising Firmicutes, Clostridia, and
Clostridiales, is a commensal bacteria that colonize the
caecum and colon.[15] Maria et al[16] observed an anxiety
mouse model before and after inducing anxiety and found
an obvious increase in the relative abundance of
Ruminococcaceae after anxiety was induced and a positive
correlationwith the level of anxiety determined by the dark
box. These results suggested that Ruminococcaceae might
be associated with anxiety. Emotional disorders including
syncope group and clinical symptoms. (A) Correlation between the relative abundance of
abundance of Ruminococcaceae in the VVS group and the systolic pressure during the time
group and the diastolic pressure during the time to HUTT positivity. (D) Correlation between
ssure during the positive time of HUTT. (E) Correlation between the relative abundance of
to HUTT positive response. Decline rate of diastolic pressure= (basic diastolic pressure –
n the relative abundance of Ruminococcaceae in the VVS group and a reduction in the mean
ystolic pressure + 2� iastolic pressure)/3. (G) Correlation between relative abundance of
HUTT positive response. Mean pressure= (systolic pressure + 2�diastolic pressure)/3; the
TT positive time)/basic mean pressure. HUTT: Head-up tilt test; VVS: Vasovagal syncope.
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anxiety are common triggers of VVS, and recurrent
syncope may also result in increased anxiety. In our study,

increasing the relative abundance of SCFA-producing
bacteria Ruminococcaceae may lead to imbalanced

1. Massin MM, Bourguignont A, Coremans C, Comté L, Lepage P,

Chinese Medical Journal 2019;132(4) www.cmj.org
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we found a positive correlation between the relative
abundance of Ruminococcaceae and syncopal frequency.
However, whether the increased abundance of Rumino-
coccaceae is a cause or an effect of the increasing frequency
of syncope remains unknown.

The main function of Ruminococcaceae is to produce
short-chain fatty acids (SCFA), such as butyric acid and
acetic acid.[17] In our study we found that the relative
abundance of Ruminococcaceae in the VVS group was
significantly increased, suggesting that its metabolite SCFA
level was possibly increased compared with that of the
control group. SCFA are final products of complex
carbohydrates that are cleaved by intestinal microbiota.[18]

SCFA can enter the bloodstream under the actions of
anaerobic bacteria and participate in various metabolic
processes such as affecting the energy supply, regulating
immune responses and suppressing inflammatory cytokine
production. These processes serve as protective measures
against many chronic diseases.[19] During the past years,
studies have shown that butyrate and acetate can improve
hypertension[20] and that the specific mechanism might be
related to angiotensin II (AngII). Kim et al[21] found that
the blood pressure ofmice injected with AngII and butyrate
was significantly lower than that of mice injected with
AngII alone, and the relative abundance of butyrate-
producing bacteria in the intestinal tracts of the mice
injected with AngII was significantly reduced. To further
investigate the mechanism, Wang et al[22] injected AngII
into unilaterally nephrectomized Sprague-Dawley rats and
divided them into an experimental group with injected
butyrate and an untreated control group. The authors
found that the elevated blood pressure induced by AngII
was significantly suppressed and that renal injury and
inflammation were improved in the butyrate-injected
Sprague-Dawley rats, the mechanism of which was related
to renin receptor regulation. These studies suggested that
SCFA could decrease blood pressure and that the
mechanism might be related to the regulation of RAS,
which was similar to the pathogenesis of VVS. Therefore,
we speculated that the higher the relative abundance of
Ruminococcaceae and the higher its metabolite concen-
trations, namely SCFA, the more obvious the effects of
vasodilation and blood pressure drop would be. This was
consistent with our findings.

In addition, as the understanding of gut microbiota has
progressed, increasing studies have shown that the gut-
brain axis is a bidirectional regulatory pathway.[23] As the
central nervous system regulates intestinal function, the gut
and autonomic nervous system regulate brain activity
through microbes and their metabolites via the microbe-
gut-brain axis, with the central pathway through the vagus
nerve.[24] Studies have shown that fasting can damage the
vagus nerve, suggesting that the vagus nerve is involved in
regulating the axis.[25] Moreover, probiotic intake can
reduce anxiety but the effect disappears when the vagus
nerve is cut, further confirming this conclusion.[26] An
imbalance in the autonomic nervous system is a compo-
nent of VVS pathogenesis, and SCFA can be used as
receptors for enteric nerves.[27] Therefore, it is likely that

4

autonomic nervous system function, which can cause
VVS; however, the specific mechanism remains unclear
and should be further investigated. Previous studies have
shown that SCFA can reduce insulin resistance in obese
patients[28] and that among healthy people the relative
abundance of Ruminococcaceae is higher in low-BMI
subjects than in high-BMI subjects,[29] consistent with
previous findings showing that VVS is more likely to occur
in low-BMI cohorts.[30]

In conclusion, no significant differences in alpha and beta
diversity were evident between the VVS and healthy
children. The predominant bacteria in the gut microbiota
composition of the VVS group was Ruminococcaceae. A
correlation exists between gut Ruminococcaceae and
clinical syncopal frequency and hemodynamics. The results
suggest that the disturbedgutmicrobiotamaybe involved in
the development of VVS. Future studies should include
further investigation into the pathogenesis of VVS and
implementation of new methodologies for assessing VVS.
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