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Abstract.
Background: Autonomic dysfunction precedes endothelial dysfunction in Parkinson’s disease (PD) and causes blood pressure
and circulation abnormalities that are highly disruptive to one’s quality of life. While exercise interventions have proven helpful
for motor symptoms of PD, improving associated non-motor symptoms is limited. Low-intensity resistance training with
blood flow restriction (LIRT-BFR) improves autonomic dysfunction in non-PD patients and high-intensity resistance training
(HIRT) is recommended for motor symptom improvements for people with PD (PwPD).
Objective: To determine the effects of LIRT-BFR and HIRT on homocysteine and autonomic and endothelial function in
PwPD and to determine the hemodynamic loads during LIRT-BFR and HIRT in PwPD using a novel exercise protocol.
Methods: Thirty-eight PwPD were assigned LIRT-BFR, HIRT or to a control (CNTRL) group. The LIRT-BFR and HIRT
groups exercised three days per week for four weeks. The LIRT-BFR protocol used 60% limb occlusion pressure (LOP) and
performed three sets of 20 repetitions at 20% of the one-repetition maximum (1RM). The HIRT group performed three sets
of eight repetitions at 80% 1RM. The CNTRL group was asked to continue their normal daily routines.
Results: LIRT-BFR significantly improved orthostatic hypotension (p = 0.026), homocysteine levels (p < 0.001), peripheral
circulation (p = 0.003), supine blood pressure (p = 0.028) and heart rate variability (p = 0.041); LIRT-BFR improved homo-
cysteine levels (p < 0.018), peripheral circulation (p = 0.005), supine blood pressure (p = 0.007) and heart rate variability
(p = 0.047) more than HIRT; and hemodynamic loads for LIRT-BFR and HIRT were similar.
Conclusions: LIRT-BFR may be more effective than HIRT for autonomic and endothelial function improvements in PwPD
and hemodynamic loads may be lessened in LIRT-BFR protocols using single-joint exercises with intermittent blood flow
restriction. Further research is needed to determine if non-motor symptoms improve over time and if results are sustainable.
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INTRODUCTION

Parkinson’s disease (PD) is a progressive, debil-
itating disease of the central nervous system that
affects over six million worldwide [1]. The degener-
ation of dopaminergic neurons within the substantia
nigra results in disrupted motor functioning through
rigidity, bradykinesia, resting tremors and impaired
postural reflexes [2]. Motor skills, muscle strength,
endurance [3] and gait [4] are all negatively affected
and result in disability, fragility [5] and increased risk
of falling [6].

The most common drug prescribed for PD
motor symptoms is carbidopa-levodopa (levodopa)
[7]. While levodopa is effective in treating motor
symptoms, it may exacerbate autonomic dysfunc-
tion through elevated homocysteine levels [8, 9].
Increased homocysteine levels in people with PD
(PwPD) have been observed, well above healthy, age-
matched controls and are strongly correlated with
increased cardio- and cerebrovascular disease [8, 10]
and cognitive impairment [11]. Elevated homocys-
teine provokes activation of the sympathetic nervous
system [12] and is linearly correlated with cardiac
autonomic nervous function disorders in patients with
sleep apnea [13]. An overactive sympathetic nerve is
detrimental to the blood vessels and may be why auto-
nomic and endothelial dysfunction are closely related
[14].

Autonomic dysfunction is a commonly overlooked
feature of PD [15] and may disrupt quality of life and
increase prevalence of falls, even more than the motor
symptoms targeted with standard of care treatments
[16]. Low heart rate variability (HRV) is an indication
of autonomic dysfunction PwPD experience at much
higher rates compared to controls [17]. Overstimula-
tion of the sympathetic nervous system, as indicated
by low HRV, is the major cause of autonomic-related
blood flow dysregulation in PwPD and results in
orthostatic hypotension (OH), supine hypertension,
and increased resting heart rate [18, 19]. Prevalence
of OH in PD populations have been reported to be
over 65% [20] and associated with greater deteriora-
tion in activities of daily living, health care utilization
and falls compared to patients without OH [21].
Other autonomic symptoms include gastrointestinal,
urinary, pupillary and thermoregulatory system dis-
ruptions [21]. All of these conditions can be related
to the disrupted interplay between the autonomic ner-
vous system and communication with endothelial
cells that are responsible for regulating blood flow
for proper system metabolism and health [22].

At rest, autonomic dysfunction is most apparent
during positional changes for PwPD [21]. Symptoms
such as dizziness, light-headedness, pre-syncope
and syncope may result from orthostatic and posi-
tional hypotension [23]. During exercise, autonomic
dysfunction disrupts the ability to vasodilate and
vasoconstrict vessels to reroute blood to the work-
ing muscles [24] and can cause PwPD to experience
exercise-induced hypotension [25]. Recently, it has
been determined that chronotropic incompetence
may be present in early stages of PD and this may
result in decreased aerobic capacity [26]. As PwPD
progress in their disease, high-intensity exercises that
demand increased motor control, heart rate, cardiac
output and increased autonomic control of blood ves-
sels may be more difficult to perform safely due
to both motor symptom impairment, hemodynamic
loads and autonomic dysfunction [24, 26–28].

High-intensity resistance training (HIRT) can
decrease homocysteine levels more than aero-
bic exercise [29, 30] and is recommended over
lower intensities for motor and non-motor symp-
tom improvement in PD [31–33] though autonomic
and endothelial adaptations are undetermined.
Low-intensity resistance training with blood flow
restriction (LIRT-BFR) is used widely in interven-
tions to combat sarcopenia and increase strength,
hypertrophy, endothelial function and peripheral cir-
culation in older individuals who may have difficulty
exercising at high intensities [28, 34, 35]. During
blood flow restriction (BFR) exercise, hypoxic stress
to skeletal muscles causes excessive secretion of neu-
rohumoral factors [36, 37] and can moderately alter
cardiac function and increase expression levels of
proteins related to vascular endothelial function [38]
and results in improved vessel reactivity and favor-
able artery structural adaptations, even when simple,
isolated exercises such as handgrip and calf-raises are
used [39, 40].

Literature pertaining to BFR exercise in PwPD
is currently limited to two controlled case studies
where improvements in restless leg syndrome were
observed following six weeks of walking with BFR
[41] and lower extremity strength improved following
six weeks of LIRT-BFR [42]. Homocysteine levels
following BFR exercise have not been reported. Exer-
cise using LIRT-BFR improves endothelial function
more than HIRT [43], results in less oxidative stress
[37], does not alter arterial stiffness [44] and improves
cardiac autonomic dysfunction, overall health and
disease progression [45]. Therefore, the hypothesis
of the study was that LIRT-BFR would more effec-
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tively improve endothelial and autonomic function
compared to HIRT.

Hemodynamic loads during exercise are con-
cerning factors for individuals with compromised
cardiovascular health [46, 47]. During HIRT and
LIRT-BFR, these loads are variable and dependent on
the intensity, volume, type of exercise and duration
of occlusion [46, 48–51]. In HIRT, arterial stiffness
may be worsened in individuals with baseline arte-
rial stiffness [52, 53], but may have a positive impact
on endothelial function in young, healthy males [54].
Similarly, acute increases in arterial stiffness have
been observed in LIRT-BFR exercise, but longitudi-
nal studies have shown no changes in arterial stiffness
in young and old people [47]. PwPD display endothe-
lial and autonomic dysfunction, increased arterial
stiffness and increased risk of cerebro- and cardiovas-
cular events [9, 55, 56]. Interestingly, PD itself does
not cause arterial stiffness, whereas autonomic blood
pressure disturbances influence alterations in arterial
stiffness and architectural changes in the arteries of
PD patients [55].

Autonomic dysfunction causes blood pressure and
circulation abnormalities in PwPD that are highly
disruptive to one’s quality of life [57]. While exer-
cise interventions have proven helpful for motor
symptoms of PD, exercise focusing on improv-
ing non-motor symptoms associated with autonomic
dysfunction is limited [18, 31]. Autonomic dysfunc-
tion precedes endothelial dysfunction in PD and
may be exacerbated by increased homocysteine lev-
els caused by levodopa [10, 55]. HIRT has been
shown to decrease homocysteine levels and improve
endothelial function and OH [30, 54, 58]. LIRT-BFR
improves autonomic and endothelial function in non-
PD populations [43, 45]. Therefore, the primary aim
of this study was to determine the effects of LIRT-
BFR and HIRT on homocysteine and autonomic and
endothelial function in PwPD. The secondary aim for
our study was to determine the hemodynamic loads
during LIRT-BFR and HIRT in PwPD using a novel
exercise protocol derived from previous study proto-
cols aimed at decreasing such loads [49–51, 59, 60].

MATERIALS AND METHODS

After an initial phone screening, qualifying partici-
pants visited the laboratory on two separate occasions
for pre- and post-assessments. The first visit included
collection of anthropometric data and a fasted blood
draw. The second visit included resting and supine
blood pressures, an orthostatic tolerance test, reac-

tive hyperemia index (RHI) assessments via finger
plethysmography testing, peripheral circulation via
transcutaneous oxygen monitoring (TcP02), and a
strength assessment. After pre-assessments, partic-
ipants were assigned to one of two exercise groups
or a control group. Exercise sessions were held on
three non-consecutive days per week for four weeks.
After four weeks, all participants completed post-
assessments on two separate occasions, mirroring the
data collection protocol for pre-assessments.

This study was approved by the Institutional
Review Board at Abilene Christian University in Abi-
lene, TX, USA.

Participants

Thirty-eight volunteers who were previously diag-
nosed with PD by a neurologist or movement disorder
specialist and met the following criteria were admit-
ted into the study: (1) mild to moderate PD using
the modified Hoehn and Yahr (mHY) stages 1–3.5,
(2) age over 50 years old, (3) currently on levodopa
therapy (Sinemet, Rytary, Duopa, Sinemet CR) for at
least the last six consecutive months, (4) free of any
contraindication for BFR (cardiovascular disease,
unstable hypertension, varicose veins, diabetes, can-
cer, musculoskeletal injury, post-surgical swelling,
open wounds or on a medication that increases blood
clotting risk) [46], (5) currently not participating in
resistance training or high-intensity or long duration
cardiovascular exercise [61], (6) free from ortho-
pedic problems that would preclude seated lower-
and upper-body exercises, (7) able to complete a
Timed-Up-and-Go (TUG) assessment with or with-
out assistance from a walker or cane, (8) able to
complete four straight weeks of exercise, (9) and had
a signed approval form (provided) by their doctor
to participate in the study. The disease rating scale
(mHY) was completed by a licensed and experienced
physical therapist and results were used to determine
each participants disease progression [62].

After thirty participants cleared the phone-
screening, the preliminary musculoskeletal exam and
received their doctors’ consent for participation,
they were randomly assigned to one of two exer-
cise groups: 1) low-intensity blood flow restriction
resistance exercise (LIRT-BFR) or 2) high intensity
resistance training without BFR (HIRT). A smaller
subgroup of eight controls (CNTRL) were assigned
after exercise groups were filled. The control group
was asked to continue with their normal routine for
four weeks and return for post-assessments. All par-
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ticipants completed pre- and post-assessments and
are included in the data analysis. Sample sizes were
determined based on a literature review and network
meta-analysis analyzing exercise therapy for PD with
an average sample of 26 participants that resulted
in favorable outcomes, averaging a moderate effect
size of > 0.5 [63]. We determined, a priori, that 15
participants would be randomly assigned to one of
the exercise conditions and the remaining volunteers
would serve as the control group for comparison.

Exercise protocols

The control group was asked to maintain activity
and diet as usual and to return for post-assessments
four weeks after pre-assessments. For the LIRT-BFR
and HIRT groups, exercise was performed three days
per week for four weeks, with one day of rest between
the weekly exercise sessions and two days after the
third. Participants performed leg extensions, seated
biceps curls, seated leg curls, seated triceps exten-
sions, seated calf raises and seated handgrips in this
alternating upper and lower body exercise format.
The LIRT-BFR group performed three straight sets
of 20 repetitions at approximately 20% estimated
one repetition maximum (1RM) with a 30 second
rest between sets under 60% limb occlusion pressure
(LOP). After the third set, the cuffs were deflated,
and the participant transitioned to the next exercise
with a 90 second rest between the completion of each
exercise.

The HIRT group performed three straight sets of
eight repetitions at approximately 80% estimated
1RM with a 1-min rest between sets. Participants
remained seated for the duration of the exercise and
only stood to transition between exercises. Tran-
sitions between exercises were approximately 90
seconds for both groups. The exercise protocol and
ordering and a picture of the BFR cuffs during leg
extension are displayed in Fig. 1. All participants had
a research assistant guiding them through all exer-
cise sessions. Only research personnel trained in BFR
assisted those in the LIRT-BFR group.

The LOP in the upper and lower body was
determined automatically via the Delfi Personal
Tourniquet System for Blood Flow Restriction
(Owens Recovery Unit, Delfi Medical, Vancouver
BC, Canada) in a seated and still position prior to each
exercise session [64]. To determine LOP for the lower
body, a 10 cm cuff was placed on each thigh. LOP was
measured and recorded for exercise occlusion refer-
ence. To determine LOP for the upper body, a 7 cm

cuff was placed on the upper proximal arm. Both cuffs
were inflated to determine LOP. LOP was measured
and recorded for exercise occlusion reference.

Vascular testing

All vascular testing occurred in the morning hours
in the dopaminergic medication on-state, defined as a
period of perceived maximal efficacy of dopaminer-
gic medications, as indicated by good motor response
[65] and at least three hours after a meal. Indica-
tors of improved endothelial function were vessel
reactivity, as indicated by the natural log rhythm
reactive hyperemia index (LnRHI) measured through
finger plethysmography, peripheral circulation mea-
sured through TcP02 and serum homocysteine levels.
Arterial stiffness was assessed through finger plethys-
mography and reported as AIx75.

Reactive hyperemia index and arterial stiffness

Reactive hyperemia index (RHI) was measured
in the supine position as a measure of vascular
endothelial function using finger plethysmography.
Participants came in the morning hours, free from
exercise and in their dopaminergic medication on-
state and laid supine for 20 min before baseline
measurements. The test room temperature was set
at 21–25◦, as previously used in past studies [66].
Simultaneously, finger volume pulse waveforms
were recorded in the index fingers of both hands
non-invasively using the EndoPATTM device (Endo-
PAT2000, Itamar Medical, Caesarea, Israel). The
principle and methods of RHI have been previously
described [67]. A blood pressure cuff was placed on
the upper arm with the contralateral arm serving as a
control. Fingertip probes were placed on both index
fingers to measure arterial pulse wave amplitude.
After a 5 min equilibrium period, the cuff was inflated
to 60 mmHg above systolic blood pressure (SBP) or
at least 200 mmHg for 5 min. The cuff was deflated
to induce reactive hyperemia in the measured index
finger, and the arterial pulse wave amplitude was
recorded for 5 min. RHI was defined as the ratio of
the arterial pulse wave amplitude measured for 1 min
during reactive hyperemia to baseline amplitude dur-
ing equilibration period [68]. Arterial stiffness was
measured by the analysis of the shape of the arterial
pressure waveform (pulse wave analysis), which pro-
vides an augmentation index (AIx) that is based on the
reflection of the pulse wave from branch points in the
arterial tree [69]. AIx was normalized to 75 bpm for
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Fig. 1. Exercise protocols for the high-intensity resistance training (HIRT) and low-intensity resistance training with blood flow restriction
(LIRT-BFR) groups are summarized. The exercise format is pictured in the exact order performed by each group, starting with a warm-up
and ending with a cool-down. A sample cuff placement for the blood flow restriction (BFR) protocol is also pictured.

analysis (AIx75), as described previously [70]. Both
RHI and AIx75 were calculated by the instrument
software from the same data set.

Peripheral blood circulation

Transcutaneous oxygen pressure (TcP02) was
measured as an indicator of peripheral blood circula-
tion in the foot using a TcP02 devise (TCM3, TINA,
Radiometer). After subjects rested on a table in the
supine position for 20 min, a probe was heated to
44.8ºC and placed on the first intermetatarsal space
on the dorsum of the right and left foot using the
double-sided adhesive ring supplied by the manufac-
turers. Five minutes after probe attachment, TcP02
was recorded as stable if the value fluctuated within
2 mmHg during a 1-min measurement period. The
RHI technique and peripheral circulation technique
using TcP02 monitoring are well-established, non-
invasive ways to determine vessel reactivity and
peripheral blood circulation [43].

Strength assessments

A 4–6 repetition maximum assessment was per-
formed on exercises used in the experimental exercise
protocol including leg extension, leg curl, triceps
extension and biceps curl. Estimates of 1RM weight
were calculated from the number of repetitions per-
formed in the 4–6 range at a weight that resulted
in maximum effort. The National Strength and
Conditioning recommendations for 4–6 repetition
maximum assessments were used [71]. These assess-
ments were used to determine the proper exercise
intensity and only the exercise groups performed 4–6
RM testing.

Blood pressure measurements

Participants refrained from caffeine and exercise
before blood pressure measurements were taken in
the morning in the on-state, as previously defined.
Participants’ SBP and diastolic blood pressure (DBP)
were measured by standard Welch-Allen manual
sphygmomanometer. The cuff was placed on the left
arm for all participants. Blood pressure was evaluated
in the following conditions: (1) while sitting in a chair
after at least 10 min of rest; (2) after a minimum of
10 min of supine rest; and (3) after 3 min of standing.

Orthostatic hypotension

Orthostatic hypotension was assessed by com-
paring a 10-min seated and quiet resting blood
pressure to a 3-min standing blood pressure that
followed. Orthostatic hypotension has been defined
as a drop in systolic blood pressure by more than
20 mmHg or 10 mmHg diastolic within 3 min of
standing [72]. Participants were asked if they felt any
of the following symptoms while standing: dizziness,
feeling faint, light headedness, blurred vision, disori-
entation/confusion, weakness/fatigue/falling, and/or
chest pain.

Heart rate variability

Heart rate variability was measured using finger
plethysmography (Endo-PAT2000, Itamar Medical,
Caesarea, Israel) and the EndoPATTM HRV technique
based on the European Society of Cardiology and
North American Society of Pacing Electrophysiology
task force stand was utilized (Heart Rate Variability-
task force). Participants rested in a supine position for
20 min before the baseline measurement was taken.
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Finger volume pulse waveforms were recorded in the
index fingers of both hands using the EndoPATTM

device. The root mean square of successive normal-
to-normal interval differences (RMSSD) from the
EndoPATTM software was reported. This technique
has been validated [73]. Short-term measurement of
RMSSD for HRV has been validated in PwPD to
determine such autonomic imbalances [17].

Exercise hemodynamic measurements

Measurements during exercise included blood
pressure, ratings of perceived exertion and heart rate.
Manual blood pressures were taken using a standard
Welch-Allen upper arm cuff (12 cm wide inter-
nal bladder) and stethoscope by a trained research
member after each upper and lower body exercise,
during each session over the four weeks of exercise
and were performed: (1) before exercise began, (2)
immediately after each lower body exercise and/or
immediately after lower cuffs were released, (3) after
each upper-body exercise and/or immediately after
upper cuffs were released, and (4) after cool-down.
The use of manual recording of SBP and DBP has
demonstrated smallest detectable differences of 7.6
and 7.0 mmHg, respectively, during rest conditions
[74] and have been used to compare hemodynamic
loads during BFR, LIRT and HIRT protocols [51].
The immediate post-upper and lower body exer-
cises hemodynamic measurements were averaged
and reported in the results section. Arterial oxygen
saturation using pulse oximetry, rating of perceived
exertion (RPE) using the modified Borg scale [75],
and heart rate (HR) were recorded just before blood
pressure and obtained at these time points.

Blood samples and biochemical analysis

Participants were asked to come in after an
overnight fast, to not exercise and to sit for 5 min
prior to their blood draw. Venous blood samples were
obtained by a registered nurse from an antecubital
vein by standard/sterile procedures [76]. Approxi-
mately 15 ml of blood was obtained before and after
exercise intervention in two red top, no additive vacu-
tainer tubes (BD Vacutainer®, Franklin Lakes, NJ).
Blood samples were allowed to clot on ice for 30 min
before being centrifuged at 3500 X g for 15 min with
bench top centrifuge (Clinical 50™, VWR®, Radnor,
PA). Serum was extracted, combined, mixed and then
aliquoted into 2.0 mL plastic ultracentrifuge tubes
and stored at –80◦C.

The concentrations of serum homocysteine
were determined using commercially available
enzyme-linked immunosorbent assay (ELISA) kits
(MyBioSource, Inc., San Diego, CA, USA) with a
microplate reader (X-Mark, Bio-Rad, Hercules, CA,
USA). The absorbances were read in duplicate at a
wavelength of 450 nm and unknown concentrations
determined by linear regression against known stan-
dard curves using commercial software (Microplate
Manager, Bio-Rad, Hercules, CA, USA).

Dietary analysis

Participants were asked to record their food and
beverage consumption for three days leading up
to pre- and post-assessments. All participants were
asked to refrain from taking any supplements. Details
such as food preparation, brand and portion size were
recorded. Participants maintained a complete record
of their diet by documenting the quantity and type
of food or liquid consumed, as well as the time
of day it was consumed. Participants turned in diet
records prior to pre- and post-assessments. Partici-
pants were instructed to contact the research team if
they had questions concerning their diet or meal com-
position during any record-keeping period. Dietary
intake and macronutrient and micronutrient compo-
sition were estimated and analyzed when received
using research-grade nutritional software (Food Pro-
cessor SLQ ESHA

®
, Salem, OR).

Statistics

Data were analyzed using the statistical package
of Social Sciences (SPSS, IBM, v19) and presented
in mean ± standard deviation. A Shapiro-Wilk test
was used to confirm normal distribution of the data.
A one-way analysis of covariance (ANCOVA) was
performed to analyze differences between the val-
ues of the post-test between groups for endothelial,
autonomic and homocysteine variables, while the
baseline values were considered as covariates. First,
the assumption of ANCOVA included the normality
of data (Shapiro-Wilk test), homogeneity of variance
(box plot) and homogeneity of regression slopes was
confirmed. To determine differences between groups,
when a significant difference was found, Bonferroni
post hoc tests were performed to analyze differences
within groups. Paired sample tests were performed
to analyze difference within groups. For hemody-
namic responses, an independent samples test was
performed to note differences between hemodynamic
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markers for all exercise sessions averaged between
HIRT and LIRT-BFR. The alpha level was set at
p < 0.05 for all analyses.

RESULTS

Basic characteristics and data of participants

All participants completed all exercise sessions
over four weeks without the occurrence of any
adverse events. Baseline data characteristics are
presented in Table 1. Pre-assessment compar-
isons revealed group differences in age between
CNTRL and LIRT-BFR groups (71.50 ± 6.78 and
62.60 ± 7.50 years, respectively, p = 0.032) and
homocysteine between CNTRL and both LIRT-
BFR and HIRT groups (14.91 ± 2.02, 18.52 ± 4.14
and 19.34 ± 5.31 �mol/L, respectively, p = 0.029 and
p = 0.042). Thirty-one of the thirty-eight participants
showed signs of orthostatic hypotension (OH), with
blood pressure decreasing more than 20 mmHg upon
standing with at least one common symptom of OH
present such as dizziness, light-headedness, blurred
vision, weakness and/or fatigue.

Vascular function

Indicators of improved endothelial function were
vessel reactivity, as indicated by the natural log
rhythm reactive hyperemia index (LnRHI) mea-
sured through finger plethysmography, peripheral
circulation measured through TcP02 and serum
homocysteine levels. Arterial stiffness was assessed
through finger plethysmography and reported as
AIx75. Pre- and post-assessments values and statis-
tical analysis can be seen in Table 2.

Arterial stiffness measured through finger plethys-
mography was normalized for a heart rate of 75
beats per minute (bpm). Significant pre- and post-
assessment values were not observed for groups.
ANCOVA analysis revealed no significant differ-
ences between groups at post-assessments, after
adjusting for pre-assessment differences (p = 0.389).

Vessel reactivity (LnRHI) was measured through
finger plethysmography at pre- and post-assessments
for each group to determine arterial stiffness. Sig-
nificant pre- and post-assessment values were not
observed for groups. ANCOVA analysis confirmed
no significant difference between post-assessments
among groups, after adjusting for pre-assessment dif-
ferences (p = 0.338).

Figure 2a shows the average TcP02 measured at the
first metatarsal of the right and left foot at zero degrees
for pre- and post-assessments. Only the LIRT-BFR
showed significant differences at post-assessments
compared to pre-assessments (50.10 ± 6.54 and
56.83 ± 6.72 mmHg, respectively, p = 0.003). There
was a significant difference at post-assessments
between the groups for TcP02 (p = 0.043). Bon-
ferroni post hoc tests revealed a significant differ-
ence between the LIRT-BFR and CNTRL groups
(56.83 ± 6.72 and 45.19 ± 12.82 mmHg, respec-
tively, p = 0.040).

Figure 2b shows homocysteine levels at pre-
and post-assessments for each group. There was a
significant difference from pre- to post-assessment
values for the LIRT-BFR group (18.52 ± 4.14 and
11.34 ± 5.90 �mol/L, respectively, p < 0.001). Sig-
nificant differences were found between groups
(p = 0.005). Post-hoc analysis revealed significant
differences in homocysteine levels for LIRT-
BFR and CNTRL groups (11.34 ± 5.90 and
14.37 ± 1.30 �mol/L, respectively, p = 0.019) and
LIRT-BFR and HIRT group (11.34 ± 5.90 and
16.21 ± 6.89 �mol/L, respectively, p = 0.015).

Autonomic dysfunction measures

Changes in supine blood pressure, orthostatic
blood pressure drops, and heart rate variability can
be seen in Table 2.

Post-assessment SBP values differed from
pre-assessment values only in the LIRT-BFR
group (127 ± 21 and 113 ± 16 mmHg, respectively,
p = 0.028). There were no significant pre- versus
post-assessment values for supine DBP. There was a
significant difference in groups at post-assessments
for supine SBP and DBP (p = 0.007 and p = 0.041,
respectively). Post-hoc analysis revealed significant
differences between LIRT-BFR and HIRT groups for
SBP (113 ± 16 and 132 ± 20 mmHg, respectively,
p = 0.006) and DBP (75 ± 13 and 86 ± 10 mmHg,
respectively, p = 0.046).

The average drop in SBP at 3 min of stand-
ing at pre-assessments, across all groups, was
27.63 ± 11.84, indicating the presence of OH for our
PD sample, on average. There were not significant
time or group differences at post-assessments for
improvements in the drop of systolic and diastolic
blood pressure upon standing or number of reported
symptoms upon standing.

Post-assessment HRV values differed from
pre-assessment values only in the LIRT-BFR
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Table 1
Baseline anthropometric and physiological characteristics across groups

Variable HIRT LIRT-BFR CNTRL Total

Number (n) 15 15 8 38
Age (y) 64.07 ± 8.00 62.60 ± 7.50∗ 71.50 ± 6.78 65.05 ± 8.13
Males (n) (%) 11 (73) 13 (87) 5 (63) 29 (76)
Height (cm) 174.42 ± 12.72 175.34 ± 9.80 168.76 ± 15.54 173.58 ± 12.90
Weight (kg) 195.56 ± 52.72 178.39 ± 30.66 182.63 ± 31.14 186.06 ± 40.67
BMI (kg/m2) 28.75 ± 4.74 26.29 ± 3.80 27.11 ± 3.15 27.43 ± 4.14
SBP (mmHg) 129 ± 23 126 ± 21 124 ± 10 127 ± 20
DBP (mmHg) 85 ± 12 79 ± 12 82 ± 12 82 ± 11
mHY 1.97 ± 0.77 1.79 ± 0.61 2.43 ± 1.12 2.00 ± 0.82
Years Diagnosed 6.67 ± 4.73 6.33 ± 5.12 9.75 ± 6.76 7.18 ± 5.37
Years on C-Lev (y) 5.80 ± 3.61 5.20 ± 3.93 9.00 ± 6.91 6.24 ± 4.69
Dosage of C-Lev (mg) 1032 ± 693 1202 ± 756 969 ± 343 1086 ± 656
TcP02 (mmHg) 50.83 ± 6.24 52.80 ± 7.79 45.50 ± 11.56 50.49 ± 8.40
RHI 0.73 ± 0.18 0.42 ± 0.48 0.50 ± 0.23 0.56 ± 0.38
Homocysteine (�mol/L) 19.34 ± 5.31∗ 18.52 ± 4.14∗ 14.91 ± 2.02 18.07 ± 4.56
OH (n) (%) 13 (87) 12 (80) 6 (75) 31 (82)

Average baseline characteristics by group. HIRT, high-intensity resistance training; LIRT-BFR, low-
intensity resistance training with blood flow restriction; CNTRL, control groups; SBP, systolic blood
pressure; DBP, diastolic blood pressure; C-Lev, Carbidopa-Levodopa; OH, orthostatic hypotension;
TcPO2, transcutaneous oxygen; RHI, reactive hyperemia index; BMI, body mass index; mHY,
modified Hoehn and Yahr. The ∗indicates significant differences compared to the CNTRL group at
pre-assessments (p < 0.05).

Table 2
Vascular and autonomic adaptations to four weeks of HIRT and LIRT-BFR

Variable Groups Pre Post t-test p Cohen’s d ANCOVA p

LnRHI HIRT 0.67 ± 0.25 0.50 ± 0.35 0.051 0.296 0.338
LIRT-BFR 0.50 ± 0.48 0.60 ± 0.24 0.436 0.479
CNTRL 0.50 ± 0.23 0.53 ± 0.19 0.419 0.082

TcP02 (mmHg) HIRT 49.93 ± 6.26 50.07 ± 5.69 0.941 6.85 0.005
LIRT-BFR 50.10 ± 6.54 56.83 ± 6.72∗# 0.003 7.14
CNTRL 44.88 ± 11.26 45.19 ± 12.82∗ 0.788 3.16

Homocysteine HIRT 19.34 ± 5.31 16.21 ± 6.89 0.079 6.31 0.018
(�mol/L) LIRT-BFR 18.52 ± 4.14 11.34 ± 5.90∗# <0.001 15.04

CNTRL 14.91 ± 2.02 14.37 ± 1.30∗ 0.511 4.21

AIx75 HIRT 8.93 ± 22.89 9.87 ± 33.11 0.911 20.35 0.389
LIRT-BFR 18.52 ± 4.14 11.34 ± 5.90 0.881 23.79
CNTRL 13.13 ± 18.06 14.63 ± 19.43 0.216 3.12

Supine SBP (mmHg) HIRT 129 ± 23 132 ± 20 0.540 15.63 0.007
LIRT-BFR 127 ± 21 113 ± 16∗# 0.028 21.20
CNTRL 124 ± 10 122 ± 10 0.498 9.90

Supine DBP (mmHg) HIRT 84 ± 13 86 ± 10 0.438 9.05 0.041
LIRT-BFR 81 ± 12 75 ± 13∗ 0.180 17.19
CNTRL 82 ± 77 77 ± 10 0.144 8.37

RMSSD (ms) HIRT 24.33 ± 3.11 23.80 ± 3.99 0.438 1.96 0.047
LIRT-BFR 23.60 ± 3.33 26.87 ± 5.07∗# 0.041 5.62
CNTRL 26.75 ± 1.83 27.13 ± 1.13 0.310 1.41

Orthostatic SBP HIRT 25 ± 11 26 ± 11 0.724 12.89 0.398
Drop (mmHg) LIRT-BFR 30 ± 12 24 ± 12# 0.026 9.58

CNTRL 31 ± 17 27 ± 10 0.243 8.88

Values are presented as means ± standard deviation. HIRT, high-intensity resistance training; LIRT-BFR, low-intensity
resistance training with blood flow restriction; CNTRL, control groups; SBP, systolic blood pressure; DBP, diastolic
blood pressure; RMSSD, root mean square of successive normal-to-normal interval differences; Aix75, augmentation
index corrected at 75 beats per minute. The ∗indicates significant differences compared to the HIRT group (p < 0.05). The
#indicates significant difference compared to pre-assessment (p < 0.05).
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Fig. 2. Homocysteine and peripheral circulation adaptations to four weeks of HIRT and LIRT-BFR. HIRT, high-intensity resistance training;
LIRT-BFR, low-intensity resistance training with blood flow restriction; CNTRL, control. The ∗indicates a significant difference compared to
HIRT at post-assessments (p < 0.05) and #indicates a significant difference compared to pre-assessments (p < 0.05). a) Plasma homocysteine
levels. Elevated homocysteine is considered to be above 12 �mol/L and is represented by the dotted line. b) Average peripheral circulation,
as indicated by transcutaneous oxygen pressure (TcP02). The cutoff line is represented by the dotted line at 50 mmHg, with lower pressures
indicating poor circulation in the foot.

group (30 ± 12 and 24 ± 12 mmHg, respectively,
p = 0.041). There was a significant difference
between groups for root mean square of succes-
sive normal-to-normal interval differences (RMSSD)
for HRV at post-assessments (p = 0.047). Post hoc
analysis revealed a significant difference between
LIRT-BFR and HIRT groups (26.87 ± 5.07 and
23.80 ± 3.99 ms, respectively, p = 0.042).

Exercise hemodynamic responses

The exercise time for the HIRT and LIRT-BFR
groups was 54.85 ± 4.23 min and 51.27 ± 8.3 min,
respectively. Average values for the HIRT and LIRT-
BFR hemodynamic load averages over four weeks
are noted in Table 3. An independent samples test
was performed to note differences between hemo-
dynamic markers for exercise sessions by using
the average of all weeks combined. Significant
differences were observed between lower body exer-
cises average DBP immediately after exercise in
the LIRT-BFR and HIRT groups (77.11 ± 10.32
and 84.71 ± 9.41 mmHg, p < 0.05, respectively). No
other significant differences were found.

Nutritional analysis

There were no significant differences between con-
ditions for total calories, macronutrients or estimated
dietary folate levels at pre-assessments. No signifi-
cant main effect for time were indicated for calories,

Table 3
Hemodynamic Response LIRT-BFR and HIRT

Variable HIRT LIRT-BFR

Total SBP (mmHg) 129 ± 18 127 ± 18
Total DBP (mmHg) 84 ± 8 77 ± 10
Lower SBP (mmHg) 129 ± 18 129 ± 18
Lower DBP (mmHg) 85 ± 9 77 ± 10∗
Upper SBP (mmHg) 128 ± 19 128 ± 20
Upper DBP (mmHg) 83 ± 9 78 ± 11
MAP 99 ± 11 94 ± 13
Pulse Pressure 45 ± 13 50 ± 11
HR (bpm) 89 ± 12 90 ± 11
RPP 115.29 ± 25.19 115.33 ± 24.04
RPE 7.57 ± 0.98 6.97 ± 2.11

Values are presented as means ± standard deviation. HIRT, high-
intensity resistance training; LIRT-BFR, low-intensity resistance
training with blood flow restriction; CNTRL, control groups; SBP,
systolic blood pressure; DBP, diastolic blood pressure; MAP, mean
arterial pressure; HR, heart rate; RPP, rate pressure product; RPE,
rating of perceived exertion. The ∗indicates significant differences
compared to the HIRT group (p < 0.05). Lower indicates lower
body exercises performed (leg extensions, leg curls and calf raises).
Upper indicates upper body exercises performed (triceps exten-
sion, biceps curl and hand grip).

carbohydrate, protein, fat or folate intake. Likewise,
no significant group x time interaction was observed
for nutrients previously mentioned.

DISCUSSION

The main findings of our study were that (1)
LIRT-BFR significantly improves OH, homocys-
teine, peripheral circulation and HRV after four
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weeks in PwPD; (2) LIRT-BFR improves homocys-
teine, peripheral circulation and heart rate variability
more than HIRT in PwPD and (3) hemodynamic loads
for LIRT-BFR and HIRT are similar when using small
muscle groups with intermittent BFR. Overall, LIRT-
BFR was more effective than HIRT in improving
autonomic and endothelial dysfunction in PwPD after
four weeks of exercise.

LIRT-BFR had a more profound effect on endothe-
lial function than HIRT in our study. A similar
observation was made in healthy, older individuals
who participated in four weeks of LIRT-BFR con-
sisting of two upper and two lower body exercises
[43]. A low TcP02 value (<46 mmHg) is a signifi-
cant predictor of major adverse cardiovascular events
[77] and is used as a predictive means of wound heal-
ing and decisions on amputation in diabetics [78].
While peripheral circulation is not a common clini-
cal marker for PwPD, it is important to note that our
participants, who did not have diabetes, had TcP02
values that paralleled middle-aged diabetics [79]. Our
study was the first to measure peripheral circulation
via TcP02 in PwPD. After four weeks of LIRT-BFR,
our participants’ periperal circulation significantly
improved and displayed values closer to non-diabetic,
normal middle-aged individuals [79]. This was a
significant difference compared to the HIRT group.
This finding shows LIRT-BFR may be a promising
intervention to help attenuate and possibly improve
peripheral circulation in PwPD who experience poor
circulation because of autonomic dysfunction.

Elevated levels of homocysteine are considered
to be over 12 �mol/L and are found in five to 10
percent of the general population and in up to 40
percent of patients with vascular disease [80]. In our
study, all groups had elevated homocysteine levels at
pre-assessment, averaging 18.07 ± 4.56 �mol/L and
over 1000 mg of levodopa daily. Recommendations
for levodopa dosage are between 300–1200 mg per
day, divided into 3 to 12 doses [81]. Our participants’
homocysteine values were slightly higher than other
PD participants studied who were treated with lev-
odopa [8, 82, 83]. Our participants’ levodopa therapy
was on the higher side of the recommended dosage,
though more research is needed to determine if higher
levodopa dosages linearly related to homocysteine
levels. Our results were consistent with the current lit-
erature, where HIRT improved homocysteine levels
[29], but LIRT-BFR had a more significant improve-
ment compared to HIRT in our study. Homocysteine
and cardiac autonomic dysfunction have not been lin-
early correlated in PwPD, but this correlation has

been made in patients with obstructive sleep apnea
and ischemic stroke patients with sleep apnea [13,
84]. This may indicate the clinical significance of
testing homocysteine levels regularly in PwPD. To
the authors’ knowledge, a study evaluating homocys-
teine in response to BFR exercise of any kind has not
been done.

The autonomic and vascular state of our PwPD
indicate a large deviation from normal, healthy older
persons. HRV, RHI, homocysteine and OH rates for
our participants were in agreeance with the current
literature [8, 17, 19, 85] and indicate markers of
autonomic dysfunction that can be used for clini-
cal measures. Conversely, arterial stiffness measured
just below standard cutoff values for our participants
[69] and supports the observation that endothelial
dysfunction in our participants precedes arterial stiff-
ness in PwPD [55]. Typically, an individual with
hypertension has altered endothelial function due
to oxidative stress and subsequent atherosclerosis
[86]. PwPD also experience endothelial dysfunction
and atherosclerosis, but this is caused by autonomic
dysfunction, rather than vascular oxidative stress
[55]. PwPD experience high blood pressures when
laying supine and low blood pressures when stand-
ing [18]. These variations in blood pressure are
attributed to autonomic dysfunction rather than the
diseased vessels seen in hypertensive individuals. In
a study examining the effects of six weeks of walk-
ing in pre-hypertensive middle-aged men, significant
improvements in SBP and HRV were observed only
in the group who walked with BFR [87]. In our
study, LIRT-BFR also resulted in improved supine
SBP, HRV and OH while HIRT did not. While the
mechanisms behind this are not fully understood,
improved endothelial function, decreased sympa-
thetic nerve activity and increased cardiac vagal tone
may help to explain this improvement in these auto-
nomic markers in response to BFR [38, 43, 45].
Further, a decrease in homocysteine can deactivate
the angiotensin-renin-aldosterone system and thus,
sympathetic nerve activity which results in improved
autonomic function, as indicated by improved HRV
[88].

Understanding the relationship between the auto-
nomic nervous system and endothelial responses is
crucial to help improve the quality of life in PwPD.
Autonomic dysfunction is the culprit behind non-
motor symptoms that disrupt the quality of life
in PwPD and contribute to increased risk of falls
associated with orthostatic intolerance [19, 21, 89].
Interactions exist between the autonomic nervous
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system and blood vessels. Neurotransmitters and
endothelial cells communicate to change vascular
tone in response to physiological conditions. This
“cross-talk” is complex and endothelial dysfunction
has been deemed to be the precursor to autonomic
dysfunction in heart failure, diabetes and hyperten-
sion [90]. In our study, 31 of the 38 participants
experienced OH. The inability for the autonomic
nervous system to communicate effectively with the
endothelial cells results in the steep drop in blood
pressure. This disrupted autonomic function is also
displayed through altered blood pressure responses
during exercise in PwPD [27]. In our study, only
LIRT-BFR resulted in significant improvements in
HRV and OH. Further studies are needed to correlate
improvements in autonomic function and subsequent
improvements in endothelial function in PwPD, espe-
cially focusing on the cross-talk between the two
systems in response to postural and exercise hemo-
dynamic demands.

Hemodynamic loads

The safety of BFR has been questioned on a wide
variety of platforms including abnormal blood pres-
sure responses, blood clots, decreased venous return,
altered muscle metaboreflex and cardiac output [46,
91, 92]. On the other hand, BFR has shown promis-
ing improvements in vulnerable populations, such
as those with heart failure, chronic kidney disease,
coronary artery disease and those who underwent
cardiovascular surgery [45, 93–95]. It is important
to note that no adverse events were reported in
response to LIRT-BFR or HIRT over the course of
four weeks in our study. Our BFR protocol was
designed with these safety precautions in mind and
was designed to avoid multi-joint, larger muscle
group exercises, like leg press, where increased intra-
abdominal pressures increased hemodynamic loads
[51, 96]. Our LIRT-BFR protocol used seated, single-
joint, small muscle group resistance exercises, like
leg extensions, and resulted in similar hemodynamic
loads compared to exercise-matched HIRT. The only
significant difference was post-exercise DBP. The
LIRT-BFR group’s exercise DBP was significantly
lower than HIRT, on average. A decrease in DBP may
indicate that vasodilation has occurred in the active
muscular beds following exercise and may be an
indicator of endothelial function [97] although post-
exercise hypotension symptoms were not reported
with this drop. While post-exercise hypotension fol-
lowing BFR exercise has been shown [98], BFR

exercise that only uses single-joint exercises and is
deflated after each exercise, alternating upper and
lower body has not been studied until now.

Conclusions

The present study demonstrated a need for clin-
ical autonomic and endothelial testing for PwPD
and showed that LIRT-BFR may attenuate associated
symptoms. Our participants had high homocysteine,
decreased peripheral circulation and low vessel reac-
tivity. They also displayed autonomic dysfunction
through orthostatic hypotension and decreased HRV.
Associated non-motor symptoms such as digestive
issues and urinary incontinence are related to auto-
nomic dysfunction, falls are associated with postural
and OH and neuropathy is linked to poor peripheral
circulation. Improving autonomic and endothelial
dysfunction has the potential to improve these non-
motor symptoms and increased the quality of life
in PwPD. We demonstrated more favorable auto-
nomic and endothelial adaptations after four weeks
of LIRT-BFR compared to HIRT in PwPD displaying
autonomic dysfunction. Additionally, using a LIRT-
BFR protocol utilizing simple, single-joint, seated
resistance exercises with intermittent BFR may be a
solid solution to decrease hemodynamic loads, espe-
cially in those with diminished cardiovascular health.
This study was limited by a small sample size and did
not include persons with severe PD. Further, our study
was only four weeks long, so it is unknown how long
these training effects lasted or if these effects would
remain favorable with continued exercise. Future
research should aim to determine the residual and
detraining effects on autonomic and endothelial func-
tion in PwPD after LIRT-BFR protocols and aim to
test this LIRT-BFR protocol in persons with more
advanced stages of PD. Further, studies examining the
mechanisms behind the disrupted cross-talk between
the autonomic and endothelial systems in PwPD are
needed.
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D’Almeida V, Belló-Klein A, Irigoyen MC, Rigatto K
(2014) Moderate hyperhomocysteinemia provokes dysfunc-
tion of cardiovascular autonomic system and liver oxidative
stress in rats. Auton Neurosci 180, 43-47.

[13] Liu L, Wu Q, Yan H, Zheng X, Zhou Q (2020) Plasma
homocysteine and autonomic nervous dysfunction: Associ-
ation and clinical relevance in OSAS. Dis Markers 2020,
4378505.

[14] Tiftikcioglu BI, Bilgin S, Duksal T, Kose S, Zorlu Y
(2016) Autonomic neuropathy and endothelial dysfunction
in patients with impaired glucose tolerance or type 2 dia-
betes mellitus. Medicine (Baltimore) 95, e3340.

[15] Liepelt-Scarfone I, Pilotto A, Müller K, Bormann C, Gauss
K, Wurster I, Streffer J, Berg D (2015) Autonomic dysfunc-
tion in subjects at high risk for Parkinson’s disease. J Neurol
262, 2643-2652.

[16] Romagnolo A, Zibetti M, Merola A, Canova D, Sarchioto
M, Montanaro E, Artusi CA, Vallelonga F, Maule S, Lopiano
L (2019) Cardiovascular autonomic neuropathy and falls in
Parkinson disease: A prospective cohort study. J Neurol 266,
85-91.

[17] Heimrich KG, Lehmann T, Schlattmann P, Prell T (2021)
Heart rate variability analyses in Parkinson’s disease: A
systematic review and meta-analysis. Brain Sci 11, 959.

[18] Amara AW, Memon AA (2018) Effects of exercise on non-
motor symptoms in Parkinson’s disease. Clin Ther 40, 8-15.

[19] Goldstein DS (2006) Orthostatic hypotension as an early
finding in Parkinson’s disease. Clin Auton Res 16, 46-54.

[20] Hiorth YH, Pedersen KF, Dalen I, Tysnes O-B, Alves G
(2019) Orthostatic hypotension in Parkinson disease. Neu-
rology 93, e1526-e1534.

[21] Merola A, Romagnolo A, Rosso M, Suri R, Berndt Z, Maule
S, Lopiano L, Espay AJ (2018) Autonomic dysfunction in
Parkinson’s disease: A prospective cohort study. Mov Disord
33, 391-397.

[22] Amiya E, Watanabe M, Komuro I (2014) The relationship
between vascular function and the autonomic nervous sys-
tem. Ann Vasc Dis 7, 109-119.

[23] Claassen DO, Adler CH, Hewitt LA, Gibbons C (2018)
Characterization of the symptoms of neurogenic orthostatic
hypotension and their impact from a survey of patients and
caregivers. BMC Neurol 18, 125.

[24] Sabino-Carvalho JL, Vianna LC (2020) Altered car-
diorespiratory regulation during exercise in patients with
Parkinson’s disease: A challenging non-motor feature.
SAGE Open Med 8, 2050312120921603.

[25] Low DA, Vichayanrat E, Iodice V, Mathias CJ (2014) Exer-
cise hemodynamics in Parkinson’s disease and autonomic
dysfunction. Parkinsonism Relat Disord 20, 549-553.

[26] Griffith G, Lamotte G, Mehta N, Fan P, Nikolich J, Spring-
man V, Suttman E, Joslin E, Balfany K, Dunlap M, Kohrt
WM, Christiansen CL, Melanson EL, Josbeno D, Chahine
LM, Patterson CG, Corcos DM (2024) Chronotropic incom-
petence during exercise testing as a marker of autonomic
dysfunction in individuals with early Parkinson’s disease.
J Parkinsons Dis 14, 121-133.

[27] Sabino-Carvalho JL, Fisher JP, Vianna LC (2021) Auto-
nomic function in patients with Parkinson’s disease: From
rest to exercise. Front Physiol 12, 626640.



A. Bane et al. / BFR Exercise and AD in PD 773

[28] Rodrigo-Mallorca D, Loaiza-Betancur AF, Monteagudo P,
Blasco-Lafarga C, Chulvi-Medrano I (2021) Resistance
training with blood flow restriction compared to traditional
resistance training on strength and muscle mass in non-
active older adults: A systematic review and meta-analysis.
Int J Environ Res Public Health 18, 11441.

[29] Deminice R, Ribeiro DF, Frajacomo FTT (2016) The effects
of acute exercise and exercise training on plasma homocys-
teine: A meta-analysis. Plos One 11, e0151653.

[30] Vincent HK, Bourguignon C, Vincent KR (2006) Resistance
training lowers exercise-induced oxidative stress and homo-
cysteine levels in overweight and obese older adults. Obesity
14, 1921-1930.

[31] Morberg BM, Jensen J, Bode M, Wermuth L (2014) The
impact of high intensity physical training on motor and non-
motor symptoms in patients with Parkinson’s disease (PIP):
A preliminary study. Neurorehabilitation 35, 291-298.

[32] Dibble LE, Hale TF, Marcus RL, Droge J, Gerber JP, LaS-
tayo PC (2006) High-intensity resistance training amplifies
muscle hypertrophy and functional gains in persons with
Parkinson’s disease. Mov Disord 21, 1444-1452.

[33] Hirsch MA, Toole T, Maitland CG, Rider RA (2003) The
effects of balance training and high-intensity resistance
training on persons with idiopathic Parkinson’s disease.
Arch Phys Med Rehabil 84, 1109-1117.

[34] Letieri RV, Teixeira AM, Furtado GE, Lamboglia CG, Rees
JL, Gomes BB (2018) Effect of 16 weeks of resistance exer-
cise and detraining comparing two methods of blood flow
restriction in muscle strength of healthy older women: A
randomized controlled trial. Exp Gerontol 114, 78-86.

[35] Loenneke JP, Wilson GJ, Wilson JM (2010) A mechanis-
tic approach to blood flow occlusion. Int J Sports Med 31,
1-4.

[36] Patterson SD, Leggate M, Nimmo MA, Ferguson RA (2013)
Circulating hormone and cytokine response to low-load
resistance training with blood flow restriction in older men.
Eur J Appl Physiol 113, 713-719.

[37] Takarada Y, Takazawa H, Sato Y, Takebayashi S, Tanaka
Y, Ishii N (2000) Effects of resistance exercise combined
with moderate vascular occlusion on muscular function in
humans. J Appl Physiol (1985) 88, 2097-2106.

[38] Zhao Y, Lin A, Jiao L (2021) Eight weeks of resistance
training with blood flow restriction improve cardiac function
and vascular endothelial function in healthy young Asian
males. Int Health 13, 471-479.

[39] Hunt JEA, Walton LA, Ferguson RA (2012) Brachial artery
modifications to blood flow-restricted handgrip training and
detraining. J Appl Physiol (1985) 112, 956-961.

[40] Hunt JEA, Galea D, Tufft G, Bunce D, Ferguson RA (2013)
Time course of regional vascular adaptations to low load
resistance training with blood flow restriction. J Appl Phys-
iol (1985) 115, 403-411.

[41] Douris PC, Cogen ZS, Fields HT, Greco LC, Hasley
MR, Machado CM, Romagnuolo PM, Stamboulis G,
DiFrancisco-Donoghue J (2018) The effects of blood flow
restriction training on functional improvements in an active
single subject with Parkinson disease. Int J Sports Phys Ther
13, 247-254.

[42] Douris PC, D’Agostino N, Werner WG, Petrizzo J,
DiFrancisco-Donoghue J (2022) Blood flow restriction
resistance training in a recreationally active person
with Parkinson’s disease. Physiother Theory Pract 38,
422-430.

[43] Shimizu R, Hotta K, Yamamoto S, Matsumoto T, Kamiya
K, Kato M, Hamazaki N, Kamekawa D, Akiyama A,

Kamada Y, Tanaka S, Masuda T (2016) Low-intensity resis-
tance training with blood flow restriction improves vascular
endothelial function and peripheral blood circulation in
healthy elderly people. Eur J Appl Physiol 116, 749-757.

[44] Ozaki H, Yasuda T, Ogasawara R, Sakamaki-Sunaga M,
Naito H, Abe T (2013) Effects of high-intensity and blood
flow-restricted low-intensity resistance training on carotid
arterial compliance: Role of blood pressure during training
sessions. Eur J Appl Physiol 113, 167-174.

[45] de Deus LA, Neves RVP, Corrêa H de L, Reis AL, Honorato
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