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Abstract
Objectives
To assess the frequency of transient orthostatic hypotension (tOH) and its clinical impact in
Parkinson disease (PD), we retrospectively studied 173 patients with PD and 173 age- and sex-
matched controls with orthostatic intolerance, who underwent cardiovascular autonomic
function testing under continuous noninvasive blood pressure (BP) monitoring.

Methods
We screened for tOH (systolic BP fall ≥20 mmHg or diastolic ≥10 mmHg resolving within the
first minute upon standing) and classic OH (cOH, sustained systolic BP fall ≥20 mm Hg or
diastolic ≥10 mm Hg within 3 minutes upon standing). In patients with PD, we reviewed the
medical records of the 6 months preceding and following autonomic testing for history of falls,
syncope, and orthostatic intolerance.

Results
tOH occurred in 24% of patients with PD and 21% of controls, cOH in 19% of patients with PD
and in none of the controls, independently of any clinical–demographic or PD-specific char-
acteristic. Forty percent of patients with PD had a history of falls, in 29% of cases due to
syncope. Patients with PD with history of orthostatic intolerance and syncope had a more
severe systolic BP fall and lower diastolic BP rise upon standing, most pronounced in the first
30–60 seconds.

Conclusions
tOH is an age-dependent phenomenon, which is at least as common as cOH in PD. Transient
BP falls when changing to the upright position may be overlooked with bedside BP mea-
surements, but contribute to orthostatic intolerance and syncope in PD. Continuous non-
invasive BP monitoring upon standing may help identify a modifiable risk factor for syncope-
related falls in parkinsonian patients.
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Cardiovascular autonomic failure is a common nonmotor
feature of Parkinson disease (PD).1,2 Orthostatic hypotension
(OH) is its hallmark sign and is characterized by a sustained
blood pressure (BP) fall within 3 minutes upon standing.3,4

OH typically manifests with recurrent syncope and ortho-
static intolerance (lightheadedness, blurred vision, or tremu-
lousness upon standing) and has a significant impact on daily
life in patients with PD.5–7

Different groups reported that OH increases the risk of falls in
PD,8–19 while others did not.20–23 This suggests that addi-
tional factors may contribute to the symptomatic burden of
cardiovascular autonomic failure in PD.

Besides classic OH (cOH), transient forms of OH (tOH)
have been described (figure 1).4,24 Initial OH consists of a
profound BP fall right after standing up, which resolves within
30 seconds.4 It manifests with transient, severe lightheaded-
ness and blurred vision and represents an underrecognized
cause of syncope in younger adults.24 Failure to stabilize the
BP back to baseline values within the first 30 seconds upon
standing, a phenomenon called delayed BP recovery, occurs
in up to 30% of elderly individuals and has been associated
with falls, orthostatic intolerance, and frailty.25–27

We determined the frequency of tOH in patients with PD vs
age- and sex-matched controls with orthostatic intolerance. In
patients with PD, we assessed the relationship of tOH with
history of falls, syncope, and orthostatic intolerance and ret-
rospectively reviewed the therapeutic measures adopted
for tOH.

Methods
Recruitment
We retrospectively screened all patients who underwent car-
diovascular autonomic function testing at the Medical Uni-
versity of Innsbruck between March 2007 and March 2020.

Inclusion criteria were diagnosis of PD28,29 or PD with de-
mentia30 at last available neurologic follow-up, completed
standing test during autonomic function testing, and detailed
medical records available, including at least 1 visit in the 6
months preceding or following the autonomic tests.

Exclusion criteria were diabetes mellitus, other major neuro-
logic diseases (polyneuropathies, stroke, epilepsy), treatment
with neuroleptics in a dose and time course consistent with

drug-induced parkinsonism, low quality of biosignals at au-
tonomic function testing, missing or incomplete medical re-
cords, less than 5 years disease duration at the time of
cardiovascular autonomic function testing, and less than 12
months follow-up available.

Patients with PD were matched 1:1 for age and sex with
patients referred in the same time frame for orthostatic in-
tolerance to the autonomic function laboratory, who fulfilled
the same inclusion and none of the exclusion criteria, but had
a negative neurologic history.

Standard protocol approvals, registrations,
and patient consents
Due to the retrospective and noninterventional nature of the
study, the protocol was not required by Austrian law to receive
approval by the local ethical committee and no written in-
formed consent was needed. The study was performed in
accordance with the Declaration of Helsinki and followed the
current European regulation for data protection.

Clinical–demographic data set
For each patient, the following information was collected
from the medical records contemporary to autonomic func-
tion testing:

1. Demographic characteristics: age, sex
2. PD-related characteristics: disease duration, Hoehn &

Yahr (H&Y) stage, presence of postural instability (>3
steps backwards on pull test, tendency to fall on pull test,
spontaneous falls or near falls unrelated to syncope or
presyncope),31,32 akinetic-rigid parkinsonian phenotype,
abnormal postures (including antecollis, camptocormia,
and Pisa syndrome), L-dopa fluctuations (“off” phenom-
ena and dyskinesias), freezing of gait, use of assistive
devices (rollator, walkers, stocks, or crutches), number of
follow-up months between cardiovascular autonomic
function testing and last-available follow-up

3. Comorbidities: cardiovascular disease (including heart
failure, cardiac arrhythmias, coronary artery disease,
valvular hearth disease) and hypertension

4. PD treatments: dopaminergic medication intake, L-dopa
equivalent daily dose (LEDD) calculated according to
Tomlinson et al.,33 deep brain stimulation

5. Other medications: use of other CNS-acting drugs
(including benzodiazepines, antidepressants, neurolep-
tics, amantadine and anticholinergic drugs), antihyper-
tensive or antihypotensive agents, total number of drugs

Glossary
ANOVA = analysis of variance; BP = blood pressure; CI = confidence interval; cOH = classic orthostatic hypotension;H&Y =
Hoehn & Yahr; iOH = initial orthostatic hypotension; LEDD = l-dopa equivalent daily dose; OH = orthostatic hypotension;
OR = odds ratio; PD = Parkinson disease; PDD = Parkinson disease with dementia; ROC = receiver operating characteristic;
tOH = transient forms of orthostatic hypotension.
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In patients with PD, we reviewed the medical records of the 6
months preceding and following autonomic function testing
for history of falls, syncope, and orthostatic intolerance. We
defined the following:

1. Fall: an event that resulted in the patient coming to rest
inadvertently on the ground or floor or other lower level
(bit.ly/2XkvsPa).

2. Syncope: transient loss of consciousness, characterized
by rapid onset, short duration, and spontaneous
complete recovery4; additional requirements were am-
nesia for the event by the patient or loss of responsivity
during the event ascertained by the caregiver; we also
filed the position in which syncope had occurred
(standing, sitting, or supine).

3. Orthostatic intolerance: symptoms of end-organ hypo-
perfusion, including weakness, nausea, tremulousness,
blurred vision, headache, or “coat-hanger pain” (pain in
the neck and shoulder region) developing upon
standing34 and ameliorated by lying down, but not
fulfilling the criteria for syncope.

Cardiovascular autonomic function tests
All cardiovascular autonomic function tests were performed
in a quiet room, with a mean temperature of 22°C, mostly

between 8:30 AM and 12:00 PM and on regular medication.
ECG was recorded with 4 peripheral electrodes. We moni-
tored BP with noninvasive beat-to-beat finger-cuff plethys-
mography, with the left hand fixed at heart level and calibrated
with oscillometric arm cuff BPmeasurements at the end of the
supine phase and at regular intervals during the orthostatic
challenge (Task Force Monitor, CNSystems, Graz, Austria).

The standing test is part of the standard autonomic test bat-
tery in our center and consists of 5 minutes of rest in the
supine position, followed by 5 minutes of active standing. For
the purposes of the present study, we manually controlled all
examinations for artifacts and missing signals prior to the
analysis. A locally developed software sampled the lowest
systolic and diastolic BP values and the highest heart rate
reached within 15 seconds upon standing and calculated the
heart rate and systolic and diastolic BP values by averaging 15
consecutive values at the 5th minute supine, 1st and 3rd mi-
nute upon standing, and by averaging 5 consecutive values at
the 30th second upon standing.

Where available, heart rate and BP counter-regulation during
the Valsalva maneuver and the deep breathing ratio were
calculated following the methodology described
elsewhere.35,36

Figure 1 Overview of abnormal blood pressure (BP) changes upon standing

Different types of transient forms of orthostatic hypotension (tOH) (upper panel) and classic orthostatic hypotension (cOH) (lower panel). iOH40/20, iOH30/15,
iOH20/10: initial orthostatic hypotension (iOH) with systolic BP fall ≥40/30/20 mm Hg or diastolic >20/15/10 mm Hg within 15 seconds upon standing,
recovering at 30 seconds; delayed BP recovery: systolic BP fall ≥20mmHg at 30 seconds upon standing, but not meeting the criteria for cOH; OH1min, OH3min:
sustained orthostatic BP fall ≥20 mm Hg systolic or ≥10 mm Hg diastolic within 1 or 3 minutes upon standing.
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Definitions
We applied a 4-tier definition of tOH (figure 1, upper panel):

1. Initial OH (iOH40/20): systolic BP fall ≥40 mm Hg or
diastolic ≥20 mm Hg within 15 seconds upon standing
with recovery within 30 seconds4

2. Initial OH 30/15 (iOH30/15): systolic BP fall ≥30mmHg
or diastolic ≥15 mm Hg within 15 seconds of standing
with recovery within 30 seconds

3. Initial OH 20/10 (iOH20/10): systolic BP fall ≥20mmHg
or diastolic ≥10 mm Hg within 15 seconds of standing
with recovery within 30 seconds

4. Delayed BP recovery: systolic BP values ≥20 mm Hg
below baseline 30 seconds after standing with recovery
within 1 minute24

Sustained orthostatic BP falls were defined as follows (figure
1, lower panel):

1. Classic OH (cOH3min): sustained systolic BP fall
≥20 mm Hg or diastolic ≥10 mm Hg within 3 minutes
upon standing3

2. Classic OH 1 minute (cOH1min): sustained systolic BP
fall ≥20 mm Hg or diastolic ≥10 mm Hg developing
already 1 minute after standing up

Therapeutic measures for tOH in PD
In patients with PD diagnosed with tOH at cardiovascular
autonomic function testing, we reviewed the medical record
following autonomic testing for the therapeutic approach
adopted and the subsequent follow-up visit for the patient’s
reported outcome.

Statistical analysis
We reported qualitative variables by frequency (percentage)
and compared them with the Pearson χ2 test (or Fisher exact
test, where appropriate). We summarized quantitative vari-
ables by median (1st quartile; 3rd quartile), tested for normal
distribution with the Kolmogorov-Smirnov test (or the
Shapiro-Wilk test, if n <50), and investigated for differences
between groups by using the t test (or analysis of variance
[ANOVA], if >2 groups) and the Mann-Whitney U test (or
the Kruskal-Wallis test, if >2 groups), according to their dis-
tribution. We applied the Benjamini-Hochberg correction to
multiple comparisons.37

We assessed the overall frequency of orthostatic BP dysre-
gulation, tOH, and cOH in patients with PD vs controls with a
logistic regression analysis adjusted for possible confounding
factors highlighted by the univariate analysis. In patients with
PD, we investigated the clinical demographic factors associ-
ated with history of falls, syncope, and orthostatic intolerance
in a univariate fashion, followed by binary logistic regression
analysis and calculation of the receiver operating characteristic
(ROC) curve. Finally, we applied an ANOVA for repeated
measurements adjusted for the LEDD to investigate the or-
thostatic heart rate and BP behavior of patients with PD with

and without history of falls, syncope, and orthostatic in-
tolerance. We performed the statistical analysis with IBM
(Armonk, NY) SPSS Statistics version 24.0 and considered 2-
sided p values <0.05 statistically significant.

Data availability
The first and the last authors take full responsibility for the
integrity of data and agree to share any data not published
within this article upon reasonable request from any qualified
investigator.

Results
Study population
We screened 291 patients with PD (55 with dementia
[PDD]) and excluded 118 of them because of matching one
or more exclusion criteria. We included 173 patients with PD
(144 PD, 29 PDD) and 173 age- and sex-matched controls
with orthostatic intolerance in the final analysis. In patients
with PD, the median follow-up time between autonomic
function testing and the last available visit was 46 (21; 78)
months and confirmed the neurologic diagnosis in all of them.
Table 1 shows the clinical–demographic characteristics of the
study population. Patients with PD had on average a higher
number of regular medications (p < 0.001), were more fre-
quently on CNS-acting drugs other than dopaminergic
medications (p < 0.001), and on antihypotensive agents (p =
0.003) than controls. Hypertension (p = 0.003) and antihy-
pertensive regimens were more frequent in the control group
(p = 0.010).

Frequency of orthostatic BP dysregulation in
PD vs controls
Seventy-one (41%) patients with PD and 37 (21%) controls
showed a pathologic BP regulation upon standing. After
adjusting for the total number of drugs and use of anti-
hypotensive, antihypertensive, and CNS-acting drugs other
than dopaminergic medications, patients with PD showed a
2.0 odds ratio (OR; 95% confidence interval [CI] 1.2–3.5; p =
0.013) for any form of orthostatic BP dysregulation.

tOH occurred in 41 (24%) patients with PD and 37 (21%)
controls (OR 1.1 [95% CI 0.6–2.0], p = 0.759). The fre-
quency of iOH40/20, iOH30/15, and iOH20/10 did not differ
between patients with PD and controls, but patients with PD
showed a significantly higher frequency of delayed orthostatic
BP recovery (p = 0.019; figure 2). cOH was present in 32
(19%) patients with PD, but in none of the controls: 20
patients with PD (12%) fulfilled the OH criteria already after
the first minute upon standing (OH1min). The combination of
both tOH and cOH occurred in 2 patients with PD (1%) and
no controls.

Patients with PD with tOH showed no difference in the
clinical–demographic or PD-specific characteristics vs those
with cOH or with a normal BP counterregulation upon
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standing. Also among the controls, we observed no difference
in the clinical–demographic characteristics of patients with
tOH vs those without.

Cardiovascular autonomic function indices in
PD vs controls
A Valsalva maneuver was available in 117 patients with PD,
deep breathing in 140. The frequency of pathologic age-
adjusted Valsalva ratio, deep breathing ratio, or missing BP

overshoot in phase IV of the Valsalva maneuver did not differ
between patients with PD with or without orthostatic BP
dysregulation or between patients with PD with tOH
vs cOH.

Among the control patients, 120 had had a Valsalva ma-
neuver and 118 a deep breathing. The frequency of altered
cardiovascular autonomic function indices did not differ
between patients with tOH vs those without.

Table 1 Clinical–demographic characteristics of the patients with Parkinson disease (PD) and of the age- and sex-
matched controls with orthostatic intolerance

PD (n = 173) Controls (n = 173) p Value

Demographic characteristics

Male 116 (67) 116 (67) —

Age, y 71 (67; 75) 71 (67; 75) —

PD-related characteristics

Diagnosis of PD dementia 29 (17) —

Disease duration, y 6 (3; 9) —

Hoehn & Yahr stage 2 (2; 3) —

Postural instability 55 (32) —

Akinetic-rigid phenotype 99 (57) —

Abnormal postures 70 (41) —

L-Dopa fluctuations 73 (42) —

Freezing of gait 58 (34) —

Use of assistive devices 25 (15) —

PD treatments

Use of L-dopa 142 (82) —

Daily L-dopa dosage, mg/d 450 (300; 750) —

Use of dopamine agonists 77 (45) —

DA-LED, mg/d 0 (0; 149) —

LEDD, mg/d 600 (333; 1,013) —

Deep brain stimulation 4 (2) —

Comorbidities

Cardiovascular comorbidities 42 (24) 47 (27) 0.623

Diagnosis of hypertension 64 (37) 92 (53) 0.003a

Other medications

Other CNS acting drugs 85 (49) 43 (25) <0.001a

Use of antihypotensive drugs 12 (7) 1 (1) 0.003a

Use of antihypertensive drugs 67 (39) 92 (53) 0.010a

Total number of drugs 5 (3; 8) 3 (1; 5) <0.001a

Abbreviations: DA-LED = dopamine agonist L-dopa equivalent dose; LEDD = L-dopa equivalent daily dose.
Qualitative values are reported by frequency (%); quantitative values are reported by median (1st quartile; 3rd quartile).
a Statistically significant after Benjamini-Hochberg correction.
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After adjusting for possible confounding factors (table 1), the
PD group more often had altered cardiovascular autonomic
function indices than the controls (figure 3A). Also, when
focusing on tOH-positive cases only, patients with PD
showed a significantly higher frequency of pathologic deep
breathing ratio and missing BP overshoot at the end the
Valsalva maneuver than controls (figure 3B).

History of falls in PD
Sixty-nine patients with PD (40%) experienced falls in the 6
months preceding or following cardiovascular autonomic
function testing. At univariate analysis (table 2), history of
falls was associated with longer disease duration (p <
0.001), more advanced H&Y stage (p < 0.001), presence of
postural instability (p < 0.001), akinetic-rigid phenotype
(p = 0.008), L-dopa fluctuations (p = 0.002), freezing of gait
(p < 0.001), use of assistive devices (p < 0.001), higher
LEDD (p = 0.002), and history of syncope (p < 0.001). The
multivariate analysis confirmed an association of falls with
postural instability (OR 2.1 [95% CI 1.0–4.2], p = 0.041),
freezing of gait (OR 3.1 [95% CI 1.3–7.5], p = 0.012), and
history of syncope (OR 43.9 [95% CI 8.7–220.3], p <
0.001). The area under the ROC curve was 0.863 (95%
CI 0.8–0.9).

The frequency of falls did not differ between patients with PD
with or without pathologic BP regulation upon standing (42%
vs 38%, figure 4), nor between patients with PD with tOH vs
cOH (41% vs 43%, figure 4). One of the 2 patients with both
tOH and cOH had a positive history of falls.

After adjusting for the LEDD, continuous heart rate and BP
monitoring showed amilder heart rate increase within the first
15 seconds upon standing in patients with PD with history of
falls vs those without (p = 0.033; figure 5).

History of syncope in PD
Syncope was documented in 22 patients with PD (13%) in the
6 months preceding or following cardiovascular autonomic
function testing. Syncope occurred upon standing in all but 2
patients and was associated with falls (p < 0.001), but no other
clinical, demographic, or PD-specific characteristics (table 2).

History of syncope was present in 17% of patients with PD
with an altered BP regulation upon standing and in 10% of
those without, not reaching statistical significance (figure 4).
The frequency of syncope did not differ between patients with
PD diagnosed with tOH vs cOH at cardiovascular autonomic
function testing (10% vs 23%, figure 4). One of the 2 patients

Figure 2 Frequency of abnormal orthostatic blood pressure (BP) changes in patients with Parkinson disease (PD) vs
controls

Odds ratios (ORs) were calculated after adjusting for potential confounding factors highlighted by the univariate analysis reported in table 1. CI = confidence
interval; iOH = initial orthostatic hypotension; OH = orthostatic hypotension.
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with both tOH and cOH had experienced syncope in the 6
months preceding autonomic testing.

Upon standing, patients with PD with history of syncope
showed lower absolute systolic BP values after 30 seconds (p =
0.015) and 1 minute upon standing (p = 0.016; figure 5, left
panel), and more severe systolic BP falls, most pronounced
after 30 seconds (p < 0.001) and 1 minute (p = 0.001) in the
upright position (figure 5, right panel). Orthostatic diastolic BP
increase was missing or reduced in patients with PD with his-
tory of syncope vs those without, also most pronounced after
30 seconds (p = 0.011) and 1minute upon standing (p = 0.006;
figure 5, right panel).

History of orthostatic intolerance in PD
Orthostatic intolerance was documented in 114 patients with
PD (66%), without any significant association with clinical,
demographic, or PD-specific features (table 2).

The frequency of orthostatic complaints did not differ between
patients with PD diagnosed with any form of orthostatic BP
dysregulation vs those without (69% vs 64%, figure 4), nor
between those diagnosed with tOH vs cOH (64% vs 73%,
figure 4). Both patients with combined tOH and cOH had a
history of orthostatic intolerance.

At continuous heart rate and BPmonitoring, patients with PD
with orthostatic intolerance had a greater systolic BP fall 30
seconds (p = 0.008), 1 minute (p = 0.010), and 3 minutes (p =
0.007) upon standing (figure 5, right panel). Patients with
orthostatic intolerance also showed lower diastolic BP values

between the first 30 seconds (p = 0.017) and 3rd minute upon
standing (p = 0.021; figure 5, left panel) and a less pro-
nounced orthostatic diastolic BP increase, most pronounced
within the first minute upon standing (p = 0.014 at 30 sec-
onds; p = 0.024 at 1 minute; figure 5, right panel).

Therapeutic approaches in patients with PD
with tOH
After autonomic function testing, 18 out of 39 patients with
tOH received a specific treatment for orthostatic intolerance.
Nine patients received nonpharmacologic measures (elastic
abdominal binder, increased water and salt intake, and head-up
tilt overnight): 6 of them reported an improvement of ortho-
static symptoms at the follow-up visit. In 6 patients, previously
scheduled antihypertensive drugs were removed (ACE-inhibitors,
diuretics or β-blockers), with symptomatic benefit in 3 of
them. Three patients received adrenergic agents (midodrine or
droxidopa), with subjective improvement in one.

Discussion
We found that at least one form of orthostatic BP dysregu-
lation was present in 41% of patients with PD referred for
cardiovascular autonomic function testing, independently of
disease stage, medications, or presence of cardiovascular
comorbidities.

To our knowledge, this is the first study specifically in-
vestigating tOH in PD. iOH40/20, as defined by the 2018
Guidelines for the Diagnosis and Management of Syncope of
the European Society of Cardiology,4 occurred rarely. The

Figure 3 Cardiovascular autonomic function tests in patients with Parkinson disease (PD) vs controls

Frequency of pathologic cardiovascular autonomic function indices in the overall PD and control population (A) and in the transient orthostatic hypotension
(OH)–positive PD vs control cases (B). Odds ratios (ORs)were calculated after adjusting for potential confounding factors highlighted by the univariate analysis
reported in table 1. BP = blood pressure; CI = confidence interval.
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observed frequency of delayed orthostatic BP recovery was
also lower than previously reported for the general aging
population.26,27 Patients with PD mostly showed milder
transient orthostatic BP changes, that is, iOH20/10, but overall,
tOH was at least as common as cOH in the present study.

When comparing our PD cohort with age- and sex-matched
patients with orthostatic intolerance but negative neurologic
history, we found similar frequencies of iOH, but delayed
orthostatic BP recovery was significantly more frequent in
patients with PD than in controls. This suggests that while

Table 2 Univariate analysis of clinical-demographic characteristics associated with falls, syncope, and orthostatic
intolerance in Parkinson disease (PD)

Variable Falls + Falls 2
p
Value Syncope + Syncope 2

p
Value

Orthostatic
intolerance +

Orthostatic
intolerance 2

p
Value

Number of patients 69 (40) 104 (60) — 22 (13) 151 (87) — 114 (66) 59 (34) —

Diagnosis of PD
dementia

16 (23) 13 (13) 0.065 3 (14) 26 (17) 0.475 16 (14) 13 (22) 0.182

Age, y (range) 70 (67; 75) 71 (67;
75)

0.893 68 (65; 75) 71 (68; 75) 0.088 71 (68; 75) 70 (66; 74) 0.329

Male 42 (61) 74 (71) 0.159 15 (68) 101 (67) 0.904 81 (71) 35 (59) 0.120

Disease duration, y 8 (5; 15) 5 (3; 8) <0.001a 7 (5; 9) 6 (3; 9) 0.995 6 (3; 10) 6 (4; 8) 0.622

Hoehn & Yahr stage 3 (2; 3) 2 (2; 2.5) <0.001a 2 (2; 3) 2 (2; 3) 0.836 2 (2; 3) 2 (2; 3) 0.532

Postural instability 35 (51) 20 (19) <0.001a 6 (27) 49 (33) 0.626 36 (32) 19 (32) 0.933

Akinetic-rigid
phenotype

48 (70) 51 (49) 0.008a 15 (68) 84 (56) 0.266 67 (59) 32 (54) 0.568

Abnormal postures 33 (48) 37 (36) 0.108 7 (32) 63 (42) 0.377 50 (44) 20 (34) 0.206

L-Dopa fluctuations 39 (57) 34 (33) 0.002a 7 (32) 66 (44) 0.291 50 (44) 23 (39) 0.538

Freezing of gait 37 (54) 21 (20) <0.001a 7 (32) 51 (34) 0.856 42 (37) 16 (27) 0.199

Use of assistive
devices

19 (28) 6 (6) <0.001a 5 (23) 20 (13) 0.237 17 (15) 8 (14) 0.810

Cardiovascular
comorbidities

15 (22) 27 (26) 0.526 6 (27) 36 (24) 0.726 31 (27) 11 (19) 0.214

Diagnosis of
hypertension

27 (39) 37 (36) 0.635 7 (32) 57 (38) 0.590 44 (39) 20 (34) 0.544

LEDD, mg/d 798 (403;
1,199)

592 (266;
887)

0.002a 600 (261;
818)

615 (350;
1,016)

0.363 630 (379; 1,020) 600 (240; 908) 0.418

Deep brain
stimulation

3 (4) 1 (1) 0.303 1 (5) 3 (2) 0.423 3 (3) 1 (2) 0.579

Other CNS acting
drugs

39 (57) 46 (44) 0.123 12 (55) 73 (48) 0.587 60 (53) 25 (42) 0.201

Use of
antihypotensive
drugs

7 (10) 5 (5) 0.225 4 (18) 8 (5) 0.049 10 (9) 2 (3) 0.225

Use of
antihypertensive
drugs

28 (41) 39 (38) 0.684 6 (27) 61 (40) 0.238 47 (41) 20 (34) 0.348

Total number of
drugs

6 (4; 8) 5 (3; 7) 0.041 5 (3; 7) 5 (3; 8) 0.659 6 (3; 8) 5 (3; 7) 0.184

Falls — — — 20 (91) 49 (33) <0.001a 48 (42) 21 (36) 0.407

Syncope 20 (29) 2 (2) <0.001a — — — 17 (15) 5 (9) 0.228

Orthostatic
intolerance

48 (70) 66 (64) 0.407 17 (77) 97 (64) 0.228 — — —

Abbreviations: DA-LED = dopamine agonists–L-dopa equivalent dose; LEDD = L-dopa equivalent daily dose.
Qualitative values are reported by frequency (%) and quantitative values are reported by median (1st quartile; 3rd quartile).
a Statistically significant after Benjamini-Hochberg correction.
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iOH may represent an age-related phenomenon in PD,
delayed BP recovery might be more closely related to the
underlying neurodegenerative disorder.

In young adults, tOH develops after a transient mismatch
between cardiac output and vascular tone when changing to
the upright position due to vasodilation in the postural
muscles.38 By contrast, the pathophysiology of milder forms
of tOH, including delayed orthostatic BP recovery in the
elderly population, is not fully understood. We found that
tOH-positive patients with PD showed a higher frequency of
altered cardiovascular autonomic indices with respect to
tOH-positive controls. Incipient cardiovascular autonomic
failure might therefore contribute to the development of
tOH in PD.

In order to clarify the clinical relevance of tOH in the setting
of PD, we assessed its impact on major outcomes like falls,
syncope, and symptoms of orthostatic intolerance.

Beyond established PD-specific risk factors for falls, such as
the presence of postural instability and freezing of gait,39 we
found a strong association between falls and history of
syncope, which almost invariably occurred upon standing in
our cohort. The orthostatic character suggests that ortho-
static BP dysregulation may have indeed represented the
underlying cause of syncope and, indirectly, of fall in these
patients.

Patients with orthostatic BP dysregulation showed higher
frequencies of falls, syncope, and orthostatic intolerance vs
those without, but neither a diagnosis of tOH nor of cOH
was associated with a significantly higher risk for any of the
abovementioned clinical outcome measures. In fact, OH
remains asymptomatic in a substantial proportion of pa-
tients40 and additional hemodynamic and individual fac-
tors might determine the degree of cerebral hypoperfusion
and functional impairment in single patients.41,42 To this
end, we observed a less pronounced heart rate increase
upon standing in patients with history of falls vs those
without, indicating that an insufficient chronotropic re-
sponse to orthostatic challenges might increase the risk of
falls in PD.

In patients with history of syncope, we observed a more
severe systolic BP fall, lower absolute systolic BP values, and
a milder diastolic BP rise upon standing, most pronounced
between 30 seconds and 1 minute after changing to the
upright position. Beyond the amplitude of orthostatic BP
fall, the lowest BP value reached upon standing may de-
termine the degree of cerebral hypoperfusion in PD41 and
systolic, rather than diastolic, BP changes may be more
relevant in determining the onset of syncope.43 Like in the
aging population, also in PD the first 30–60 seconds upon
standing appear to represent a crucial time point for an
appropriate stabilization of orthostatic hemodynamic
responses.25

Similar to syncope, history of orthostatic intolerance was as-
sociated with a more severe systolic BP fall, lower diastolic BP
values, and reduced diastolic BP rise upon standing, most
pronounced during the first minute. This confirms that
transient orthostatic BP falls represent an underrecognized,
yet disabling, phenomenon in patients with PD.

When reviewing the therapeutic measures adopted in patients
with PD with tOH, we found Class IV evidence for patient-
reported symptomatic improvement after ceasing previously
scheduled antihypertensive medications and introducing
nonpharmacologic measures. Although very preliminary,
these observations suggest that first-line therapeutic ap-
proaches used to treat cOH may prove effective for tOH as
well.44–47

This study has some limitations. Due to its retrospective na-
ture, collection of clinical information was not fully stan-
dardized, although relying on a well-structured electronic
archive. Since we screened patients who underwent auto-
nomic function tests, our study may have been biased towards
an autonomic PD phenotype: the observed prevalence of OH
was lower than previously reported by other groups, how-
ever.2 The fact that cOH occurred in none of the control
patients also suggests that the stringent exclusion criteria
applied (e.g., presence of diabetes mellitus, polyneuropathy)
effectively excluded secondary causes of autonomic neurop-
athy in the study cohort.

Figure 4 Clinical milestones in patients with Parkinson
disease (PD) with transient orthostatic hypoten-
sion, classic orthostatic hypotension, or no or-
thostatic blood pressure (BP) dysregulation

CI = confidence interval; OR = odds ratio.
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Figure 5 Analysis of variance of supine and standing heart rate (HR) and systolic and diastolic blood pressure (BP)

(A) Analysis of variance of supine and standing absolute heart rate and systolic and diastolic orthostatic blood pressure values in parkinsonian patients with
and without history of falls (left), syncope (middle), and orthostatic intolerance (right). (B) analysis of variance of heart rate and systolic and diastolic blood
pressure changes upon standing in parkinsonian patients with and without history of falls (left), syncope (middle), and orthostatic intolerance (right).
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Performing a supine to standing BP test with a standard arm
cuff, referred to as Schellong test in German-speaking coun-
tries, is a cost- and time-effective bedside screening tool for
OH in parkinsonian patients with orthostatic complaints.4,48

This does not capture transient orthostatic BP falls, which are
as frequent as cOH in PD and may cause orthostatic in-
tolerance and syncope. Performing a standing test under
continuous heart rate and BP monitoring may thus help
identify a modifiable cause of syncope-related falls in patients
with suggestive medical history. Given its frequency and po-
tential symptomatic impact, we suggest including tOH as an
outcome measure in future interventional trials targeting OH.
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