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Abstract

Introduction We sought to analyze the blood pressure (BP) circadian rhythm in Parkinson’s disease (PD), multiple system
atrophy (MSA), and pure autonomic failure (PAF) and to evaluate the effect of vasoactive and dopaminergic medications on
BP fluctuations during activities of daily living.

Methods We analyzed data from patients with PD (n="72), MSA (n=18), and PAF (n=17) evaluated with 24-h ambulatory
BP monitoring (ABPM) at our Center between 1996 and 2015. Comparisons between groups were performed according to
(a) clinical diagnosis and (b) pharmacological treatment. ABPM parameters included 24-h BP variability, BP load, nocturnal
dipping, and awakening hypotension.

Results The average BP was 121 & 14/72 + 8 mmHg during daytime and 133 +20/76 + 13 mmHg during nighttime (p <0.01),
with BP load of 24 +£22/15+ 16% (daytime) vs. 61 +36/52 +36% (nighttime) (p <0.01). In-office BP measurements were
consistent with OH in 95 patients (89%) and SH in 63 (59%). ABPM demonstrated increased BP variability in 67 patients
(63%), awakening hypotension in 63 (59%), “reverse dipping” in 85 (79.4%), “reduced dipping” in 13 (12.1%), and “‘normal
dipping” in 9 (8.4%). No differences were observed between PD, MSA, and PAF, but a sub-analysis of PD patients revealed
two distinct patterns of BP alterations. No significant differences were observed in relation to the use of vasoactive or dopa-
minergic medications.

Conclusion Regardless of the neurological diagnosis and pharmacological treatment, patients with alpha-synucleinopathies
showed a BP circadian rhythm characterized by increased BP variability, reverse dipping, increased BP load, and awakening
hypotension.

Keywords Cardiovascular autonomic neuropathy - Ambulatory blood pressure monitoring - Reverse dipping - Blood
pressure variability - Orthostatic hypotension.
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Previous studies demonstrated that 24-h ambulatory
blood pressure monitoring (ABPM) may capture a large
variety of abnormal circadian BP patterns associated with
CAN, including awakening hypotension, 24-h BPV, and
nocturnal dipping [3, 4]. These findings support the notion
that ABPM might significantly advance the diagnosis and
follow-up of CAN. Still, the extent to which ambulatory BP
alterations are differentially represented in PD, PAF, and
MSA remain unclear, as well as the impact of vasoactive and
dopaminergic medications on the 24-h circadian BP profile.

Using historical data from patients with PD, MSA,
and PAF evaluated with 24-h ambulatory BP monitoring
(ABPM) at our Center between 1996 and 2015, we sought
to investigate the pattern of circadian BP alterations associ-
ated with different alpha-synucleinopathies, and the impact
of dopaminergic and vasoactive medications on ambulatory
BP fluctuations.

Materials and methods
Study population

We reviewed historical data from patients referred to the
Autonomic Unit of the University of Torino (Italy) between
January 1996 and January 2015 as per the following inclu-
sion and exclusion criteria:

Inclusion criteria: diagnosis of PD, MSA, or PAF [5-7];
diagnosis of CAN according to a standardized battery of
autonomic testing [8]; availability of ABPM data collected
within two weeks from the autonomic assessment; and sta-
ble dose of vasoactive and dopaminergic drugs for at least
2 weeks before the autonomic assessment.

Exclusion criteria: incomplete data (lack of ABPM
recordings or autonomic testing or clinical documentation);
family history of autonomic neuropathy; and disorders
associated with secondary autonomic neuropathy, such as
chronic renal failure, diabetes, sarcoidosis, amyloidosis,
HIV, autoimmune disorders, malignancies, Lyme disease

[1].
Cardiovascular autonomic testing

The diagnosis of CAN was based on the following standard-
ized battery of cardiovascular autonomic testing [8] (DAN
Test Microlab, Padua, Italy):

e Heart rate variability during deep breathing: the expira-
tory to inspiratory ratio (E/I) was calculated from the
maximum and minimum R-R interval during deep
breathing at 6 breaths/min.

e Heart rate response during orthostatism: the 30:15 ratio
was calculated as the ratio between the longest R—R
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interval (around the 30th beat after standing) and the
shortest R—R interval (around the 15th beat after stand-
ing).

e Heart rate variability during the Valsalva Maneuvre: The
Valsalva ratio was calculated as the ratio between the
longest R-R interval (shortly after the maneuver, which
consists of blowing into a mouthpiece attached to an
aneroid pressure gauge at a pressure of 40 mmHg, hold-
ing the pressure for 15 s) and the shortest R-R interval
(during the strain period).

e BP response during orthostatism: BP was measured by a
semiautomatic sphygmomanometer in the supine position
and after 1 and 3 min of standing.

Tests were classified as normal (score =0), borderline
(score=1), and abnormal (score=2), using age-related
normal ranges [9]. The diagnosis of CAN was made when
at least two tests were abnormal, or the total score was
greater than 2 [8]. OH was defined as a reduction of systolic
BP>20 mmHg or diastolic BP > 10 mmHg within 3 min of
standing [10]. SH was defined as a systolic BP > 140 and/or
a diastolic BP >90 mmHg in the supine position in patients
with concomitant neurogenic OH (OH associated with CAN)
[11]. The item 1 of the Orthostatic Hypotension Symptom
Assessment (OHSA) (“severity of dizziness, lightheaded-
ness, feeling faint, or feeling like you might blackout™) was
used to discriminate between symptomatic OH (OHSA
score > 1) from asymptomatic OH (OHSA score=0) [12].

Ambulatory blood pressure monitoring (ABPM)

All patients underwent ABPM using non-invasive portable
recorder Spacelabs 90207 (Spacelabs Inc., Redmond, WA,
USA®) with an appropriately sized cuff placed on the non-
dominant arm, according to the current guidelines [13]. BP
measurements were taken every 15 min; all patients were
instructed to record the following data in a diary: sleep and
wake time, time of meals, medications, main behavioral
and occupational activities, quality of sleep, and symptom:s.
Normal reference thresholds for ABPM parameters (mean
daytime and nighttime BP), as well as the definitions of BPV
and dipping patterns were referred to data available from
the population of patients with essential arterial hyperten-
sion [14] due to the lack of validated normative ABPM data
in patients with CAN. Daytime and nighttime periods were
defined on the basis of the patient’s diary.

Blood pressure load was measured as the percentage of
BP values higher than normal limits during daytime and
nighttime (normal value <30%) [14].

Blood pressure variability was defined as standard devia-
tion of nocturnal systolic BP (normal <11); weighted-blood
pressure variability (w-BPV) was defined as the sum of
standard deviation of diurnal and nocturnal systolic BP,
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corrected for daytime and nighttime durations (normal <11)
[13].

Dipping pattern, corresponding to the average reduction
in systolic BP between waking and sleeping hours, was clas-
sified as per the recommendations of the European Society
of Hypertension [13]:

e Extreme dipping: systolic nighttime BP/systolic daytime
BP <0.8, corresponding to an average systolic BP reduc-
tion during sleep greater or equal to 20%.

e Normal dipping: systolic nighttime BP/systolic daytime
BP>0.8 but <0.9, corresponding to an average systolic
BP reduction during sleep of 10-19%.

e Reduced dipping: systolic nighttime BP/systolic daytime
BP>0.9 but <1.0, corresponding to an average systolic
BP reduction during sleep of 0-9%.

e Reverse dipping: systolic nighttime BP/systolic daytime
BP> 1.0, corresponding to an average increase in night-
time systolic BP values.

Awakening hypotension was defined as a systolic BP
drop >20 mmHg within 60 after standing up in the morn-
ing, compared to the mean of the last three BP measure-
ments before standing.

Statistical analysis

We characterized the circadian BP profile reporting the day-
time and nighttime systolic and diastolic BP, and the daytime
and nighttime BP load, as well as the prevalence of patients
with increased BPV (absolute and weighted values), awak-
ening hypotension, reverse dipping pattern, OH, and SH.
Continuous data were expressed as mean + standard devia-
tions, prevalence as percentages.

The circadian BP profile was then compared among the
three subtypes of primary autonomic neuropathy (PD, MSA,
and PAF) using one-way ANOVA or Fisher’s exact test, as
appropriate. Bonferroni’s correction was applied to adjust
for multiple comparisons.

An unsupervised cluster analysis with a K-means
approach was performed to study BP circadian profile in
PD. A K-means clustering algorithm was used to find hid-
den structure in data and divide patients into two groups
(PD cluster 1 and PD cluster 2). The main steps in the
K-mean analysis were as follows: (1) ABPM and office
BP parameters were selected to build the model; (2) two
cluster centers were randomly defined; (3) each patient
was assigned to the nearest cluster center; (4) we com-
puted new cluster centers and re-iterated step 3 until cent-
ers convergence; (5) patients were grouped into clusters
[15], as per the models previously described [16, 17]. An
analysis of covariance (ANCOVA) was used to confirm
differences in ABPM and office BP values between the

two PD clusters after adjusting for age and dopamine-
agonists Levodopa Equivalent Daily Dose (LEDD) [18],
and among the three diseases after adjusting for age and
disease duration.

Also, we studied the impact of vasoactive and dopa-
minergic medications on ABPM parameters. For this aim,
patients were divided into: (a) no dopaminergic medica-
tions, levodopa, dopamine agonists, and levodopa plus
dopamine-agonists group; and (b) no vasoactive drugs,
anti-hypertensives, anti-hypotensives, and anti-hyper-
tensives plus anti-hypotensives group. We compared the
mean daytime and nighttime systolic and diastolic BP, the
mean daytime and nighttime BP load, and the supine and
orthostatic (1" and 3’) BP values by means of the one-way
ANOVA; the prevalence of patients with increased BPV
(both absolute and weighted values), awakening hypoten-
sion, reverse dipping pattern, OH, and SH were compared
using the Fisher’s exact test. Bonferroni’s correction was
applied to adjust for multiple comparisons. Moreover, we
analyzed differences of levodopa, dopamine agonists, and
total LEDD in patients with or without OH, SH, increased
w-BPV, awakening hypotension, reverse dipping pattern,
by means of the Mann—Whitney test. Continuous vari-
ables were expressed as mean + standard deviation, while
qualitative variables were expressed as absolute values of
frequency and percentage values. p values lower than 0.05
were considered as statistically significant. Data were ana-
lyzed using the Statistical Package for the Social Sciences
(SPSS—version 22—© 2014 IBM). Cluster analysis was
performed using MATLAB R2017b and PYTHON 2.7.

Results

Among 302 subjects screened, a total of 107 patients (67%
males and 33% women) with PD (n=72), MSA (n=18), or
PAF (n=17) were included in the analysis (Fig. 1; Table 1);
95 patients (89%) met the criteria for OH, and 63 (59%) for
SH. All subjects were diagnosed with CAN according to the
results of autonomic testing (Fig. 2).

Ambulatory blood pressure circadian rhythm

The average BP was 121 + 14/72 + 8 mmHg (daytime) and
133 +20/76 + 13 mmHg (nighttime) (p <0.01), with a BP
load of 24 +22/15 + 16% (daytime) and 61 +36/52+36%
(nighttime) (p <0.01). ABPM recordings showed increased
BPV in 67 patients (63%), increased w-BPV in 94 (88%),
and awakening hypotension in 63 (59%). The dipping pat-
tern was “reversed” in 85 patients (79.4%), “reduced” in 13
(12.1%), and “normal” in 9 (8.4%).
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Fig. 1 Flow chart of patients selection process

Circadian blood pressure rhythm in PD, MSA,
and PAF

PD patients were older and with longer disease duration
than MSA ones. The prevalence of symptomatic OH was
lower in PD compared to the other conditions. No sig-
nificant differences were detected in the ABPM profile
of patients with PD, MSA, and PAF [Table 1], even after
adjusting for age and disease duration. Two distinct pat-
terns were detected in PD: the first (PD1) characterized by
BP loads within the normal range, low prevalence of SH,
and milder ABPM alterations; the second (PD2) associ-
ated with increased nighttime BP, BP loads, SH, reverse
dipping, awakening hypotension, and w-BPV. PD1 was
characterized by lower BP values both in supine and ortho-
static (3') positions, but the symptomatic OH was equally
distributed between the two groups. Patients PD2 were
older (p <0.05) and treated with lower dosages of dopa-
mine agonists (p <0.05). However, no differences were
observed in the severity of cardiovascular autonomic test-
ing [Table 2]. Differences remained significant even after
adjusting for age and dopamine agonists LEDD [Supple-
mentary Table 1].

@ Springer
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Effect of vasoactive and dopaminergic medications

There were increased supine in-office BP values in patients
treated with anti-hypotensive agents (systolic: 159 +27
vs. 140 +£22 mmHg, p=0.04; diastolic: 93 +13 vs.
83+ 10 mmHg, p=0.01). No other differences were found
in ABPM or in-office variables (Table 3; Supplementary
Tables 2, 3, 4, 5, 6). OH and awakening hypotension were
associated with lower LEDD (Tables 4, 5).

Discussion

Our data confirm the association between CAN and
increased BPV, nocturnal BP, BP load, awakening hypoten-
sion, and reverse dipping, independently from the underly-
ing neurological diagnosis and pharmacological treatment.
While in-office BP measurements and ABPM profiles were
overall similar in the three alpha-synucleinopathies, two
distinctive patterns of circadian BP alterations emerged in
PD; the first one characterized by milder ABPM dysfunc-
tions and normal in-office BP measurements, the second by
widespread ABPM and in-office BP dysfunctions.
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Table 1 Demographic and
clinical characteristics

PD MSA PAF p value
n=172) (n=18) (n=17)
Age (years) 70+ 8% 63+10* 67+13 0.01
Female sex (n) (%) 18 (25)8 7(39) 10 (59)8 0.02
Disease duration (years) 7.8+6% 3.3+4% 4.7+4 <0.01
Dopaminergic therapy (n) (%) 66 (92) 8 (44) NA <0.01
Total LEDD (mg) 712 +459* 335+ 525% NA <0.01
Levodopa LEDD (mg) 599 +412% 323 +£512% NA 0.03
Dopamine agonists LEDD (mg) 91+131* 5+19% NA <0.01
Vasoactive therapy (n) (%) 23 (32) 11(61) 7(41) 0.07
Previous arterial hypertension () (%) 1521 5(28) 4.(24) 0.81
SH (n) (%) 41 (57) 11 (61) 11 (65) 0.76
OH (n) (%) 61 (85) 18 (100) 17 (100) 0.07
Symptomatic OH (n) (%) 52 (72)8 17 (94) 17 (100)§ 0.01
Total autonomic score 4.6+1.7 52421 55+14 0.11
Ambulatory blood pressure monitoring
Nocturnal recording time (h) 7.8+1.6 79+1.7 8.1+0.9 0.80
Diurnal recording time (h) 16.1+1.6 157+1.6 159409 0.54
Valid recordings (%) 89.8+10.1 93.1+5.4 87.9+8.2 0.27
Daytime SBP (mmHg) 120+13 117+10 128 +21 0.07
Daytime MBP (mmHg) 88+8 88+8 92+13 0.30
Daytime DBP (mmHg) 7248 7348 7311 0.68
Nighttime SBP (mmHg) 131+18 134+21 142 +23 0.10
Nighttime MBP (mmHg) 94+13 100+18 100+ 15 0.18
Nighttime DBP (mmHg) 75+12 82+17 76+12 0.13
Daytime SBP load (%) 23+21 23+20 31+28 0.39
Daytime DBP load (%) 15+15 18+17 13+18 0.64
Nighttime SBP load (%) 59+35 67 +34 63+42 0.70
Nighttime DBP load (%) 53+36 60+36 39+35 0.18
Reverse dipping (1) (%) 54 (75) 16 (89) 15 (88) 0.27
High w-BPV (n) (%) 61 (85) 16 (89) 17 (100) 0.22
Awakening hypotension (n) (%) 42 (60) 11(79) 10 (77) 0.26
Office blood pressure values
SBP (supine) (mmHg) 14222 145+21 158 +31 0.06
DBP (supine) (mmHg) 83+11 90+13 88+ 14 0.06
SBP (orthostatism 1') (mmHg) 104 +25 106+16 10026 0.75
DBP (orthostatism 1’) (mmHg) 68+13 70+11 63+14 0.24
SBP (orthostatism 3') (mmHg) 103 +24 94+26 89+30 0.11
DBP (orthostatism 3') (mmHg) 67+13 64+ 14 60+ 14 0.19

p value: statistical difference among the three groups

PD Parkinson’s disease with autonomic neuropathy, MSA multiple system atrophy, PAF pure autonomic
failure, LEDD levodopa equivalent daily dose, SH supine hypertension, OH orthostatic hypotension, SBP
systolic blood pressure, MBP mean blood pressure, DBP diastolic blood pressure, w-BPV weighted blood
pressure variability, NA not applicable

*Significant difference (p <0.05) between PD and MSA (after Bonferroni’s correction)
§Significant difference (p <0.05) between PD and PAF (after Bonferroni’s correction)

Circadian blood pressure alterations

The prevalence of reverse dipping was 79%, not influenced
by the underlying pharmacological treatment or neurological
diagnosis. These data confirm the results of previous studies

showing increased nocturnal BP in patients with alpha-
synucleinopathies [19-21]. Plaschke and colleagues [22]
suggested that increased nocturnal BP might differentiate
patients with and without CAN, being the autonomic dys-
function itself, rather than the underlying neurodegenerative
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disorder, responsible for abnormalities observed in the circa-
dian BP rhythm [23]. Pathophysiological mechanisms may
include reduced baroreflex sensitivity, increased peripheral
vascular resistance, reduced nitrogen monoxide production,
and alteration of the renin-angiotensin-aldosterone system
[2, 24-26]. In a recent study of our group, we showed that
reverse dipping can discriminate autonomic dysfunction
with high accuracy, thus representing a useful tool for the
early screening of CAN [4]. In addition, 59% of our popula-
tion was affected by awakening hypotension, a frequent yet
underrecognized complication of CAN due to the tail-effect
of bedtime anti-hypertensive medications and to nighttime
pressure natriuresis, which ultimately results in body fluid
volume depletion [27]. These data are in agreement with the
findings of Tulen and colleagues, who reported four cases
of PAF with severe difficulty in getting up in the morning
due to postural hypotension [28]. Also, our findings prove
relevant when considering that increased nocturnal BP load
and increased BP variability may result in cardiovascular
alterations similar to those associated with essential hyper-
tension [29-31]. Previous studies found that SH can result
in impaired renal function in PAF [32] and cerebrovascu-
lar damage in PD and MSA [33], and that reverse dipping
correlates with cardiac [34], renal [32] and cerebrovascular
damage [35, 36].

Comparison between PD, MSA, and PAF

While gathered under the common eponymous of alpha-
synucleinopathies, PD, MSA, and PAF are three consider-
ably different clinical entities. PD presents with bradykin-
esia, rigidity, and resting tremor, variably associated with
autonomic features, MSA with prominent autonomic failure

@ Springer

Cardiovascular autonomic testing

in combination with parkinsonism, pyramidal symptoms, or
cerebellar symptoms, and PAF with severe autonomic failure
not associated with central neurological features [37].

From a pathological standpoint, MSA is characterized by
central nervous system alterations, such as catecholaminer-
gic deficiency, and degeneration of the brainstem and sacral
parasympathetic nuclei, PAF involves the autonomic nervous
system peripheral components such as sympathetic ganglia
and distal axons, and PD presents with a variable combina-
tion of both central and peripheral alterations [38—40]. The
clinical-pathological boundaries of PAF, on the other hand,
remain unclear. A recent prospective study showed that 34%
of patients initially diagnosed with PAF converted to PD
(8%), MSA (8%), or dementia with Lewy bodies (18%) [41]
challenging, therefore, the initial notion that PAF is a Lewy
body disorder restricted to the peripheral components of the
autonomic nervous system [42].

Vasoactive and dopaminergic drugs

While patients treated with antihypotensive medications
showed increased in-office BP, the 24-h ABPM was not
associated with relevant differences in the diurnal and noc-
turnal BP or in BP load. These data confirm the results of
a recent case series showing the lack of correspondence
between in-office supine BP and ABPM values [43]. Possi-
ble explanations may include the effect of daytime hypoten-
sive stressors, such as meals, pharmacological therapies, and
environmental temperature, as well as the effect of bedtime
anti-hypertensive treatments prescribed to treat nocturnal
SH. We adhered to the current recommendations, which
suggest using short half-life and bedtime anti-hypertensive
drugs for the treatment of SH [44]. Still, the possibility that
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Table 2 Blood pressure clusters

. . . PD total PD cluster 1 PD cluster 2 p value
in Parkinson’s disease (n=72) (n=37) (n=35)
Age (years) 70+8 67+8 73+6 <0.01
Female sex (n) (%) 18 (25) 12 (32) 6(17) 0.13
Disease duration (years) 7.8+6 82+6 7.4+5 0.50
Dopaminergic therapy (n) (%) 66 (92) 34 (92) 32 (91) 0.94
LEDD (mg) 7124459 714 +£478 713 +449 0.98
Levodopa LEDD (mg) 599 +412 541427 660 +394 0.25
Dopamine-agonist LEDD (mg) 91+131 133 +146 45+95 0.01
Vasoactive therapy (n) (%) 23 (32) 10 (27) 13 (37) 0.36
Previous arterial hypertension () (%) 15 (21) 6 (16) 9 (26) 0.32
SH (n) (%) 41 (57) 15 (41) 26 (74) <0.01
OH (n) (%) 61 (85) 30 (81) 31 (89) 0.22
Symptomatic OH (n) (%) 52 (72) 28 (76) 24 (69) 0.14
Autonomic score 4.6+1.7 45+1.6 47+1.9 0.57
Ambulatory blood pressure monitoring
Daytime SBP (mmHg) 120+ 13 115+10 126 +13 <0.01
Daytime MBP (mmHg) 888 84+7 9248 <0.01
Daytime DBP (mmHg) 7248 69+7 157 <0.01
Nighttime SBP (mmHg) 131+18 118+12 144+ 14 <0.01
Nighttime MBP (mmHg) 94+13 85+10 104+9 <0.01
Nighttime DBP (mmHg) 75+12 68+ 10 82+8 <0.01
Daytime SBP load (%) 23+21 10+11 36+21 <0.01
Daytime DBP load (%) 15+15 8+11 23+14 <0.01
Nighttime SBP load (%) 59+35 31+24 88+13 <0.01
Nighttime DBP load (%) 53+36 26+25 82+18 <0.01
Reverse dipping (n) (%) 54 (75) 22 (60) 32 (91) <0.01
High w-BPV (n) (%) 61 (85) 28 (76) 33 (94) 0.03
Awakening hypotension (n) (%) 42 (60) 16 (44) 26 (77) 0.01
Office blood pressure values
SBP (supine) (mmHg) 142+22 133+21 152+20 <0.01
DBP (supine) (mmHg) 83+11 78+11 87+10 <0.01
SBP (orthostatism 1') (mmHg) 104 +£25 99 +22 11027 0.06
DBP (orthostatism 1') (mmHg) 68+13 66+12 71+14 0.09
SBP (orthostatism 3') (mmHg) 103 +24 96 +23 110+24 0.01
DBP (orthostatism 3") (mmHg) 67+13 63+12 71+13 0.01

p value: statistical difference between PD cluster 1 and 2

PD Parkinson’s disease with autonomic neuropathy, LEDD levodopa equivalent daily dose, SH supine
hypertension, OH orthostatic hypotension, SBP systolic blood pressure, MBP mean blood pressure, DBP
diastolic blood pressure, w-BPV weighted blood pressure variability

anti-SH treatments taken bedtime increased the rate of awak-
ening hypotension episodes, as previously described by Jor-
dan and colleagues [45], cannot be excluded.

The effect of dopaminergic medications on circadian BP
rhythm was only partially assessed due to biases associ-
ated with a real-life observational study. We found that OH
patients were receiving lower doses of L-dopa and dopamine
agonists. This data may reflect the attempt to minimize the
severity of autonomic symptoms using low dosages of dopa-
minergic medications, which have the potential to reduce
BP through central and peripheral mechanisms [46], such

as reduction in the myocardial contractility and peripheral
vasodilatation [47].

Cluster analysis in Parkinson’s disease

We detected two distinctive patterns of circadian BP alter-
ations in patients with PD; the first one characterized by
milder ABPM dysfunctions and normal in-office BP meas-
urements, the second one by widespread ABPM and in-office
BP dysfunctions. Previous research endeavors focused on the
importance of non-motor symptoms in different subtypes

@ Springer
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Table 3 Pharmacological therapies: vasoactive drugs

No vasoactive Anti-hypertensives Anti-hypotensives Anti-hypertensives +anti-  p value
drugs (n=66) (n=19) (n=16) hypotensives (n=6)
Ambulatory blood pressure monitoring
Daytime SBP (mmHg) 12015 123+13 123+ 16 75+8 0.76
Daytime MBP (mmHg) 88+10 89+9 92+10 917 0.43
Daytime DBP (mmHg) 718 71+8 769 75+8 0.17
Nighttime SBP (mmHg) 13220 128 +£20 138+19 147+12 0.13
Nighttime MBP (mmHg) 95+14 91+14 102+16 107 £5 0.12
Nighttime DBP (mmHg) 75+12 71+11 82+15 86+7 0.08
Daytime heart rate (b/min) 74+9 76+9 74+10 73+9 0.78
Nighttime heart rate (b/min) 66+ 8 68+9 68+10 69+8 0.73
Daytime SBP load (%) 24+21 26+22 23+27 31+18 0.85
Daytime DBP load (%) 15+15 15+16 15+17 26+20 0.44
Nighttime SBP load (%) 62+35 5636 57+38 77+38 0.62
Nighttime DBP load (%) 51436 54+32 46 +37 7040 0.56
Reverse dipping (%) 79 63 94 100 0.08
High w-BPV (%) 89 74 94 100 0.17
Awakening hypotension (%) 67 56 62 80 0.71
Office blood pressure values
SBP (supine) (mmHg) 140 +22% 148 +£27 159 +27 * 155+22 0.04
DBP (supine) (mmHg) 83 +10* 82+15 93+13 * 90+ 14 0.01
SBP (orthostatism 1') (mmHg) 99 +23 116 +26 108 +25 105+15 0.05
DBP (orthostatism 1") (mmHg) 65+13 75+13 69+ 14 68+12 0.05
SBP (orthostatism 3") (mmHg) 96 +25 114+19 98 +30 97+19 0.05
DBP (orthostatism 3') (mmHg) 63+14 71+10 66+ 14 64+12 0.15
OH (%) 89 84 100 100 0.34
SH (%) 50 * 68 81 * 83 0.03

p value: statistical difference among the four groups

SBP systolic blood pressure, MBP mean blood pressure, DBP diastolic blood pressure, w-BPV weighted blood pressure variability, OH orthos-

tatic hypotension, SH supine hypertension

*Significant difference (p <0.05) between no vasoactive drugs and anti-hypotensives group (after Bonferroni’s correction)

of PD [48] but, to the best of our knowledge, this is the
first study employing real-life ambulatory BP monitoring to
detect differences between subgroups of PD patients with
cardiovascular autonomic dysfunction. Critically, our find-
ings remained significant even after adjusting for age and
dopamine-agonists LEDD.

ABPM vs. in-office blood pressure measurements

There is increasing evidence that ABPM should be employed
in the screening and monitoring of alpha-synucleinopathies-
associated CAN [4]. ABPM advantages include the possi-
bility of monitoring BP in a real-life unrestricted environ-
ment, assessing BPV associated with specific stimuli such
as meals, vasoactive drugs, short-half-life antihypertensive
medications, exposure to temperature variability, physical
activity, and daily activities activity [49]. In fact, in-office
BP measurements demonstrated to predict the severity of
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ambulatory orthostatic hypotension only in one-third of
patients [50], emphasizing the poor correlation between
patients’ symptoms, blood pressure readings, OH-related
complications, and OH-associated quality of life impair-
ment [51, 52]. In this context, ABPM can both be seen as a
diagnostic biomarker of PD-associated autonomic dysfunc-
tion, as suggested in a recent publication of our group [4],
and as a tool to assist the management of vasopressor agents
basing on real-life BP recording from an ecologically valid
environment [44].

Limitations

Several limitations should temper the interpretation of our
results. First, the analysis of historical data collected from
a tertiary referral center for autonomic disorders. In fact,
both the observational study design and the highly selected
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Table 4 Pharmacological therapies: dopaminergic drugs

No dopaminergic Levodopa (n=33) Dopamine-agonists Levodopa+Dopamine  p value
drugs (n=16) (n=4) agonists (n=37)
Ambulatory blood pressure monitoring
Daytime SBP (mmHg) 12011 121+ 14 120 +4 119+12 0.89
Daytime MBP (mmHg) 9111 89+9 915 87+8 0.43
Daytime DBP (mmHg) 74+9 72+7 76+5 707 0.32
Nighttime SBP (mmHg) 13322 137+21 116 £13 128 +13 0.07
Nighttime MBP (mmHg) 99+17 99+15 88+10 92+11 0.09
Nighttime DBP (mmHg) 79+18 78+13 73+9 73+11 0.25
Daytime heart rate (b/min) 77+10 73+7 81+17 75+9 0.28
Nighttime heart rate (b/min) 69+12 67+7 68+12 68+8 0.93
Daytime SBP load (%) 25+18 27+24 11+5 2020 0.28
Daytime DBP load (%) 22+19 16+15 17+12 13+14 0.27
Nighttime SBP load (%) 66+33 65+36 28 +34 58+34 0.21
Nighttime DBP load (%) 60+37 62+38 54+27 46 +34 0.30
Reverse dipping (%) 74 82 50 78 0.54
High w-BPV (%) 94 88 50 84 0.16
Awakening hypotension (%) 62 81%* 75 47* 0.01
Office blood pressure values
SBP (supine) (mmHg) 150 +27 146 +22 144 +28 137+18 0.19
DBP (supine) (mmHg) 91+13 83+12 88+17 82+11 0.11
SBP (orthostatism 1") (mmHg) 103+ 16 108 +23 90+23 104 +27 0.55
DBP (orthostatism 1") (mmHg) 69+10 68+12 63+10 69+15 0.84
SBP (orthostatism 3") (mmHg) 86+ 19 104 +22 99+21 104 +27 0.11
DBP (orthostatism 3') (mmHg) 60+11 67+12 68+12 68+ 15 0.34
OH (%) 100 94 75 81 0.06
SH (%) 63 64 50 51 0.51

p value: statistical difference among the four groups

SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, w-BPV weighted blood pressure variability, OH orthos-

tatic hypotension, SH supine hypertension

*Significant difference (p <0.05) between Levodopa and Levodopa + Dopamine agonists group (after Bonferroni’s correction)

population of patients should limit the generalizability of
our findings. Second, the lack of normative ABPM data for
patients with CAN, which lead us to adhere to the norma-
tive values used in essential hypertension. Third, the lack
of validated diagnostic definition for awakening hypoten-
sion. Fourth, the absence of a control group of PD patients
without autonomic neuropathy, which might have provided
additional insights regarding “early” signs of BP circadian
rhythm dysfunction in patients not meeting the criteria for
CAN. Fifth, the relatively “unstable” diagnosis of PAF,
which may convert to a different synucleinopathy in over
one-third of cases [41]. Sixth, the unequal representation of
PD, MSA, and PAF, inevitably related to the different preva-
lence of these three clinical conditions. The incidence of
PD has been estimated in 8—19/100.000 person-years [53],
as compared to 3/100.000 person-years in MSA [54] and
less than 1/100.000 in PAF. The largest prospective study
of PAF [41], conducted from the top five autonomic centers

in the United States, achieved an enrollment goal of “only”
74 patients over a 4-year recruitment period. Seventh, the
lack of sample size calculations due to limited preliminary
data and lack of validated clinical definitions and normative
values for the majority of evaluated BP parameters. Eight,
the relatively low sample size, which inevitably limited the
possibility of running additional multivariate comparisons
to investigate the differential effect of vasoactive and dopa-
minergic medications.

Conclusions

Our study indicates that specific circadian BP alterations
might be observed in patients with CAN, predominantly
consisting of reverse dipping, increased 24-h BPV, and
awakening hypotension. No relevant differences were
observed between PD, MSA, and PAF, although a cluster
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Table 5 Dopaminergic therapies

Total Levodopa Dopamine-
LEDD LEDD agonists
LEDD
Orthostatic hypoten- Yes 607+471 530+441 50+90
sion No 1010475 710+433  251+174
p value 0.03 0.25 <0.01
Supine hypertension Yes 635+504 546+445 65+111
No 693+469  564+443 90+139
p value 0.73 0.86 0.56
Awakening hypoten- Yes 600+473 519+442 56+119
sion No 793+479 643428 110+127
p value 0.06 0.23 0.02
High w-BPV Yes 627+496 533+450 68+116
No 7324482  575+431 107+151
p value 0.44 0.77 0.40
Reverse dipping Yes 654+500 558+451 71+125
pattern No 604+476 482+431 80+117
p value 0.67 0.56 0.68

LEDD Levodopa equivalent daily dose, w-BPV weighted blood pres-
sure variability

analysis revealed two distinctive patterns of PD-associated
BP dysregulation. Future prospective studies are required
to confirm our results and clarify the prognostic implica-
tions of our findings, as well as the potential application
of ABPM in the study of CAN.

Acknowledgements Authors acknowledge the contributions of the
Autonomic and Hypertension Unit staff.

Compliance with ethical standards

Conflicts of interest Fabrizio Vallelonga reports no disclosures. Cris-
tina Di Stefano reports no disclosures. Aristide Merola is supported by
NIH (KL2 TR001426) and has received speaker honoraria from CSL
Behring, Abbvie, and Cynapsus Therapeutics. He has received grant
support from Lundbeck and Abbvie and personal compensation from
Lundbeck, Abbvie, and Abbott. Alberto Romagnolo has received grant
support and speaker honoraria from AbbVie, speaker honoraria from
Chiesi Farmaceutici and travel grants from Lusofarmaco and UCB
Pharma. Gabriele Sobrero reports no disclosures. Valeria Milazzo re-
ports no disclosures. Alessio Burrello reports no disclosures. Jacopo
Burrello reports no disclosures. Maurizio Zibetti has received speak-
er’s honoraria from Medtronic, Chiesi Farmaceutici, UCB Pharma,
and AbbVie. Franco Veglio reports no disclosures. Simona Maule re-
ports no disclosures.

Ethical standard The authors declare that they acted in accordance
with the ethical standards laid down in the 1964 Declaration of Hel-
sinki. The local institutional review board (Comitato Etico Interazien-
dale Citta della Salute e della Scienza di Torino) approved the study
and all participants provided written informed consent.

@ Springer

References

10.

11.

12.

13.

14.

15.

Mathias CJ (2003) Autonomic diseases: clinical features and
laboratory evaluation. J Neurol Neurosurg Psychiatry 74(Suppl
3):iii31-i41

Milazzo V, Di Stefano C, Milan A, Ravera A, Sobrero G, Sabia
L, Veglio F, Maule S (2015) Cardiovascular complications in
patients with autonomic failure. Clin Auton Res 25:133-140
Spallone V, Maiello MR, Morganti R, Mandica S, Frajese G
(2007) Usefulness of ambulatory blood pressure monitoring
in predicting the presence of autonomic neuropathy in type I
diabetic patients. ] Hum Hypertens 21:381-386

Milazzo V, Di Stefano C, Vallelonga F, Sobrero G, Zibetti M,
Romagnolo A, Merola A, Milan A, Espay AJ, Lopiano L, Veglio
F, Maule S (2018) Reverse blood pressure dipping as marker of
dysautonomia in Parkinson disease. Parkinsonism Relat Disord
56:82-87

Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel
W, Obeso J, Marek K, Litvan I, Lang AE, Halliday G, Goetz
CG, Gasser T, Dubois B, Chan P, Bloem BR, Adler CH, Deuschl
G (2015) MDS clinical diagnostic criteria for Parkinson’s dis-
ease. Mov Disord 30:1591-1601

Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ, Tro-
janowski JQ, Wood NW, Colosimo C, Durr A, Fowler CJ, Kauf-
mann H, Klockgether T, Lees A, Poewe W, Quinn N, Revesz T,
Robertson D, Sandroni P, Seppi K, Vidailhet M (2008) Second
consensus statement on the diagnosis of multiple system atro-
phy. Neurology 71:670-676

Singer W, Berini SE, Sandroni P, Fealey RD, Coon EA, Suarez
MD, Benarroch EE, Low PA (2017) Pure autonomic failure:
predictors of conversion to clinical CNS involvement. Neurol-
ogy 88:1129-1136

Spallone V, Ziegler D, Freeman R, Bernardi L, Frontoni S, Pop-
Busui R, Stevens M, Kempler P, Hilsted J, Tesfaye S, Low P,
Valensi P (2011) Cardiovascular autonomic neuropathy in dia-
betes: clinical impact, assessment, diagnosis, and management.
Diabetes Metab Res Rev 27:639-653

Novak P (2011) Quantitative autonomic testing. J Vis Exp
19;(53):pii 2502

Lahrmann H, Cortelli P, Hilz M, Mathias CJ, Struhal W, Tassi-
nari M (2006) EFNS guidelines on the diagnosis and manage-
ment of orthostatic hypotension. Eur J Neurol 13:930-936
Fanciulli A, Jordan J, Biaggioni I et al (2018) Consensus state-
ment on the definition of neurogenic supine hypertension in
cardiovascular autonomic failure by the American Autonomic
Society (AAS) and the European Federation of Autonomic Soci-
eties (EFAS): endorsed by the European Academy of Neurology
(EAN) and the European Society of Hypertension (ESH). Clin
Auton Res. https://doi.org/10.1007/s10286-018-0529-8
Kaufmann H, Malamut R, Norcliffe-Kaufmann L, Rosa K,
Freeman R (2012) The Orthostatic Hypotension Questionnaire
(OHQ): validation of a novel symptom assessment scale. Clin
Auton Res 22:79-90

Parati G, Stergiou G, O’Brien E et al (2014) European Society
of Hypertension practice guidelines for ambulatory blood pres-
sure monitoring. J Hypertens 32:1359-1366

Mancia G, Fagard R, Narkiewicz K et al (2013) ESH/ESC
guidelines for the management of arterial hypertension: the
task force for the management of arterial hypertension of the
European Society of Hypertension (ESH) and of the European
Society of Cardiology (ESC). Eur Heart J 34:2159-2219
James G, Witten D, Hastie T, Tibshirani R (2013) An Introduc-
tion to statistical learning: with applications in R. Springer texts
in Statistics. Springer, New York


https://doi.org/10.1007/s10286-018-0529-8

Journal of Neurology

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Guo Q, Lu X, Gao Y, Zhang J, Yan B, Su D, Song A, Zhao X,
Wang G (2017) Cluster analysis: a new approach for identifica-
tion of underlying risk factors for coronary artery disease in
essential hypertensive patients. Sci Rep 7:43965

Parikh KS, Rao Y, Ahmad T, Shen K, Felker GM, Rajagopal
S (2017) Novel approach to classifying patients with pulmo-
nary arterial hypertension using cluster analysis. Pulm Circ
7:486-493

Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE
(2010) Systematic review of levodopa dose equivalency report-
ing in Parkinson’s disease. Mov Disord 25:2649-2653
Fanciulli A, Strano S, Ndayisaba JP, Goebel G, Gioffre L, Rizzo
M, Colosimo C, Caltagirone C, Poewe W, Wenning GK, Pon-
tieri FE (2014) Detecting nocturnal hypertension in Parkinson’s
disease and multiple system atrophy: proposal of a decision-
support algorithm. J Neurol 261:1291-1299

Kang SJ, Ahn JY, Kim JS, Cho JW, Kim JY, Choi YY, Kim HT
(2016) 24-h ambulatory blood pressure monitoring in SWEDDs
patients with Parkinsonism. Can J Neurol Sci 43:390-397
Ejaz AA, Sekhon IS, Munjal S (2006) Characteristic findings
on 24-h ambulatory blood pressure monitoring in a series of
patients with Parkinson’s disease. Eur J Intern Med 17:417-420
Plaschke M, Trenkwalder P, Dahlheim H, Lechner C, Trenkwal-
der C (1998) Twenty-four-hour blood pressure profile and blood
pressure responses to head-up tilt tests in Parkinson’s disease
and multiple system atrophy. J Hypertens 16:1433-1441
Vichayanrat E, Low DA, Iodice V, Stuebner E, Hagen EM,
Mathias CJ (2017) Twenty-four-hour ambulatory blood pressure
and heart rate profiles in diagnosing orthostatic hypotension in
Parkinson’s disease and multiple system atrophy. Eur J Neurol
24:90-97

Arnold AC, Biaggioni I (2012) Management approaches to
hypertension in autonomic failure. Curr Opin Nephrol Hyper-
tens 21:481-485

Fanciulli A, Strano S, Colosimo C, Caltagirone C, Spalletta G,
Pontieri FE (2013) The potential prognostic role of cardiovascu-
lar autonomic failure in alpha-synucleinopathies. Eur J Neurol
20:231-235

Arnold AC, Okamoto LE, Gamboa A, Shibao C, Raj SR, Rob-
ertson D, Biaggioni I (2013) Angiotensin II, independent of
plasma renin activity, contributes to the hypertension of auto-
nomic failure. Hypertension 61:701-706

Shibao C, Lipsitz LA, Biaggioni I (2013) ASH position paper:
evaluation and treatment of orthostatic hypotension. J Clin
Hypertens 15:147-153

Tulen JH,, van Steenis HG, Mechelse K (1991) Sleep patterns
and blood pressure variability in patients with pure autonomic
failure. Clin Auton Res 1:309-315

Milazzo V, Maule S, Di Stefano C, Tosello F, Totaro S, Veglio
F, Milan A (2015) Cardiac organ damage and arterial stiffness
in autonomic failure: comparison with essential hypertension.
Hypertension 66:1168-1175

Maule S, Milan A, Grosso T, Veglio F (2006) Left ventricular
hypertrophy in patients with autonomic failure. Am J Hypertens
19:1049-1054

Schillaci G, Bilo G, Pucci G, Laurent S, Macquin-Mavier I,
Boutouyrie P, Battista F, Settimi L, Desamericq G, Dolbeau G,
Faini A, Salvi P, Mannarino E, Parati G (2012) Relationship
between short-term blood pressure variability and large-artery
stiffness in human hypertension: findings from 2 large data-
bases. Hypertension 60:369-377

Garland EM, Gamboa A, Okamoto L, Raj SR, Black BK, Davis
TL, Biaggioni I, Robertson D (2009) Renal impairment of pure
autonomic failure. Hypertension 54:1057-1061

Tha KK, Terae S, Yabe I, Miyamoto T, Soma H, Zaitsu Y,
Fujima N, Kudo K, Sasaki H, Shirato H (2010) Microstructural

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

white matter abnormalities of multiple system atrophy: in vivo
topographic illustration by using diffusion-tensor MR imaging.
Radiology 255:563-269

Vagaonescu TD, Saadia D, Tuhrim S, Phillips RA, Kaufmann
H (2000) Hypertensive cardiovascular damage in patients with
primary autonomic failure. Lancet 355:725-726

Umoto M, Miwa H, Ando R, Kajimoto Y, Kondo T (2012)
White matter hyperintensities in patients with multiple system
atrophy. Parkinsonism Relat Disord 18:17-20

Oh YS, Kim JS, Yang DW, Koo JS, Kim YI, Jung HO, Lee
KS (2013) Nighttime blood pressure and white matter hyper-
intensities in patients with Parkinson disease. Chronobiol Int
30:811-817

Marti MJ, Tolosa E, Campdelacreu J (2003) Clinical overview
of the synucleinopathies. Mov Disord 18(Suppl 6):S21-S27
Coon EA, Cutsforth-Gregory JK, Benarroch EE (2018) Neuro-
pathology of autonomic dysfunction in synucleinopathies. Mov
Disord 33:349-358

Palma JA, Mano T (2018) Central or peripheral autonomic
dysfunction in Parkinson disease: does it matter? Neurology
90:1045-1046

Merola A, Espay AJ, Zibetti M, Romagnolo A, Rosso M, Maule
S, Lopiano L (2017) Pure autonomic failure versus prodromal
dysautonomia in Parkinson’s disease: insights from the bedside.
Mov Disord Clin Pract 4:141-144

Kaufmann H, Norcliffe-Kaufmann L, Palma JA, Biaggioni I,
Low PA, Singer W, Goldstein DS, Peltier AC, Shibao CA, Gib-
bons CH, Freeman R, Robertson D (2017) Natural history of
pure autonomic failure: a United States prospective cohort. Ann
Neurol 81:287-297

Hague K, Lento P, Morgello S, Caro S, Kaufmann H (1997)
The distribution of Lewy bodies in pure autonomic failure:
autopsy findings and review of the literature. Acta Neuropathol
94:192-196

Di Stefano C, Maule S (2017) Treatment of supine hypertension
in autonomic failure: a case series. Clin Auton Res 28:245-246
Gibbons CH, Schmidt P, Biaggioni I, Frazier-Mills C, Freeman
R, Isaacson S, Karabin B, Kuritzky L, Lew M, Low P, Mehdirad
A, Raj SR, Vernino S, Kaufmann H (2017) The recommenda-
tions of a consensus panel for the screening, diagnosis, and
treatment of neurogenic orthostatic hypotension and associated
supine hypertension. J Neurol 264:1567:1582

Jordan J, Shannon JR, Pohar B, Paranjape SY, Robertson D,
Robertson RM, Biaggioni I (1999) Contrasting effects of vaso-
dilators on blood pressure and sodium balance in the hyperten-
sion of autonomic failure. ] Am Soc Nephrol 10:35-42

Calne DB, Teychenne PF (1977) L-DOPA effect on blood pres-
sure in man. Prog Brain Res 47:331-336

Noack C, Schroeder C, Heusser K, Lipp A (2014) Cardiovas-
cular effects of levodopa in Parkinson’s disease. Parkinsonism
Relat Disord 20:815-818

Fereshtehnejad SM, Zeighami Y, Dagher A, Postuma RB (2017)
Clinical criteria for subtyping Parkinson’s disease: biomarkers
and longitudinal progression. Brain 140:1959-1976

Iodice V, Low DA, Vichayanrat E, Mathias CJ (2011) Cardio-
vascular autonomic dysfunction in MSA and Parkinson’s dis-
ease: similarities and differences. J Neurol Sci 310:133-138
Norcliffe-Kaufmann L, Kaufmann H (2014) Is ambulatory blood
pressure monitoring useful in patients with chronic autonomic
failure? Clin Auton Res 24:189-192

Merola A, Romagnolo A, Rosso M, Lopez-Castellanos JR, Wis-
sel BD, Larkin S, Bernardini A, Zibetti M, Maule S, Lopiano
L, Espay AJ (2016) Orthostatic hypotension in Parkinson’s
disease: does it matter if asymptomatic? Parkinsonism Relat
Disord 33:65-71

@ Springer



Journal of Neurology

52. Merola A, Romagnolo A, Rosso M, Suri R, Berndt Z, Maule 54. Bower JH, Maraganore DM, McDonnell SK, Rocca WA (1997)

S, Lopiano L, Espay AJ (2018) Autonomic dysfunction in Incidence of progressive supranuclear palsy and multiple system
Parkinson’s disease: a prospective cohort study. Mov Disord atrophy in Olmsted County, Minnesota, 1976 to 1990. Neurology
33:391-397 49:1284-1288

53. de Lau LM, Breteler MM (2006) Epidemiology of Parkinson’s
disease. Lancet Neurol 5:525-535

@ Springer



	Blood pressure circadian rhythm alterations in alpha-synucleinopathies
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Cardiovascular autonomic testing
	Ambulatory blood pressure monitoring (ABPM)
	Statistical analysis

	Results
	Ambulatory blood pressure circadian rhythm
	Circadian blood pressure rhythm in PD, MSA, and PAF
	Effect of vasoactive and dopaminergic medications

	Discussion
	Circadian blood pressure alterations
	Comparison between PD, MSA, and PAF
	Vasoactive and dopaminergic drugs
	Cluster analysis in Parkinson’s disease
	ABPM vs. in-office blood pressure measurements

	Limitations
	Conclusions
	Acknowledgements 
	References


