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Abstract

Purpose Approximately 96% of patients with postural orthostatic tachycardia syndrome (PoTS) report cognitive complaints.
We investigated whether cognitive function is impaired during sitting and active standing in 30 patients with PoT'S compared
with 30 healthy controls (HCs) and whether it will improve with the counter manoeuvre of leg crossing.

Methods In this prospective pilot study, patients with PoT'S were compared to HCs matched for age, sex, and educational
level. Baseline data included norepinephrine plasma levels, autonomic testing and baseline cognitive function in a seated
position [the Montreal Cognitive Assessment, the Leistungspriifsystem (LPS) subtests 1 and 2, and the Test of Attentional
Performance (TAP)]. Cognitive functioning was examined in a randomized order in supine, upright and upright legs crossed
position. The primary outcomes were the cognitive test scores between HCs and patients with PoTS at baseline testing, and
among the different body positions.

Results Patients with PoTS had impaired attention (TAP median reaction time) in the seated position and impaired executive
functioning (Stroop) while standing compared with HC. Stroop was influenced by position (supine versus upright versus
upright legs crossed) only in the PoTS group. Leg crossing did not result in an improvement in executive function. In patients
with PoTS, there was a negative correlation of Stroop with norepinephrine plasma levels while standing.

Conclusion Compared with HCs, PoT'S participants showed impaired cognitive attention and executive function in the
upright position that did not improve in the legs crossed position. Data provide further evidence for orthostatic cognitive
deterioration in patients with PoTS.

Trial Registration Information The study was registered at ClinicalTrials.gov (NCT03681080).

Keywords Postural orthostatic tachycardia syndrome (PoTS) - Orthostatic intolerance - Executive function -
Hyperadrenergic state - Counter manoeuvre - Leg crossing

Introduction

Postural orthostatic tachycardia syndrome (PoTS) is one of
the most common forms of chronic orthostatic intolerance
and especially affects young women [1-3]. It is characterized
by a sustained increase in heart rate (HR) of at least 30 beats/
04 Andrea Maier min within 10 mins of standing, accompanied by symptoms

amaier @ukaachen.de such as palpitations, dizziness, headaches and presyncope.
In addition to these classical orthostatic symptoms, patients
also report fatigue and concentration difficulties [4]. PoTS
is primarily considered a disease of the peripheral nervous
system. However, since up to 96% of patients with PoTS
3 JARA.BRAIN Institute Molecular Neuroscience report fzognitive difﬁcylties [5', 6], a central' orig'in has als'o

and Neuroimaging, Jiilich Research Center GmbH been discussed [7]. Prior studies showed unimpaired cogni-

and RWTH Aachen University, Aachen, Germany tion in a supine position but impaired attention, memory,

! Department of Neurology, Medical Faculty RWTH Aachen
University, Aachen, Germany

Department of Gynaecology, Medical Faculty RWTH
Aachen University, Aachen, Germany

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10286-023-00950-0&domain=pdf
http://orcid.org/0000-0002-3427-4806
http://orcid.org/0000-0002-5818-9526
http://orcid.org/0000-0002-8903-0593

460

Clinical Autonomic Research (2023) 33:459-468

cognitive processing speed and executive function in a
seated or upright position [3, 5, 8—13]. While most studies
investigated cognitive impairment during passive standing
(tilt table), active standing can better represent everyday life,
and cardiovascular compensation differs compared with pas-
sive standing on a tilt table [14]. Large muscles contract dur-
ing active standing and release pressure on veins in the lower
extremities; thus, skeletal muscle pumps improve venous
return to the heart [15]. Therefore, leg crossing is an easy
and effective way to increase the central blood volume [16].
In PoTS therapy, counter manoeuvres, such as leg crossing,
are recommended during acute dizziness [17]. Thus, if cog-
nition is impaired during active standing due to a functional
deficit induced by orthostatic stress, then leg crossing might
reduce the cognitive impairment. Concerning pathophysi-
ological mechanisms, cerebrovascular mechanisms, such as
reduced transcranial perfusion, and an association between
sympathetic stress (‘“hyperarousal”) and cognitive deterio-
ration in patients with PoT'S , which are exacerbated during
standing, have been discussed [3, 8, 11, 18].

Two key questions were investigated in this study. First,
does an upright position (sitting, active standing) impair cog-
nitive function in patients with PoT'S compared with healthy
controls (HCs), and if so, which functions are affected? Sec-
ond, does leg crossing improve these cognitive deficits?

Methods
Patients and study design

Between May 2017 and March 2021, out of 238 consecu-
tive patients that were examined in the autonomic outpatient
clinic of the university clinic, 51 patients were diagnosed
with suspected PoTS. Out of these, 30 subjects had defi-
nite PoTS, fulfilled the inclusion criteria and were included
in the study (Fig. 1). The PoTS group was compared to 30
HCs. HCs were recruited via information flyers online on
our homepage, healthy staff and personal contacts (friends,
family of our staff and the patients).

Fig. 1 Flow diagram of the
study design and inclusion pro-
cess. Missing data were years
of education in three patients

238 patients
screened in the outpatient clinic

and two controls, because they
did not fill out questionnaires
correctly, and vitamin B,

»| 187 patients excluded: diagnosed

level in three patients and two
controls because of analysis
error, norepinephrine supine in
two controls and upright in five

with diseases other than PoTS

controls because of analysis
error and LPS in one control,
because her native language was

51 patients
with suspected PoTS

not German

21 patients excluded:

A

inclusion criteria not fully met

30 patients
with definite PoTS who fulfil
inclusion criteria

30 healthy controls
matched for age, sex, and years
of education

A 4

incorrectly

Missing data:
Years of education: 3 patients,
questionnaires filled out

Vit B12: 3 patients, analysis error

Missing data:

Years of education: 2 HCs,
questionnaires filled out
incorrectly
LPS: 1 HC, native language not
German
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The inclusion criterion for patients with PoT'S was PoT'S
diagnosis according to the guidelines of the Canadian Car-
diovascular Society [19]. These include a sustained increase
in heart rate (HR) of at least 30 beats/min or a sustained HR
of 120 beats/min within the first 10 min during standing
in the absence of orthostatic hypotension, accompanied by
the presence of orthostatic symptoms for at least 3 months.
Other causes of tachycardia, such as hypovolemia, cardiac
diseases, hyperthyroidism, acute illness, severe decondition-
ing, infections or use of cardioactive drugs [20, 21] were
excluded during the clinical examination process. For HCs,
additional exclusion criteria were antihypertensive medica-
tions, symptoms of dizziness, a history of syncope, neu-
rological diseases, dementia, known iron deficiency and
psychiatric disorders. The HC group was matched for age,
gender and years of school education.

Baseline autonomic examination

The examinations were performed on two different days: on
day one, tilt table testing with continuous blood pressure
measurement and a medical examination were performed,
and on day two, blood sampling and cognitive testing were
performed. Baseline cardiovascular autonomic and labora-
tory testing [norepinephrine (NE) values while supine and
standing] were performed in a standardized manner in the
morning, without medication, smoking or caffeine intake for
at least 12 h. The standing time was 10 min on the tilt table
at 70 degrees and blood pressure (BP) and HR changes were
continuously measured using Finometer MIDI (Finapres
Medical Systems B.V., Enschede, Netherlands) or fan 4.1.0
(BioSign GmbH, Ottenhofen, Germany) [22]. We calculated
maximum/mean systolic and diastolic BP and HR changes
by the difference in the mean BP or HR in the supine posi-
tion and the minimum/mean BP or maximum/mean HR dur-
ing the first 10 min, while being tilted. NE plasma levels
were measured after at least 30 mins of rest (NE supine) and
after 10 min of active standing (NE upright). Vitamin B,
levels were analyzed using the supine blood sample in all
participants, to rule out vitamin B, deficiency as potential
cause of cognitive decline [23, 24].

Neuropsychological assessment and questionnaires

There was a break of around 15 min between blood sam-
pling and neuropsychological assessment. Baseline data
(cognition baseline) were recorded in a seated position
and included the Montreal Cognitive Assessment (MoCA)
[25] to exclude dementia, the Leistungspriifsystem (LPS)
subtests 1 and 2 [26] to assess verbal intelligence and the
Test of Attentional Performance (TAP), alertness section, to
assess attentional deficits [27]. The duration of the cognition
baseline testing was approximately 20 min. Self-assessment

questionnaires for anxiety [Beck Anxiety Inventory (BAI)]
[28] and depressive symptoms [Beck Depression Inventory-
IT (BDI-II)] [29, 30] were completed by all participants to
assess symptoms that might influence cognition.

The following tests were used to record position-depend-
ent cognition: the Stroop Colour and Word Test (Stroop)
[31], a short, easy to learn and well-established test for exec-
utive function, which was also used in previous studies to
assess the executive function in patients with PoT'S [3, 8, 9],
the Wechsler Memory Scale-Revised (WMS-R) forward and
backward [32], providing global values for general short-
and long-term memory [33]—it is one of the most widely
used tests for evaluation of memory function in adults [34],
the Corsi block-tapping task (Block) [35], a simple yet pow-
erful test [36] that is effectively used to record visual spatial
short-term memory [35], and the Trail Making Test subtest
B (TMT-B) [37], used as a well-established test to assess
cognitive flexibility [38]. It was already used in patients with
PoTS in a prior study [3]. These tests were performed in
three different positions: in a supine position (S), an upright
position (U), and an upright legs crossed position (ULC).
For ULC, participants were asked to cross one leg in front
of the other and press them together (see Fig. 2) and told
not to change their position during the subsequent cognitive
tests. Each run was performed in a different body position
(S, U, ULC) resulting in a total of six different orders of
the positions: S-U-ULC, S-ULC-U, U-S-ULC, U-ULC-S,
ULC-S-U and ULC-U-S. Participants and HC were in blocks
assigned to one of the six orders of the positions, depend-
ent on the time of inclusion in the study. Thus, five patients
and five HCs each completed the examination in the same
order of the positions. The tests during one run were always
performed in the same order: (1) Stroop, (2) WMS-R for-
ward, (3) WMS-R backward, (4) Block and (5) TMT-B. The
tasks were presented to the participants on a music holder
at chest level. Between the different positions, participants
were instructed to lie down for 5 min to stabilize circulation.
The duration of the cognitive testing during one position
took approximately 15 min.

Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS
Statistics, version 27.0) and R (R-Core Team, version 4.1.2).
For LPS, TAP, Stroop, WMS-R and TMT-B, raw scores were
converted to T-scores based on population norms for age,
gender and educational level. After conversion to T-score
population norms were 50 + 10. To capture the cognitive
change between the three positions, the difference in scores
from supine to upright (S-U), supine to upright legs crossed
(S-ULC), and upright to upright legs crossed (U-ULC) were
calculated. Clinical characteristics and cognition baseline
results for normally distributed data were compared between
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Fig.2 Study protocol. Montreal Cognitive Assessment (MoCA), Leistungspriifsystem (LPS), Test of Attentional Performance (TAP Test),
Wechsler-Memory Scale (WMS-R), Corsi block-tapping task (Block), Trail Making Test B (TMT-B)

groups (PoTS versus HC) using two-sample ¢ tests. BAI
and BDI-II scores and non-normally distributed data were
assessed using non-parametric Mann—Whitney U tests. Posi-
tion-dependent cognitive outcomes were calculated using a
mixed ANOVA [39] with group (PoTS versus HC) as the
between-factor and position (S versus U versus ULC) as the
within-factor. Due to variance inhomogeneity, for Stroop and
WMS-R backward, a robust mixed ANOVA was calculated
using the R package “WRS2” [40]. Associations between
the variables were examined using Pearson product moment
correlation for metric data and Kendall’s tau-b for ordinal
data. Data are presented as the mean (M) + standard devia-
tion (SD) for normally distributed data and median (md) and
interquartile range (IQR) for non-normally distributed data.
p Values < 0.05 were classified as statistically significant.

Results

The demographic characteristics of all participants are
presented in Table 1. The PoTS group was compared to 30
HCs matched for age, sex and educational level [PoTS 33
(25.75-40) years, HC 31 (25-38) years, 25 female and 5
male participants in each group]. No significant difference
was found between HC and patients with PoTS concern-
ing vitamin B, levels as possible influence on cognition.
Fourteen patients with PoT'S fulfilled the criteria for hyper-
mobile joint syndromes [one patient with classical Ehlers—
Danlos syndrome (EDS), one with Marfan syndrome, nine
with hypermobile EDS (hEDS), three with hypermobility
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spectrum disorder], three patients had a prior diagnosis of
mast cell activation syndrome (MCAS), four patients had
suspected MCAS and two patients had a prior diagnosis of
depression.

Autonomic examination

As expected, the maximum HR rise was higher in patients
with PoTS than in HCs [PoTS 54.01 (46.28-61.16) bpm,
HC 22.70 (17.33-36.48) bpm, p <0.001], and the abso-
lute values of HR supine (PoTS 77.65+ 13.81 bpm,
HC 61.81+9.39 bpm, p<0.001), HR upright (PoTS
108.31 +18.72 bpm, HC 69.99 +10.06 bpm, p <0.001)
and the maximum HR during the tilt table [PoTS 131.01
(123.28-147.33) bpm, HC 85.41 (76.73-90.27) bpm,
p <0.001] were higher in patients with PoTS (see Table 1
and Fig. 3A). Both the supine [PoT'S 309.00 (175.00-405.75)
ng/l, HC 173.00 (127.00-283.50) ng/l, p=0.006] and
upright [PoTS 648.50 (520.00-1053.00) ng/l, HC 408.00
(287.50-497.50) ng/l, p <0.001] NE levels were higher in
the PoTS group, with 53% of patients with PoTS having
upright NE plasma levels higher than 600 ng/l, indicating a
hyperadrenergic state (see Fig. 3B).

Neuropsychological assessment and questionnaires

One HC did not take part in the LPS because his native
language was not German. The total scores of depression
and anxiety symptoms were higher in the PoTS group [BDI
IT (Npgrs =30, Nyc=30): U=164.5, z=-4.23, p<0.001,
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Table 1 Demographics, clir.lical PoTS HC p value
data and autonomic evaluation
of patients with PoT'S compared (M =SD) or md (IQR) [range] N=30 (M +SD) or md (IQR)
with healthy controls [range] N=30
Demographics
Age (years) 33 (25.75-40) [20-53] 31 (25-38) [22-59] 0.749
Sex
Female 25 25
Male 5 5
Years of education 13.00 (11.00-13.00) 13.00 (12.00-13.00) 0.676
Autonomic examination
Vitamin B ,, ng/l 496.00 (379.00-699.00) 392.50 (296.50-497.50) 0.068
NE supine (ng/1) 309.00 (175.00-405.75) 173.00 (127.00-283.50) 0.006%*
NE upright (ng/l) 648.50 (520.00-1053.50) 408.00 (287.50-497.50)  <0.001%**
NE rise (ng/l) 401.50 (312.75-639.25) 223.00 (119.00-268.50)  <0.001 **%*
SBP supine (mmHg)  124.06 +15.42 119.65+17.03 0.297
SBP upright (mmHg)  126.89+17.57 121.23+15.68 0.193
DBP supine (mmHg)  72.01+12.82 69.69 +11.31 0.459
DBP upright (mmHg)  84.65+15.64 77.20+13.96 0.056
HR supine (bpm) 77.65+13.81 61.81+9.39 <0.001*%%*
HR upright (bpm) 108.31+18.72 69.99 +10.06 < 0.007%#*
Max. HR (bpm) 131.01 (123.28-147.33) 85.41 (76.73-90.27) <0.001*%%*
Max. HR rise (bpm) 54.01 (46.28-61.16) 22.70 (17.33-26.38) <0.001%%*

Bold values indicate significant differences. N=30 for PoTS and HC for all parameters except years of edu-
cation: npgrg=27, nye=28, vitamin B ,: npgpg =27, nyc=28, NE supine ny-=28, NE upright ny-=25.
For age the range is indicated in square brackets. Data are presented as the mean =+ SD for normally distrib-
uted data and median (IQR) [Range] for non-normally distributed data

NE norepinephrine plasma levels, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart

rate, bpm beats/minute, max maximal

#p<0.05
#4p <0.01
wHkp < 0,001

r=0.55, BAI (Npys =30, Ny-=30): U=92, z=-5.32,
p<0.001, »=0.69] (Table 2). NE rise correlated moderately
positively with BAI (¢, (53)=0.49, p <0.001) and mildly
positively with BDI-II (#, (53) =0.28, p <0.003).

Patients with PoTS had a moderately lower T-score for
the TAP median [#(58) =—-2.38, p=0.02, d=0.62] (Table 2
and Fig. 3C), indicating reduced attention in the PoT'S group
compared with the HC group. Patients with PoTS scored
moderately lower than HCs in the Stroop test while upright
[#(58)=-2.31, p=0.03, d=0.61], whereas no differences
between patients with PoT'S and HCs were detected in the
supine and upright legs crossed conditions. The robust
ANOVA for Stroop showed a significant interaction between
position and group [F(2, 27.12)=3.6, p <0.04] only in the
PoTS group [F(1.67, 48.45)=5.97, p<0.01], indicating
that executive functioning was influenced by position only
in patients with PoTS (Fig. 3D). Differences in Stroop scores
between positions differed between the groups for supine to
upright position [#58)=2.9, p <0.005, d=0.76], meaning
patients with PoTS performed worse while upright compared

with supine and worse while legs crossed compared with
supine [#(58)=2.92, p=0.005 d=0.77]. There was a nega-
tive correlation between Stroop while upright and the rise of
NE values [#(53)=-0.3, p=0.03], as well as a moderately
positive correlation between the TAP median and Stroop
while upright [r(58)=0.38, p <0.01]. Investigating possible
correlations in the different groups (HC or POTS), there
was no correlation between Stroop U and TAP in the PoTS
group [r(28)=0.15, p=0.437], but a positive correlation in
the control group [(28)=0.55, p=0.002]. Furthermore,
there was a positive correlation for Stroop S and TAP both
in the PoTS [r(28)=0.38, p=0.037] and the HC group
[(28)=0.49, p=0.006].

Discussion
The primary findings of this study were an impairment of

attentional performance (TAP) during the seated position
and a reduction of executive function (Stroop) while upright

@ Springer
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Fig.3 Heart rate (HR) in beats/minute (bpm) (A) and norepinephrine
(NE) (B) change from supine to upright, Test of Attentional Perfor-
mance (TAP) median results (C) and Stroop (D) in PoT'S compared
with healthy controls (HCs) in supine (S), upright (U), and upright
legs crossed (ULC) posture. N=30 for patients with PoTS and
healthy controls in heart rate, TAP median and Stroop and for patients
with PoT'S in norepinephrine level. For controls supine, n=28 and for

in patients with PoT'S compared with HCs. Only a few stud-
ies have investigated cognitive dysfunction in PoTS, even
though many patients with PoTS report cognitive problems
in routine clinical examinations [6, 8, 11]. The results of
the TAP in seated patients with PoT'S compared with HCs
provide further evidence that patients with PoTS show selec-
tive cognitive impairment of attentional performance, even
during minimal orthostatic stress (sitting). This result is
especially interesting in the context of the LPS as a meas-
ure of general cognitive ability, which showed no difference
between patients with PoT'S and HCs. Impaired attention in
patients with PoT'S was found in other studies in a seated
position using Ruff 2 +7 Speed Test [3], WAIS-III digits for-
ward [8], ADHD subscales [18] and CANTAB [41], and also
while standing using CogState [8, 9] and TAP subtest for
sustained attention [11]. In contrast, recent research found
no differences in tonic alertness using the TAP in supine
and passive upright positions; however, the sample size was
small (PoTS n =8, only neuropathic PoTS) [42]. Patients
scored worse than HCs for Stroop in the upright position
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representing a performance below average. *p<0.05. **p<0.01.
*#%p <.001

and deteriorated from supine to the upright (upright and
upright legs crossed) positions. In the supine position, where
orthostatic stress is reduced to a minimum, no differences in
cognitive tests were detected between PoT'S and HCs. This
validates the hypothesis that orthostatic stress itself impairs
executive function in patients with PoTS. These findings
are in line with results found in previous research: describ-
ing normal executive function in the supine position but an
impairment during active standing [9] and in the seated posi-
tion using Stroop and Trail Making Test B [3]. In line with
previous results [9], our results show a moderately positive
correlation between impaired attention (TAP) and execu-
tive functioning (Stroop). There was a positive correlation
between Stroop U and TAP in the HC group, but not in
the PoTS group. As Stroop and TAP both require execu-
tive control [43], we would have expected the tests to cor-
relate as seen in the HC group, if standing did not have any
impact on executive control. On the other hand, for Stroop
S (supine) we found a positive correlation with TAP in both
the PoTS and the HC group. In recent research, “sustained



Clinical Autonomic Research (2023) 33:459-468 465
Tab!e 2 Resul.ts of cqgnitive PoTS HC p value
testing for patients with PoT'S
compared with healthy controls (M+SD) or md (IQR) N=30  (M+SD) or md (IQR) N=30
Questionnaires and cognition baseline
MoCa 29.00 (27.00-30.00) 29.00 (28.00-30.00) 0.680
LPS 50.00 (45.00-55.00) 50.00 (50.00-55.00) 0.338
TAP median 39.37+6.65 43.73+£7.56 0.021*
BDI-II 12.83+8.72 5.10+6.03 < 0.007%%*
BAI 21.23+12.28 3.17+4.59 < 0.007%%*
Position-dependent cognitive tests
Stroop S 59.77+9.78 59.87+5.66 0.961
Stroop U 56.07+10.24 61.47+7.73 0.025%*
Stroop ULC 56.60+11.50 61.27+8.03 0.074
WMS-R forward S 49.50 (46.00-63.75) 50.00 (43.75-57.00) 0.283
WMS-R forward U 53.50+13.89 49.63+10.76 0.233
WMS-R forward ULC 52.33+12.65 50.00+10.28 0.436
WMS-R backward S 50.00 (44.00-53.00) 48.00 (44.00-51.25) 0.655
WMS-R backward U 48.37+12.92 49.63+10.11 0.674
WMS-R backward ULC  48.10+13.52 47.67+8.19 0.881
Block S 6.00 (5.00-6.00) 5.00 (5.00-6.00) 0.240
Block U 6.00 (5.00-6.00) 5.00 (5.00-6.00) 0.241
Block ULC 5.00 (5.00-6.25) 6.00 (5.00-6.00) 0.572
TMT-B S 45.50 (40.75-50.00) 46.00 (44.00-48.00) 0.863
TMT-B U 45.00+11.90 46.70+£5.90 0.893
TMT-B ULC 45.67+7.06 46.30+£6.05 0.711
Differences between positions for Stroop
U-S -3.70+7.47 1.60+6.65 0.005%%*
ULC-S -3.17+6.60 1.40+£5.48 0.005%%*
ULC-U 0.53+4.60 -0.20+5.17 0.564

Bold values indicate significant data. Data are presented as the mean+ SD for normally distributed data
and median (IQR) for non-normally distributed data. For the differences, the total scores were subtracted

between the two positions

MoCA Montreal Cognitive Assessment, LPS Leistungspriifsystem, TAP Test Test of Attentional Perfor-
mance, BAI Becks Anxiety Inventory, BDI-II Beck Depression Inventory II, WMS-R Wechsler Memory
Scale, S supine position, U upright position, ULC upright legs crossed, Block Corsi block-tapping task,

TMT-B Trail Making Test B
*p<0.05

*#p <0.01

**¥p <0.001

attention” was tested with the TAP in the supine position and
at 60° head-up tilt during, before, and after water ingestion.
There was more cognitive impairment during head-up tilt
in patients with PoT'S (more omissions in the TAP), which
also indicates a decrease in working memory [11]. A posi-
tive effect on working memory was shown previously using
intake of water to reduce orthostatic symptoms [11, 42]. It
must be mentioned that in their study, cognitive performance
was tested during passive tilt testing, whereas in our study,
patients performed active standing, which pre-activates the
leg muscle pump as described above. Thus, all these data
support the hypothesis that cognitive impairment in PoT'S
is not a global problem caused by the disease itself, but a

functional deficit induced by orthostatic stress, which might
alter cerebral perfusion or central neurometabolic mecha-
nisms. A second important finding was that leg crossing
did not improve executive function in patients with PoTS.
Crossing the legs increases the venous return and improves
cerebral perfusion, but also reduces the balance compared
with standing. A situation with an increasing need to main-
tain balance might result in impaired cognition [44]. Inter-
estingly, the significant difference that exists between PoTS
and HCs in the upright posture is no longer detectable in
the ULC posture. While the performance in Stroop wors-
ened on average from U to ULC in the HCs, in patients with
PoTS, the performance in Stroop improved during ULC,

@ Springer



466

Clinical Autonomic Research (2023) 33:459-468

considering the absolute values. However, the change is very
small, and it should be interpreted with caution. For fur-
ther studies we would suggest reducing orthostatic stress by
other methods, e.g., using compression garments that reduce
orthostatic symptoms without affecting balance.

Although the effect of NE, not only on orthostatic symp-
toms such as tachycardia, palpitations and tremor, but also
on cognitive dysfunction in patients with PoTS, has been
extensively discussed in the literature, there is little research
and evidence to date. Thus, in this study, one finding was
that NE levels were elevated in both the supine and upright
positions, similar to previous research [11], indicating an
overactivity of the sympathetic nervous system in patients
with PoTS compared with HCs. Moreover, there was a nega-
tive correlation between the degree of NE rise and Stroop
performance while upright. In our study, we can exclude
an effect of stress during the cognitive test on NE release
because cognitive testing and NE testing were not per-
formed at the same time, as recorded in another study [11].
An excessive NE rise in the PoTS group might negatively
influence cognition, either by the central effects of NE itself
or more profound symptoms during standing, as described
previously [11]. In contrast, an association between plasma
levels of NE and impaired cognition was not found, but their
cognitive tests were performed in the seated position [3]. In
our sample, TAP median values, which were also tested in a
seated position, did not correlate with NE responses.

We observed higher depression and anxiety scores using
the BDI-II and BALI for patients with PoTS than for HCs.
There was a positive correlation between BAI and BDI-II
scores and NE increase. The symptoms listed in the BAI
include both psychological and somatic symptoms, such as
tremor, palpitation, sleep problems and fatigue, which are
very common in PoT'S and may be a symptom of the hyper-
adrenergic state and the disease itself, but not of a depressive
or anxiety disorder. Only two of our patients had a prior
diagnosis of depression, and none had anxiety. These results
show that the scores alone must be interpreted with cau-
tion [3, 45], especially in patients with PoTS, because PoT'S
symptoms can mimic symptoms of depression or anxiety.
Patients with higher NE levels might score higher in the
BAI due to more somatic symptoms caused by PoTS. As
symptoms of PoTS are phenomenologically different from
symptoms of panic disorder or anxiety, these diseases must
be clinically distinguished [46] to avoid misinterpretation of
PoTS as an anxiety disorder.

Study limitations
A limitation of this study is the small study group; thus,
further studies should include more patients to reach good

power. Moreover, a selection bias cannot be ruled out
because in this centre specializing in autonomic disorders,

@ Springer

people with less symptom burden may be under represented.
Thus, our results are not representative of the overall PoTS
population. Second, cognitive tests of the assessment bat-
tery did not cover all aspects of cognition, and the TAP was
not performed in the standing position due to practical rea-
sons, so the comparison with other studies is limited. To
counteract the potential bias caused by practice effects on
the results, we randomized the order of positions in which
the participants performed the task (S, U, ULC). Thus, any
practice effect that may have occurred would be evenly dis-
tributed across all the different orders, minimizing its impact
on the overall results. This was done both for the PoTS and
control groups to ensure that any differences observed
between the two groups were solely due to group affiliation
(PoTS versus control) and not due to the influence of prac-
tice effects. We cannot exclude that a longer standing time
with e.g., higher heart rate, lower blood pressure or reduced
intracerebral blood flow might influence cognition as well.
Interestingly, we started the runs always with the Stroop
tests and this was the only test where we found significant
differences between the PoT'S and the HC group in the main
cognition. Thus, one might assume that not the standing time
itself, but the upright posture alone may be the important
factor. For further studies it might be interesting to test if the
standing time has any influence on cognition itself.

Conclusions

Our study investigated a broad spectrum of cognitive perfor-
mance and confirmed that cognitive performance concern-
ing attention and executive function is impaired in patients
with PoT'S during upright positions, including active stand-
ing. Leg crossing does not improve executive function. This
might be due to reduced balance that influences cognition.
Cognitive impairment in PoTS seems not to be a global
problem caused by the disease itself, but a functional defi-
cit induced by orthostatic stress. Further studies with larger
sample sizes, inclusion of the TAP in the upright position
and a combination of NE measures and assessment of cer-
ebral perfusion should be performed to confirm these results
and gain further information concerning the pathophysio-
logical mechanisms.
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