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Background. Cardiovascular autonomic dysfunction, which leads to hemodynamic disorders, is commonly observed in patients
with Parkinson’s disease (PD). Central aortic pressure (CAP) is the systolic blood pressure (SBP) at the root of the aorta. In young
people, CAP is lower than peripheral arterial blood pressure. In older people, the di�erence between CAP and peripheral arterial
blood pressure decreases depending on the extent of arterial sti�ness (AS). In patients with AS, CAP increases. CAP is thus
regarded as an indicator of AS. Objective. To compare CAP and other hemodynamic parameters for AS between patients with
Parkinson’s disease and control group. We also aimed to evaluate changes in these hemodynamic parameters after the levodopa
(LD) intake. Methods. We included 82 patients with PD and 76 healthy controls. Age, sex, disease duration, disease subtype,
Hoehn–Yahr stage (H&Y), and nonmotor symptoms (NMS) were documented. TensioMed Software v.3.0.0.1 was used to
measure CAP, peripheral arterial blood pressure, pulse pressure (PP), heart rate (HR), mean arterial pressure (MAP), aug-
mentation index (AI), pulse wave velocity, and ejection time. All patients were being treated with LD, and measurements were
performed 1 h before and 1 h after LD intake. Results. Baseline peripheral arterial blood pressure and CAP values were signi�cantly
higher in the PD group than in the control group (p< 0.001 and p � 0.02, respectively). Most cardiac hemodynamic parameters,
including peripheral arterial blood pressure and CAP, decreased signi�cantly (p< 0.02 and p< 0.001, respectively) after LD intake
in the PD group. Disease subtype, duration, and severity did not a�ect any of the hemodynamic parameters. When NMS were
evaluated, patients with psychosis and dementia showed higher baseline parameters. Conclusion. Loss of postganglionic nor-
adrenergic innervation is well-known with PD. Several cardiac hemodynamic parameters were a�ected, suggesting cardiac
autonomic dysfunction in these patients. �e data obtained were independent of disease severity, duration, and subtype. After LD
intake, most of these parameters decreased, which might have a positive e�ect on the vascular burden.

1. Introduction

Over the past two decades, strong evidence has identi�ed
loss of cardiac noradrenergic neurons in patients with
Parkinson’s disease (PD). Cardiac sympathetic neuro-
imaging has demonstrated a loss of postganglionic norad-
renergic innervation in patients with PD. Accumulating data
have drawn attention to the cardiac autonomic involvement
of the disease, and studies have multiplied in the succeeding
years [1, 2].

Nonmotor symptoms (NMS) are common during the
progression of PD. Cardiovascular autonomic dysfunc-
tion such as orthostatic hypotension (OH), labile tension,

nocturnal hypertension, and reduced heart rate (HR)
variability can be observed in patients with PD. Cardio-
vascular autonomic dysfunction in patients with PD can
lead to microvascular disorders that contribute to cerebral
perfusion defects [3]. Vascular damage can lead to he-
modynamic disorders and dementia [3–5]. Arterial
sti�ness (AS) is an important indicator of vascular
damage. �ere are limited data on AS in patients with PD,
and central aortic pressure (CAP) is an indicator of AS; it
is measured via special gadgets on the brachial artery
[5–8].

CAP is the systolic blood pressure (SBP) at the root of the
aorta. In young people, CAP is lower than peripheral blood
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pressure owing to the elasticity of the aorta. In older adults,
the difference between CAP and peripheral arterial blood
pressure decreases, and values become closer to each other
[8]. Several studies have demonstrated that it is better for
heart health to have a lower CAP than peripheral arterial
blood pressure [8–10]. A few other parameters can be used to
assess AS [11, 12]. *ese are the augmentation index (AI)
and pulse pressure (PP). AI is defined as the proportion of
central PP owing to the late systolic peak, which is attributed
to the reflected pulse wave (PW) [11–15]. AI shows pe-
ripheral vascular resistance and possible endothelial damage,
and its increase is considered an early sign of atherosclerosis.
PP is the difference between systolic and diastolic pressures;
values> 60mm·Hg are considered signs of cardiovascular
risk [16].

Cardiovascular autonomic changes in patients with PD
and the effect of levodopa (LD) have been evaluated in
several studies [3, 5–8]. *e vasodepressor effect is well-
known, and its combination with a dopa-decarboxylase
enzyme inhibitor reduces the peripheral effects of LD [6]. To
our knowledge, there are no data in the literature regarding
the effects of LD on CAP.

Previous studies have shown that central hemody-
namic disorders lead to AS in patients with PD [17, 18].
We hypothesized that CAP is affected by PD and may be
used as an indicator of AS in these patients. We aimed to
investigate CAP and the other hemodynamic parameters
for AS described above in the control group and patients
with PD, in relation to different subtypes of PD and their
relation to other NMS. As a secondary endpoint, we aimed
to evaluate these parameters before and after the ad-
ministration of LD.

2. Material and Methods

2.1. Participants. *is comparative study was conducted at
the Movement Disorders Unit of the Çukurova University
Neurology Department. Informed consent was obtained
from all participants, and the study was approved by the
local ethics committee. One hundred and fifty-eight par-
ticipants (82 patients and 76 controls) were included in the
study. *e 82 patients had been diagnosed with idiopathic
PD according to the United Kingdom Brain Bank criteria.
Patients with Parkinson’s plus syndromes, secondary par-
kinsonism, and PD who were not on LD treatment were
excluded. *e control group consisted of 76-age- and sex-
matched healthy controls. *ose with hypertension, heart
disease, diabetes mellitus, and those who smoked or used
any antihypertensive drugs were not included in either
group. Age, sex, and body mass index (BMI) were recorded
for both groups. Patients were grouped according to disease
duration into those with five or fewer years and those with
more than five years. For disease severity, patients were
divided into two groups: those with a Hoehn and Yahr score
(H&Y)< 3 and those with a H&Y score≥ 3. *e presence of
other NMS (OH, incontinence, dementia, and psychosis)
was assessed in each patient. Patients were also separated
into akinetic rigid (ARP) and tremor dominant subtypes
(TDP).

2.2. Peripheral and Central Aortic Pressure Measurements.
An arteriograph (TensioMed software v.3.0.0.1, Sun Solu-
tions, Hungary) was used to record hemodynamic data,
including CAP, SBP, DBP, PP, AI, HR, and mean arterial
pressure (MAP). *e device used in this study automatically
measures and records hemodynamic parameters. Partici-
pants were informed of the study and the procedures in-
volved. *e hemodynamic parameters of all participants
were measured on their right arm. *e size of the cuff was
15× 55 cm. All measurements in both groups were made at
eight o’clock in the morning. Measurements were performed
in a quiet room. Postrest measurements were performed in
both groups in the supine position after a minimum 10-
minute rest. In the patient group, measurements were
carried out an hour before and an hour after the first dose of
100mg levodopa/25mg benserazide in the morning before
the administration of any other drug.

2.3. Statistical Analysis. All analyses were performed using
IBM SPSS Statistics version 20.0 statistical software package.
Categorical variables were expressed as numbers and per-
centages, whereas continuous variables were summarized as
mean and standard deviation, or as median and minimum-
maximum where appropriate. *e chi-squared test was used
to compare categorical variables between the groups. *e
normality of distribution for continuous variables was
confirmed using the Shapiro–Wilk test. For comparison of
continuous variables between the two groups, the Student’s
t-test or Mann–Whitney U test was used depending on
whether or not the statistical hypotheses were fulfilled. For
comparison of two related (paired) continuous variables, the
paired sample t-test or Wilcoxon-signed rank test was used
depending on whether or not the statistical hypotheses were
fulfilled. Correlation analysis for the presence of NMS was
performed between the PD subtypes. *e statistical signif-
icance level for all tests was set at p< 0.05.

3. Results

*ere were no significant differences between patients with
PD and controls in terms of age, sex, and BMI. *e mean
duration of disease was 7.04± 4.22 years. *e mean H&Y
score was 2.56± 0.86. *e demographic data are shown in
Table 1.

Age, sex, disease duration, and H&Y stage were not
correlated with any of the hemodynamic parameters. SBP,
PP, HR, and CAP values were significantly higher in PD
patients than those in the control group (p1) before LD
intake. Diastolic blood pressure (DBP) and AI were also
higher, but the differences were not statistically significant.
However, after administration of LD, hemodynamic values
changed and SBP, DBP, PP, AI, and CAP reduced signifi-
cantly without any effect on HR (p1) (Table 2 and Figure 1).
Interestingly, in the PD group, most of the values (SBP, DBP,
AI, and CAP) reached levels even lower than those in the
control group after LD administration.

When the changes in hemodynamic variables after LD
intake were examined in relation to disease severity, the
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results obtained in patients with mild-to-moderate
(H&Y< 3; p1) and those with more severe disease (H&Y≥ 3;
p2) were similar. *ere was a significant reduction in SBP,
DBP, PP, AI, and CAP in both groups (Table 3 and Figure 2).
HR increased slightly after LD intake in patients with the
H&Y stage< 3. HR did not change after LD intake in patients
with the H&Y stage≥ 3. Similar hemodynamic changes were
observed after LD intake; significant reductions in SBP,
DBP, PP, AI, and CAP without any effect on HR were

observed in patients with disease durations ≤5 years and >5
years (p3 and p4) (Table 3 and Figure 2). *e differences in
baseline hemodynamic parameters between patients with
less severe and more severe disease, as well as between
patients with short and longer disease duration, were not
statistically significant.

Subgroup analysis was performed among patients with
different PD subtypes and with and without NMS (Table 4).
When PD subtypes were considered, SBP and PP were

Table 1: Demographic data of the controls and patients in relation to disease subtypes and NMS.

Female Male Age H&Y DD BMI

Control group(n: 76) 30
(39.5%)

46
(60.5%)

59.67± 11.02
(34–79) — — 27.02± 3.53

(19.10–35.40)

Parkinson’s disease (n: 82) 37
(45.1%)

45
(54.9%)

60.56± 13.79
(29–83)

2.56± 0.86
(1–5)

7.04± 4.22
(2–30)

28.96± 4.16
(18.30–37.50)

H&Y< 3 (n: 42) 19
(45.2%)

23
(54.8%)

56.75± 14.57
(36–83) — 4.34± 2.08 (2–9) 27.22± 4.04

(21.90–37.50)

H&Y≥ 3 (n: 40) 18
(45.0%)

22
(55.0%)

64.19± 12.09
(29–81) — 9.89± 4.46

(6–30)
29.80± 3.56
(18.30–36.10)

DD≤ 5 year (n: 37) 18
(48.6%)

19
(51.4%)

58.66± 14.45
(35–83)

1.76± 0.56
(1–4) — 26.27± 4.11

(18.30–37.50)

DD> 5 year (n: 45) 19
(42.2%)

26
(57.8%)

62.86± 12.76
(29–81)

2.89± 1.04
(2–5) — 31.18± 3.64

(19.10–35.90)

Tremor dominant PD (n: 38) 20
(52.6%)

18
(47.4%)

59.94± 15.00
(29–83)

2.52± 0.79
(1–4)

8.00± 4.87
(3–30)

25.28± 3.90
(18.30–37.50)

Akinetic-rigid PD (n: 44) 26
(59.0%)

18
(41.0%)

61.09± 12.82
(34–78)

2.56± 0.91
(1–5) 6.22± 3.40 (2–13) 26.18± 3.64

(20.10–36.90)

Incontinence (+) (n: 21) 13
(61.9%) 8 (38.1%) 69.52± 13.16

(56–83)
2.65± 0.76

(2–5) 7.14± 3.57 (6–30) 28.41± 3.86
(18.30–35.78)

Incontinence (−) (n: 61) 24
(39.3%)

37
(60.7%)

57.47± 12.70
(29–76)

2.34± 0.86
(1–4) 6.36± 4.63 (2–16) 29.45± 4.56

(21.34–37.50)

Constipation (+) (n: 45) 19
(42.2%)

26
(57.8%)

64.43± 12.68
(44–83)

2.63± 0.84
(2–5)

7.25± 4.35
(3–30)

27.28± 4.67
(21.40–37.50)

Constipation (−) (n: 37) 18
(48.6%)

19
(51.4%)

54.19± 13.36
(29–78)

2.41± 0.86
(1–4) 6.70± 4.03 (2–14) 25.18± 4.41

(18.30–36.90)
Orthostatic hypotension (+)
(n:31)

14
(45.1%)

17
(54.2%)

64.70± 13.26
(48–83)

2.69± 0.87
(1–5)

8.03± 5.05
(4–30)

26.41± 5.86
(18.30–35.78)

Orthostatic hypotension (−)
(n:51)

23
(45.0%)

28
(55.0%)

58.03± 13.62
(29–77)

2.47± 0.84
(1–4) 6.45± 3.54 (2–16) 28.55± 4.98

(19.30–37.50)

Psychosis (+) (n: 12) 5 (41.6%) 7 (58.4%) 62.61± 12.11
(54–83)

2.88± 1.02
(2–5)

10.88± 5.55
(4–30)

27.62± 4.89
(20.40–37.50)

Psychosis (−) (n: 70) 32
(45.7%)

38
(54.3%)

53.88± 15.95
(29–77)

2.31± 0.83
(1–4) 6.57± 4.07 (2–18) 26.18± 4.41

(18.30–35.90)

Dementia (+) (n: 11) 5 (45.4%) 6 (54.6%) 72.27± 8.43
(59–83)

2.75± 0.58
(2–5)

6.54± 4.69
(6–30)

28.365± 4.89
(18.30–33.78)

Dementia (−) (n: 71) 32
(45.1%)

39
(54.9%)

58.74± 13.61
(29–74)

2.30± 0.89
(1–4) 7.12± 4.49 (2–16) 30.45± 4.32

(22.34–37.50)
(+): present; (−): absent.

Table 2: Hemodynamic data of participants.

Control group PD (before LD) PD (after LD) p1-value p2-value
SBP (mm·Hg) 141.15± 20.25 151.64± 31.39 138.21± 18.94 0.01 ≤0.001
DBP (mm·Hg) 82.97± 12.03 87.36± 18.72 77.58± 13.47 NS ≤0.001
PP (mm·Hg) 58.12± 12.86 64.37± 17.16 60.75± 12.82 0.01 0.03
HR (minute) 73.01± 9.40 77.10± 12.70 78.80± 12.80 0.02 NS
AI (%) −16.49± 26.68 −13.83± 28.74 −21.60± 25.61 NS 0.01
CAP (mm·Hg) 137.98± 23.83 148.49± 31.52 129.60± 20.70 0.02 ≤0.001
AI: augmentation index; CAP: central aortic pressure; DBP: diastolic blood pressure; HR : heart rate; LD: levodopa; NS: nonsignificant; PP: pulse pressure;
SBP : systolic blood pressure. p1; control group vs PD before LD intake; p2: PD before LD vs PD after LD intake. Bold numbers indicate significance.
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significantly higher in patients with ARP. AI was lower in the
ARP group than in the TDP group. CAP was not affected by
the disease subtype, and the values were similar (Table 4).
After LD intake, SBP, DBP, AI, and CAP decreased sig-
nificantly in the TDP group (Table 4). In the ARP group,
after LD intake, the same parameters decreased, except for
AI, which was already low in this subtype.

When the presence of other NMS was considered, most
of the hemodynamic parameters, including AI and CAP,
were higher in patients with incontinence and constipation
than in patients without these NMS. In patients with OH, the
only significant difference was in AI, which was higher than
that in patients without OH (Table 4). In all groups with or
without autonomic dysfunction, there was a significant
reduction in most hemodynamic parameters, including
CAP, SBP, DBP, PP, and AI after LD intake (Table 4).

Patients with psychosis had lower baseline hemody-
namic parameters than those without psychosis (Table 4). In

patients without psychosis, there was a significant reduction
in all hemodynamic parameters after LD intake, whereas in
patients with psychosis, there was no change in any of the
parameters, except for a significant reduction in CAP after
LD administration (Table 4).

All baseline parameters were higher in patients with
dementia than in those without dementia; however, CAP
and AI did not reach statistical significance (Table 4). In
patients with dementia, SBP, DBP, and CAP decreased after
LD administration, whereas in patients without dementia, all
hemodynamic parameters decreased after LD intake
(Table 4).

4. Discussion

In our study, both CAP and peripheral arterial blood
pressure values, as well as other cardiac hemodynamic
variables (PP and AI), were higher in the PD group than in
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Figure 1: Central aortic pressure before and after the levodopa intake in Parkinson’s disease. CAP : central aortic pressure; LD : levodopa.

Table 3: Hemodynamic data according to disease severity and duration in PD patients.

H&Y< 3 H&Y≥ 3
p1-value p2-value

Before LD After LD Before LD After LD
SBP (mm·Hg) 148.54± 24.55 139.07± 18.95 154.90± 37.31 137.32± 19.14 ≤0.001 ≤0.001
DBP (mm·Hg) 83.92± 13.70 77.47± 13.93 90.97± 22.47 77.70± 13.14 0.01 0.01
PP (mm·Hg) 64.61± 14.65 61.83± 13.29 64.12± 19.64 59.62± 12.37 ≤0.001 0.02
HR (minute) 75.35± 12.36 78.69± 12.74 78.95± 12.93 78.92± 12.81 0.03 NS
AI (%) −14.63± 28.58 −22.33± 20.71 −12.99± 29.25 −20.83± 30.18 0.01 0.01
CAP (mm·Hg) 149.84± 32.73 130.18± 19.72 147.08± 30.55 128.99± 21.92 ≤0.001 ≤0.001

DD≤ 5 DD> 5
p3-value p4-valueBefore LD After LD Before LD After LD

SBP (mm·Hg) 148.21± 21.13 136.40± 18.16 154.46± 37.83 139.71± 19.64 ≤0.001 ≤0.001
DBP (mm·Hg) 85.29± 12.79 77.24± 12.17 89.06± 22.46 77.86± 14.57 0.02 ≤0.001
PP (mm·Hg) 62.91± 13.58 59.43± 14.13 65.57± 19.69 61.84± 11.68 ≤0.001 0.01
HR (minute) 75.37± 12.78 77.72± 12.13 78.53± 12.59 79.68± 13.22 NS NS
AI (%) −14.12± 29.59 −20.22± 22.16 −13.59± 28.36 −22.73± 28.34 0.02 0,01
CAP (mm·Hg) 147.68± 29.14 129.41± 17.11 149.16± 33.67 129.75± 23.44 ≤0.001 ≤0.001
AI : augmentation index; CAP : central aortic pressure; DBP : diastolic blood pressure; DD : disease duration; HR : heart rate; H&Y :Hoehn and Yahr score;
LD : levodopa; NS: nonsignificant; PP: pulse pressure; SBP : systolic blood pressure; p1: H&Y< 3 before and after LD intake; p2: H&Y≥ 3 before and after LD
intake; p3: DD≤ 5 before and after LD intake; p4: DD> 5 before and after LD intake; NS: nonsignificant. Bold numbers indicate significance.
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the control group. Age, sex, disease duration, and disease
severity did not affect any of these parameters. *ere was a
significant decrease in most hemodynamic parameters after
LD intake, except for HR. In subgroup analysis, SBP and PP
were significantly higher in the ARP group than in the TDP
group. In patients with or without autonomic dysfunction,
there was a significant reduction in most hemodynamic
parameters, including CAP, SBP, DBP, PP, and AI after LD
intake.

High systolic and DBP may lead to increased micro-
vascular damage, atherosclerosis, cardiac disease, and ce-
rebral perfusion defects [16]. Several authors have suggested
that an increase in vascular burden may lead to increased
dopaminergic loss [19, 20]. However, the results of our study
do not support this suggestion because cardiac hemody-
namic data did not change with age, sex, severity, or duration
of the disease. Our results suggest that cardiac autonomic
deficiency may be independent of motor symptom pro-
gression in patients with PD.

*ere was a significant decrease in most hemodynamic
parameters after LD intake, except for HR. *e more pro-
nounced decline in CAP, AI, and peripheral arterial blood
pressure indicated a decrease in peripheral arterial resis-
tance. In our study, CAP, PABP, and AI reached even lower
values than those of the control group after LD intake.
Moreover, its effect was independent of disease severity,
duration, and subtype. Several studies have shown that a
CAP lower than peripheral arterial blood pressure is
healthier for the heart [3–5]. Furthermore, an increase in AI
is considered an early sign of atherosclerosis. *erefore, LD
may enable a reduction in the atherosclerotic process by
causing a decrease in these parameters. However, the limited
number of participants and uncontrolled effects of other
dopaminergic and nondopaminergic drugs complicate the
evaluation of the effect of LD on these parameters.*erefore,

answering this question is beyond the scope of this study.
Longitudinal studies with controlled variables may provide
answers to this question.

In subgroup analysis, SBP and PP were significantly
higher in the ARP group than in the TDP group. *e ARP
subtype may be more prone to cardiovascular disease than
the TDP subtype, and this finding is in accordance with
several other studies [21–23]. However, this issue is con-
troversial, and there are a few reports on TDP subtypes with
more severe impairment of the cardiac sympathetic system
than the ARP subtypes; this was later negated in a slightly
larger study by the same authors [24, 25]. Furthermore, the
AI was significantly lower in the ARP group in our study. A
study conducted by Chiaravalloti et al. observed that in
sympathetic myocardial scintigraphy, myocardial uptake
was significantly more impaired in ARP subtypes than in
TDP subtypes at the same stage of the disease. Another
interesting finding was the very low AI value in patients
without autonomic NMS (incontinence, constipation, OH,
and dementia) and low CAP in patients without inconti-
nence and constipation. Patients with lower autonomic
involvement had higher AI and CAP values. Perhaps, an-
other PD subtype should be considered with more prom-
inent autonomic involvement, independent of disease
duration and severity, as well as the known subtypes. *is
subgroup might resolve discrepancies in the literature re-
garding this issue. *e presence of other autonomic dys-
functions, incontinence, constipation, and OH was
correlated with higher AI values. Both SBP and CAP were
higher in patients with incontinence and constipation.

In patients with psychosis, the hemodynamic parameters
of cardiac dysfunction were lower than those in patients
without psychosis. *is may be due to the use of antipsy-
chotic medications to treat these patients. All hemodynamic
variables were higher in patients with dementia than in those
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without but not all reached statistical significance. In fact,
this may not be a reason but a result. According to Pierz-
chlinska et al, variability in hemodynamic parameters ini-
tiates the occurrence of dementia, causing white matter
hyperintensity and microvascular damage [26]. *e results
in these subgroups with psychosis and dementia should be
interpreted with caution because of the small number of
patients included.

*e sympathetic noradrenergic denervation observed in
patients with PD seems to occur independently of striatal
dopaminergic denervation [15, 26–28]. Our data confirm
that neither the duration nor the severity of disease had any

effect on cardiac hemodynamic parameters, suggesting that
cardiac autonomic disorders are caused by mechanisms
other than central causes. Jain and Goldstein [29] proposed
three mechanisms for cardiovascular autonomic dysfunc-
tion in PD. *e first is the loss of cardiac noradrenergic
sympathetic nerves, which occurs in almost all PD patients
regardless of the severity and duration of the disease. *e
second mechanism is extracardiac noradrenergic denerva-
tion, which is less severe than the cardiac noradrenergic
challenge associated with PD [30]. *e third is arterial
baroreflex failure. Cardiac autonomic insufficiency is even
suggested as a potential biomarker in the premotor period of

Table 4: Parkinson’s disease subtypes, nonmotor symptom, and their baseline hemodynamic and LD effects.

Disease Subtype
Tremor dominant type (n:38) Akinetic rigid type (n:44) p-value
Before LD After LD Before LD After LD p1 p2 p3

SBP (mm·Hg) 147.28 (±25.24) 141.89 (±15.04) 155.40 (±25.74) 150.12 (±159.65) 0.02 0.03 0.03
DBP (mm·Hg) 86.34 (±18.96) 77.45 (±13.87) 88.25 (±18.69) 81.23 (±16.79) NS 0,02 0.02
PP (mm·Hg) 61.15 (±12.62) 55.12 (±10.65) 67.15 (±20.01) 62.56 (±18.12) 0.05 0.02 0.03
HR (minute) 77.05 (±14.46) 75.13 (±12.78) 77.15 (±11.12) 78.23 (±12.09) NS NS NS
AI (%) −7.43 (±30.72) −9.45 (±31.67) −19.35 (±26.01) −20.55 (±267.34) ≤0.001 0,02 NS
CAP (mm·Hg) 148.37 (±32.47) 132.76 (±34.89) 148.60 (±31.06) 134.54 (±29.83) NS ≤0.001 ≤0.001
NMS Incontinence (−) (n: 61) Incontinence (+) (n: 21) p-value
SBP (mm·Hg) 146.83 (±24.71) 138.67 (±22.45) 165.61 (±43.41) 154.23 (±45.21) 0.01 0.02 0,03
DBP (mm·Hg) 85.95 (±17.27) 80.05 (±15.32) 91.47 (±22.40) 83.38 (±23.69) NS 0.02 0,03
PP (mm·Hg) 61.01 (±12.96) 56.31 (±11.67) 74.14 (±23.55) 69.18 (±24–78) ≤0.001 0.03 0,02
HR (minute) 75.77 (±12.41) 76.02 (±13.45) 81.00 (±13.03) 80.23 (±14.69) NS NS NS
AI (%) −18.07 (±25.98) −23.49 (±24.89) −1.50 (±33.27) −3.21 (±31.45) 0.02 ≤0.001 ≤0.001
CAP (mm·Hg) 145.11 (±31.16) 134.24 (±33.17) 158.33± (31.22) 135.67± (28.21) 0.01 ≤0.001 ≤0.001
NMS Constipation (−) (n: 37) Constipation (+) (n: 45) p-value
SBP (mm·Hg) 141.09 (±20.74) 134.41 (±21.34) 158.05 (±35.04) 142.12 (±31.35) 0.01 0,02 ≤0.001
DBP (mm·Hg) 80.67 (±13.17) 74.47 (±11.26) 91.43 (±20.48) 86.23 (±18.29) 0.01 0,03 0,03
PP (mm·Hg) 60.67 (±13.30) 55.47 (±12.13) 66.62 (±18.90) 59.45 (±16.87) NS 0,03 0,02
HR (minute) 75.03 (±10.76) 77.32 (±11.49) 78.37 (±13.69) 78.34 (±14.16) NS NS NS
AI (%) −19.71 (±27.13) −24.36 (±29.21) −10.25 (±29.36) −15.12 (±28.86) ≤0.001 0,02 ≤0.001
CAP (mm·Hg) 141.34 (±31.36) 129.37 (±33.45) 152.84 (±31.12) 134.67 (±29.82) 0.03 ≤0.001 0,01
NMS Orthostatic hypotension (−) (n: 51) Orthostatic hypotension (+) (n: 31) p-value
SBP (mm·Hg) 151.94 (±30.87) 141.54 (±29.89) 151.16 (±32.74) 142.71 (±29.86) NS 0,01 0,01
DBP (mm·Hg) 86.01 (±18.42) 81.45 (±17.32) 89.58 (±19.32) 82.36 (±17.45) NS 0,04 0,02
PP (mm·Hg) 65.92 (±16.51) 59.38 (±15.76) 61.83 (±18.16) 55.28 (±16.15) NS 0,03 0,01
HR (minute) 77.70 (±10.82) 78.32 (±11.49) 76.12 (±15.45) 77.56 (±16.78) NS NS NS
AI (%) −19.48 (±28.18) −26.67 (±30.12) −4.53 (±27.63) −7.36 (±23.45) 0.02 0,02 ≤0.001
CAP (mm·Hg) 147.35 (±30.57) 130.15 (±30.78) 150.38 (±33.46) 131.27 (±34.27) NS ≤0.001 ≤0.001
NMS Psychosis (−) (n:70) Psychosis (+) (n:12) p-value
SBP (mm·Hg) 154.67 (±31.77) 134.63 (±19.81) 131.11 (±11.55) 129.34 (±12.47) ≤0.001 0,01 NS
DBP (mm·Hg) 89.19 (±18.87) 79.81 (±14.34) 72.55 (±8.21) 73.23 (±9.15) 0.01 0,03 NS
PP (mm·Hg) 65.58 (±17.62) 57.61 (±12.45) 54.55 (±19.37) 53.97 (±18.36) 0.02 0,04 NS
HR (minute) 76.23 (±12.41) 77.39 (±11.25) 84.22 (±13.46) 85.21 (±14.19) NS NS NS
AI (%) −12.42 (±29.34) −23.49 (±10.12) −25.25 (±21.29) −24.18 (±22.83) 0.01 0,01 NS
CAP (mm·Hg) 151.01 (±31.69) 132.41 (±31.78) 128.05 (±22.24) 121.79 (±22.34) ≤0.001 0,02 0,02
NMS Dementia (−) (n:71) Dementia (+) (n:11) p-value
SBP (mm·Hg) 148.02 (±24.25) 132.78 (±25.67) 155.00 (±56.34) 146.34 (±52.78) 0.02 ≤0.001 0,02
DBP (mm·Hg) 86.28 (±16.45) 80.23 (±15.12) 94.36 (±29.70) 87.23 (±26.64) 0.04 0,03 0,01
PP (mm·Hg) 61.85 (±13.01) 56.32 (±11.56) 80.63 (±29.39) 78.24 (±28.45) ≤0.001 0,04 NS
HR (minute) 76.52 (±12.91) 77.64 (±13.91) 80.90 (±10.94) 85.98 (±11.63) NS NS 0,05
AI (%) −14.66 (±27.68) −18.71 (±26.32) −11.46 (±35.94) −12.71 (±34.67) NS 0,03 NS
CAP (mm·Hg) 147.72 (±30.37) 136.89 (±28.53) 153.49 (±39.48) 141.45 (±36.81) NS 0,02 0,02
AI : augmentation index; CAP : central aortic pressure; DBP: diastolic blood pressure; HR : heart rate; NMS : nonmotor symptom; NS: nonsignificant; PP :
pulse pressure; p1: TDP vs ARP before LD intake; NMS (−) vs NMS (+) before LD; p2: LD before vs LD after in TDP; LD before vs LD after NMS (−); p3: LD
before vs LD after in ARP; LD before vs LD after of the NMS (+); SBP : systolic blood pressure; (+): present; (−): absent. Bold numbers indicate significance.
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PD [16, 17, 19]. If this is the case, providing procedures or
parameters for early detection of cardiac autonomic dys-
function in patients with PD will be crucial in the upcoming
years. A high PP (>63mm·Hg) has already been suggested as
a marker of preclinical cardiovascular disease rather than a
sign of cardiovascular risk [31].

Our study had several limitations. We included a small
number of participants, especially those with PD subtypes.
Patients who were LD-naive were excluded from the study.
*e effects of other medications could not be excluded. Post
hoc sample size calculations were not performed.

5. Conclusion

Loss of postganglionic noradrenergic innervation is well-
known in patients with PD. In our study, several cardiac
hemodynamic parameters, such as CAP and AS, were af-
fected, suggesting more severe cardiac autonomic dys-
function in these patients. After LD intake, there was a
decrease in most of these parameters, which may have a
positive effect on the vascular burden. Further research is
required to clarify this suggestion. Further studies are
needed to answer the questions and suggestions raised in this
study.

Data Availability

Data are available from the corresponding author upon
reasonable request.
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