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ARTICLE INFO ABSTRACT
Keywords: Objective: Levodopa is the first-line treatment for patients with Parkinson’s disease (PD). How-
Older patient ever, only a few studies have focused on the tolerance of this drug in older patients with PD in the

Parkinson’s disease
Levodopa/benserazide
Levodopa challenge test

early and middle stages. Therefore, this study aimed to explore the effects of different levodopa
doses on blood pressure (BP) in this subpopulation.

Methods: This cohort analysis enrolled 83 patients. The levodopa challenge test was used to
evaluate drug responsiveness. After at least 12 h following anti-PD drug discontinuation, patients’
BPs were measured in a lying position, after 1 min standing, and after 3 min standing, in “off
state” and best “on state.”

Results: BP in the 250 mg and 375 mg levodopa/benserazide groups decreased significantly in the
lying and standing positions. The 3-min standing-position systolic BP was significantly influenced
by the dose of levodopa/benserazide. However, no statistical change was observed in the 125 mg
group. The postural-mediated systolic BP disparity was significant at 3 min in the upright posi-
tion. Nineteen (incidence, 22.9%) and Twenty-five patients (incidence, 30.1%) developed com-
plications of orthostatic hypotension (OH) in the “off state” and best “on state,” respectively. Mild
cognitive impairment was a risk factor for OH occurrence in the “off state.” The OH occurrence in
the best “on state” was associated with OH in the “off state” and urinary incontinence.
Conclusion: Our findings suggest that 250 mg or more of levodopa/benserazide could significantly
reduce BP and orthostatic effect in older patients with PD in the early and middle stages.
Therefore, they should routinely monitor their BP.

Trial registration number: ChiCTR2200055707.

1. Introduction

Parkinson’s disease (PD) is a common neurodegenerative disorder among older adults. A population-based study showed that
approximately 36 million Medicare beneficiaries were older than 65 years, suggesting that 1.6% of Americans receive PD treatment
annually, similarly to the percentage of those with stroke [1]. China is encountering a silver wave because of an aging population, and
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the incidence of PD in China is similar to that of developed countries [2]. According to the Hoehn-Yahr classification, PD can be
classified as early (stage 1-2), middle (stage 2.5-3), or late (stage 4-5) stage [3]. Autonomic dysfunction is a prominent PD symptom
that progresses with disease severity. Among patients with PD in the late stage, non-motor symptoms could cause disability.

The occurrence of orthostatic hypotension (OH) is associated with PD progression. Symptoms of OH mainly result from cerebral
and retinal hypoperfusion, including faintness and dizziness. They may even be accompanied by a transient loss of consciousness,
leading to disability and reduced quality of life [4]. The estimated incidence of OH in patients with PD at all stages is approximately
20-50%, increasing to approximately 70% in patients with PD at the late stage [5]. Most recent studies focused on patients in the late
stages, with only a few focusing on those in the early and middle stages. Furthermore, a few studies reported that OH could be in many
de novo patients and deemed OH to be a highly frequent but undertreated complication in patients with early-stage PD [6,7].

OH in patients with PD is influenced by various factors, such as drug treatment [8-10]. Levodopa has a distinct tendency to cause
hypotension, especially in older patients [11,12]. These studies revealed that patients with PD in the late stages were prone to
experience OH caused by levodopa. However, the effect of levodopa on blood pressure (BP) in older patients with PD in the early and
middle stages remains unclear. Additionally, whether its effect is dose-dependent in this subpopulation is seldom studied.

The levodopa challenge test (LCT) is a simple and safe method used by clinicians for diagnosing PD and reevaluating drug
responsiveness [13]. The test is usually carried out in the morning, and patients must discontinue anti-PD drugs for more than 12 h, be
on an empty stomach, and without antihypertensive drugs to objectively observe the effect of levodopa on BP in patients with PD.
Hence, in this study, we aimed to explore the effect of levodopa on BP in older patients with PD in the early and middle stages in China
and whether this effect is dose-dependent.

2. Material and methods
2.1. Patients

In this retrospective analysis, patients with idiopathic PD hospitalized at Xuanwu Hospital, Capital Medical University, from March
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Fig. 1. Flow diagram of the study sample.
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2022 to June 2022, were enrolled.

The inclusion criteria involved patients: 1) diagnosed with PD according to the United Kingdom Parkinson’s Disease Society Brain
Bank Clinical Diagnostic Criteria [14], 2) with fluctuations in motor symptoms, and 3) aged > 65 years.

The exclusion criteria included patients with: 1) late-stage PD; 2) secondary PD; 3) other neurodegenerative diseases, such as
Alzheimer’s disease, Huntington’s disease, amyotrophic lateral sclerosis, and spinocerebellar ataxias; 4) hypertensive emergency,
malignant hypertension [15], or severe hypotension, which was defined as systolic BP (SBP) < 90 mmHg with continuous symptoms
such as dizziness, fatigue, and blurred vision; 5) serious organ disease complications, such as liver and kidney insufficiencies, cardiac
insufficiency, and respiratory failure; and 6) malignant tumors.

Finally, 83 patients were enrolled, and Fig. 1 illustrates the patient selection. The early, middle, and late stages classification refer
to the Hoehn-Yahr classification [3]. The “early stage” refers to Hoehn-Yahr stages 1-2, the “middle stage” refers to Hoehn-Yahr stages
2.5-3, and the “late stage” refers to Hoehn-Yahr stages 4-5.

2.2. Ethics statements

All patients provided written informed consent to participate in this study. The study was approved by the Ethics Committee of
Xuan Wu Hospital, Capital Medical University, and registered with the Chinese Clinical Trial Registry (registration number:
ChiCTR2200055707).

2.3. Clinical evaluation

A movement disorder specialist collected the medical history and physical examination data of all patients and recorded their
demographics (sex, age, body mass index, past medical history), clinical features (disease course, Hoehn-Yahr classification, non-
motor changes, and motor signs such as sleep, cognitive status, emotion, and dyskinesia), and drug use. Patients’ motor subtypes
and disease severity were evaluated using parts II, III, and V of the unified PD rating scale (UPDRS) (MDS-UPDRS II, III, and V,
respectively) [16]. The Montreal cognitive assessment scale-Beijing version (MoCA-B) was used for screening cognitive impairment.
MoCA-B scores less than 26 were classified as cognitive impairment, and 1 point was added to the total score for education <12 years to
correct for educational level bias [17]. The Hamilton rating scale of depression-17 was used for screening depression, with a score of
<7 indicating no depression and >8 indicating depression [18]. Patients’ rapid movement sleep behavior disorder (RBD) was eval-
uated using the RBD screen questionnaire; the questionnaire included 10 questions that summarized the clinical features of RBD, and
the cut-off value was 6 [19].

2.4. LCT

Patients discontinued all anti-PD drugs for at least 12 h before the test to allow adequate elution of levodopa, resulting in a
practically defined “discontinuation status.” Morning antihypertensive drugs were also discontinued. Patients were pretreated with 20
mg of domperidone 30 min before the test to minimize side effects. A movement disorder specialist performed the UPDRS III evaluation
from 8:00 a.m. to 8:30 a.m., after which levodopa was administered under fasting conditions. The levodopa trial dose was 1.5 times
more than the regular morning levodopa equivalent dose (LED) [16,20], and the calculated levodopa challenge dose was converted to
levodopa/benserazide tablets (200 mg levodopa/50 mg benserazide, Shanghai Roche Pharmaceuticals Ltd, Shanghai, China). Ac-
cording to the calculated levodopa challenge dose, patients in the early and middle PD stages in this study received 125 mg, 250 mg, or
375 mg levodopa/benserazide. The levodopa equivalent daily dose (LEDD) was calculated following the recognized standard con-
version [20]. The same researcher performed UPDRS III evaluation again at 30 min and 1, 2, and 3 h after administering the test dose to
evaluate the improvement rate.

2.5. “Off state” and best “on state”

In this study, “off state” was defined as the period between discontinuing all anti-PD drugs for at least 12 h and the onset of the most
severe motor symptoms in patients. The best “on state” was defined as the peak of levodopa benefit during the LCT.

2.6. BP measurement

BP, including SBP and diastolic blood pressure (DBP), were measured in the lying and standing positions during the “off state” and
best “on state” using a proven BP monitoring device (OHEM-7051; Omron Corporation, Kyoto, Japan). First, we measured BP in the
supine position after 10 min of rest in a comfortable environment. Second, we measured the standing BP at 1 and 3 min after par-
ticipants stood up without external assistance. Additionally, hypotension symptoms, such as sleepiness, dizziness, fatigue, and blurred
vision, within 3 min of upright posture were assessed. BP was measured in the “off state” and best “on state” during LCT. The consensus
of the American Academy of Neurology and the American Autonomic Society defined OH as a decrease in the SBP >20 mmHg (1
mmHg = 0.133 kPa) with or without a decrease in the DBP >10 mmHg within 3 min during a standing or head-up tilt test [21].
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2.7. Statistical analysis

First, a descriptive analysis of the baseline clinical features was performed. Next, clinical features among the three groups (125 mg,
250 mg, 375 mg levodopa/benserazide) were compared. Continuous variables with normal distribution were described as means +
standard deviations and compared using a one-way analysis of variance (ANOVA). Continuous variables with skewed distribution were
described as median with interquartile range and the comparison was analyzed using the Kruskal-Wallis test. Categorical variables
were represented as numbers (frequencies) and compared using the Chi-square test. Furthermore, BP values in lying and standing
position among the three groups before and after the LCT were compared using repeated-measures ANOVA. Subsequently, the SBP and
DBP differences among the three groups between “off state” and best “on state” were compared in lying position, after 1 min, and 3 min
of standing. The statistical method used was paired sample t-test. In addition, the of levodopa (BP changes, /ABP) was calculated and
compared using Wilcoxon signed-rank test. Finally, the univariate and multivariate logistic regression analyses were performed to
identify risk factors associated with OH occurrence. The odds ratio (OR) and 95% confidence intervals (CI) were reported. Statistical
significance was set at a P-value <0.05. Data wrangling and analysis were performed using SPSS 23.0 (SPSS Inc., Chicago, IL).

3. Results
3.1. Clinical features of older patients with PD

Based on the Hoehn and Yahr classification, 63 of the 83 elderly patients with PD were in the early stage and 20 were in the middle
stage. Table 1 presents the details of the demographics and clinical features of study participants. Three of the 74 patients who took
levodopa also took carbidopa. Of 28 patients who took dopamine (DA) agonists, 20 and 8 took pramipexole and piribedil, respectively.
Nine, seven, and seven patients took selegiline, amantadine, and entacapone, respectively. Another three patients discontinued all anti-
PD drugs for 1 week upon admission.

3.2. Effects of different levodopa/benserazide doses on BP

Patients were divided into 125-, 250-, and 375-mg groups based on the different test doses of levodopa/benserazide. The three
groups differed only in the disease course (P = 0.043), UPDRS III scores (P = 0.027), LEDD (P < 0.001), and type of drugs used
(levodopa, P = 0.012; and amantadine, P = 0.005) (Tables 2 and 3). Of these patients, 19 out of 83 (22.9%) had OH in the “off state.”
None of these patients had symptomatic hypotension. In the best “on state,” 25 patients had OH, with an incidence rate of 30.1%. No
statistical difference was noted in OH incidence in the best “on state” and “off state” among the three groups (Table 2). Two patients in
the 375-mg group developed significant hypotension symptoms, including dizziness, after standing for 3 min. The dizziness lasted
about 5 min before subsiding gradually.

Table 1

Clinical features of older patients with Parkinson’s disease.
Characteristics Total Characteristics Total
Sex Anti-PD drugs
Male (n, %) 49 (59.0) Levodopa (n, %) 74 (90.4)
Female (n, %) 34 (41.0) Dopamine agonists (n, %) 28 (33.7)
Age (years) 67.41 + 2.02 Amantadine (n, %) 7 (8.4)
Disease duration (years) 3(1,5) MAO-B inhibitors (n, %) 9(10.8)
Hoehn-Yahr stage 2.17 £0.77 COMT inhibitors (n, %) 7 (8.49)
PIGD-dominant (n, %) 37 (44.6) Levodopa/benserazide dose (mg) 269.07 + 79.78
BMI (kg/mz) 22.43 + 2.53 Self-improvement Rate (%) 33.59 + 8.06
Hyposmia (n, %) 28 (33.7) UPDRS-III scores (Off-state) 32.15 + 11.42
Constipation (n, %) 53 (63.9) UPDRS-III scores (Best on-state) 22.87 +10.11
Pollakiuria (n, %) 57 (68.7) LEDD 375 (300,575)
Uracratia (n, %) 28 (33.7) Lying position
Cognitive impairment (n, %) 29 (34.9) SBP 135.93 + 20.17
Depression (n, %) 24 (28.9) DBP 76.22 + 11.02
Excessive sweating (n, %) 14 (16.9) 1 min standing
Salivation (n, %) 21 (25.3) SBP 131.86 + 24.97
RBD (n, %) 34 (40.9) DBP 77.86 + 12.03
History of hypertension (n, %) 41 (49.4) 3 min standing
Antihypertensive drugs (n, %) 37 (44.6) SBP 132.27 + 23.15
History of stroke (n, %) 17 (20.5) DBP 78.51 + 11.32

Continuous variables with normal distribution were described as means + standard deviations. Continuous variables with skewed distribution were
described as median with interquartile range. Categorical variables were represented as numbers (frequencies).

Abbreviations: PIGD, postural instability/gait difficulty; BMI, body mass index; RBD, rapid eye movement (REM) sleep behavior disorder; MAO-B,
monoamine oxidase B; COMT, catechol-O-methyltransferase; UPDRS-III, unified Parkinson’s disease rating scale Part III; “off-state,” defined as the
period when all anti-PD drugs were withdrawn for at least 12 h; Best “on-state,” defined as the peak of anti-PD drug benefits in the morning; LEDD,
levodopa equivalent daily dosage; SBP, systolic blood pressure; DBP, diastolic blood pressure.



Table 2
Comparison of clinical features of older patients with Parkinson’s disease in different drug dose groups.
125 mg Levodopa/ 250 mg Levodopa/ 375 mg Levodopa/  X? P 125 mg Levodopa/ 250 mg Levodopa/ 375 mg Levodopa/ X2 P
benserazide (n = benserazide (n = benserazide (n = benserazide (n = benserazide (n = benserazide (n =
28) 31) 24) 28) 31) 24)
Sex 1.077 0.584  Anti-PD drugs
Male (n, %) 18 (64.3) 17 (54.8) 14 (58.3) Levodopa (n, %) 22 (78.6) 28 (90.3) 24 (100) 8.814 0.012
Female (n, %) 10 (35.7) 14 (45.2) 10 (41.7) Pramipexole (n, 4(14.3) 8(25.8) 8(33.3) 2.643 0.267
%)
Piribedil (n, %) 1(3.6) 309.7) 4 (16.7) 2.545 0.280
RBD (n, %) 11 (39.3) 13 (41.9) 10 (41.7) 0.058 0.972 Amantadine (n, 1(.5) 1(3.2) 5(20.8) 10.653 0.005
%)
History of 12 (42.9) 16 (51.6) 13 (54.6) 2.474 0.290 MAO-B 2(7.1) 309.7) 4 (16.7) 1.027 0.598
hypertension (n, inhibitors (n, %)
%)
Antihypertensive 12 (42.9) 14 (45.2) 11 (45.8) 0.162 0.922 COMT inhibitors 1(3.5) 39.7) 3(12.5) 0.859 0.651
drugs (n, %) (n, %)
PIGD-dominant (n, 12 (42.9) 15 (48.4) 10 (41.7) 1.771 0.413 Cognitive 8 (28.6) 11 (35.5) 10 (41.7) 2.002 0.368
%) impairment (n,
%)
History of Stroke (n, 6 (21.4) 7 (22.6) 4 (16.7) 0.555 0.758 Depression (n, 8 (28.6) 10 (32.3) 6 (25) 1.667 0.434
%) %)
Hyposmia (n, %) 9 (32.1) 11 (35.5) 8(33.3) 0.276 0.118 Excessive 5(17.9) 6 (19.3) 3(12.5) 0.496 0.780
sweating (n, %)
Constipation (n, %) 18 (64.3) 19 (61.3) 16 (66.7) 0.526 0.769 Salivation (n, %) 6 (21.4) 9(29.0) 6 (25) 3.548 0.170
Pollakiuria (n, %) 20 (71.4) 21 (67.7) 16 (66.7) 0.296 0.813 “Off state” OH 5(17.9) 8 (23.5) 6 (25) 2.991 0.224
Uracratia (n, %) 9(32.1) 10 (32.3) 9 (37.5) 0.262 0.877 Best “on state” 6 (21.4) 10 (32.3) 9(32.1) 2.543 0.280

OH

Data were represented as numbers (frequencies) and compared using Chi-square test. P-values with statistical significance (<0.05) are in bold.

RBD, rapid eye movement (REM) sleep behavior disorder; PIGD, postural instability/gait difficulty; MAO-B, monoamine oxidase B; COMT, catechol-O-methyltransferase; OH, orthostatic hypotension;

“off-state,” defined as the period when all anti-PD drugs were withdrawn for at least 12 h; best “on-state,” defined as the peak of anti-PD drug benefit in the morning.
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Table 3

Comparison of clinical features of older patients with Parkinson’s disease in different drug dose groups.

125 mg Levodopa/ 250 mg Levodopa/ 375 mg Levodopa/ F

P

125 mg Levodopa/ 250 mg Levodopa/ 375 mg Levodopa/ H P
benserazide (n = benserazide (n = benserazide (n = benserazide (n = benserazide (n = benserazide (n =
28) 31) 24) 28) 31) 24)
Age (years) 66.37 £+ 2.10 67.97 + 2.72 66.95 + 2.95 0.688 0.507 Self- 35.50 + 13.93 33.23 £ 7.51 33.40 + 5.99 0.255 0.776
improvement
Rate(%)
Disease 2.80 +2.48 3.75 £ 3.55 5.07 + 3.65 3.324 0.043 UPDRS-III score 24.75 £ 7.34 31.03 £9.11 36.85 + 14.09 3.872 0.027
duration (off state)
(years)
Hoehn-Yahr 1.88 + 0.64 2.19 +£ 0.88 2.25 +0.62 0.704 0.499 UPDRS-III score 14.53 + 3.623 16.33 +9.25 16.96 + 4.88 0.039 9.981
stage (on state)
BMI (kg/m?) 23.12 £ 3.13 22.98 + 3.37 22.12 +2.37 2,513 2285  LEDD (mg) 150 (62.5187.5) 300 (300,399) 600 (566,675) 7.677  0.000

Continuous variables with normal distribution were described as means =+ standard deviations and compared using one-way ANOVA. Continuous variables with skewed distribution were described as

median with interquartile range and the comparison was analyzed using the Kruskal-Wallis test. P-values with statistical significance (<0.05) are in bold.
BMI, body mass index; UPDRS-III, unified Parkinson’s disease rating scale part III; LEDD, levodopa equivalent daily dosage.

‘D32 NS ‘q
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Repeated-measures ANOVA testing was utilized to compare the differences in BP in the lying and standing positions among the
different dose groups before and after LCT, and the specific statistical analysis results were as follows. During the best “on” state, SBP
and DBP in the lying position did not differ significantly in the group effect, time effect, and the interaction. However, the 1-min
standing SBP and DBP were significant for the time effect (F = 7.018, P = 0.01; F = 4.176, P = 0.024, respectively), but not the
group effect (both F = 1.321, P = 0.275) or the interaction (both F = 1.098, P = 0.358). Moreover, there were significant differences in
the 3-min standing SBP for the time effect (F = 4.276, P = 0.24), group effect (F = 4.155, P = 0.047), and the interaction (F = 4.095, P
= 0.042). In contrast, the 3-min standing DBP was significant only for the time effect (F = 4.095, P = 0.042). These results indicate that
the 3-min standing SBP rather than the lying position BP or 1-min standing BP was affected by the dose of levodopa [Table 4 and Fig. 2
(A and B)].

The results of the intra-group comparison showed that the SBP in the lying position, 1-min standing BP, and 3-min standing BP were
significantly different between the “off state” and the best “on state” in the 250 mg and 375 mg groups (P < 0.05). Furthermore, the
DBP in the lying position, 1-min standing BP, and 3-min standing BP was significantly different between the “off state” and the best “on
state” in the 250 mg and 375 mg groups (P < 0.05) [Fig. 3(A-F)].

4. Orthostatic change of different dose of levodopa on BP

The Orthostatic effect of levodopa on BP was also analyzed. When patients in the 125-mg group changed from lying to standing for
1 min, the AASBP and /ADBP were —14 mmHg and —2 mmHg, respectively. After standing for 3 min, the AASBP and /ADBP were —8.5
mmHg and —1 mmHg, respectively. When patients in the 250-mg group changed posture for 1 and 3 min, the /ASBP were —1 mmHg
and —9 mmHg, respectively, whereas the /ADBP were 4 and 5 mmHg, respectively. After patients in this group stood for 3 min, their
SBP decreased significantly than when they were in the lying position (P = 0.020). When patients changed posture for 1 and 3 min in
the 375-mg group, the /\SBP were —5 mmHg and —13.5 mmHg, respectively, whereas the /ADBP were 2 mmHg and 1 mmHg,
respectively. When patients in this group changed from lying to standing for 3 min, the difference in the SBP decrease was significant
(P = 0.018) (Table 5 and Fig. 4).

5. Analysis of OH influencing factors in the “off state” and best “on state”

Univariate logistic regression analysis revealed that cognitive impairment (OR = 10.64, 95% CI: 1.284-88.169, P = 0.028) and
hypertension history (OR = 20.07, 95% CI: 0.955-421.766, P = 0.049) were associated with “off state” OH, while these associations
only persisted for cognitive impairment (OR = 70.117, 95% CI: 3.2621507.273, P = 0.007) in multivariate logistic regression analysis.
Based on univariate and multivariate logistic regression analysis, “off state” OH (OR = 0.087, 95% CI: 0.019-0.396, P = 0.002) and
urinary incontinence (OR = 0.158,95% CI: 0.038-0.655, P = 0.011) were risk factors for best “on state” OH (Table 6).

6. Discussion
In this study, we investigated the BP response in older patients with PD in the early and middle stages who received different doses

Table 4
Effects of different levodopa/benserazide doses on the blood pressure of older patients with Parkinson’s disease.

Value Group Time Lying position 1-min Standing 3-min Standing
SBP 125 mg TO:“off state” 138.88 + 24.42 128.13 + 15.62 124.13 + 18.57
T1:Best “on state” 133.88 +£17.02 124.88 + 14.56 120.00 + 12.74
250 mg TO: “off state” 134.77 + 20.61 131.13 £+ 25.13 136.26 + 23.92
T1:Best “on state” 127.39 + 13.87# 124.16 + 20.73# 120.23 + 19.91#
375 mg TO: “off state” 136.55 + 18.6 131.45 + 27.98 131.7 +23.41
T1:Best “on state” 119.75 + 18.81# 116.30 + 21.75# 110.7 4+ 13.88*#
Comparison among groups F,P 0.340,0.713 1.321,0.275 4.155,0.047
Comparison within groups F,p 0.290,0.743 7.018,0.010 4.276,0.024
Interaction (group x time) F,P 1.500,0.218 1.098,0.358 4.095,0.042
DBP 125 mg TO: “off state” 78.25 +10.28 77.00 + 6.82 75.63 + 8.6
T1:Best “on state” 75.25 £12.26 74.63 £ 11.53 74.38 + 10.62
250 mg TO: “off state” 74.94 +10.61 76.87 +12.88 77.71 £11.98
T1:Best “on state” 67.65 + 10.29# 70.55 + 13.08# 71.71 + 11.66#
375 mg TO: “off state” 79.5 +£10.73 79.75 + 12.54 80.9 + 11.26
T1:Best “on state” 72.85 + 11.68# 72.15 + 13.52# 72.2 + 13.43#
Comparison among groups F,p 0.660,0.550 1.321,0.275 0.212,0.810
Comparison within groups F,P 1.843,0.073 4.176,0.024 4.095,0.042
Interaction (group x time) F,P 0.187,0.832 1.098,0.358 0.660,0.550

Data are presented as means + standard deviations and compared using repeated-measures ANOVA,; statistically significant results (P < 0.05) are in
bold.

The comparison between groups utilized the Least—Significant Difference test, * Comparison with the 250 mg group at the same time, P < 0.05; The
intra-group comparison between two groups used the Bonferroni method, # Comparison with this group at TO, P < 0.05.

SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Fig. 2. Effects of different levodopa/benserazide doses on blood pressure. The differences were compared in lying position and after 1 min as well as
3 min of standing. The statistical method utilized was the repeated-measures ANOVA.
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Fig. 3. The differences in blood pressure between “off state” and best “on state” in different dose groups. The differences were compared in lying
position, after 1 min, and 3 min of standing. The statistical method utilized was the paired sample t-test.

of levodopa/benserazide during LCT. We found that 250 mg and 375 mg of levodopa/benserazide resulted in significant changes in BP
before and after LCT. In addition, we found that the 3-min standing position SBP during the best “on state” was significantly affected by
the dose of levodopa/benserazide. Meanwhile, we observed a drop in SBP (by 9 mmHg) from the supine position to the 3-min standing
position when 250 mg levodopa/benserazide was administered during LCT. In contrast, the supine SBP was reduced by approximately
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Table 5
Standing effect of levodopa on the blood pressure of older patients with Parkinson’s disease.

“off state” Best “on state” P value (BP change by posture in “off state” vs. best “on state™)

125 mg Levodopa/benserazide (n = 28)
BP changes after 1-min standing vs. lying position

SBP —11 (—34,9.75) —14 (—43.75, 5.25) 0.398

DBP 2.5(-11.5,13.75) -2(-12,7.5) 0.272
BP changes after 3-min standing vs. lying position

SBP —8 (—38.75, 10.25) -85(-17,2) 0.560

DBP 2.5 (—14.25, 11.25) —1(-7.25,9.5) 0.555

250 mg Levodopa/benserazide (n = 31)
BP changes after 1-min standing vs. lying position

SBP 1(-11,13) -1(-9,8) 0.494

DBP 4 (-5, 10) 4(-2,7) 0.672
BP changes after 3-min standing vs. lying position

SBP 1(-3,11) —9(-18,0) 0.020

DBP 6(-1,11) 5(0,9) 0.690

375 mg Levodopa/benserazide (n = 24)
BP changes after 1-min standing vs. lying position

SBP 0.5 (-13.75, 6.75) —5(-19.25, 6.75) 0.389

DBP 2(-3.25,7.5) 2(-4.5,7.5) 0.981
BP changes after 3-min standing vs. lying position

SBP —0.5(-14,8) —13.5(—25.25, —3.25) 0.018

DBP 3(-2.75,5) 1 (-5,9.75) 0.585

The standing effect of levodopa (BP changes, /\BP) in the three groups was compared using Wilcoxon signed-rank test. SBP, systolic blood pressure;
DBP, diastolic blood pressure. Statistical significance (<0.05) are in bold.
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Fig. 4. Orthostatic changes in BP associated with different dose of levodopa. The differences were compared in /AASBP1//\DBP1 (BP changes after
1-min standing vs. lying position) and ASBP2//\DBP2 (BP changes after 3-min standing vs. lying position). The statistical method utilized was the
Wilcoxon signed-rank test.

13.5 mmHg after 375 mg levodopa/benserazide uptake. These results provide evidence for the safety of 125 mg levodopa/benserazide
administrations in this subpopulation. Our study revealed that the occurrence of OH in the best “on state” and “off state” were 30.1%
and 22.9%, respectively, which was consistent with previous studies [22]. Subsequently, the risk factors associated with the best “on
state” OH and “off state” OH were further discussed in our study. The risk factors revealed in our study might serve as an early warning
sign to identify individuals with potential hypotension aggravation. Therefore, this study has important clinical implications.

Some studies have suggested that the BP-lowering effect of levodopa is dose-dependent, implying that 125-mg levodopa/ben-
serazide does not affect patients’ BPs, while higher doses lower BP [23-25]. However, a previous study showed that this phenomenon
does not exist in older patients with PD [26]. Our study included patients with PD in the early and middle stages in China with a median
disease course of 3 years and a mean age of 67.4 years. We discovered that 125 mg levodopa/benserazide is relatively safe. In contrast,
250 mg or 375 mg levodopa/benserazide could significantly decrease BP in this subpopulation. A previous study has reported impaired
BP response and decreased heart rate response during an orthostatic test [27]. Another study of autonomic examination in patients
with PD discovered that patients treated with levodopa over 2 years had significant reductions in SBP and mean arterial pressure
response in standing tests and heart rate in tilting tests [28]. In this study, we discovered that patients’ SBP decreased continuously
from the lying to the standing position in the 250- and 375-mg groups, and the postural-mediated changes in BP were outstanding.
Levodopa acts as a neurotransmitter on the nerve nuclei of the cardiovascular center and induced a cardiac inhibitory response through
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Table 6
Risk factors analysis of orthostatic hypotension and levodopa-induced orthostatic hypotension in the levodopa challenge test.
Characteristics “Off state” OH (n = 19) Best “on state” OH (n = 25)
Univariable OR P Multivariable OR P Univariable OR P Multivariable OR P
(95% CI) value (95% CI) value (95% CI) value (95% CI) value
Cognitive 10.64 0.028 70.117 0.007 —0.964 0.952 - -
impairment (1.284,88.169) (3.262,1507.273) (0.298,3.118)
“Off- state” OH - - - - 64.579 0.000 0.087 (0.019,0.396) 0.002

(6.835,610.116)
Best “on-state” OH - - - — — _ _ _

History of 20.07 0.049 7.777 (0.833,72.569) 0.072 0.762 (0.250,2.319) 0.632 - -
Hypertension (0.955,421.766)

Urinary 0.284 (0.067,1.200) 0.087 - - 0.121 (0.035,0.422) 0.001 0.158 (0.038, 0.011
incontinence 0.655)

Univariate and multivariate logistic regression analyses were performed to identify risk factors associated with OH occurrence. OR, odds ratio; CI,
confidence interval; OH, orthostatic hypotension; “off-state,” defined as the period when all anti-PD drugs were withdrawn for at least 12 h; best “on-
state,” defined as the peak of anti-PD drug benefit in the morning. P-values with statistical significance (<0.05) are in bold.

the baroreceptor reflex, thereby reducing the heart rate variability and BP [29-31]. Therefore, BP monitoring is critical for older
patients with PD who are tested or treated with 250 mg or more doses of levodopa/benserazide. Managing the older adult population
with PD is more complicated when levodopa is used because PD, aging, and anti-PD drugs are all risk factors for OH. Levodopa is a DA
precursor that plays a pharmacological role when converted into DA by DA decarboxylase. DA stimulation results in continuous
norepinephrine release from sympathetic nerve endings, leading to norepinephrine deficiency, which may be one of the mechanisms of
OH development after levodopa treatment in patients with PD [32]. Furthermore, DA can inhibit norepinephrine release from sym-
pathetic fibers by activating peripheral presynaptic D2 receptors [33]. Meta-iodobenzylguanidine (MIBG) is a norepinephrine analog
that can serve as an index of sympathetic denervation or dysfunction [34,35]. MIBG uptake is reduced in patients with early-stage PD
[36], but its sensitivity and specificity in immediately diagnosed PD are comparable to those of LCT [37]. In this study, we did not use
MIBG to confirm the levodopa effect on cardiac sympathetic denervation. However, based on previous studies [36,38], we speculated
that the loss of cardiac accumulation of radiolabeled MIBG positively correlates with levodopa intake.

In our study, cognitive impairment was a risk factor for “off state” OH; cognitive impairment is associated with parasympathetic
dysfunction in PD [39], which occurs in the early, middle, and late stages of PD [40], resulting in OH. Increased age and upright
position were associated with worsening attention and executive dysfunction [41-43].

In addition, the relationship between urinary incontinence and OH is unclear. This is the first time urinary incontinence is proven as
a risk factor for best “on state” OH in the early and middle stages of PD since previous studies have suggested that OH and urinary
incontinence appear earlier in patients with multisystem atrophy than in those without. A correlation was observed between urinary
incontinence and disease duration in the late stages of PD [44]. Urinary tract symptoms appeared late in all PD prodrome symptoms,
mainly occurring 7-9 years before PD phenotypic transformation, with late-onset and mild symptoms [45]. This may be caused by
denaturing and deposition of a-synuclein in the Lewy process, along with the bladder and the Lewy body of the sympathetic ganglion in
early neurodegenerative disease involving the dorsal motor nucleus of the vagus nerve [43]. Therefore, autonomic nerve damage in
elderly patients with PD might occur earlier.

In recent years, two new PD subtypes have emerged: “brain first” and “body first,” which follow the standard trajectory of Braak
staging [46,47]. In the brain-first, pathogenic a-synuclein initially forms unilaterally in one hemisphere, leading to asymmetric
nigrostriatal degeneration. Body-first with initial enteric pathology spreads through overlapping vagal innervation, leading to more
symmetric brainstem involvement and more symmetric nigrostriatal degeneration [48]. Patients with body-first PD have more
autonomic nervous system involvement and a larger burden of autonomic symptoms (including OH and constipation). Isolated rapid
eye movement sleep behavior disorder has been identified as a strong marker of the body-first type. Some patients with RBD were
included in our study, and the statistical results showed that RBD was not associated with OH in older patients with early and middle
stages of PD. Perhaps the clinical situation in older people is more complicated.

This study had some limitations. First, this was a single-center study. Second, no difference in OH incidence was observed between
different levodopa doses because the sample size was small. However, at the peak of levodopa efficacy, the number of patients who
developed OH in the 375-mg group increased. In the future, cohort studies must be conducted in more centers, with more elderly adults
and participants with multiple diseases and longer disease courses. Third, all participants were in the early-to-mid stage; more patients
in the late stage must be enrolled in future studies. Fourth, patients in our study were divided into three groups based on their regular
morning levodopa equivalent dose; the formulation meets the clinical efficacy evaluation, so randomized controlled trials will be
required to confirm our conclusions in the future. Finally, this study could not distinguish between the effect of PD on orthostatic BP
and the effect of levodopa, necessitating further investigation.

7. Conclusions

This study discovered that 250 mg or more doses of levodopa/benserazide could reduce BP and standing effects in elderly patients
with PD in the early and middle stages in China. Older patients with urinary incontinence were more likely to develop OH during the
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LCT. Therefore, elderly patients with PD receiving 250 mg or more doses of levodopa/benserazide should routinely monitor their BP
following the oral administration of anti-PD drugs at home or during an LCT at a hospital.
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