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Abstract

Postural tachycardia syndrome (POTS) is a form of dysautonomia which presents with complex symptoms including orthostatic
intolerance. Several medications are prescribed for POTS; however, the efficacy of sustained medical treatment has not been well-
investigated. Here, we conducted a 2 x 2 factorial design, randomized, clinical trial of a 3-month medical treatment regimen in POTS
patients. Patients were randomly allocated to 4 treatment groups (Group 1: propranolol; Group 2: bisoprolol; Group 3: propranolol +
pyridostigmine; Group 4: bisoprolol + pyridostigmine). The orthostatic intolerance questionnaire (OIQ), Beck depression inventory-II
(BDI-II), and short-form health survey (SF-36) were conducted at baseline, 1 and 3 months after treatment. Seventy-seven patients
who completed the 3-month follow-up were analyzed. In total, every clinical score improved significantly after medical treatment. The
OIQ score was significantly lower than that at baseline (18.5 £ 6.7) after 1 month (12.5 £4.5, P <0.01), which decreased further after
3 months (7.8 +£5.7, P < 0.01). The OIQ score improvements were consistent across every treatment group. In the subgroup analysis of
59 patients who did not receive antidepressants, the BDI-II score significantly decreased after treatment, regardless of the regimen.
Physical components of the SF-36 improved after 3 months in every group, while mental components improved only in Group 3. The
amount of changes in each score was similar among groups throughout the comparisons. Sustained medical treatment is beneficial to
POTS patients, not only for orthostatic intolerance symptoms but also for depression and diminished quality of life, even without
prescriptions for antidepressants. The efficacy of each regimen in POTS patients was comparable. Trial registration: NCT02171988
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Introduction

Postural tachycardia syndrome (POTS), which is characterized
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by an excessive heart rate (HR) increase after standing, is a
common cause of orthostatic intolerance (OI) [1-3]. POTS is
more prevalent in young people and predominantly affects
women (4-5:1) [4]. It is one of the most common disorders
seen in autonomic dysfunction clinics and the prevalence is
estimated to be at least 170/100,000, which may be higher
due to a lack of clinical awareness of the syndrome [4, 5].
The clinical significance of POTS is increasingly appreciated
due to the recent reports regarding the comorbidities of POTS,
such as depression [1], sleep disorders [6], chronic fatigue syn-
drome [7], and diminished quality of life (QOL) [6, 8]. While
the long-term prognosis of POTS has not been investigated
well, some patients suffer from refractory POTS [9-11].
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Both non-pharmacological and pharmacological treat-
ments are being applied to POTS patients [12]. Water/
sodium ingestion and exercise are the mainstays of non-
pharmacological treatments; however, POTS patients often
report debilitated feelings after exercise, which limits their
compliance with exercise regimens [12]. In terms of pharma-
cological treatments, [3-blockers [13—16], pyridostigmine [12,
17], midodorine [18-21], and other agents [15, 22, 23] are
used. A number of (3-blockers including propranolol [13,
14], bisoprolol [15], and metoprolol [16] have been reported
to be helpful in POTS patients; however, the superiority of
efficacy among these agents has not been investigated.
Pyridostigmine, an acetylcholinesterase inhibitor widely pre-
scribed to POTS patients, is considered to increase parasym-
pathetic nervous system activity and therefore decreased HR
in POTS [17, 24]. To date, the efficacy of combination treat-
ment of (3-blockers and pyridostigmine in POTS patients has
not been investigated. Also, none of the abovementioned
medications have been approved by the Food and Drug
Administration for the treatment of POTS; thus, all agents
are used off-label [12]. Furthermore, all trials have been of a
short duration, and long-term, randomized, clinical trials in
this area are lacking. Whether depression and diminished
QOL would improve after treatment of POTS is also an im-
portant question that remains to be answered since these ac-
companying conditions significantly deteriorate the daily life
of these patients.

Here, we performed a randomized, clinical trial of 3-month
duration of medical treatments with 4 different regimens in
POTS patients. We attempted to investigate the efficacy of
sustained medical treatments, the superiority between two differ-
ent (3-blockers, and the benefit of additional pyridostigmine treat-
ment. We also analyzed if the medical treatments for POTS were
effective in improving depression and the diminished QOL.

Methods
Subjects

Patients who visited the Neurology department of Seoul
National University Hospital between April 2014 and
August 2015 and who satisfied the HR criteria for POTS were
screened for eligibility for the current study. Orthostatic vital
sign (OVS) tests were performed as previously described [2,
8]. The patients stayed in a supine position for > 10 min before
the test. After the baseline blood pressure (BP) and HR were
measured, patients stood upright without support and
remained still beside the bed. The BP and HR were checked
immediately and again at 1, 3, 5, and 10 min after standing.
The OVS test was performed twice in every patient, mostly
once in the afternoon and again in the early morning, and the
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maximal HR increment in each patient was calculated from
the two OVS tests.

Patients were included in the study when they met the
following criteria: (1) HR increment >30 bpm (or >40 bpm
in patients aged between 12 and 19) within 10 min after stand-
ing; (2) presence of considerable orthostatic intolerance symp-
toms, defined by an orthostatic intolerance questionnaire
(OIQ) [25] score > 10; and (3) no overt cause of tachycardia,
such as acute blood loss, prolonged bed rest, hyperthyroidism,
or tachycardia-promoting medications. This study was ap-
proved by the Institutional Review Board of Seoul National
Hospital (IRB No. H-1401-091-440) and was registered at
ClinicalTrials.gov (NCT02171988). Informed consent was
obtained from every participant.

Study Design

Patients were randomly allocated to 4 different treatment
groups (Group 1: propranolol; Group 2: bisoprolol; Group 3:
propranolol+pyridostigmine; and Group 4: bisoprolol+
pyridostigmine), using a random number generator at www.
random.org. A 2 x 2 factorial design was used to compare the
efficacy of propranolol and bisoprolol and to assess the benefit
of additional pyridostigmine treatment. Patients were instructed
to visit the clinic at 1 and 3 months after the initiation of
medical treatments. Propranolol was started at a dose of
10 mg twice a day, and a dosage increase was allowed up to
20 mg twice a day after 1 month, according to the clinician’s
discretion. The starting dose of bisoprolol was 2.5 mg once a
day, and a dosage increase was allowed up to 5 mg once a day
after 1 month. Pyridostigmine was prescribed at a dose of
30 mg twice a day, which was maintained for 3 months.

Efficacy Assessment

All participants performed three sets of self-report question-
naires at baseline and at every follow-up visit at 1 and 3 months
after the initiation of medical treatment. The OI symptoms were
evaluated using the OIQ, which has been widely used to assess
the symptoms of POTS patients in previous studies [25-28].
This questionnaire consists of 10 symptoms of OI, which are
nausea, tremor in hands, dizziness, palpitations, headache, pro-
fuse perspiration, blurred vision, chest discomfort, light-
headedness, and concentration difficulties. Patients specified
the presence and frequency of each symptom with a score
ranging from 0 to 4, with 0 for none, 1 for once a month, 2
for 2—4 times per month, 3 for 2—7 times per week, and 4 for
more than once a day. The severity of Ol symptoms was
assessed by summing the scores of the 10 symptoms.

The Beck depression inventory-1I (BDI-II) was used to as-
sess the degree of depression in participants. A total score of 0—
13 indicates minimal depression, 14—19 mild depression, 20—
28 moderate depression, and 29-63 severe depression [29].
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The health-related QOL in participants was assessed using the
36-item short-form health survey (SF-36) [30]. The question-
naire includes 36 items that produce 8 subscales: physical func-
tioning, role limitation caused by physical problems, bodily
pain, general health, vitality, social functioning, role limitations
caused by emotional problems, and mental health. These 8
subscale scores are summed into two summary scales, the
physical component summary scale (PCS) and the mental com-
ponent summary scale (MCS). These scales are normed to the
population (mean =50, standard deviation [SD]=10), and a
higher score represents a better QOL, while a lower score indi-
cates a poorer QOL. The changes in clinical scores at each visit
were analyzed and the efficacy of medical treatments was in-
vestigated according to the treatment regimens.

Outcome Measures

The primary outcome was the amount of OIQ score reduction
after 1 and 3 months of medical treatment compared to the
baseline OIQ score. The secondary outcomes included the
amount of score reduction in the BDI-II; the amount of score
improvement in the PCS; and the amount of score increase in
the MCS, which were evaluated after 1 and 3 months of med-
ical treatment. As the orthostatic tachycardia in POTS patients
displays diurnal variability [2, 31], and the extent of the in-
crease in HR does not correlate with the severity of the symp-
toms [8, 32], changes in the extent of orthostatic tachycardia
were not used as an outcome variable.

Statistical Analysis

All continuous variables are presented as mean + SD. Sample
size was calculated using the OIQ score distribution obtained
from a previous study (estimated mean 19, estimated SD 7)
[8]. Sample size was calculated to achieve 80% power (alpha
value 0.05) to detect 30% difference of OIQ score in two
different groups. Considering a dropout rate of 20%, we ini-
tially designed to perform randomization in 100 patients in the
study. However, the dropout rate was higher in some group
therefore we enrolled a few more patients.

The difference between the scores of each questionnaire
and their changes among treatment groups has been assessed
using an analysis of variance (ANOVA) with post hoc anal-
ysis performed with the Tukey test. The repeated measures
ANOVA with Bonferroni correction was used to compare
the data over time (baseline, 1 month, 3 months), in total
and within groups. To compare the therapeutic efficacy
among different groups, delta changes of the scores from
baseline were calculated, and either an ANOVA or an inde-
pendent T test was performed. Data were analyzed using
SPSS version 22.0.0 for Windows, and values of P<0.05
were considered significant.

Results
Patients

Between April 2014 and August 2015, 153 patients who
displayed excessive orthostatic tachycardia (>30 bpm in-
crease) were screened for eligibility in the study (Fig. 1).
Fifty patients with mild OI symptoms, defined as an OIQ <
10, were excluded. A total of 103 newly diagnosed patients
were randomized into 4 different treatment groups and were
scheduled to receive 3 months of medical treatment; however,
26 patients discontinued follow-up during the study period.
The reason for the discontinuation was due to refusal of fur-
ther treatments or not showing up at follow-up visits. None of
the patients have discontinued follow-up due to adverse
events of the medical treatment.

As a result, a total of 77 patients (41 females; mean age
33.0+12.7) who completed the 3-month follow-up were in-
cluded in the analysis. In total, the maximal HR increase was
41.9+10.8 (Table 1), and the average of the total OIQ, BDI-II,
PCS, and MCS scores at baseline was 18.5+6.7, 15.9+8.2,
41.5+6.3, and 38.5 £ 10.6, respectively (Table 2).

The number of patients allocated to Groups 1, 2, 3, and 4
was 19, 17, 18, and 23, respectively. Baseline demographics,
including age, height, weight, supine HR/systolic BP/diastolic
BP, standing HR/systolic BP/diastolic BP (measured immedi-
ately after standing), and maximal HR increment after stand-
ing were not different among groups (Table 1).

Efficacy

Regardless of the treatment regimen, the OIQ score signifi-
cantly decreased after 1 month of medical treatment and fur-
ther decreased after 3 months of treatment. In total, the mean
OIQ decreased from 18.5+6.7 to 12.5+4.5 (P<0.01) and
7.8+5.7 (P<0.01) after 1 and 3 months, respectively.
Likewise, in each treatment group, the OI symptoms signifi-
cantly decreased after 1 month (all P<0.01) and continued to
decrease until 3 months of medical treatment (all P<0.01).
The amount of the decrease in the OIQ score was not different
among groups after 1 and 3 months of treatment (all P> 0.05;
Table 2). The improvements of OIQ scores were comparable
regardless of the type of (3-blockers (propranolol or
bisoprolol) and regardless of adjunctive pyridostigmine treat-
ment (all P> 0.05; Table 3).

The BDI-II scores decreased in total and in each group after
3 months (all P<0.01) of medical treatment. The PCS and
MCS scores also tended to improve after medical treatment,
regardless of the treatment regimen (Table 2). Both proprano-
lol and bisoprolol seemed to be equally helpful for relieving
depression and improving QOL in POTS patients (all P> 0.05
on independent T test, Table 3). There seemed to be no incre-
mental benefits of adding pyridostigmine on top of the f3-
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153 Patients were assessed for eligibility
w| 50 Were excluded
who had mild orthostatic intolerance symtpoms
A
103 Underwent randomization
\4 Y ¢
26 Were assigned to 25 Were assigned to 26 Were assigned to 26 Were assigned to
receive propranolol receive bisoprolol receive propranolol receive bisoprolol
(Group 1) (Group 2) and pyridostigmine and pyridostigmine
(Group 3) (Group 4)
—)| 7 Discontinued foIIow-upl —-)|8 Discontinued follow-up | —)IS Discontinued follow-up | —)|3 Discontinued follow-up
Y Y Y y
19 Completed follow-up 17 Completed follow-up 18 Completed follow-up 23 Completed follow-up
v 14 Did not receive 12 Did not receive 16 Did not receive 17 Did not receive
To 3-Month antidepressants antidepressants antidepressants antidepressants
0 3-Mon

Fig. 1 Screening, randomization, treatment, and follow-up of the
patients. Among the 154 patients with excessive orthostatic tachycardia,
50 patients with mild orthostatic intolerance symptoms were excluded.

blockers for POTS patients, in terms of managing depression
and decreased QOL (all P>0.05 on independent T test,
Table 3). However, some of the patients had received antide-
pressants during the study period, which can significantly af-
fect the scores of the BDI-II, PCS, and MCS. Therefore, we
assessed the impact of the medical treatment on depression
and QOL in the subgroups of patients who did not receive
antidepressants during the study period.

Subgroup Analysis

A total of 59 patients were not treated with antidepressants
throughout the study period. The BDI-II scores, along with the
OIQ scores, universally decreased after 1 month of medical
treatment and further decreased after 3 months of treatment,
regardless of the treatment regimen (Fig. 2, Supplementary
Table 1). The amount of score changes at 1 and 3 months
was not different among groups (Supplementary Table 1).
The PCS score significantly increased at 3 months after treat-
ment in every group except ambiguous improvement in Group
2, and the MCS score remarkably improved in group 3 after
3 months (Fig. 2).

We performed additional subgroup analyses to compare the
therapeutic efficacy of propranolol and bisoprolol. Among the
patients not treated with antidepressants, patients in Groups 1
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The remaining 103 patients were randomly assigned to 4 treatment
groups. Patients who completed the 3-month medical treatment regimen
were included in the analysis

and 3 were combined into the propranolol group (n =30), and
those in Groups 2 and 4 were united into the bisoprolol group
(n=29). The delta changes of each score were compared be-
tween the two groups at 1 and 3 months after medical treat-
ment, which displayed no difference between the two treat-
ments (Fig. 3A).

Next, we assessed the benefit of the additional administra-
tion of pyridostigmine to (3-blockers. Among the patients not
treated with antidepressants, patients in Groups 3 and 4 were
merged into the pyridostigmine (+) group (n =33), and those
in Groups 1 and 2 were combined into the pyridostigmine (—)
group (n=26). The delta changes of each score were com-
pared between the two groups at 1 and 3 months after medical
treatment, and the additional benefit of pyridostigmine admin-
istration was questionable (Fig. 3B).

Discussion

We evaluated the efficacy of sustained medical treatments in
the largest number of POTS patients ever studied. We random-
ized the patients into 4 different treatment groups to compare
the efficacy between two different (3-blockers and to investi-
gate the benefit of additional pyridostigmine treatment. In total,
the 3-month medical treatment significantly improved the OI
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Table 1 Baseline characteristics of study patients overall and in each group*

Total Group 1 (P only) Group 2 (B only) Group 3 (P + PS) Group 4 (B + PS) P value (ANOVA)
Number (V) 77 19 17 18 23
Sex (Male:Female) 26:41 6:13 8:9 3:15 9:14
Age 33.0+£12.7 39.4+11.6 29.8£9.9 32.8+£12.8 30.3+£14.0 0.069
Height 164.6+9.3 162.0+8.3 167984 163.0£9.1 165.7+£10.6 0.211
Weight 59.9+134 58.0+9.5 62.2+14.1 553+11.0 63.4+16.6 0.211
Supine
Heart rate” 65.0+£11.8 64.5+10.4 64.4+10.2 67.7+£15.0 63.9+11.1 0.487
Systolic BP* 109.1£11.1 109.1+12.3 110.0£10.6 107.3+£94 109.9+11.7 0.697
Diastolic BP" 66.6+8.8 68.3+£10.2 66.4+8.8 66.2+8.7 65.7+7.7 0.590
Standing (immediate)
Heart rate” 90.7+15.2 87.1+13.6 93.5+144 942+16.6 88.8+15.2 0.112
Systolic BP* 110.9+13.0 109.7+15.4 110.5+13.0 110.1+10.3 112.8+12.8 0.676
Diastolic BP" 70.0+11.3 70.4+10.4 68.9+10.7 70.2+10.3 70.1+13.4 0.937
Maximal HR increment{
Overall 41.9+10.8 39.3+13.7 42.6+9.9 43.8+£10.0 41.9+99 0.641
Afternoon 258+11.4 223+11.8 28.4+11.7 29.6+12.2 23.8+£9.3 0.153
Morning 403+12.6 38.1+154 40.1+11.6 41.8+£129 413+11.0 0.822

ANOVA was performed among Groups 1 to 4. Plus-minus values are mean + SD

BP blood pressure; HR, heart rate; P, propranolol; B, bisoprolol; PS, pyridostigmine; ANOVA, analysis of variance

“The HR and BPs were obtained twice from the 2 orthostatic vital sign tests performed in each patient, and their means were calculated

T The largest value of the maximal heart rate increment was chosen from the 2 orthostatic vital sign tests performed in each patient

symptoms of POTS patients. Moreover, depression and QOL
also remarkably improved without the use of antidepressants.
Propranolol and bisoprolol demonstrated comparable therapeu-
tic effects for POTS patients. Additional pyridostigmine admin-
istration was not beneficial.

The 3-month medical treatments were significantly helpful
in improving the OI symptoms of POTS patients. To date,
non-pharmacological treatments including water/sodium in-
gestion and exercise are prescribed to POTS patients, and
several medications have been accepted for the pharmacolog-
ical treatments of POTS. Randomized trials have elucidated
that low-dose propranolol [14], midodrine [22], and
pyridostigmine [17] are beneficial for the improvement of
orthostatic tachycardia and Ol symptoms. However, most of
these drug trials are designed to evaluate the acute response (2
to 4 h after administration) of the study drug [13, 14, 17, 22].
Only a limited number of studies have evaluated the sustained
effect of daily medical treatment [18, 19, 33] or exercise train-
ing [34] in POTS patients, but these studies were mainly fo-
cused on the improvement of haemodynamic parameters [19,
23, 35]. Recent studies have revealed that orthostatic tachy-
cardia displays diurnal variability [2, 31], and the extent of
orthostatic tachycardia does not correlate with the severity of
the symptoms [8, 32]; thus, we insist that it should not be used
as an outcome variable for evaluating the long-term effect ofa
medical treatment. We demonstrated that the OI symptoms of

POTS patients significantly decreased after 1 month of med-
ical treatments that consisted of a 3-blocker with/without
pyridostigmine. The symptoms continued to decrease in re-
sponse to 3 months of medical treatment. We suggest that
pharmacological treatment of POTS should be maintained
for at least 3 months.

Medical treatments without antidepressant agents in POTS
patients were helpful in improving the symptoms of depres-
sion and diminished QOL. Recently, we have reported that
depression and diminished QOL in POTS patients are directly
associated with their O symptoms [8]. However, it has
remained unknown if the depressive symptoms of POTS pa-
tients need to be treated with additional antidepressant agents
or if the depression would be improved after the medical treat-
ment of POTS alone. Among the 59 patients who did not
receive antidepressant agents during the study period, the
mean BDI-II scores of the patients in each treatment group
were all above 13, which suggested the presence of mild de-
pression in the patients. The BDI-II score universally de-
creased to below 10 after 3 months in each group, which
represented minimal depression. The baseline PCS and MCS
scores in each treatment group were all below 43, which indi-
cated that the mean QOL score of the patients belonged to the
lowest quartile of the general population. After 3 months of
medical treatment, the PCS score significantly improved in
every group and the MCS score meaningfully increased in
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Fig. 2 Subgroup analysis of the patients who did not receive
antidepressants during the follow-up period. Regardless of the treatment
group, all the patients demonstrated noticeable improvement of their
orthostatic intolerance symptoms (measured by the OIQ) and
depression (measured by the BDI-II) after 1 month, with further
improvement after 3 months of medical treatment. Patients in every
treatment group experienced improvement of the physical component
of quality of life (measured by PCS) after 3 months, except ambiguous
improvement in Group 2. Patients in Group 3 (who received propranolol
and pyridostigmine) showed an improvement of the mental component of
quality of life (measured by the MCS) after 3 months. P and B indicate
propranolol and bisoprolol, respectively; PS, pyridostigmine; OIQ,

Group 3. The current study implies that depression and dimin-
ished QOL can be improved by the sustained medical treat-
ment of POTS without antidepressant agents.

Propranolol and bisoprolol were equally effective for
improving the OI symptoms, depressive symptoms, and
diminished QOL in POTS patients. Propranolol is a non-
selective 3-blocker that may induce systemic effects,
whereas bisoprolol is a 31-selective (3-blocker that may
mainly affect the heart [4, 15]. It has yet to be elucidated
whether POTS is merely a disease of the heart or a sys-
temic disease caused by autonomic dysregulation. The
changes in clinical scores in the propranolol and
bisoprolol groups were not significantly different after 1
and 3 months. However, the amount of improvement in
the scores in each scale after 3 months was uniformly
larger in the propranolol group despite the lack of statis-
tical significance. The efficacy of propranolol and
bisoprolol in POTS patients should be evaluated for a
longer period of time in future studies.
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orthostatic intolerance questionnaire; BDI-II, Beck Depression
Inventory-II; PCS, physical component summary scale of the Short-
Form 36; MCS, mental component summary scale of the Short-Form
36. *P values <0.01 on repeated measures ANOVA performed among
baseline, 1 month, and 3 months. **P values < 0.05 on repeated measures
ANOVA performed among baseline, 1 month, and 3 month. P values <
0.01 on pairwise comparison with Bonferroni correction compared to the
baseline. *P values <0.05 on pairwise comparison with Bonferroni
correction compared to the baseline. 1P values <0.01 on pairwise
comparison with Bonferroni correction between 1 and 3 months. *P
values <0.05 on pairwise comparison with Bonferroni correction
between 1 and 3 months

The additional administration of pyridostigmine with [3-
blockers in POTS patients was not superior to the treatment
with a [3-blocker alone. (3-blockers and pyridostigmine are the
most commonly prescribed medications in POTS patients [4,
12, 36]. 3-blockers are helpful in reducing the HR in POTS
patients [12], but excessive [3-blockade could be counterpro-
ductive and less well-tolerated. Low-dose propranolol (10—
20 mg orally) was more beneficial than high-dose propranolol
(80 mg) for lowering the standing HR and improving the
symptoms in POTS patients [14]. Pyridostigmine is an acetyl-
cholinesterase inhibitor that can increase synaptic acetylcho-
line levels at both the autonomic ganglia and peripheral mus-
carinic parasympathetic receptors [12]. As (-blockers and
pyridostigmine have different mechanisms of action, we hy-
pothesized that combining the two drugs would be more ef-
fective in POTS patients. However, there were no significant
differences in score changes in each questionnaire between
patients with or without the additional administration of

pyridostigmine.
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Fig. 3 Subgroup analysis of the A
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Recently, an autoimmune origin of POTS has been sug-
gested, according to the reports that revealed that various auto-
antibodies were present in POTS patients. Li et al. demonstrat-
ed that the anti-31 adrenergic receptor (AR) antibody, anti-32-
AR antibody, and anti-«1 AR antibody were all present in the
serum of POTS patients and that these sera acted as a partial o1
AR antagonist and as 31AR and 32AR agonists [5]. Other
studies have reported the presence of autoantibodies to acetyl-
choline receptors (AchRs) [37] and cardiac lipid raft-associated
proteins [38]. POTS patients also had a higher prevalence of
comorbid autoimmune disorders and autoimmune markers,
such as antinuclear antibodies and antiphospholipid antibodies
[39]. However, it still remains unknown if the POTS patients

OBisoprolol Imo

S8l

e

Propranolol vs. Bisoprolol

B Propranolol 3mo  EBisoprolol 3mo

S

MCS

Pyridostigmine (+) vs. Pyridostigmine (-)

Pyridostigmine(+) Imo O Pyridostigmine(-) 1mo MPyridostigmine(+) 3mo B Pyridostigmine(-) 3mo

o L

MCS

would show different responses to various medications accord-
ing to their autoantibody status. Theoretically, patients with
anti-31/2 AR antibodies would benefit from -blockers and
patients with AchR antibodies would respond well to
pyridostigmine. The efficacy of these kinds of tailored treat-
ments, according to autoantibody status, needs to be investigat-
ed in further studies.

Our study has several strengths, including the prospective
design, randomized trial, and large number of participants.
Also, we have assessed comprehensive list of symptoms on
every visit, including depression and QOL, which enables to
assess the clinical improvement in daily living of patients.
However, the study also has limitation that there was no
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placebo control group. Although all the medications are used
off-label in POTS patients, growing number of evidences sug-
gest that medical treatments are useful in POTS patients. So,
we thought including placebo control group for 3 months was
unethical. On the other hand, emerging literatures have sug-
gested the benign long-term outcomes of POTS [40, 41] and
the possibility of placebo effects in clinical trials due to psy-
chological benefits obtained by perceived therapy [42]. It can
be possible that POTS patients got better as they have been
diagnosed and counseled about their symptoms by a knowl-
edgeable physician or just following the natural course of the
disease. Thus, succeeding clinical trials with a placebo group
will be required to verify the current findings.

In summary, we investigated the efficacy of sustained med-
ical treatments in the largest number of POTS patients ever
studied. We have shown that a 3-month medical treatment
regimen was beneficial for patients with POTS, not only for
reducing OI symptoms but also for improving depression and
diminished QOL, even without prescriptions for antidepres-
sants. The therapeutic efficacy of propranolol and bisoprolol
was comparable, and the advantage of the additional admin-
istration of pyridostigmine with a 3-blocker was questionable.
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