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1 | INTRODUCTION

Various degrees of autonomic dysfunction have been reported
in patients with Parkinson's disease (PD).? Clinical examinations
are conducted to evaluate blood pressure changes in PD patients
by using the stand-up test, head-up tilt-table test, and 24-h blood
pressure monitoring, and cardiovascular autonomic symptoms are
commonly observed, including orthostatic hypotension (OH) or
dizziness, prandial hypotension, and supine or nocturnal hyperten-
sion.>* While symptoms such as constipation and urinary urgency
were observed in some patients, either in the early stages of PD

or before diagnosis when motor symptoms begin to appear,l'g”5

This study evaluated yearly changes in systolic blood pressure (SBP), diastolic blood
pressure (DBP), and heart rates (HR) for patients with Parkinson's disease (PD). Data
were collected for the last 10 years from medical records of 28 PD patients and 30
non-PD patients with other neurological disorders. Age-related changes in each
group were analyzed by year using mean values of SBP, DBP, and HR obtained at their
bi-monthly visits. In results, PD patients had a gradual decrease in SBP with longer
disease duration, and mean SBP significantly decreased from Year 7-11 compared to
the mean values for Year 1 (p < .001 or p < .01). In non-PD patients, mean SBP sig-
nificantly increased from Year 4-11 compared to the mean values for Year 1 (p < .001
or p < .01). This is the first study to report age-related changes of BP in individual
patients with PD over 10 years.

many studies have validated that OH and OH-related symptoms
are more frequent in PD patients with longer disease duration or
higher on the disability scale. 1>° In our previous study, we con-
firmed these findings by using a microneurographic technique to
record muscle sympathetic nerve activity controlling the blood
pressure (BP). 7 However, age-related changes in BP and heart
rates (HR) of individual patients with PD have not been reported
to date.

To evaluate yearly changes in BP and HR of patients with idiopathic
PD for more than 10 years, we retrospectively calculated the average
values of systolic BP (SBP), diastolic BP (DBP), and HR for each year

and then analyzed these parameters for age-related changes.
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TABLE 1 Background and clinical findings in patients with Parkinson's disease (PD)

Body mass index

(kg/m)

Change of body
weight (Kg)

Disease duration

(years)

The number of OH  Antiparkinson drugs

Gender

Age (years)

Group

28), ROT (n = 10), ROP (n = 10), |

L(n

+2.6(1.2) 22.7(3.2)

13.5(2.9)

=10:18

M:F

66.(11.6)

PD (n = 28)

=2

2),S(n

(n=3),E(n

+3.1(1.8) 23.1(2.9)

21.6(6.8)

=10:20

M:F

66.7 (10.7)

Control (n = 30)

Note: Values are mean (SD).

Abbreviations: E, entacapone; F, female; |, istradephylline; L, levodopa; M, male; OH, orthostatic hypotension; ROP, ropinirole; ROT, rotigotine; S, selegiline.

2 | METHODS
2.1 | 1 Patients

We evaluated 28 patients (10 men and 18 women) with PD. The mean
agewas 66.7 + 11.6 years (range: 51-88 years), and the mean body mass
index was 22.7 * 3.2 kg/m? (range: 16.4-29.8 kg/m?). The mean dis-
ease duration was 13.5 + 2.9 years (range: 11-22 years) as of December
2019. During the study period, we used the Unified Parkinson's disease
rating scale as the disability scale of PD patients. The mean rating was
29.7 + 19.0 and ranged from 8 to 88 in Year 1. In Year 11, the mean rat-
ing was 59.0 + 30.0 and ranged from 19 to 128 (Table 1).

We selected patients with idiopathic PD who met the following
criteria: diagnosis that was confirmed by at least 3 years of clinical
observation, good response to levodopa treatment, and absence of
demonstrable atrophy of the brainstem or cerebellum on magnetic
resonance imaging. All patients were diagnosed with clinically defi-
nite PD using the British Brain Bank criteria.®

Autonomic symptoms were present in 24 out of 28 patients
during Year 11: constipation (n = 22), urinary urgency (n = 11), limb
coldness (n = 9), orthostatic dizziness (n = 7), and sweating dysfunc-
tion (n = 5). Although seven patients with PD had OH, defined as a
reduction in systolic pressure of at least 20 mm Hg or a reduction
in diastolic pressure of at least 10 mm Hg within 3 min of stand-
ing, no patients had any severe manifestations of autonomic fail-
ure such as frequent syncope due to OH. The levodopa-equivalent
daily dose (LEDD) ranged from 250 to 1262 mg, with a mean of
593.7 + 260.6 mg. Twenty patients received both levodopa and do-
pamine agonists, and eight patients received levodopa only (Table 1).

The control group of 30 non-PD patients consisted of 10 men
and 20 women with diagnoses that included epilepsy, migraine,
focal myopathy, hemifacial spasm, carpal tunnel syndrome, trigem-
inal neuralgia, idiopathic dizziness, and lumbar canal stenosis. The
mean age in the control group was 66.7 + 10.7 years old (range:
48-89 years), and the mean body mass index was 23.1 + 2.9 kg/m?
(range: 18.3-28.3 kg/m?). No patient had associated OH (Table 1).

The patients in this study did not have any co-morbidities such
as hypertension, cardiovascular disease, or cerebrovascular disease.
We excluded patients who were taking other drugs that might affect
the autonomic nervous system, including blood pressure agents,
muscle relaxants, vasodilators, or antidepressants. Patients with
body weight fluctuations over 5 kg were also excluded. The pres-
ent study was approved by the institutional review board of the
University of Yamanashi, and written informed consent was ob-

tained from all patients who participated in this study.

2.2 | 2 Measurements

We reviewed the medical records of 28 patients with PD and 30
patients with other neurological disorders. These patients made
bi-monthly outpatient clinic visits to the Department of Neurology
at the University of Yamanashi Hospital from January 2009 to
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December 2019. We confirmed that all patients were examined at
rest and in a sitting position while an automated sphygmomanom-
eter took SBP, DBP, and HR measurements. The mean values of SBP,
DBP, and HR obtained at the bi-monthly visits were calculated for
each year. These data were considered to be yearly quantitative val-
ues for each individual patient that were calculated in both PD and
control patients for 10 years or more. Age-related changes in each
group were measured and statistically analyzed by year. Correlations
between age and SBP, DBP, or HR were also analyzed for both
groups. In the PD group, correlations between the increase of LEDD
and SBP, DBP, or HR were evaluated, and the age-related changes in
patients taking only levodopa and in those taking both levodopa and

dopamine agonists were also measured.

2.3 | 3 Statistical analysis

Results were expressed as the mean + SD. Student's paired t test
was used to evaluate differences in the results. Spearman's rank cor-
relation coefficient was used to assess the relationships between
age or LEDD and SBP, DBP, or HR. For all analyses, p < .05 was con-
sidered to indicate statistical significance.

3 | RESULTS

In the PD group, there was a gradual decrease in SBP with longer dis-
ease duration (-0.65 mm Hg/year), and the mean SBP significantly

Systolic Blood Pressure

(A) PD Group

(mmHg)
150 1
145 *
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130 { }
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115 1
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123456738 910M1

(years)

* %

|
H

-0.65 mmHg / 1 year

(mmHg)

decreased from Year 7 to 11 compared to the mean values for Year
1 (Figure 1A p < .001 or p < .01). In the non-PD group, there was a
gradual increase in SBP over the duration (1.30 mm Hg/year), and
the mean SBP significantly increased from Year 4 to 11 compared to
the mean values for Year 1 (Figure 1B p < .001 or p < .01). A gradual
decrease in DBP in the PD group was observed (-0.08 mm Hg/year),
but this was not significant. The DBP in the non-PD group showed a
gradual increase over the duration (0.70 mm Hg/year), and the mean
DBP from Year 4 to 11 significantly increased compared to mean
values for Year 1 (p < .001 or p < .01). There were no significant HR
changes in either group. In addition, there were no significant corre-
lations between age and SBP, DBP, or HR for both groups. In the PD
group, similar changes with longer disease durations were observed
in patients taking only levodopa and in those taking both levodopa
and dopamine agonists. No significant correlations between the in-
crease of LEDD and SBP, DBP, or HR were found from Year 1 to
Year 11.

4 | DISCUSSION

In this study, we investigated age-related changes in the BP and HR
of individual patients with idiopathic PD and non-PD associated with
other neurological disorders for more than 10 years. In the PD group,
SBP showed a significant decrease, whereas there were no signifi-
cant changes in DBP. In comparison, in the non-PD group, SBP and
DBP increased significantly. Also, there were no significant changes
in HR. Although antiparkinson drugs such as levodopa or dopamine

% : p<0.01
* % :p<0.001

® Non-PD Group

T
SRS

* %k
150 1 ‘

<
IERSS S

120 1
115 1
110 1
1053
Y E—

12 3 45 6 7 8 9101
(years)

1.30 mmHg / 1 year

Disease Duration

FIGURE 1 Age-related changes in systolic blood pressure (A, B) and diastolic blood pressure (C, D) of Parkinson's disease (PD) group

(A, C) and non-PD group (B, D). In PD group, there was a gradual decrease in systolic blood pressure with longer disease duration, and the
mean systolic blood pressure significantly decreased from Year 7-11 compared to the mean values for Year 1. In non-PD group, there was
a gradual increase in systolic blood pressure over the duration, and the mean systolic blood pressure significantly increased from Year 4-11

compared to the mean values for Year 1
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agonists were reported to have some effects on BP in PD patients,i'9
these drugs did not influence the results in this study because similar
changes were observed in patients taking levodopa only and in those
taking both levodopa and dopamine agonists, and no significant cor-
relations between the increase of LEDD and SBP, DBP, or HR were
found. SBP and DBP generally tend to increase with age, according
to retrospective and prospective studies.!®!! However, significant
correlations between age and SBP, DBP, or HR were not observed
in this study. This may be because patients with cardiovascular or
cerebrovascular disorders were strictly excluded in two groups from
this study.

Correlations between OH or OH-related symptoms and either
disease duration or disability level have been thoroughly evaluated
in PD patients. Even though some investigators reported there were
no significant relationships between OH and disease duration,?
many studies have demonstrated a significant correlation between
OH or OH-related symptoms and the duration of the disability.X>
Moreover, prospective studies have shown that the frequency of
OH by head-up tilt tests or OH symptoms scores gradually increased
with longer durations of PD.1"%6 Other studies have also reported

136 accelerated de-

a smaller increase in BP after head-up tilting,
creases of postprandial BP,>*® and higher frequency of supine hy-
pertension according to the longer duration or higher severity of
the disease in PD patients.* This is the first study to report the
age-related changes of BP and HR in individual patients with PD for

over 10 years.

5 | CONCLUSION

Patients with PD frequently undergo physiological examinations
and clinical tests involving the cardiovascular system and peripheral
circulation to assess impaired autonomic functions. The influence
of age-related BP changes in patients with long PD durations should
be considered in the analysis of the quantitative data obtained in
these precise laboratory tests. Because this study was conducted
only at our hospital with strict exclusion criteria, the sample size
was comparatively small. Further prospective studies with large
sample populations are necessary to perform precise and accurate
medical management of cardiovascular autonomic dysfunctions
and to provide daily life guidance for patients with PD.
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