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Abstract
Purpose  The aim of this study was to explore the prevalence of and factors related to orthostatic syndromes in recently 
diagnosed drug-naïve patients with Parkinson disease (PD).
Methods  This was a cross-sectional study that included 217 drug-naïve patients with PD and 108 sex- and age-matched 
non-parkinsonian controls from the Parkinson’s Progression Markers Initiative (PPMI) prospective cohort study who were 
devoid of diabetes, alcoholism, polyneuropathy, amyloidosis, and hypotension-inducing drugs. Orthostatic symptoms were 
evaluated using the Scales for Outcomes in PD–Autonomic Dysfunction (SCOPA-AUT). Ioflupane-I123 single-photon emis-
sion computerized tomography was used to evaluate striatal dopamine active transporter (DaT) levels. Blood pressure was 
assessed both in the supine position and 1–3 min after the switch to a standing position. Orthostatic hypotension (OH) was 
defined by international consensus, and orthostatic intolerance (OI) was defined as the presence of orthostatic symptoms in 
the absence of OH.
Results  Compared with non-parkinsonian controls, patients with PD experienced a mild fall in systolic blood pressure upon 
standing (p = 0.082). The prevalence of OH was 11.1% in PD patients and 5.6% in controls (p = 0.109). The prevalence of 
OI was higher in patients with PD than in controls (31.3 vs. 13.3%; p = 0.003). Logistic regression revealed that OH and OI 
were related to a lower striatal DaT level and higher SCOPA-AUT gastrointestinal score.
Conclusions  Orthostatic syndromes were common in the recently diagnosed drug-naïve patients with PD enrolled in the 
study, but only the prevalence of OI was higher in PD patients than in the non-parkinsonian controls. Unlike motor or func-
tional disability indicators, markers of dopaminergic striatal deficit and gastrointestinal dysfunction were associated with 
OH and OI.

Keywords  Autonomic nervous system · Dysautonomia · Orthostatic hypotension · Orthostatic symptoms · Parkinson 
disease

Introduction

Dysautonomia is one of the most frequent and disabling non-
motor symptoms in Parkinson disease (PD) [1]. Orthostatic 
hypotension (OH) affects the quality of life and mortality 
[1–3] and is defined as a fall in systolic and/or diastolic 
blood pressure (BP) of ≥ 20/10 mmHg within 3 min of 
standing or a head-up tilt of ≥ 60° on a tilt table (systolic BP 
cutoff point may be set at 30 mmHg in hypertensive patients) 
[4]. The condition may be asymptomatic or accompanied by 
orthostatic symptoms such as light-headedness, dizziness, 
presyncope, and syncope [4]. Diabetes, alcoholism, hyper-
tension, aging, amyloidosis, and a variety of medications 
can increase the risk of OH [2, 5]. The prevalence of OH in 
recently diagnosed patients with PD has been insufficiently 
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studied. Awerbuch and colleagues studied 20 unmedicated 
patients with PD with a Hoehn and Yahr score of 1 and 
2 and found abnormal parasympathetic cardiac activity in 
80% of them [6]. In two other studies, the prevalence of 
OH in two small cohorts of drug-naïve patients was 16 and 
40%, respectively [7, 8]. However, the lack of control groups 
in these  studies, the limited sample sizes, and differences 
in assessed parameters make it difficult to appreciate the 
burden of OH in patients with early PD. More recently, a 
larger study (185 recently diagnosed patients with PD and 
172 controls) reported an OH prevalence of 19.5% among 
PD patients [9].

Some patients complain of orthostatic symptoms even 
though an exaggerated fall in BP or significant heart rate 
modifications are not found during routine orthostatic stress 
testing [5, 10–12]. In such cases, typically the symptoms 
alleviate rapidly after the patient resumes the resting posi-
tion. This disorder is referred to as orthostatic intolerance 
(OI) and was found to affect 16% of the young participants 
in the Syncope Study of Unselected Population in Malmö 
cohort [10] and 47% of patients from a specialized auto-
nomic testing unit cohort [13]. One study reported cardio-
vascular symptoms in 7.4% patients with early PD with no 
evidence of OH during orthostatic testing [7], and a more 
recent study reported orthostatic symptoms in 39.6% of 1746 
recently diagnosed patients with PD although orthostatic 
stress was not tested [14].

Not only does the prevalence of OH lack controlled test-
ing, but there is a void of information on the prevalence of 
and factors associated with OI in patients with PD. In this 
cross-sectional study, we have thoroughly analyzed the avail-
able data in the Parkinson’s Progression Markers Initiative 
(PPMI) [15] to explore the prevalence of and factors related 
to orthostatic syndromes in recently diagnosed drug-naïve 
patients with PD and non-parkinsonian controls.

Methods

Study design and participants

The PPMI is an ongoing multi-center observational study 
focused on identifying disease biomarkers in recently diag-
nosed patients with PD attending clinical centers at locations 
ranging from USA to Oceania [15]. In the PPMI, patients 
with PD and sex- and age-matched controls are evaluated 
and followed up. The protocol is approved by the review 
board of each center, and all participants sign a written 
informed consent. The information obtained is shared with 
involved and uninvolved investigators. To be eligible to enter 
the PPMI the patient must have been diagnosed with PD 
within the previous 2 years; have PD at Hoehn and Yahr 
stage I or II at the time of enrollment; have single-photon 

emission computed tomography (SPECT) scan results that 
are consistent with a dopamine transporter protein (DAT) 
deficit; be untreated, and not be expected to require pharma-
cological treatment during the first 6 months of the PPMI. 
Exclusion criteria for healthy controls are the existence of 
any significant neurological disorder; having a first-degree 
relative with idiopathic PD; or a Montreal Cognitive Assess-
ment (MoCA) score of < 26.

All participants underwent a clinical evaluation, includ-
ing basal and orthostatic BP testing, heart frequency deter-
mination, blood chemistry analysis, and lumbar puncture. 
All data on demographics, treatments, and comorbidi-
ties were recorded. Several validated scales were used to 
evaluate the participants, including the Movement Disorder 
Society-Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) [16], MoCA [17], Geriatric Depression Scale [18], 
State-Trait Anxiety Inventory for Adults [19], and Scales 
for Outcomes in PD-autonomic dysfunction (SCOPA-AUT) 
[20]. Ioflupane-I123 SPECT was used to evaluate striatal DaT 
levels (DaTSCAN) [15]. Levels of α-synuclein, β-amyloid 
fragment 1-42, total tau, and phosphorylated tau were quan-
tified in cerebrospinal fluid samples [15].

In the present study, we considered recently diagnosed 
drug-naïve patients with PD and non-parkinsonian con-
trols for whom there were complete data on the baseline 
orthostatic BP assessment and orthostatic symptoms. We 
excluded patients with conditions or medications associated 
with orthostatic syndromes, including diabetes, alcoholism, 
polyneuropathy, and amyloidosis, as well as users of calcium 
channel blockers, diuretics, angiotensin-converting enzyme 
inhibitors, AT-1 receptor blockers, nitrates, α-adrenoreceptor 
antagonists, opioids, or tricyclic antidepressants [2, 5].

Assessment of orthostatic symptoms and blood 
pressure

Blood pressure was measured 1–3 min after resting in the 
supine position and at 1–3 min after switching to the stand-
ing position [15]. The month previous to the study, orthos-
tatic symptoms were assessed using the SCOPA-AUT [20], 
which evaluates lightheadedness immediately after standing 
up (Item #14) and at any other time (Item #15) and syncope 
(Item #16). By adding item scores, we obtained a cardio-
vascular subscore.

The orthostatic syndromes examined in this study [4, 5, 
21] were defined as follows. OH was defined as a fall in 
systolic BP of ≥ 20 mmHg (or ≥ 30 mm Hg in hypertensive 
patients) and/or a fall  in diastolic BP of ≥ 10 mmHg fall 
upon 1–3 min upright standing. OI was defined by a SCOPA-
AUT cardiovascular subscore of ≥ 1 in the absence of OH.

The ratio of heart rate change (Δ) and systolic BP drop 
during orthostatic stress was also determined among those 
patients with OH. A Δ heart range/Δ systolic BP drop after 
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changes in posture ratio of < 0.492 has been shown to dis-
criminate between neurogenic and non-neurogenic OH [22],

Statistical analysis

The t test or Pearson Chi-square test was used for between-
groups bivariate comparisons. The lack of homoscedastic-
ity was compensated for by correcting for the degrees of 
freedom in the t test. Fisher´s exact test was used to measure 
the association between two categorical variables if two or 
more cells had fewer than five cases. Multivariate analysis 
was performed using multinomial logistic regression. The 
criterion to include a variable was based on its biological 
relevance and/or statistical significance (p < 0.05) in the 
bivariate test. Interactions were evaluated and ruled out. 

Results were expressed as odds ratio and 95% confidence 
intervals. The level of significance was conventionally set at 
0.05 (SPSS v.23 software; IBM Corp., Armonk, NY, USA).

Results

Patient characteristics

This cross-sectional study enrolled 217 patients with PD and 
108 non-parkinsonian controls from the PPMI database. As 
shown in Table 1, the mean age (± standard deviation) was 
59.34 ± 9.8 and 57.73 ± 11.62 years, respectively (p = 0.206). 
In the PD group, 131 patients (60.4%) were male versus 61 
males (56.5%) in the control group (p = 0.502). Of the 217 

Table 1   Demographic 
characteristics and orthostatic 
syndromes in patients with 
Parkinson disease and the  non-
parkinsonian controls

Data are expressed as the mean ± standard deviation  (SD) (continuous variables) or as the frequency and 
percentage (categorical variables). Bivariate comparisons were performed using a t test or Chi-square test
p < 0.05 indicates statistical significance
PD Parkinson disease, MDS-UPDRS Motor Disorder’s Society-Unified Parkinson’s Disease Rating Scale, 
MoCA Montreal Cognitive Assessment, SCOPA-AUT​ Scales for Outcomes in Parkinson’s disease-dysauto-
nomia
a Significance was confirmed after applying a Holm–Bonferroni correction for multiple comparisons

Demographic characteristics and orthostatic syndromes PD group(n = 217) Non-PD control 
group (n = 108)

p value

Males 131 (60.4%) 61 (56.5%) 0.502
Age (years) 59.34 ± 9.80 57.73 ± 11.62 0.206
Black race 2 (0.9%) 4 (3.7%) 0.097
Hypertension 17 (7.8%) 10 (9.3%) 0.661
Disease duration (months) 6.91 ± 8.68 – NE
MDS-UPDRS scores
 Part I (non-motor symptoms) 1.19 ± 1.67 0.45 ± 0.95 < 0.001
 Part II (activities of daily living) 5.87 ± 4.19 0.35 ± 0.89 < 0.001
 Part III (motor examination) 19.80 ± 8.36 0.97 ± 1.92 < 0.001

Cognitive impairment (MoCA score) 3 (1.4%) 0 (0%) 0.553
Drugs for orthostatic hypotension at baseline 0 (0%) 0 (0%) NE
Supine blood pressure (mmHg)
 Systolic 127.76 ± 16.16 128.22 ± 15.74 0.979
 Diastolic 76.05 ± 10.68 75.97 ± 11.07 0.440

Changes in blood pressure after standing up (mmHg)
 Systolic − 3.46 ± 11.49 − 1.23 ± 12.00 0.082
 Diastolic 3.06 ± 8.70 4.26 ± 8.76 0.269

Orthostatic hypotension symptoms (SCOPA-AUT)
 Lightheadedness immediate (Item 14) 61 (28.1%) 16 (14.8%) 0.008
 Lightheadedness delayed (Item 15) 37 (17.1%) 3 (2.8%) < 0.001
 Syncope (Item 16) 4 (1.8%) 1 (0.9%) 0.999

Orthostatic syndromes
 None 124 (57.1%) 85 (78.7%) < 0.001a

 Orthostatic hypotension 24 (11.1%) 6 (5.6%) 0.109
  Symptomatic 12 (5.5%) 0 0.057
  Asymptomatic 12 (5.5%) 6 (100%)

 Orthostatic intolerance 68 (31.3%) 17 (15.7%) 0.003a
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patients with PD, 25 (11.6%) had a first-degree relative with 
PD. The mean PD duration was 6.91 ± 6.68 months.

Frequency of orthostatic hypotension 
and orthostatic intolerance

There were no significant differences in BP either before 
or after standing up between non-parkinsonian controls 
and patients with PD (Table 1). Of note, the fall in systolic 
BP was milder in the control group than in the PD group  
(− 1.23 ± 12.00 vs. − 3.46 ± 11.49, p = 0.082; Table 1). Con-
versely, the SCOPA-AUT cardiovascular score was higher in 
patients with PD than in the controls (Table 1).

No differences were found in the prevalence of OH (PD 
11.1% vs. controls 5.6%, p = 0.109; Table 1). As shown in 
Table 1, among the 24 PD patients with OH and the six 
non-parkinsonian controls with OH, 12 (50%) patients in the 

PD group and no person in the control group were sympto-
matic (p = 0.057). Nine patients with PD (37.5%) showed a 
Δ heart rate/Δ systolic BP ratio of < 0.492. OI was signifi-
cantly more frequent among patients with PD than among 
the controls (31.3 vs. 15.7%, p = 0.003; Table 1).

Factors associated with orthostatic hypotension 
and orthostatic intolerance

Factors related to OH and OI in patients with PD are shown 
in Table  2. A multinomial logistic regression analysis 
revealed that the SCOPA-AUT gastrointestinal score and 
low striatal DaT levels were independently and significantly 
associated with both OH and OI (Table 2). A sensitivity 
analysis was performed by excluding SCOPA-AUT scores as 
predictors. Low DaT levels remained as a significant factor 

Table 2   Factors related to orthostatic syndromes in patients with Parkinson disease

Data are expressed as the mean ±  SD (continuous variables) or as the frequency and percentage (categorical variables). Bivariate comparisons 
were performed using a t test or Chi-square test. Multivariate analysis was performed using multinomial logistic regression
OR Odds ratio, CI confidence interval, OH orthostatic hypotension, OS orthostatic sensitivity, DaTSCAN striatal DaT levels determined by 
Ioflupane-I123 SPECT (single-photon emission computed tomography), CSF cerebrospinal fluid, α-syn α-synuclein, Aβ42 β-amyloid fragment 
1-42, p Tau phosphorylated tau
a Multinomial logistic regression analysis revealed that the SCOPA-AUT gastrointestinal score and low DaTSCAN levels were independently and 
significantly (p < 0.05) associated with both OH and OI

Factors related to orthos-
tatic syndromes

No orthostatic syn-
dromes (n = 125)

Orthostatic hypo-
tension (n = 24)

Orthostatic intoler-
ance (n = 68)

p value Multinomial logistic regression analy-
sis (OR, 95% CI)

OH OI

Male gender 78 (62.4%) 14 (58.3%) 39 (57.4%) 0.773
Age (years) 59.11 ± 10.22 60.95 ± 9.85 59.30 ± 9.13 0.784 0.99 (0.94–1.05) 0.99 (0.95–1.02)
Age at PD onset (years) 58.55 ± 10.24 60.27 ± 9.86 58.71 ± 9.26 0.806
PD family history 28 (22.4%) 7 (29.2%) 19 (28.4%) 0.584
DaTSCAN 1.48 ± 0.39 1.23 ± 0.26 1.35 ± 0.40 0.005 0.16 (0.04–0.69)a 0.32 (0.13–0.83)a

CSF biomarkers
 Aβ42 385.27 ± 106.69 339.00 ± 78.54 391.65 ± 112.82 0.092 1.00 (1.00–1.01) 1.00 (1.00–1.01)
 α–syn 1898.94 ± 684.00 1850.64 ± 636.78 1983.32 ± 815.20 0.726
 pTau 16.93 ± 12.57 13.55 ± 6.84 16.03 ± 10.01 0.412
 Total Tau 43.01 ± 14.97 42.41 ± 16.26 44.30 ± 17.26 0.943

Anxiety score 23.21 ± 8.90 26.45 ± 11.87 25.29 ± 10.92 0.137 1.01 (0.96–1.06) 1.01 (0.97–1.05)
Depression score 2.11 ± 2.44 3.09 ± 2.74 2.54 ± 2.66 0.284
SCOPA–Aut
 Gastrointestinal 1.50 ± 1.77 2.95 ± 2.34 2.48 ± 1.74 0.006 1.46 (1.06–2.00)a 1.32 (1.05–1.66)a

 Urinary 3.60 ± 2.51 3.50 ± 2.61 4.43 ± 3.49 0.111
 Thermoregulation 0.99 ± 1.12 1.77 ± 2.18 1.22 ± 1.18 0.066 1.24 (0.87–1.77) 1.03 (0.79–1.36)
 Visual 0.36 ± 0.69 0.55 ± 0.60 0.51 ± 0.76 0.411
 Sex 1.04 ± 1.45 1.18 ± 1.50 0.94 ± 1.44 0.296
 Hypertension 12 (9.6%) 1 (4.2%) 4 (5.9%) 0.510

MDS-UPDRS
 I 1.02 ± 1.29 1.71 ± 2.88 1.24 ± 1.52 0.829
 II 5.31 ± 3.89 6.21 ± 5.32 6.66 ± 4.22 0.067 0.89 (0.76–1.03) 0.99 (0.90–1.09)
 III 18.83 ± 9.00 20.09 ± 9.18 21.41 ± 8.37 0.342
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associated with both conditions, without any other predictor 
in the model.

Finally, postural instability (as assessed by MDS-UPDRS 
item 3.12) was not associated with the presence of cardio-
vascular symptoms in the SCOPA-AUT (p = 0.457).

Discussion

In this study, we focused on orthostatic syndromes, which 
have not been thoroughly assessed in recently diagnosed 
drug-naïve patients with PD. Our results suggest that in our 
PD patient population OH and OI occurred early during dis-
ease development and that both entities were associated with 
nigrostriatal denervation, as measured by DaTSCAN.

Orthostatic stress testing revealed that fall in systolic 
BP in the non-parkinsonian controls was non-significantly 
milder as compared to patients with PD, suggesting that 
cardiovascular autonomic function is affected early in PD. 
However, a larger sample size is required to confirm this 
observation. Our results together with those from other stud-
ies showing overt alterations in BP regulation in advanced 
stages of PD [3, 23] suggest that OH evolves in time as the 
disease progresses. Likewise, the concept that patients with 
early PD already experience a mild autonomic alteration is 
consistent with our observation of a twofold increase in OH 
prevalence in the PD patient group compared with the non-
parkinsonian controls, albeit not statistically significant due 
most likely to the reduced sample size in our study. The 
prevalence of OH among the PD patients in our study (11%) 
fell somewhat below the values reported in comparable ear-
lier studies, i.e.,  16, 19.5, and 40% [7–9]. This difference 
might  be partly due to the restrictive exclusion criteria in 
our study: we excluded patients with other factors potentially 
associated with OH. For this reason, this study may provide 
the nearest reliable approximation to OH innately second-
ary to PD.

Norcliffe-Kaufmann et al. recently reported that a drop 
in the Δ heart range/Δ systolic BP ratio after changes in 
posture of < 0.492 may discriminate accurately between 
neurogenic and non-neurogenic OH [22]. In their study, this 
ratio was obtained from the results of a standardized tilt test 
at a 3-min interval for each patient, which was not the case 
for the PPMI cohort. Some limitations to the study have 
been raised recently, such as a potential referral bias and a 
possible lack of sensitivity between active versus passive 
standing [24]. To the best of our knowledge, our study is 
one of the first to assess this measure in patients with PD. 
We observed that only nine of 24 patients with PD with OH 
showed a ratio compatible with a diagnosis of neurogenic 
OH. It is possible that even after excluding common causes 
of non-neurogenic OH, others might still be present, such 
as volume depletion, unusual adverse effect of drugs, etc.. 

Since non-neurogenic OH tends to resolve when its cause 
is eliminated, we believe that calculation of the Δ heart 
range/Δ systolic BP drop ratio in patients with PD is of the 
highest importance before assumptions as to the neurogenic 
nature of OH can be made.

Few studies have been conducted on OI in patients with 
PD or the general population, possibly in part due to diag-
nostic difficulties as the symptoms may not only be unspe-
cific but also sporadic in appearance  [11]. Symptoms are 
often misascribed to comorbidities, and when they do not 
present continuously, the likelihood of detecting OI during 
the anamnesis or physical exam is reduced. In our sample 
of non-parkinsonian controls, OI was detected in 15.7% of 
patients, which is consistent with previously reported find-
ings in the general population [10]. In our sample of patients 
with PD, however, the prevalence of OI was twofold the only 
available estimation to date, which was reported by Bae et al. 
[7] who studied 27 patients with early PD. The reasons for 
this discrepancy are not easily explained. The impact of OI 
in PD remains unknown and should be investigated, given 
its high prevalence in early PD. The multinomial logistic 
regression analysis in our study identified a significant asso-
ciation between orthostatic syndromes and the degeneration 
of nigrostriatal fibers, as inferred from DaTSCAN, suggest-
ing a link between OH and OI with PD progression. Left 
ventricular post-ganglionic sympathetic denervation has 
been proposed as a central mechanism of OH genesis in PD 
[23]. In addition, experimental results suggest that altera-
tions in the central regulation of the peripheral autonomic 
nervous system occur in PD [25]. In rats, stimulating the 
substantia nigra pars compacta enhanced striatal dopamine 
release,  eliciting proportional hypertension and tachycar-
dia, which in turn could be blocked by haloperidol [26]. 
These results are in agreement with our findings regarding 
a decline in nigrostriatal innervation in PD individuals with 
orthostatic syndromes and further highlight the importance 
of striatal influences on autonomic control.

We also observed an independent association between 
orthostatic syndromes and gastrointestinal dysautonomia 
symptoms. In patients with PD, dysautonomia is a multid-
omain phenomenon [3, 27]. These findings suggest an alto-
gether broad autonomic compromise in the neurodegenera-
tive process.

In our sample, neither OH nor OI were associated with 
disease severity as assessed by MDS-UPDRS scores. To 
date, the evidence regarding the relation between PD pro-
gression and dysautonomia is inconclusive, with some 
authors reporting motor [14, 28] or functional [29] asso-
ciations and others [7, 9]  finding none, as in the present 
study. We may have missed such associations because our 
sample comprised patients with recently diagnosed with 
PD. Disease progression and survival have been associ-
ated with autonomic alterations in a clinical retrospective 
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review of data from 100 consecutive patients with an 
autopsy-confirmed PD diagnosis. Finally, autonomic 
abnormalities may even appear before disease onset [28, 
30, 31].

A large number of patients with PD in our sample 
complained of orthostatic symptoms even though only a 
minority of these had OH. We believe this observation 
strengthens the need for objective BP measurement since 
OI can be secondary to different pathologies (e.g., adverse 
drug effects, vertigo, volume depletion, inebriation-like 
syndrome, balance impairment, etc.) [32], some of which 
have a specific treatment.

There are a number of limitations to our study. The fall 
in orthostatic BP was determined by asking the patient 
to stand up, which may have increased experimental 
error partly due to intraindividual variability [33–35]. 
In addition, BP assessment at 1–3 min after orthostatic 
stress likely added to the experimental error associated to 
interindividual differences. Tilt-testing combined with a 
delayed assessment, longer than 3 min, has been reported 
to increase both the reproducibility and sensitivity of BP 
measurements [36]; however, this procedure is not avail-
able at every center and is not the usual standard of care. 
Notwithstanding, OH prevalence in non-parkinsonian 
controls in our study lies within the expected range of 
5–30% [37–40], suggesting that the procedures used  
were sufficiently accurate. Another limitation is that the 
SCOPA-AUT does not capture the full spectrum of ortho-
static symptoms. However, this scale is commonly used 
in clinical practice and has been recommended for use in 
PD [41]. The possibility that dizziness or lightheadedness 
was confused with postural instability by patients with PD 
was ruled out. Orthostatic symptoms were assessed during 
the month preceding the BP assessment. While concur-
rent assessment of BP and symptoms may have resulted in 
more precise results, extending the period of recollection 
may offer more sensitivity to orthostatic symptoms recol-
lection. Finally, due to reduced sample sizes, some tests 
may have been underpowered.

In summary, we observed a significantly higher frequency 
of OI in patients with recently diagnosed drug-naïve PD 
than in the non-parkinsonian controls, together with signals 
of mild cardiovascular autonomic dysfunction, as suggested 
by a statistically non-significant greater fall in systolic BP 
after postural changes in the former population as well as 
a statistically non-significant higher prevalence of OH. 
Orthostatic syndromes were linked to central and peripheral 
neurodegeneration, as suggested by their association with 
lower DaTSCAN uptake by basal ganglia on the SPECT 
scan and gastrointestinal dysautonomia symptoms. OI has 
received considerably less attention than OH in studies on  
PD. Further research is warranted to assess the impact and 
prognostic significance of this condition in PD.
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