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ABSTRACT
Objective: Orthostatic intolerance (OI) is an important 
health problem for children and adolescents. The 
onset and exacerbation of OI are strongly affected by 
psychosocial factors. Intestinal microbial deviations, 
which are affected by food and lifestyle factors, are an 
important risk factor for adult psychiatry patients, but 
their roles in pediatric patients are unclear. The objective 
of this study was to investigate the intestinal microbiota 
and its involvement in the mental health of children with 
OI.

Methods: Fifty-six fecal samples from pediatric OI 
patients and 9 samples from healthy children were 
examined with terminal-restriction fragment length 
polymorphism analysis from July 2016 to January 2018 at 
Nihon University Itabashi Hospital, Tokyo, Japan. Bacterial 
diversity was analyzed using the Shannon-Wiener index 
and the Simpson index. All OI patients were assessed 
using 2 different psychological scales: the Children’s 
Depression Inventory and the Children’s Manifest Anxiety 
Scale. The patients were then divided into the following 
subgroups: depression or nondepression and anxiety or 
nonanxiety.

Results: The mean proportion of Clostridium subcluster 
XIVa and/or Enterobacteriaceae (operational taxonomic 
unit [OTU] 940) in the OI patients was significantly higher 
than that in the healthy controls (P = .02). Among OI 
patients, Bifidobacterium (OTU 124) was less frequent in 
the depression group than in the nondepression group. 
However, depression and anxiety showed no correlation 
with bacterial diversity.

Conclusions: Pediatric OI patients showed deviations 
in the intestinal bacterial flora. The intestinal flora can 
serve as a novel therapeutic target for the mental health 
management of intractable pediatric OI patients.
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Orthostatic intolerance (OI) is the most frequent pediatric 
psychosomatic disorder.1 OI is suspected to cause autonomic 

nerve dysfunction.2 Over- or underactivation of the autonomic nerve 
system causes various symptoms, including recurrent dizziness, 
chronic fatigue, headache, and syncope. OI often occurs with 
psychiatric disorders such as depression and anxiety. The susceptibility 
of children is influenced by genetic and environmental factors.2

A report3 suggested an important role of the intestinal microbiome 
in the function of the autonomic nervous system. Some molecules 
produced by intestinal bacteria, as well as some tissue products 
stimulated by bacterial substances, enter the systemic circulation 
and are delivered into target organs.4,5 These neurotransmitters 
impact brain function by acting on the enteric nervous system, 
although they do not enter the central nervous system through the 
blood-brain barrier.6 For instance, Bifidobacterium infantis has been 
shown to increase plasma tryptophan, which is an essential amino 
acid needed for the synthesis of central serotonin.7 In addition, 
Candida, Streptococcus, Escherichia, and Enterococcus species can 
synthesize serotonin.6 It is also known that many neurotransmitters 
are synthesized and released by various bacteria and fungi, including 
γ-aminobutyric acid (GABA) from Bifidobacterium and Lactobacillus 
species; norepinephrine from Escherichia, Bacillus, and Saccharomyces 
species; and dopamine from Bacillus species.6,8 Intestinal microbiota, 
such as Bifidobacterium species, also produce short-chain fatty acids, 
including butyrate, propionate, and acetate, by fermenting indigestible 
dietary components.9 Short-chain fatty acids modulate serotonin 
synthesis in enterochromaffin cells.10 Thus, the intestinal microbiota 
play an important role in bidirectional communication between the 
gut and brain. In this sense, this type of communication could be 
named the gut-microbiota-brain axis.6,11–13

This axis has potentially important roles in the pathophysiology 
of psychosocial stress–related diseases. Interestingly, microbial 
deviations have been reported in adult patients with depression 
and anxiety.14–16 In a murine model, the postnatal development 
of hypothalamic-pituitary-adrenal stress responses was strongly 
influenced by commensal microbiota.17 This finding supports 
clinical studies18–20 suggesting that probiotic administration can 
benefit mental health in adult patients. However, there have been 
few reports on microbial deviations in child and adolescent patients 
with psychiatric diseases and OI. In this study, we examined the fecal 
flora of pediatric patients with OI to determine the roles of the gut 
microbiota in OI pathophysiology.

METHODS

Subjects
This study was approved by the ethical committee of Nihon 

University Itabashi Hospital (RK-160510-01) according to the revised 
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Clinical Points
 ■ There is a possibility of an association between 

microbial deviation and the exacerbation of mental 
health symptoms in patients with pediatric orthostatic 
intolerance (OI).

 ■ The relationship between intestinal microbiota and 
the mental health of patients with pediatric OI is still 
unknown.

 ■ Probiotics containing Bifidobacteria may serve as a novel 
therapeutic intervention in the mental health treatment 
of patients with OI.

version of the Declaration of Helsinki. Written informed 
consent was obtained from all subjects and their parents 
before collecting samples.

Patients with OI were recruited from the outpatient 
clinic of Nihon University Itabashi Hospital, Tokyo, Japan, 
between July 2016 and January 2018. All patients with OI 
were diagnosed in accordance with the Japanese Clinical 
Guidelines for Juvenile Orthostatic Dysregulation Version 
12 according to the conventional Schellong orthostatic test 
using a noninvasive beat-to-beat blood pressure monitor. 
We excluded patients with other underlying diseases, such 
as inflammatory bowel disease, infectious enteritis, and 
eating disorders.

Healthy subjects with no diagnosed psychiatric disorders 
were enrolled as the control group after interviews with 
their parents. No subjects were treated with antimicrobial 
or probiotic medicine for at least 2 weeks before testing.

This study enrolled 56 patients with OI and 9 healthy 
children as controls. All subjects were < 18 years of 
age. The ages of the patients ranged from 8.8 to 17.2 
(mean ± SD = 13.6 ± 1.6) years and those of the control 
children from 8.1 to 17.2 (mean ± SD = 12.3 ± 3.8) years. The 
OI group consisted of 21 boys and 35 girls, while the control 
group consisted of 3 boys and 6 girls.

Evaluation of Depressive State and Anxiety
Mental states were assessed on the basis of the following 

2 scales: a Japanese version of the Children’s Depression 
Inventory (CDI)21 and the Children’s Manifest Anxiety 
Scale (CMAS).22 The CDI consists of 27 items related to 
children’s depressive symptoms. Subjects provided a score 
of 0, 1, or 2 points for each item. Thus, a full score would be 
54 points. The cutoff score for the Japanese test is set at 22 
points. Therefore, a subject with more than 22 points was 
defined as having depressive tendencies. The CMAS consists 
of 42 short items that are used to determine the presence of 
anxiety-related symptoms in children, as well as 15 items to 
measure falsehoods. A subject with more than 21 points was 
defined as a high-anxiety patient, and a subject with more 
than 29 points was defined as a very high–anxiety patient. 
Therefore, the cutoff score was 21 points in this study.

Each classification is defined in Table 1. OI patients were 
classified according to the 2 scales as follows: patients with a 

CDI score ≥ 22 points were placed in the depression group, 
and patients with a CDI score < 22 points were placed in 
the nondepression group. Similarly, patients with a CMAS 
score ≥ 21 points were placed in the anxiety group, and 
patients with a CMAS score < 21 points were placed in the 
nonanxiety group.

Clinical Information
Clinical information was obtained for all subjects using 

a questionnaire designed for this study. The questionnaire 
included the following items: presence or absence of 
gastrointestinal (GI) symptoms, refusal to attend school, 
unbalanced diet, tendency to eat fermented foods and 
lactic fermented milk, perinatal histories including mode 
of delivery, and main source of nutrition during infancy 
including colostrum intake. In this study, we defined GI 
symptoms as constipation, diarrhea, and abdominal pain.

Fecal Samples
Fecal samples were collected from all 56 patients with 

OI and from 9 healthy children. Samples were prepared 
by the subjects at their homes, transported to the hospital 
immediately, and then stored at −80°C until DNA extraction. 
DNA was extracted from the fecal samples (180–220 mg 
from each stool sample) using the QIAamp DNA Stool 
Mini Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions.

Terminal-Restriction Fragment Length Polymorphism
The intestinal microbiota were analyzed in the prepared 

DNA samples by terminal-restriction fragment length 
polymorphism (T-RFLP) (TechnoSuruga Laboratory, 
Shizuoka, Japan). The samples were analyzed based on the 
Nagashima method using a primer-enzyme combination 
targeting the 16S rRNA gene.23 Polymerase chain reaction 
was performed using a terminal fluorescence-labeled primer 
set. The purified polymerase chain reaction products were 
digested using BslI. Fluorescence-labeled T-RFs were 
divided into 29 operational taxonomic units (OTUs). 
These OTUs were quantified as the percentage values of the 
individual OTU per total OTU area, which were expressed 
as the percentage of the area under the curve. On the basis 
of our analyses of fecal bacterial communities using the 
BslI-digested T-RF patterns, the fecal microbial profiles were 
compared in terms of OTUs.

Table 1. Mental State Classification Based On  
Psychological Scales
Patients With OI CDI Score ≥ 22 CDI Score < 22
CMAS score ≥ 21 14 19 Anxiety group

(n = 33)
CMAS score < 21 1 22 Nonanxiety group

(n = 23)
Depression 

group
(n = 15)

Nondepression 
group

(n = 41)

Total (n = 56)

Abbreviations: CDI = Children’s Depression Inventory, CMAS = Children’s 
Manifest Anxiety Scale, OI = orthostatic intolerance.
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Statistical Analysis
All OTU values are expressed as 

mean ± SD. The diversity of the gut 
microbiome was analyzed using the 
Shannon-Wiener index and the Simpson 
index.24 Data were compared between 
each group using the Mann-Whitney 
test, and a value of P < .05 was considered 
significant. The Mann-Whitney test was 
used in addition to the Kruskal-Wallis test 
for analysis among 3 groups. A value of 
P < .017 was considered significant.

The detection rate in each group 
was compared using Fisher exact test, 
and a value of P < .05 was considered 
significant. All data were analyzed using 
Statcel 4 software (OMS Publishing Inc, 
Tokorozawa, Japan).

RESULTS

Clinical Profiles of OI Patients and Healthy Individuals
The clinical profiles of the participants and the results 

of the statistical analyses are presented in Table 2. Fisher 
exact test showed significant differences in GI symptoms 
and school phobia between the OI patients and the healthy 
controls. Depressive tendencies were observed in 26.8% of 
OI patients, and anxiety was found in 58.9% of OI patients. 
In OI patients, there was a positive correlation between 
GI symptoms and anxiety (P = .04); however, there was no 
correlation between GI symptoms and depressive tendencies 
(P = .13). There were no correlations of school phobia with 
either depressive tendencies or anxiety (P = .56 and P = .91, 
respectively).

Bacterial Flora of OI Patients and Healthy Individuals
The gut bacterial populations of OI patients and healthy 

controls were investigated using the BslI-digested T-RFLP 
database. Twenty-nine OTUs were compared between 
OI patients and healthy controls. As shown in Figure 1, 
the proportion of Clostridium subcluster XIVa and/or 
Enterobacteriaceae (OTU 940) among all gut microbiota in 
OI patients (5.21 ± 6.40) was significantly higher than that 
in healthy controls (2.41 ± 4.54) (P = .02). There were no 
significant differences in the other 28 OTUs.

Relationship Between the Fecal Microbiota and 
Depression and Anxiety Among OI Patients

Next, we examined the frequency of OTUs among OI 
patients with or without depression or anxiety. As shown in 
Figure 2, significant changes were identified in 2 of the 29 
OTUs. The mean proportion of Bifidobacterium (OTU 124) 
in the nondepression group (2.66 ± 3.18) was significantly 
higher than that in the depression group (0.67 ± 0.92, P = .006) 
(Figure 2A). However, there were no significant differences 
among the healthy control, anxiety, and nonanxiety groups 
(Figure 2B). The mean proportion of Clostridium subcluster 

XIVa and/or Enterobacteriaceae (OTU 940) in the healthy 
controls (2.41 ± 4.54) was significantly lower than that in the 
depression group (8.80 ± 9.95, P = .014) and the anxiety group 
(6.32 ± 7.53, P = .012) (Figure 2C and 2D). In addition, there 
was no significant difference in GI symptoms, as indicated 
by the proportion of Clostridium subcluster XIVa and/or 
Enterobacteriaceae (OTU 940) (data not shown).

Fecal Microbiome Diversity
The bacterial diversity of the microbiota profiles from 

OI patients and healthy individuals was measured using the 
Shannon-Wiener index and the Simpson index. There were 
no significant differences in either index among the control, 
depression, and nondepression groups. There were also no 
significant differences between the anxiety and nonanxiety 
groups (Figure 3). In addition, our data showed that the 
microbiota diversity displayed no differences based on 
clinical information, including age, body mass index, diet, 
and history of antibiotic treatment (Supplementary Table 1).

DISCUSSION

OI is one of the most frequent health problems among 
children and adolescents. In this study, we found deviations 
in the intestinal flora in pediatric patients with OI. This 
finding suggests a possible role of intestinal dysbiosis as the 
cause of pediatric psychiatric disorders with OI. Pediatric OI 
cases are often complicated by depression and anxiety. The 
global prevalence of depression and anxiety among children 
and adolescents is 2.6% and 6.5%, respectively.25 In our study, 
the rates of depressive tendencies and anxiety were 26.8% 
and 58.9%, respectively; these data were consistent with 
previous reports.2

The possible importance of the intestinal microbiota 
has been reported in adult psychiatric diseases.26,27 Several 
researchers have reported changes in the composition of 
major gut bacterial groups in patients with depression and 

Table 2. Characteristics, Statistical Analysis, and Mental State of the Patientsa

Variable
OI Patients 

(n = 56)
Healthy Individuals 

(n = 9) P Value
Sex, male 21 (37.5) 3 (33.3) .56b

Age, mean ± SD 13.6 ± 1.6 (8.8–17.2) 12.3 ± 3.8 (8.1–17.2) .91c

BMI (kg/m2), mean ± SD 18.8 ± 2.9 (14.2–25.5) 18.0 ± 2.2 (15.2–21.2) .83c

GI symptomsd 40 (71.4) 2 (22.2) .007b

School phobia 37 (66.1) 0 (0) .0002b

Allergy 26 (46.4) 3 (33.3) .36b

Unbalanced diet 22 (39.3) 4 (44.4) .52b

Tendency to eat fermented foods 34 (60.7) 7 (77.8) .28b

Tendency to eat lactic fermented milk 20 (35.7) 5 (55.6) .22b

Born by vaginal delivery 44 (78.6) 9 (100) .14b

Fed exclusively breast milk during infancy 28 (50.0) 4 (44.4) .52b

Fed with colostrum at birth 52 (92.9) 8 (88.9) .80b

History of antibiotic use during infancy 5 (8.9) 0 (0) .46b

Patients with depression 15 (26.8)
Patients with anxiety 33 (58.9)
aAll values are n (%) unless otherwise noted. 
bEvaluated by Fisher exact test analysis. Bolded values indicate statistical significance.
cEvaluated by Mann-Whitney analysis.
dGI symptoms include constipation, diarrhea, and abdominal pain.
Abbreviations: BMI = body mass index, GI = gastrointestinal, OI = orthostatic intolerance. 
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anxiety using exhaustive intestinal flora analysis based on the 
16S rRNA gene. Naseribafrouei et al28 reported a significant 
increase in the order Bacteroidales and a decrease in the 
family Lachnospiraceae in patients with depression. Jiang 
et al16 observed similar findings: increased OTUs from the 
phyla Bacteroidetes and Proteobacteria and a decrease in the 
phylum Firmicutes in patients with depression. Aizawa et al29 
also reported decreased proportions of Bifidobacterium and 
Lactobacillus in patients with major depressive disorders. 
These findings suggest the possible involvement of intestinal 
dysbiosis in the pathophysiology of adult depressive disorders. 
However, adult and pediatric psychological disorders have 
different pathological and clinical backgrounds. Thus, 
the roles of the intestinal flora in pediatric psychological 
disorders must be clarified. To clarify these roles, we analyzed 
clinical fecal samples collected from pediatric patients and 
compared them with those of healthy subjects.

First, we analyzed intestinal bacterial flora by T-RFLP. In 
the patients with OI, a significantly higher rate of Clostridium 
subcluster XIVa and/or Enterobacteriaceae was observed. This 

finding suggests the possible role of Clostridium subcluster 
XIVa and/or Enterobacteriaceae in the pathophysiology of 
pediatric mental health with OI. However, we could not 
identify specific roles of each bacterial family for technical 
limit. Although Clostridium and Enterobacteriaceae genomes 
are similar in 16S rRNA coding genes, they possess very 
different biological natures including Gram stainability, 
aerobic/anaerobic metabolism, and cytokine induction. In 
this study, we could not differentiate them with T-RFLP 
analysis targeting this area. More precise bacterial analysis 
at the species level employing next-generation sequencers 
is needed.

Next, we analyzed intestinal flora among OI patients with 
or without depression or anxiety. Focusing on depression, 
increased frequency of Bifidobacterium was observed in the 
OI patient with depression compared with the OI patient 
without depression as shown in Figure 2A. Furthermore, 
the proportions of Clostridium subcluster XIVa and/or 
Enterobacteriaceae were also significantly higher in the 
patients with depression than in the healthy controls as 

Figure 1. Mean Operational Taxonomic Unit Distribution of the Fecal Microbiota in Samples From  
Orthostatic Intolerance (OI) Patients and Healthy Controls

A. Healthy Controls

B. OI Patients

Bacteria Mean % of Bacteria

OTU Name
Healthy 
Controls

OI  
Patients

1 106 Clostridium subcluster XIVa 0.15 0.38
2 110 Clostridium cluster IX 10.8 10.1
3 124 Bifidobacterium 1.91 2.13
4 137 Prevotella 0.02 0.01a

5 168 Clostridium cluster IV 0.09 0.26
6 317 Prevotella 0 1.95
7 332 Lactobacillales 0.12 0.19
8 338 Clostridium cluster XI 0.06 0.3
9 366 Bacteroides 4.72 6.99
10 369 Clostridium cluster IV 0 0
11 423 Clostridium cluster XVIII 0 0
12 443 None 0 0
13 469 Bacteroides 59 52.9
14 494 Clostridium subcluster XIVa 3.31 2.04
15 505 Clostridium subcluster XIVa 2.89 0.63
16 517 Clostridium subcluster XIVa 0.22 0.09
17 520 Lactobacillales 0 0
18 643 None 0 0
19 650 Clostridium cluster XVIII 4.77 5.74
20 657 Lactobacillales 1.23 1.33
21 749 Clostridium cluster IV 3.12 3.23
22 754 Clostridium subcluster XIVa 0.51 1.11
23 770 None 0.09 0.12
24 853 Bacteroides 1.22 1.41
25 919 Clostridium cluster XI and/or  

Clostridium subcluster XIVa
1.16 1.65

26 940 Clostridium subcluster XIVa and/or  
Enterobacteriaceae

2.41 5.21b

27 955 Clostridium subcluster XIVa 0.36 0.67
28 968 None 0 0.01a

29 990 Clostridium subcluster XIVa 1.88 1.47

1
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aDoes not appear in the pie chart.
bThe proportion of Clostridium subcluster XIVa and/or Enterobacteriaceae (OTU 940 [#26 in the pie chart]) in OI patients was significantly higher 

than that in healthy controls. It was not possible to discriminate these 2 kinds of bacteria by T-RFLP analysis because their fragment lengths 
are similar. Data were statistically examined with the Mann-Whitney test.

*P < .05.
Abbreviations: OTU = operational taxonomic unit, T-RFLP = terminal-restriction fragment length polymorphism. 
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shown in Figure 2C. On the other hand, focusing on anxiety, 
only proportions of Clostridium subcluster XIVa and/or 
Enterobacteriaceae were significantly higher in the patients 
with anxiety than in the healthy controls as shown in Figure 
2D. No significant difference was observed in the other 27 
OTUs.

Among bacterial families with positive correlations, 
Bifidobacterium is a major representative beneficial 
bacterium.8 Bifidobacterium species are reported to produce 
GABA, which acts as an inhibitory neurotransmitter in the 
brain.6 A recent report by Jang et al30 found that the presence 
of Bifidobacterium adolescentis IM38 reduced the expression 
of stress-related cytokines, including tumor necrosis factor-α 
(TNF-α) and interleukin-6 (IL-6) and that this species 
potentially attenuated anxiety through the modulation of 
benzodiazepine sites on the GABA receptor in a mouse 
model. Probiotics and prebiotics containing Bifidobacterium 
have been shown to improve the psychological states of 
humans and rats.18,19 These results support the hypothesis 
that Bifidobacterium plays a potentially important role in 
mental health.

Clostridium subcluster XIVa was previously classified 
under Lachnospiraceae and is known to include strains 
that produce high concentrations of butyric acid, an 
important short-chain fatty acid, in the human intestine.31 
Fusicatenibacter saccharivorans, a member of Clostridium 
subcluster XIVa, induces the expression of IL-10 in the lamina 
propria and inhibits inflammation of the intestinal tract 
in patients with ulcerative colitis.32 Although Clostridium 
subcluster XIVa is generally considered beneficial for 
humans, we observed that the proportion of Clostridium 
subcluster XIVa was significantly higher in the depression 
and anxiety groups than in the healthy controls. Many aspects 
of the impact of Clostridium subcluster XIVa on hosts and 
its function in the human intestine are unknown and need 
further elucidation. On the other hand, Enterobacteriaceae 
are not major bacteria in normal human intestinal flora, 
though they had been regarded as the primary bacteria at 
the culture-based period. These bacteria actually constitute 
less than 1% of the total gut flora.33 However, they may play 
strong biological roles including potent immunostimulatory 
effects as well as production of bioactive substances. Jiang et 
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Figure 2. Relationship Between the Fecal Microbiota and Depression and Anxiety Among Orthostatic Intolerance (OI) Patientsa

OTU 124 Bifidobacterium
 A. With or Without Depression B. With or Without Anxiety

OTU 940 Clostridium subcluster XIVa and/or Enterobacteriaceae
 C. With or Without Depression D. With or Without Anxiety

aAll data are expressed as mean ± SD. Data were statistically examined with the Mann-Whitney test and Kruskal-Wallis test.
Abbreviations: NS = not significant, OTU = operational taxonomic unit.



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2019 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e6    Prim Care Companion CNS Disord 2019;21(2):18m02401

Ishii et al 

OI OI

Control          Depression     Nondepression Anxiety Nonanxiety

NS NS

0

1

2

3

0

0.2

0.4

0.6

0.8

1

Sh
an

no
n-

W
ie

ne
r I

nd
ex

 S
co

re
Si

m
ps

on
 In

de
x 

Pr
op

or
tio

n 

0

1

2

3

0

0.2

0.4

0.6

0.8

1

Sh
an

no
n-

W
ie

ne
r I

nd
ex

 S
co

re
Si

m
ps

on
 In

de
x 

Pr
op

or
tio

n 

Control              

OI OI

Control Depression  Nondepression Control              Anxiety Nonanxiety

NSNS

Figure 3. Fecal Microbiome Diversity in OI Patients With and Without Depression or Anxiety Compared With Healthy Controlsa

A. Shannon-Wiener Index: Depression and Anxiety

B. Simpson Index: Depression and Anxiety

aAll data are expressed as mean ± SD. Data were statistically examined with the Mann-Whitney test.
Abbreviation: NS = not significant, OI = orthostatic intolerance.

al16 observed that the proportion of Enterobacteriaceae was 
increased in patients with depressive disorders compared to 
that of healthy controls.

OI patients tend to spend long periods of time in a supine 
position because the symptoms of OI are often exacerbated 
when standing. Bedrest often weakens intestinal motor 
functions.34 In this study, OI patients showed a significantly 
higher frequency of GI symptoms than healthy subjects. 
This finding is consistent with previous reports.35 The 
severity of GI symptoms showed a correlation with anxiety 
in OI patients, but bacterial changes with and without GI 
symptoms were not identified in this study.

Finally, we examined bacterial diversity in OI patients 
with or without depression or anxiety. However, in our data, 
depression and anxiety showed no significant correlations 
with bacterial diversity. Even in adult patients, the role of 
bacterial diversity in depressive disorders is controversial. 
Jiang et al16 reported that the intestinal bacterial diversity 
of the depressive group was higher than that of the 
nondepressed group in adults. Naseribafrouei et al28 
reported that there was no significant difference in bacterial 
diversity between depressed patients and nondepressed 
patients. Generally, high bacterial diversity is considered 

beneficial for human health. However, the role of intestinal 
microbiota diversity in the function of the central nervous 
system has not been fully elucidated. The degree of intestinal 
microbiota diversity is known to be affected by age, diet, 
history of antibiotic treatment, and pregnancy.36 However, 
our data did not show that microbiota diversity was affected 
by any of these clinical parameters.

There were several limitations of this study that should be 
mentioned. First, our study did not include controlled age-
matched data, and the number of healthy subjects was small. 
Second, the QIAamp DNA Stool Mini Kit has difficulty 
detecting Gram-positive bacteria, which have relatively 
thick cell walls.37 Another problem is the equivalency 
between the real intestinal microflora and the microflora 
in fecal samples. Endoscopic sampling of the mucosal flora 
may reflect such possible discrepancies, but this procedure 
is not indicated. In addition, single-time stool sampling 
might be affected by the patient’s dietary composition and 
lifestyle. Repeated longitudinal sampling must be carried 
out to eliminate daily or conditional flora changes. Finally, 
due to the limitations of T-RFLP analysis, the bacterial 
classification obtained using this method is not comparable 
to that obtained with next-generation sequencing. Due 
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to the advantages of T-RFLP, including its low cost and 
simple technique, we are planning a longitudinal study with 
the same patients to compare clinical features over time. 
Moreover, quantitative analysis of bacterial concentrations 
may improve our understanding.

In summary, this study suggests the involvement of 
intestinal microbial dysbiosis in the pathophysiology of 

pediatric OI patients. Bacterial components or bioreactive 
substances produced by the intestinal mucosa may affect 
the autonomic nervous system. Therefore, normalization of 
the intestinal environment can serve as a novel therapeutic 
intervention for pediatric psychiatric disorders in OI 
patients who are resistant to conventional drug therapy or 
psychotherapy.
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Supplementary Table 1. Comparison of OI Patient Characteristics and Fecal Bacterial Diversity 

 Shannon- Wiener index Simpson index 

 Yes No P-value Yes No P-value 

Gender; Male 1.83 ± 0.42 1.63 ± 0.35 0.08 0.58 ± 0.14 0.53 ± 0.12 0.12 

Skinny (BMI < 18.5 kg/m2) 1.71 ± 0.36 1.69 ± 0.42 1.00 0.56 ± 0.12 0.54 ± 0.14 0.58 

GI symptom 1.69 ± 0.40 1.73 ± 0.35 0.74 0.55 ± 0.13 0.55 ± 0.11 0.88 

Refusal to attend school 1.66 ± 0.40 1.79 ± 0.34 0.27 0.53 ± 0.13  0.58 ± 0.11 0.27 

Allergy 1.69 ± 0.42 1.71 ± 0.36 0.92 0.54 ± 0.14 0.55 ± 0.12 0.88 

Unbalanced diet 1.64 ± 0.35 1.74 ± 0.41 0.38 0.53 ± 0.12 0.56 ± 0.13 0.41 

Tendency to eat fermented foods 1.70 ± 0.42 1.71 ± 0.33 0.95 0.55 ± 0.14 0.55 ± 0.11 0.97 

Tendency to eat lactic fermented 

milk 

1.69 ± 0.39 1.71 ± 0.39 0.71 0.54 ± 0.12 0.56 ± 0.13 0.58 

Born by vaginal delivery 1.68 ± 0.39 1.80 ± 0.37 0.27 0.54 ± 0.13 0.59 ± 0.12 0.24 

Fed exclusively breast milk 

during infancy 

1.76 ± 0.37 1.64 ± 0.39 0.14 0.57 ± 0.12 0.53 ± 0.13 0.22 

Fed with colostrum at birth 1.69 ± 0.39 1.90 ± 0.28 0.23 0.54 ± 0.13 0.61 ± 0.09 0.27 

History of antibiotic use during 

infancy 

1.78 ± 0.48 1.70 ± 0.38 0.59 0.60 ± 0.15 0.54 ± 0.13 0.32 

BMI = body mass index, GI = gastrointestinal. GI symptoms include constipation, diarrhea, and abdominal 

pain. 
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