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Abstract

Objective Supine hypertension (SH) is a feature of car-

diovascular autonomic failure that often accompanies

orthostatic hypotension and may represent a negative

prognostic factor in parkinsonian syndromes. Here we

investigated the frequency rate as well as the clinical and

tilt test correlates of SH in Parkinson’s disease (PD) and

multiple system atrophy (MSA).

Methods 197 PD (33 demented) and 78 MSA (24 MSA-

Cerebellar, 54 MSA-Parkinsonian) patients who had

undergone a tilt test examination were retrospectively

included. Clinical-demographic characteristics were col-

lected from clinical records at the time of the tilt test

examination.

Results SH ([140 mmHg systolic, [90 mmHg diastolic)

occurred in 34 % of PD patients (n = 66, mild in 71 % of

patients, moderate in 27 %, severe in 2 %) and 37 % of

MSA ones (n = 29, mild in 55 % of patients, moderate in

17 %, severe in 28 %). No difference was observed in SH

frequency between demented versus gender-, age- and dis-

ease duration-matched non-demented PD patients, or

between patients with the parkinsonian (MSA-P) versus the

cerebellar (MSA-C) variant of MSA. In PD, SH was asso-

ciated with presence of cardiovascular comorbidities

(p = 0.002) and greater systolic (p = 0.007) and diastolic

(p = 0.002) orthostatic blood pressure fall. Orthostatic

hypotension (p = 0.002), and to a lesser degree, lower daily

dopaminergic intake (p = 0.01) and use of anti-hypertensive

medications (p = 0.04) were associated with SH in MSA.

Interpretation One-third of PD and MSA patients suffer

from mild to severe SH, independently of age, disease dura-

tion or stage. In PD, cardiovascular comorbidities signifi-

cantly contribute to the development of SH, while in MSA,

SH appears to reflect cardiovascular autonomic failure.

Keywords Parkinson’s disease � Parkinson’s disease with

dementia � Multiple system atrophy � Orthostatic

hypotension � Supine hypertension

Introduction

Orthostatic hypotension (OH) [1] is a frequent and treat-

able [2] non-motor sign of Parkinson’s disease (PD) [3] and

multiple system atrophy (MSA) [4–6], reflecting progres-

sive cardiovascular autonomic failure in both disorders.

Supine hypertension (SH) is an increasingly recognized

feature of cardiovascular autonomic failure [7–9] that,

together with OH, has been proposed as negative
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prognostic factor for survival, cardio- and cerebrovascular

outcome as well as cognitive decline in PD and MSA [6,

10–16]. SH has been reported in approximately 50 % of

MSA patients with OH [17–19], while no data are available

on the frequency of SH in PD. In the absence of consensus

criteria, diverse cutoffs have been applied to define SH in

previous studies [9, 18, 20]. More recently, the American

Heart Association defined three degrees of arterial hyper-

tension, if the case of blood pressure (BP) C140 mmHg

systolic or C90 mmHg diastolic [21].

In the present study, we investigated the frequency and

severity of SH classified according to the current diagnostic

criteria for hypertension in a retrospective cohort of PD and

MSA patients. Secondary objectives were to assess the

clinical and tilt test correlates of SH in PD and MSA, to

compare the frequency and severity of SH in demented

versus non-demented patients with PD, and between

patients with the parkinsonian (MSA-P) versus the cere-

bellar (MSA-C) variant of MSA.

Materials and methods

Study population

Parkinsonian patients who underwent a tilt test examina-

tion at the Medical University of Innsbruck between Jan-

uary 2008 and August 2013 or between January and

November 2011 at the Sapienza University of Rome were

retrospectively enroled.

Inclusion criteria were: (1) diagnosis of probable PD

according to the UK Brain Bank criteria [22] OR; (2) diagnosis

of probable PD with dementia (PDD) according to the Inter-

national Parkinson Disease and Movement Disorder Society

criteria [23] OR; (3) diagnosis of probable MSA according to

the 2nd Consensus conference on the diagnosis of MSA [24];

(4) extensive clinical documentation with at least two follow-up

visits with confirmed neurological diagnosis. Exclusion criteria

were: (1) other major neurologic or psychiatric diseases; (2)

missing or incomplete clinical documentation; (3) low quality

of tilt test examination; (4) interruption of tilt test examination

before 3 min of 60� head-up tilt test.

The study received approval by the local ethical com-

mittees and was performed according to the Declaration of

Helsinki. Given the retrospective nature of the study, no

written informed consent was due. Data were collected,

archived and analysed anonymously following the current

Austrian law for data protection.

Clinical-demographic data set

For each enrolled patient, the following information was

collected from clinical records contemporary to the tilt test

examination: age, gender, disease duration, Hoehn and

Yahr stage, L-Dopa equivalent daily dosage calculated

according to Tomlinson et al. [25], cardiovascular comor-

bidities and risk factors (e.g. coronary arteries disease,

atrial fibrillation, heart failure, history of hypertension,

diabetes mellitus), use of anti-hypotensive medications, use

of anti-hypertensive medications.

Tilt test data set

In the abovementioned time frames, the standard tilt test

protocol at the Innsbruck and Rome cardiovascular auto-

nomic function laboratories consisted of: 10 min supine,

10 min 60� head-up tilt, 5 min supine, 5 min active

standing. According to our standard operating procedures,

patients were examined on regular medication schedule.

Heart rate and BP were monitored by means of non-inva-

sive beat-to-beat finger-cuff BP recording and impedance

cardiography (Task Force� Monitor, CNSystems 2007).

For the purpose of the present study, heart rate, systolic and

diastolic BP values at 10th min supine, 3rd and 10th min

tilt, 5th min supine, 3rd and 5th min standing were calcu-

lated by averaging 15 values of the continuous heart rate

and BP recordings at the above given time points. Oscil-

lometric arm cuff BP measurements at the abovementioned

time points were performed. Examinations with a BP gap

[5 mmHg between continuous and oscillometric BP

measurements were considered of low quality and dis-

carded from further analysis.

SH was diagnosed in case of systolic BP C140 mmHg

or diastolic C90 mmHg at the end of any supine phase.

Mild hypertension was defined as systolic BP values of

140–159 or 90–99 mmHg diastolic, moderate hypertension

as 160–179 mmHg systolic or 100–109 mmHg diastolic

and severe hypertension as C180 mmHg systolic or

C110 mmHg diastolic [21].

OH was defined as a systolic BP fall C 20 mmHg or

diastolic C10 mmHg within 3 min from tilting or standing

in case of normal BP values in the supine position [1]. In

case of SH, a systolic BP fall C30 mmHg within 3 min

from tilting or standing was required for the diagnosis of

OH [1].

Statistics

Qualitative variables were summarized by frequency and

percentage, quantitative variables by mean ± standard

deviation if normally distributed, or by median (1st quar-

tile; 3rd quartile) if not normally distributed according to

the Kolmogorow-Smirnow test. Qualitative variables were

compared by means of the Pearson’s V2 test (or Fisher’s

exact test, if appropriate). Quantitative variables were

compared between groups using the Mann–Whitney U (if
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non-normally distributed) or the T test (if Gaussian dis-

tributed). Benjamini-Hochberg correction [26] was applied

to multiple tests.

The frequency and severity of SH in the overall PD

(including PDD patients) and MSA (both MSA-P and

MSA-C patients) populations was calculated and compared

by means of logistic regression analysis.

Clinical and tilt test correlates of SH were investigated

separately in the PD and MSA cohort. Univariate analysis

was applied, followed by multivariate logistic regression

analysis and repeated measurements ANOVA.

Subgroup comparisons were run afterwards. PDD

patients were paired 1:2 for gender, age and disease

duration with PD patients without dementia. MSA-P and

MSA-C patients were compared without preliminary

matching, given no significant difference in clinical-de-

mographic characteristics between the two populations.

Post hoc power analysis determined the probability of type

2 error in both subgroups’ comparisons.

Statistical analysis was performed by means of SPSS�,

version 20.0. p values \0.05 were considered statistically

significant.

Results

Study population

An overview of the study flow chart is provided in Fig. 1.

Two-hundred seventy-five patients were included in the pre-

sent study (available tilt-table examination with 10 min in the

supine position plus at least 3 min of 60� head-up tilt test). In

254 patients the tilt test had been prolonged up to 10 min.

One-hundred ninety-one patients had additionally undergone

an active standing test: 180 of these completed it up to 5 min.

Frequency of supine hypertension in PD and MSA

Clinical-demographic features of the overall PD and MSA

cohorts (197 PD, 78 MSA) are summarized in Table 1. PD

patients significantly differed from MSA ones for several

clinical-demographic characteristics, being on average older

(p\ 0.001), with longer disease duration (p\ 0.001), on

higher daily dopaminergic dosage (p = 0.004), but in a less

advanced Hoehn and Yahr stage (p\ 0.001).

Frequency of SH in the overall PD cohort was 34 %

(n = 66). SH was mild in 71 % (n = 47) of patients,

moderate in 27 % (n = 18) and severe in 2 % (n = 1). OH

developed in 24 % (n = 47) of PD patients at tilt test

examination. In 10 % (n = 20) of PD patients, SH and OH

co-occurred.

In the MSA cohort, frequency of SH was 37 %

(n = 29). Degree of SH was mild in 55 % (n = 16) of

patients, moderate in 17 % (0 = 5) and severe in 28 %

(n = 8). Forty-five percent (n = 35) of MSA patients had

OH at tilt test examination. In MSA patients with OH, the

frequency of SH was significantly higher than in MSA

patients without OH (49 versus 26 %, p = 0.03). The

frequency of severe SH was also significantly higher (44 %

in OH ? versus 0 % in OH- MSA patients, p = 0.031).

After adjusting for age, disease duration, Hoehn and

Yahr stage and L-Dopa equivalent daily dosage, no dif-

ference was observed in the frequency of SH between the

PD and MSA cohort (OR = 1.301, 95 % confidence

intervals -CI 0.6–2.8, p = 0.5).

Clinical and tilt test correlates of supine

hypertension in PD

At univariate analysis, SH was associated with history of

cardiovascular comorbidities (p\ 0.001) and use of anti-

hypertensive medications (p = 0.03) in PD (see Supple-

mentary Table 2). Lower HR increase (?7.4 ± 7.8 versus

?9.8 ± 6.9, p = 0.031), more severe systolic

(-6.1 ± 18.4 versus ?2±15.6, p = 0.001) and diastolic

(-0.6 ± 12.7 versus ?7.3 ± 11.6, p\ 0.001) BP fall after

3 min head-up tilt were observed in PD patients with SH

with respect to those without (see Supplementary Table 2).

Logistic regression analysis confirmed history of car-

diovascular comorbidities to be predictive of SH at tilt-

table examination in PD (OR = 4.06, 95 % CI 1.6–10.0,

p = 0.002, see Table 2). ANOVA for repeated measure-

ments also confirmed a significant association between SH

and progressive systolic and diastolic BP fall upon tilting

(F = 7.504, p = 0.007 for systolic BP and F = 9.755,

Fig. 1 Study flow chart. MSA-C multiple system atrophy-cerebellar,

MSA-P multiple system atrophy-parkinsonian, PD Parkinson’s dis-

ease, PDD Parkinson’s disease with dementia
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p = 0.002 for diastolic BP) and standing in PD

(F = 7.157, p = 0.008 for systolic BP and F = 11.053,

p = 0.001 for diastolic BP). Heart rate behaviour did not

differ between patients with or without SH either upon

head-up tilt (F = 0.735, p = 0.392) or standing

(F = 1.283, p = 0.259), (see Fig. 2).

Clinical and tilt test correlates of supine

hypertension in MSA

In patients with MSA, SH was associated with lower L-Dopa

equivalent daily dosage (p = 0.003) and tilt-table evidence

of OH (p = 0.02) at univariate analysis. Mean systolic BP

change after 3 min of head-up tilt was -15.0 ± 23.6 in

MSA patients with SH versus -5.9 ± 14.4 in MSA patients

without SH (p = 0.065). Mean diastolic BP change after

3 min of head-up tilt was -4.1 ± 18.1 in MSA patients with

SH and 0.0 ± 11.2 in those without SH (p = 0.275), (see

Supplementary Table 2).

The logistic regression model confirmed a significant

association between SH, OH (15.26 OR, 95 % CI 2.8–83.7,

p = 0.002) and lower L-Dopa equivalent daily dosage

(0.54 OR, 95 % CI 0.3–0.9, p = 0.01) in MSA. A signif-

icant association between SH and use of anti-hypertensive

medications was also observed (7.67 OR, 95 % CI

1.1–53.1, p = 0.04), (see Table 2).

At ANOVA, no difference in heart rate, systolic or

diastolic BP behaviour was observed between MSA

patients with and without SH, either upon head-up tilt

(F = 0.286, p = 0.595 for HR; F = 2.434, p = 0.124 for

systolic BP; F = 2.123, p = 0.150 for diastolic BP) or

standing (F = 1.942, p = 0.173 for HR; F = 1.451,

p = 0.237 for systolic BP; F = 1.536, p = 0.224 for

diastolic BP), (see Fig. 3).

Subgroup comparisons

PD versus PDD

Thirty-three patients with PDD [22 males, 11 females;

median age 74 years (72; 79); median disease duration

5 years (3; 10)] were compared with 66 non-demented PD

Table 1 Clinical-demographic

and head-up tilt test

characteristics of the overall PD

(including PDD) and multiple

system atrophy (both MSA-P

and MSA-C) cohorts

PD MSA p

n 197 78 –

Men, n (%) 122 (62) 50 (64) 0.737

Age (year), median (Q1; Q3) 71 (65; 76) 65 (57; 72) <0.001

Disease duration (year), median (Q1; Q3) 5 (3; 9) 3 (2; 4) <0.001

Hoehn and Yahr stage, median (Q1; Q3) 2.5 (2;3) 3 (3;4) <0.001

L-Dopa equivalent daily dose (mg), median (Q1; Q3) 510 (260; 1050) 505 (200; 1103) 0.004

Cardiovascular comorbidities, n (%) 78 (40) 36 (46) 0.32

Anti-hypertensive medications, n (%) 75 (38) 25 (32) 0.35

Anti-hypotensive medications, n (%) 11 (6) 9 (12) 0.087

OH, n (%) 47 (24) 35 (45) 0.001

Supine 10 min HR (mean ± SD) 69 ± 12 73 ± 11 0.004

Supine 10 min systolic BP (mean ± SD) 121 ± 17 125 ± 20 0.097

Supine 10 min diastolic BP (mean ± SD) 79 ± 12 83 ± 17 0.057

3 min head-up tilt HR (mean ± SD) 78 ± 14 80 ± 12 0.190

3 min head-up tilt systolic BP (mean ± SD) 120 ± 21 116 ± 20 0.116

3 min head-up tilt diastolic BP (mean ± SD) 84 ± 13 82 ± 16 0.247

D 3 min head-up tilt HR (mean ± SD) ?9 ± 7 ?7 ± 6 0.013

D 3 min head-up tilt systolic BP (mean ± SD) -1 ± 17 -9 ± 19 0.001

D 3 min head-up tilt diastolic BP (mean ± SD) ?5 ± 12 -2 ± 14 0.001

Supine 5 min HR (mean ± SD) 69 ± 14 73 ± 11 0.09

Supine 5 min systolic BP (mean ± SD) 121 ± 17 123 ± 22 0.465

Supine 5 min diastolic BP (mean ± SD) 80 ± 12 83 ± 16 0.171

3 min standing HR (mean ± SD) 81 ± 14 83 ± 16 0.399

3 min standing systolic BP (mean ± SD) 126 ± 22 119 ± 22 0.054

3 min standing diastolic BP (mean ± SD) 88 ± 17 84 ± 16 0.176

D 3 min standing HR (mean ± SD) ?9 ± 7 ?7 ± 5 0.665

D 3 min standing systolic BP (mean ± SD) ?1 ± 15 -7 ± 15 0.005

D 3 min standing diastolic BP (mean ± SD) ?6 ± 12 ?2 ± 11 0.005

Statistically significant results are reported in bold
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patients [44 males, 22 females; median age 74 years (71;

79); median disease duration 4 (3; 9)]. Full clinical-de-

mographic and tilt test characteristics are reported in

Supplementary Table 2. Patients with PDD were in a sig-

nificantly more advanced Hoehn and Yahr stage with

respect to PD ones [3 (2; 3) versus 2.5 (2; 3), p = 0.04].

Clinical-demographic characteristics did not otherwise

differ between the two cohorts.

SH occurred in 27 % (n = 9) of PDD and 44 %

(n = 29) of PD patients (p = 0.108). Degree of SH was

mild in all PDD patients. In non-demented PD patients, SH

was mild in 76 % (n = 22), moderate in 21 % (n = 6) and

severe in 3 % (n = 1) of patients. OH developed in 30 %

(n = 10) of PDD and 27 % (n = 18) of PD patients at tilt

test examination (p = 0.752). No significant difference

was observed in heart rate or BP behaviour upon tilting or

standing between demented and non-demented PD

patients.

At post hoc power analysis, the sample size had a 0.36

power to detect a significant difference in the frequency of

SH between demented and non-demented PD patients, with

a type I error of 0.05 (two-sided).

MSA-C versus MSA-P

The MSA cohort consisted of 24 patients with MSA-C [15

males, 9 females; mean age 62.8 ± 8.2 years; median

disease duration 3 years (2; 4)] and 54 patients with MSA-

P [35 males, 19 females; mean age 65 ± 9.3 years; median

disease duration 3 (2; 4)]. Full clinical-demographic and

tilt test characteristics are reported in Supplementary

Table 2. MSA-C patients did not differ from MSA-P

patients for any of the clinical-demographic characteristics,

except for L-Dopa equivalent daily dosage, which was

significantly higher in MSA-P patients [median dosage 600

(300; 1929) versus 0 (0; 300) mg/day, p\ 0.001].

At tilt test examination, SH occurred in 50 % (n = 12) of

MSA-C and 32 % (n = 17) of MSA-P patients (p = 0.118).

In MSA-P the frequency of severe SH was significantly

higher (41 versus 8 % in MSA-C, p = 0.045). OH occurred

in 33 % (n = 8) of MSA-C and 50 % (n = 27) of MSA-P

patients at tilt-table examination (p = 0.172). Heart rate or

BP behaviour upon orthostatic challenge did not differ

between MSA-C and MSA-P patients.

At post hoc power analysis, the sample size had a 0.34

power to detect a significant difference in the frequency of

SH between MSA-C versus MSA-P patients, with a type I

error of 0.05 (two-sided).

Discussion

This is the first study to investigate the frequency of SH in

PD and MSA according to the current consensus criteria

for the diagnosis of hypertension [21].

In the present retrospective cohort, the frequency of SH

in PD was 34 % and mostly of mild degree (71 %). In

MSA patients, the frequency of SH was 37 %, with 28 %

of patients showing a severe degree. In MSA patients with

OH, frequency (49 %) and severity (44 % of severe

degree) of SH increased significantly. After adjusting for

age, disease duration, Hoehn and Yahr stage and L-Dopa

equivalent daily dosage, frequency of SH did not differ

between the overall PD and MSA cohort.

Previous studies focusing on supine BP, although using

different methodologies (oscillometric versus continuous

BP measurements) and different criteria for identification

of SH, reported similar, or slightly higher frequency of SH

in the general population with respect to the parkinsonian

cohort studied here within [27, 28]. It is, however, unclear

whether severity of SH, especially in MSA patients, differs

from the general population.

Table 2 Logistic regression analysis of clinical-demographic correlates of SH in PD and MSA

PD MSA

p OR 95 % confidence interval p OR 95 % confidence interval

Sex 0.45 1.29 0.7–2.5 0.47 1.84 0.4–9.6

Age 0.81 1.00 1.0–1.0 0.62 1.02 0.9–1.1

Disease duration 0.16 1.05 1.0–1.1 0.62 1.10 0.8–1.6

Hoehn and Yahr stage 0.25 0.75 0.5–1.2 0.24 1.78 0.7–4.7

L-Dopa equivalent dose 0.37 0.95 0.9–1.1 0.01 0.54 0.3–0.9

Cardiovascular comorbidities 0.002 4.06 1.6–10.0 0.30 0.39 0.1–2.3

Anti-hypertensive medications 0.47 0.72 0.3–1.8 0.04 7.67 1.1–53.1

Anti-hypotensive medications 0.55 1.54 0.4–6.4 0.93 0.89 0.1–12.0

OH 0.17 1.72 0.8–3.7 0.002 15.26 2.8–83.7

OH orthostatic hypotension, OR odds ratio

Statistically significant results are reported in bold
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The pathophysiology of SH in parkinsonian syndromes is

debated at present. SH is likely a different nosological entity

than essential hypertension, since patients with SH may

result normotensive if measuring BP in the seated position.

SH is neither a mere side effect of vasoactive agents used for

the treatment of OH, since it can occur also in untreated

patients. In PD, we found SH to be associated with history of

cardiovascular comorbidities (e.g. coronary arteries disease,

atrial fibrillation, heart failure, history of hypertension, dia-

betes mellitus) and more pronounced systolic and diastolic

BP falls upon orthostatic challenge. Since orthostatic BP

falls reflect a combination of post-ganglionic noradrenergic

cardiovascular denervation and baroreflex failure [29], it is

conceivable that in PD patients at higher risk or predisposed

to develop hypertension, latter is exacerbated while lying

due to impaired baroreflex buffering.

Differently, in MSA, cardiovascular autonomic failure is

due to severe degeneration of noradrenergic preganglionic

fibres and brainstem autonomic nuclei [30–32]. In contrast

with PD, post-ganglionic noradrenergic fibres are preserved

in MSA and provide tonic sympathetic stimulation, which,

though insufficient to counteract OH, may cause even severe

SH due to post-synaptic vascular adrenoceptors hypersen-

sitivity in a context of abolished baroreflex control [29, 33].

In agreement with this hypothesis, we found a strong asso-

ciation between SH and OH in MSA. SH further showed an

association with use of anti-hypertensive medications as

well as an inverse relationship with L-Dopa equivalent daily

Fig. 2 ANOVA for heart rate, systolic and diastolic blood pressure changes upon head-up tilt and standing in PD patients with (SH?, continuous

line) and without SH (SH-, dotted line). BP blood pressure, SH supine hypertension, bpm beats per minute
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dosage in MSA. The association between SH and anti-hy-

pertensive medications may reflect suboptimal anti-hyper-

tensive regimens, due to risk of exacerbating a co-existing

OH. The inverse relationship between SH and L-Dopa daily

intake may be explained in different ways: it may be due to

L-Dopa vasodepressive properties, which are known to be

augmented in patients with cardiovascular autonomic fail-

ure; it may reflect cases with more severe cardiovascular

autonomic failure, who tolerate only lower L-Dopa doses, or

yet, more advanced cases in which L-Dopa dose was reduced

due to lack of motor responsiveness.

We did not find a higher frequency of cardiovascular

autonomic abnormalities (either OH or SH) in patients with

PDD versus gender-, age- and disease duration-matched

PD patients without dementia. Since the association

between cardiovascular autonomic failure and impairment

of diverse executive functions has been previously reported

by different research groups [12, 34–36], the present

findings may imply that cardiovascular autonomic failure is

associated with frontal executive dysfunction rather than

with overt dementia in PD. Due to the cross-sectional

nature of our observations, we cannot, however, exclude

that PD patients without dementia but with cardiovascular

autonomic failure might be at higher risk of developing

dementia during the disease course, as suggested by recent

findings from Anang and colleagues [16].

We were not able to replicate previous findings report-

ing OH to be more frequent and severe in MSA-C with

Fig. 3 ANOVA for heart rate, systolic and diastolic blood pressure changes upon head-up tilt and standing in MSA patients with (SH?,

continuous line) and without SH (SH-, dotted line). BP blood pressure, SH supine hypertension, bpm beats per minute
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respect to MSA-P patients [37]. Frequency of SH also did

not significantly differ between the parkinsonian and the

cerebellar variant of MSA (32 % in MSA-P, 50 % in MSA-

C). However, MSA-P patients were on a significantly

higher L-Dopa equivalent daily dosage with respect to

MSA-C ones in the present study. Due to its renowned

hypotensive effect, L-Dopa exposure might have lowered

supine BP values, and exacerbated orthostatic BP falls in

MSA-P patients, thus underestimating the frequency of SH

and overestimating that of OH in MSA-P.

Our study has some limitations. First, due to its retro-

spective nature, information on additional risk factors for

hypertension like positive family history, renal failure,

serum lipids or smoking habit could not be obtained sys-

temically, although smoking habit is fairly uncommon

among parkinsonian patients [38, 39]. Second, the present

study cohort consisted of patients who had undergone a tilt

test examination for diagnostic purposes. This might have

introduced a selection bias towards more severe cases.

Notwithstanding, frequency of OH in the present PD and

MSA populations was consistent, if not lower, with pre-

viously published data [3] [40, 41]. Third, we were not able

to systematically document use of anti-hypotensive devices

(i.e. compression stockings, abdominal binders). However,

according to our standard operating laboratory procedures,

patients who do wear such devices are invited to take them

off during tilt test examinations. Contingent use of anti-

hypotensive devices should have therefore exerted only a

minor influence on cardiovascular autonomic testing.

Fourth, post hoc analysis showed that both subgroups

comparisons were underpowered to detect a significant

difference in the frequency of SH between demented ver-

sus non-demented PD patients with and without dementia

or between MSA-C and MSA-P patients. Replication in

larger cohorts is therefore needed to draw definitive con-

clusions as to these issues.

In conclusion, in contrast to the widely held belief that

parkinsonian patients have a lower risk of developing

hypertension, we found that PD and MSA patients have

similar frequency rates for SH compared to the general

population. Further, SH was severe in up to one-third of

patients, particularly in the MSA cohort. The results of our

study also support the hypothesis that SH in MSA develops

due to a hypersensitive adrenergic response to unrestrained

tonic sympathetic stimulation, while in PD minor degrees

of cardiovascular baroreflex failure likely unmask hyper-

tension in the supine position in predisposed individuals. It

is, however, unclear at present, whether additional factors

contribute to the development of SH in parkinsonian syn-

dromes. Further studies addressing the pathophysiology of

SH in PD and MSA are needed to develop targeted phar-

macological strategies.
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