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ABSTRACT: IntroductionIntroduction: Neurogenic orthostatic hypotension (nOH) is associated with neurodegenerative
conditions, may cause symptoms of end-organ hypoperfusion, increases fall risk, and can negatively impact
quality of life. Droxidopa is approved for the treatment of symptomatic nOH in adults. As the largest
subpopulation of patients with nOH has a diagnosis of Parkinson disease (PD), the efficacy and tolerability of
droxidopa in patients with PD and nOH were examined using integrated clinical trial data.
MethodsMethods: Post hoc analyses included data from the phase 3, randomized, placebo-controlled clinical trials of
droxidopa (two short-term [1−2 weeks] trials and one medium-term [8−10 weeks] trial) in the subset of
participants with PD and symptomatic nOH. Efficacy was assessed using standing blood pressure
(BP) measurements and the Orthostatic Hypotension Questionnaire (OHQ), a patient-reported evaluation of
nOH symptoms (Orthostatic Hypotension Symptom Assessment [OHSA]), and their impact (Orthostatic
Hypotension Daily Activity Scale [OHDAS]).
ResultsResults: The analysis included 307 patients with PD (droxidopa, n = 150; placebo, n = 157). Compared with
placebo, droxidopa significantly improved the OHQ composite score (P = 0.014), the OHSA composite score
(P = 0.022), and the OHDAS composite score (P = 0.029) from baseline to end of study/week one. We found
significant increases in standing mean systolic/diastolic BP for droxidopa versus placebo (P = 0.003/0.002).
Adverse event (AE) rates were qualitatively similar between groups; the most frequently reported AEs in the
droxidopa groups included headache, dizziness, nausea, and hypertension.
ConclusionsConclusions: These post hoc analyses suggest that droxidopa provides meaningful clinical benefits and is well
tolerated in the treatment of symptomatic nOH in patients with PD.

Introduction
Neurogenic orthostatic hypotension (nOH) is associated with a
variety of neurodegenerative conditions, including Parkinson dis-
ease (PD), multiple system atrophy (MSA), and pure autonomic
failure.1 It is characterized by a reduction of ≥ 20 mmHg in sys-
tolic blood pressure (BP) or ≥ 10 mmHg in diastolic BP,

typically within three minutes of standing. It is the result of an
inadequate sympathetic nervous system response to a gravita-
tional challenge when moving from a lying or sitting position to
a standing position.2 As a consequence of the drop in BP and
resultant insufficient perfusion of the brain, patients commonly
experience the cardinal symptoms of nOH, including dizziness,
lightheadedness, presyncope, or syncope.3–5 nOH increases the
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risk of falls and injuries from falls,6 and may cause patients to
limit their daily activities7 because of fear of falling.8 It has been
estimated that 30%9 to 58%10 of patients with PD have a BP
decrease on standing that meets the consensus definition of
nOH2; approximately 20% of patients experience symptoms as a
result of these hemodynamic changes.11

Droxidopa is approved by the US Food and Drug Administra-
tion for the treatment of orthostatic dizziness, lightheadedness, or
the “feeling like you are about to black out” in adults with
symptomatic nOH resulting from primary autonomic failure
(i.e., PD, MSA, and pure autonomic failure), dopamine beta-
hydroxylase deficiency, or nondiabetic autonomic neuropathy.
Approval was based on the results of three phase 3 randomized,
controlled, double-blind clinical trials.12–16 nOH is associated
with a common set of symptoms regardless of the underlying
diagnosis.5 Based on epidemiologic data,11,17,18 the largest sub-
population of patients with nOH has a diagnosis of PD. Thus,
examination of the efficacy and tolerability of droxidopa exclu-
sively in patients with PD may help further guide clinical
practice.

Changes in dizziness/lightheadedness symptoms for droxidopa
versus placebo in the subgroup of patients with PD were previ-
ously examined as part of integrated analyses in patients with
nOH associated with various autonomic failure conditions
(i.e., PD, MSA, or pure autonomic failure, dopamine beta-
hydroxylase deficiency, or nondiabetic autonomic neuropathy).19

However, because of the incidence of nOH in patients with PD,
greater detail on the effects of droxidopa (i.e., additional efficacy
outcomes and safety profile) in this population is of interest.
Herein, we report the results of post hoc analyses on the pooled
PD patient population from the initial phase 3 clinical trials to
provide more extensive information on the use of droxidopa for
the treatment of nOH in patients with PD.

Methods
We conducted a post hoc analysis using three previously
described phase 3 clinical trials of droxidopa: Study NOH301
(NCT00782340)16 and Study NOH302 (NCT00633880),13

which were short-term (1−2 weeks) trials, and Study NOH306
(NCT01176240),14,15 which was a medium-term (8−10 weeks)
trial.

Study Patients
In all three clinical trials, patients eligible for enrollment
were ≥ 18 years old with PD and had symptomatic nOH, defined
as a documented decrease of ≥ 20 mmHg in systolic BP
or ≥ 10 mmHg in diastolic BP within three minutes of standing.
In Study NOH306, patients also were required to have a compos-
ite score of ≥ 3 on the Orthostatic Hypotension Questionnaire
(OHQ)20 and an investigator-rated score of ≥ 3 on the Clinical
Global Impression-Severity scale, indicating at least a moderate
severity of symptoms. Key exclusion criteria included current use
of antihypertensive agents other than short-acting antihypertensive

medications at nighttime; vasoconstrictive agents; preexisting sus-
tained hypertension (i.e., ≥ 180/110 mmHg); current use of nor-
epinephrine reuptake inhibitors (NRIs), including tricyclic
antidepressants (NOH301 and NOH302 only); significant cardiac
arrhythmia or a history of significant cardiac, hepatic, or renal dis-
ease; diabetes (NOH301 and NOH302 only); or diabetic neurop-
athy (NOH306 only).

Study Designs
The designs for each of the studies included in this post hoc anal-
ysis have previously been reported.13–16 The key attributes of
each study are briefly described below.

In Study NOH301, patients who met response criteria during
an open-label dose-optimization period (≤ 14 days) were ran-
domized to receive double-blind droxidopa or matched placebo
at the individually optimized dosage after a seven-day washout
period. In Study NOH302, patients who met response criteria
during an open-label dose-optimization period (≤ 14 days) con-
tinued open-label droxidopa for seven days and then were ran-
domized to receive double-blind droxidopa or matching placebo
for 14 days. Response criteria for the short-term studies included
a change of ≥ 1 unit on Item 1 of the Orthostatic Hypotension
Symptom Assessment (OHSA; dizziness/lightheadedness) and an
improvement of ≥ 10 mmHg in systolic BP after three minutes
of standing. In Study NOH306, patients were randomized to
double-blind titration with droxidopa or placebo (≤ 14 days), fol-
lowed by an eight-week treatment period.

In each of the studies, patients randomized to droxidopa received
a dose (100–600 mg 3 times daily [TID]) at approximately four-
hour intervals during the day (i.e., 8 AM, noon, and 4 PM) that had
been individually optimized during the titration period.13–16

Symptomatic Efficacy
Assessments
In all three clinical trials, key efficacy assessments were based on
the OHQ, which consists of two parts, the OHSA and the
Orthostatic Hypotension Daily Activity Scale (OHDAS).20 The
OHSA assesses six items: (1) dizziness, lightheadedness, feeling
faint, or feeling like you might black out; (2) problems with
vision (e.g., blurring, seeing spots, tunnel vision); (3) generalized
weakness; (4) fatigue; (5) trouble concentrating; and (6) head/
neck discomfort.20 The OHDAS assesses four items for the abil-
ity to conduct activities that require: (1) standing for a short time;
(2) standing for a long time; (3) walking for a short time; and
(4) walking for a long time.20 Each OHQ item is rated by the
patient on an 11-point scale, where zero = none or no interfer-
ence and 10 = the worst possible or complete interference.

Hemodynamic Efficacy
Assessments
Patients underwent an orthostatic standing test at all scheduled
visits in each of the clinical trials to obtain measurements of BP
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at the end of a 10-minute semi-supine period (head and torso
elevated approximately 30 degrees from horizontal), and after
three minutes of standing (consistent with the orthostatic chal-
lenge method suggested to most closely replicate a real-life
scenario21).

Safety/Tolerability Assessments
In each of the clinical trials, safety parameters included
treatment-emergent adverse events (TEAEs), serious adverse
events (AEs), AEs leading to study discontinuation, and vital
signs.

Statistical Analyses
The OHQ composite score was the mean of the OHSA com-
posite score, defined as the mean symptom rating score for items
one to six with a score of ≥ 1 at baseline, and the OHDAS com-
posite score, defined as the mean of OHDAS items one to four,
excluding those with a value “cannot do for other reasons.”
Missing data were imputed based on the last observation carried

forward. Mean changes from baseline to end of study/week one
in the droxidopa and placebo groups and mean changes in BP
were assessed using Wilcoxon rank-sum tests. Safety outcomes
were summarized by system organ class and preferred term using
descriptive statistics.

Ethics and Good Clinical
Practice
The studies were approved by centralized or local institutional
review boards, conducted in accordance with the Declaration of
Helsinki and the International Conference on Harmonisation
Good Clinical Practice guidelines. All patients provided written
informed consent before enrollment and initiation of study
procedures.

Results
Study Participants
In Study NOH301, 111 patients with PD were enrolled in the
open-label titration phase of the study. Of those patients,
66 (59.5%) were classified as treatment responders and were sub-
sequently enrolled in the randomization phase of the study. In
Study NOH302, 82 patients with PD were enrolled in the
open-label titration phase of the study. Of those patients,
44 (53.7%) were classified as treatment responders and were sub-
sequently enrolled in the randomization phase of the study. In
Study NOH306, which enrolled only patients with PD, patients
were randomized to either droxidopa or placebo. A total of
332 patients with PD were randomized in the original studies to
receive double-blind treatment with droxidopa (n = 171) or pla-
cebo (n = 162). However, 25 patients discontinued the study
before the first efficacy measurements and therefore were
included in the safety data set but not the efficacy analyses.
Three-hundred and seven patients with PD were included in the
current efficacy analyses of droxidopa (n = 150) compared with
placebo (n = 157; Table 1).

Demographic and Baseline
Characteristics
A majority of patients were men (66%) and white (96%), and the
mean age of patients was approximately 71 years. Concomitant
use of dopa decarboxylase inhibitors (DDCIs) at baseline was
reported by similar percentages of patients randomized to droxi-
dopa (85%) or placebo (93%). There were no meaningful differ-
ences in baseline OHQ composite and item scores or BP
measurements between patients randomized to droxidopa and
those randomized to placebo (Table 1).

TABLE 1 Baseline characteristics

Variable
Droxidopa

n=150
Placebo
n=157

Men, n (%) 96 (64.0) 108 (68.8)
White race, n (%) 146 (97.3) 150 (95.5)
Mean (SD) age, y 70.9 (8.8) 71.0 (9.5)
Concomitant DDCI use, n (%) 127 (84.7) 146 (93.0)
Mean (SEM) OHQ composite scorea 5.8 (0.1) 5.7 (0.1)
Mean (SEM) OHSA scoresa

Composite score 5.5 (0.1) 5.4 (0.1)
Dizziness/lightheadedness 5.6 (0.2) 5.3 (0.2)
Visual disturbances 4.2 (0.2) 3.4 (0.2)
Weakness 5.7 (0.2) 5.3 (0.2)
Fatigue 5.8 (0.2) 5.8 (0.2)
Trouble concentrating 4.7 (0.2) 4.8 (0.2)
Head/neck discomfort 3.7 (0.2) 4.3 (0.3)

Mean (SEM) OHDAS scoresb

Composite score 6.1 (0.2) 6.0 (0.2)
Standing a short time 5.0 (0.2) 5.2 (0.2)
Standing a long time 6.8 (0.2) 6.8 (0.2)
Walking a short time 4.7 (0.2) 4.5 (0.2)
Walking a long time 6.6 (0.2) 6.5 (0.3)

Mean (SEM) systolic BP, mmHgc 98.8 (1.7) 100.0 (1.6)
Mean (SEM) diastolic BP, mmHgc 86.2 (2.3) 89.3 (2.1)
Hoehn and Yahr rating, n (%)d

Asymptomatic (0) 20 (19.4) 8 (8.8)
Unilateral involvement only (1) 5 (4.8) 6 (6.6)
Bilateral involvement (2) 28 (27.2) 46 (50.5)
Mild to moderate involvement (3) 38 (36.9) 26 (28.6)
Severe disability (4) 12 (11.6) 3 (3.3)
Wheelchair-bound to

bedridden (5)
− 2 (2.2)

Abbreviations: BP, blood pressure; DDCI, dopa decarboxylase inhibi-
tor; OHDAS, Orthostatic Hypotension Daily Activity Scale; OHQ,
Orthostatic Hypotension Questionnaire; OHSA, Orthostatic Hypoten-
sion Symptom Assessment.
an=156 for placebo.
bn=144–150 for droxidopa; n=151–155 for placebo.
cn=149 for droxidopa.
dData only collected in one study [Study NOH306]; n=91 for droxi-
dopa; n=103 for placebo. Hoehn and Yahr data collected in “on”
state relative to anti-Parkinson therapy.
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FIG. 1. Mean changes from baseline to end of study/week one in (A) OHQ, (B) OHSA, and (C) OHDAS scores. Error bars represent SEMs.
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Symptom Assessment.
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Dosing Three Times Daily
During double-blind treatment, the doses of droxidopa that had
been individually optimized during the double-blind titration
period ranged from 100 to 600 mg TID (Supporting Fig. 1).
The largest percentage of patients (35%) received the maximally
allowed droxidopa dose of 600 mg TID.

Symptomatic and Hemodynamic
Efficacy
Droxidopa treatment was associated with a significant improve-
ment in OHQ composite score compared with placebo (mean
[SEM], –2.56 [0.18] units vs –1.91 [0.19] units; P = 0.014)

from baseline to end of study/week one (Fig. 1A). Droxidopa
treatment was associated with a significant improvement in
symptom severity based on the OHSA composite score com-
pared with placebo (mean [SEM], –2.50 [0.18] units vs –1.87
[0.20] units; P = 0.022) and in three of the six individual items.
Notably, dizziness/lightheadedness, the most common symp-
tom of nOH, was significantly improved (P = 0.001) in
patients receiving droxidopa compared with those receiving
placebo. Problems with vision (P = 0.022) and generalized
weakness (P = 0.002) were also significantly improved in
patients receiving droxidopa compared with those receiving
placebo. Patients receiving droxidopa also exhibited numerical
improvements in two other items (i.e., trouble concentrating
and fatigue; Fig. 1B).
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FIG. 2. Mean BP changes from baseline to end of study/week one during the orthostatic standing test. Error bars represent SEMs.
BP=blood pressure.

TABLE 2 AEs during double-blind treatment

Pooled studies NOH301 and NOH302 Study NOH306

Variable Droxidopa n=56 Placebo n=54 Droxidopa n=114 Placebo n=108

Duration, wk 1–2 8–10
Any AE, n (%) 10 (17.9) 14 (25.9) 91 (79.8) 87 (80.6)
Any serious AE, n (%) 0 1 (1.9) 5 (4.4) 4 (3.7)
Any AE leading to study drug discontinuation, n (%) 0 1 (1.9) 12 (10.5) 5 (4.6)
AE severity
Mild 7 (12.5) 9 (16.7) 45 (39.5) 42 (38.9)
Moderate 5 (8.9) 7 (13.0) 36 (31.6) 36 (33.3)
Severe 0 0 10 (8.8) 9 (8.3)

AE type,a n (%)
Headache 2 (3.6) 1 (1.9) 15 (13.2) 8 (7.4)
Dizziness 2 (3.6) 2 (3.7) 11 (9.6) 5 (4.6)
Nausea 1 (1.8) 1 (1.9) 10 (8.8) 5 (4.6)
Hypertension 1 (1.8) 0 8 (7.0) 1 (0.9)
Excoriation 0 1 (1.9) 6 (5.3) 8 (7.4)
Fatigue 0 1 (1.9) 8 (7.0) 6 (5.6)
Contusion 0 0 6 (5.3) 12 (11.1)

Abbreviations: AE, adverse event.
aClassified by Medical Dictionary for Regulatory Activities preferred term; > 5% of patients receiving droxidopa.
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Treatment with droxidopa was also associated with significant
improvements in the OHDAS composite score compared with
placebo (mean [SEM], –2.62 [0.23] units vs –1.95 [0.21] units;
P = 0.029) and in two of the four OHDAS individual items,
including standing a long time (P = 0.005) and walking a short
time (P = 0.024). Patients exhibited numerical improvement in
standing a short time and walking a long time (Fig. 1C).

In addition to improvements in symptom severity and impact
on daily life compared with placebo, treatment with droxidopa
was associated with significant improvements from baseline to
end of study/week one in standing systolic BP (P = 0.003) and
diastolic BP (P = 0.002; Fig. 2).

Safety
Treatment-emergent adverse events for Studies NOH301 and
NOH302 were pooled, whereas TEAEs in Study NOH306
were reported separately because of differences in study design
and a greater duration of exposure to droxidopa (Table 2). Over-
all, the rates of AEs were similar in both treatment groups during
short-term (droxidopa, 17.9%; placebo, 25.9%) or longer-term
studies (droxidopa, 79.8%; placebo, 80.6%). Rates of moderate
and severe AEs were also comparable between treatment groups
during the short-term studies (moderate AEs: droxidopa, 8.9%;
placebo, 13.0%; severe AEs: none in either group) as well as in
the longer-term study (moderate AEs: droxidopa, 31.6%; pla-
cebo, 33.3%; severe AEs: droxidopa, 8.8%; placebo, 8.3%).
There were no deaths reported during any of the studies.

In the droxidopa groups, no serious AEs or discontinuations
due to an AE were reported with short-term drug exposure,
whereas these events occurred in 4.4% and 10.5% of patients,
respectively, with longer drug exposure in Study NOH306. The
most frequently reported AEs in the droxidopa groups included
headache (≤ 13.2%), dizziness (≤ 9.6%), nausea (≤ 8.8%), and
hypertension (≤ 7.0%). The rates of supine (i.e., defined as the
patient in a semi-recumbent position with their head and torso
elevated approximately 30 degrees from horizontal) systolic
BP > 180 mmHg were low but nominally increased with droxi-
dopa treatment compared with placebo in the pooled short-term
studies NOH301 and NOH302 (5.4% vs 0%, respectively) and
the longer-term NOH306 study (7.9% vs 4.6%). In studies
NOH301 and NOH302 (pooled data), the rates of supine sys-
tolic BP > 160 mmHg were 12.5% for droxidopa treatment and
9.3% for placebo. In Study NOH306, the rates of supine systolic
BP > 160 mmHg were 28.9% for droxidopa and 24.1% for
placebo.

In studies NOH301 and NOH302, falls were recorded as an
AE. Pooled data from these studies show the percentage of
patients who experienced ≥ 1 fall was 13.0% in the placebo
group and 1.8% in the droxidopa treatment group. In Study
NOH306, fall data was collected prospectively as a secondary
efficacy outcome. The aggregate rate of falls per patient-week
was 0.4 in the droxidopa treatment group and 1.05 in the pla-
cebo group (P = 0.014, Poisson-inverse Gaussian test on the
mean).22 In total, patients in the droxidopa group reported 66%

fewer falls than patients in the placebo group over the course of
the 10-week study (308 falls vs 908 falls, respectively).22

Discussion
In this pooled analysis evaluating droxidopa compared with pla-
cebo in patients with nOH associated with PD, droxidopa was
observed to provide significant clinical benefit as assessed by the
OHQ and its two components, the OHSA (which focuses on
nOH symptoms) and the OHDAS (which focuses on daily activ-
ities related to nOH). Droxidopa significantly improved dizzi-
ness/lightheadedness, the most common symptom of nOH, as
well as vision disturbance and weakness, two additional symp-
toms of nOH that typically occur when patients with nOH
change from a sitting to a standing position. These findings sug-
gest that patients with PD receiving droxidopa may exhibit
improvements in a variety of key symptoms associated with
symptomatic nOH. Moreover, the patient-reported OHDAS
responses reflect a beneficial impact of droxidopa on activities of
daily living such as standing and walking.

Patients with nOH are at risk for falls and serious injury due
to BP dysregulation that may result in presyncope/syncope.6,23

Earlier analyses suggested that droxidopa treatment of PD
patients with nOH may reduce falls, and this deserves further
investigation.22 However, the patient burden of nOH may also
extend beyond risk for falls and associated morbidity. A study in
patients with PD showed that orthostatic dizziness significantly
impaired activities of daily living that included mobility, inde-
pendence, and other activities.7 The fear of falls and the inability
to perform daily activities of living may cause patients to become
more sedentary, leading to social isolation and diminished quality
of life.1 In the present analyses, patients with PD who received
droxidopa reported improvement in the impact of symptoms on
a number of daily activities; outcomes that could be clinically rel-
evant by leading to improved well-being in patients with nOH.

The findings of the current analyses support the benefit of
droxidopa for symptomatic improvement of nOH in patients
with PD and are consistent with the effects of droxidopa
observed in the individual studies of patients with nOH caused
by a variety of conditions.13,15,16 Of particular note, the efficacy
of droxidopa treatment was demonstrated in this PD patient
cohort despite the high rate of DDCI use (85% in the treatment
group and 93% in the placebo group). These results are consis-
tent with previously reported data on the effect of concomitant
DDCI use on the efficacy of droxidopa from a broader popula-
tion of patients with nOH related to various underlying diagno-
ses.19 Understanding the influence of DDCIs on the effects of
droxidopa is clinically relevant because droxidopa is metabolized
to norepinephrine by dopa decarboxylase, and the conversion of
droxidopa to norepinephrine has been shown to be blocked
with DDCIs (albeit at a DDCI dose much greater than those
used as standard of care in clinical practice).24 The current ana-
lyses demonstrate that improvement of nOH symptoms and
their impact on daily activities can be achieved with droxidopa
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treatment despite concomitant use of DDCIs at clinically rele-
vant dosages. However, the range of optimized doses suggests
the importance of individualizing the dosage to achieve the
desired outcomes.

There are limited data regarding the use of droxidopa in
patients also receiving NRIs. Concomitant NRI use was only
allowed in one trial included in these analyses, and relatively few
patients used NRIs overall (n = 28). No subset analysis was con-
ducted due to the small sample size, but there were no observed
differences in the safety (including cardiovascular safety)19 or effi-
cacy profile of droxidopa in patients using NRIs. However,
clinicians should be aware of potential interactive effects from
concomitant use of droxidopa and NRIs (i.e., inhibiting the
reuptake of norepinephrine and enhancement of the effects of
droxidopa), especially when initiating NRI use in a patient cur-
rently on a stable droxidopa regimen.19

Droxidopa was well tolerated in patients with PD with symp-
tomatic nOH. There were no important differences in AE rates
in the short-term studies (1–2 weeks’ exposure to droxidopa). In
the study with a longer duration of drug exposure (8–10 weeks),
there were more frequent reports of headaches, dizziness, nausea,
and hypertension in patients receiving droxidopa compared with
those receiving placebo. The overall safety profile observed in
these subanalyses of patients with PD is consistent with that
observed in the wider clinical trial populations.13–16

Potential limitations of this study include the evaluation of
treatment effects using a subjective, patient-reported scale (the
OHQ) and the relatively large placebo effects observed. A fur-
ther limitation of this study is that individual adherence to
nonpharmacologic measures was not tracked. It is possible that
differences in the adherence to nonpharmacologic treatment
recommendations contributed to the strong placebo effect. It
should be noted that symptomatic nOH is an orphan indica-
tion, and the establishment of statistical significance is chal-
lenging in this patient population because of the limited
number of patients eligible for enrollment into clinical trials.
Also, the present efficacy and tolerability analyses examined a
limited duration of treatment (1 to ≤ 10 weeks) with the main
pooled efficacy outcomes evaluated after one week of treat-
ment; however, longer-term safety and efficacy outcomes with
droxidopa in the broader population of patients with nOH
have been reported.25,26

Conclusions
The most prevalent underlying cause of nOH observed in clini-
cal practice is PD; thus, understanding nOH and the response to
droxidopa in patients with this disease is important. These post
hoc analyses suggest that droxidopa provides meaningful clinical
benefits in the treatment of symptomatic nOH in patients with
PD. Droxidopa was well tolerated by patients with PD partici-
pating in these clinical trials. Similar results were noted in a
pooled analysis of droxidopa in patients with symptomatic nOH
caused by various underlying autonomic failure conditions.19
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Supporting Information
Supporting information may be found in the online version of

this article.
Supplemental Fig. 1. Distribution of the individualized

optimized doses of droxidopa used during randomized treatment
(n=171). TID=3 times daily.
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