
 
 
 
 
 
 
 
 

ABSTRACT 
 

Effects of Blood Flow Restriction Resistance Training on Strength, Vascular and Motor 
Function in Persons with Parkinson's Disease 

 
Annie Allison Bane, Ph.D. 

 
Mentor: Darryn S. Willoughby, Ph.D. 

 
 
 Parkinson’s disease (PD) is a neurodegenerative disease that displays itself most 

notably through motor symptom disruptions.  The first line of defense for persons with 

Parkinson’s disease (PwP) is carbidopa-levodopa (levodopa). While this drug therapy 

effectively treats motor symptoms, the deleterious effects to the vessels can lead to 

increased homocysteine, endothelial dysfunction, poor peripheral circulation, restless leg 

syndrome, autonomic dysfunction and cardiovascular disease. Homocysteine has been 

identified as a cardiovascular disease risk factor and has been associated with cognitive 

dysfunction.  

 Resistance exercise is effective at lowering homocysteine and improving motor 

symptoms of PD. Resistance exercise, however, may cause increased arterial stiffness 

due to the increased hemodynamic load it causes and may not be complementary for the 

vessels of older individuals with present arterial stiffness. Blood flow restriction (BFR) 

resistance exercise has been shown to improve vascular function in healthy, older 

individuals.  
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 The effects of low-intensity BFR (LIRT-BFR) on the vascular and motor 

symptoms of PD has not been studied. Therefore, the purpose of this study was to 

determine if LIRT- BFR attenuates or improves endothelial function and homocysteine 

levels in PwP compared to high-intensity resistance exercise. Thirty-eight PwP on 

levodopa therapy were assigned LIRT-BFR, high-intensity resistance training (HIRT) or 

to a control group (CNTRL). The LIRT-BFR and HIRT groups participated in exercise 

three days per week for four weeks and the CNTRL group was asked to continue their 

normal routine. Hemodynamic loads and strength improvements were similar between 

the two exercise groups. There were significant improvements in homocysteine and 

endothelial nitric oxide synthase (eNOS) for LIRT-BFR and HIRT. Reactive hyperemia 

index (RHI), peripheral circulation and resting blood pressure only improved for LIRT-

BFR. HIRT showed worsening RHI, autonomic symptoms and resting blood pressure 

values. LIRT-BFR significantly improved vascular function in our participants with 

decreased endothelial function and circulation. This is the first intervention proposed to 

help attenuate the disruptive vascular effects of levodopa. More research is needed, 

however, to understand if these effects are lasting and will continue with LIRT-BFR 

intervention.  
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CHAPTER ONE 
 

Introduction 
 
 

Carbidopa-levodopa (levodopa) therapy and high-intensity resistance training 

(HIRT) appear to be a double-edged sword to treat symptoms of Parkinson’s disease 

(PD). While both are effective in treating motor symptoms of PD (48, 206), the 

disruption to the cardio- and cerebrovascular system is concerning (150, 195). Thomas 

Sydenham, an English physician said, “A man is as old as his arteries.” Persons with 

Parkinson’s (PwP) struggle to live a quality life due to the neurological disruption of 

motor skills and functioning (169). The most effective treatments for functional and 

motor symptoms of PD through drug therapy (195) and exercise (150) can annihilate the 

vessels. Endothelial dysfunction and elevated homocysteine levels are physiological 

alterations in PwP (20, 119, 195) and are accelerated when taking levodopa (195). As a 

result, PwP have increased prevalence of cardio- and cerebrovascular diseases and 

cognitive impairment (267, 272). While resistance exercise is effective in decreasing 

homocysteine levels (252), HIRT may lead to increased arterial stiffness and blood 

pressures (138), especially in those who have stiffness prior to training (200). Low-

intensity blood flow resistance exercise (LIRT-BFR) increases strength and endothelial 

function more than HIRT in older adults (221), results in less oxidative stress (233) and 

does not alter arterial stiffness (174). Therefore, LIRT-BFR may ameliorate and possibly 

improve some of these unfavorable physiological changes in PwP and be more 
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comfortable and safe than HIRT (133) (Figure 1). To date, there have been no studies 

examining the effects of LIRT-BFR on homocysteine levels or LIRT-BFR in PwP. 

Parkinson’s disease (PD) is a progressive, debilitating disease of the central 

nervous system that affects over one million people in the United States (198). The 

degeneration of dopaminergic neurons within the substantia nigra results in disrupted 

motor functioning through rigidity, bradykinesia, resting tremors and impaired postural 

reflexes (105). Motor skills, muscle strength, endurance (2) and gait (37) are all 

negatively affected and result in disability, fragility (216) and increased risk of falling 

(37). Levodopa is the most effective drug in treating motor symptoms of PD (206) and is 

the most widely prescribed medication to treat PwP (183). Physiological risk factors for 

cardiovascular disease (CVD) increase substantially in PwP who are treated with 

levodopa (94, 206, 272). Endothelial dysfunction and elevated homocysteine levels are 

not listed as side-effects of levodopa (281), though previous studies have demonstrated 

such occurrences (195, 272). Endothelial dysfunction has been suggested to be part of the 

early pathogenesis of atherosclerosis (272) and includes decreased flow-mediated 

dilation, endogenous nitric oxide concentration and peripheral circulation. Elevated 

homocysteine concentrations are highly correlated with atherosclerosis (240) and may be 

the strongest independent risk factor for vascular disease (30). Additionally, high 

homocysteine levels are strongly correlated with cognitive impairment in PwP and also 

suggested to be a strong independent risk factor for other cognitively-impairing diseases 

(267). Finding an intervention to decrease homocysteine levels in PD is of utmost 

importance and conventional means, such as folate supplementation, have been 

ineffective in treating hyperhomocysteinemia in PwP (195). Many studies demonstrate a 
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correlation between elevated homocysteine concentrations, risk of myocardial infarction, 

and mortality (240). Individuals with PD exhibit cerebrovascular lesions postmortem, 

despite being less symptomatic than non-PD controls (106), have increased risk of 

ischemic stroke (97) and an increased risk of acute myocardial infarctions (131). While 

the efficacy of levodopa directly improves quality of life by improving motor symptoms 

on a day-to-day basis (206), the underlying and elevated risk of heart disease, stroke and 

acute myocardial infarction is of concern (9, 94, 97, 131).  

Resistance exercise directly works to improve motor symptoms in PwP (33) and 

markers of fragility including gait, stride, strength and endurance as well as decreasing 

risk of falls (93). High-intensity resistance training (HIRT) has been proven beneficial for 

PwP by improving motor and non-motor symptoms (155). Low- and high-intensity 

resistance exercise decreases homocysteine levels in older individuals (252) while 

aerobic effects on homocysteine are controversial (45). Further, aerobic exercise is 

insufficient to inhibit the loss of muscular strength that comes with advancing age and in 

modulating reductions in basal limb blood flow and vascular conductance (52, 259). 

Though low- and moderate-intensity resistance exercise is recommended over HIRT for 

older and frail individuals (259), the improvements observed with low- to moderate-

intensity exercise are not comparable to HIRT in older individuals and PwP (48, 93). 

HIRT, however, can negatively affect endothelial functioning and arterial stiffness over 

time (34, 150, 200) due to increases in total peripheral resistance (TPR), hemodynamic 

changes, arterial stiffness and increased blood pressure during the exercise session itself 

(95). The hemodynamic alterations, decreases in central artery compliance and the safety 
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of HIRT in older individuals is concerning (95, 152, 202). For these reasons, HIRT is not 

recommended for older individuals with cardiovascular diseases (259).  

 

 

Figure 1. Endothelial, peripheral circulatory, homocysteine and eNOS reponses to resistance exercise and 
levodopa. The       arrows indicate an increase or decrease, respectively. The + indicates the positive effect 
LIRT-BRF has on the responses listed. The ? indicates the gap in the literature exploring the effects of 
LIRT-BFR on the listed response.  

 
 
LIRT-BFR may be an alternative type of exercise that results in improvements 

similar to HIRT without the acute disruption in hemodynamics and chronic disruption in 

arterial compliance (68, 231), especially if smaller muscle groups are used (95, 227). 

LIRT-BFR is used widely in interventions to combat sarcopenia, increase strength and 

hypertrophy in older individuals (129, 135). During BFR exercise, cuff pressure occludes 

venous return and causes arterial blood flow to become turbulent, resulting in the 

enhanced metabolic stress and fast-twitch fiber recruitment in skeletal muscle (229). At 



5 
 

the end of exercise ischemic reperfusion induced by cuff deflation stimulates shear stress, 

followed by greater vasodilation and/or enhanced blood flow (176). Further, 

microvascular filtration capacity is induced (59). It is postulated that hyperemic blood 

flow may lead to greater shear stress, inducing vasodilation (95), which results in 

increased nitric oxide (190). Maximal dilation that has been observed after ischemic 

exercise (161) may explain BFR exercise benefit on vascular function such as arterial 

compliance and endothelial function. One study (174) revealed that LIRT-BFR upper-

body exercise did not diminish carotid artery stiffness, while HIRT without BFR 

decreased artery compliance. HIRT results in higher SBP compared to LIRT-BFR (231), 

which may play a role in inducing arterial compliance (95). Post-exercise hypotension 

has been reported after HIRT and not LIRT-BFR (135, 194). Therefore, LIRT can 

reasonably be assumed to have had less stress on the cardiovascular system and be safer. 

An increase in oxidative stress is linked to endothelial dysfunction (70). Moderate- and 

high-intensity resistance exercise elicits higher oxidative stress markers (79, 145, 146), 

whereas oxidative stress does not increase in LIRT-BFR (233). Moreover, LIRT-BFR 

improves endothelial function, peripheral circulation and strength in older individuals 

(54). LIRT-BFR offers a safer exercise intensity for PwP, due to their disrupted motor 

functioning, gait and increased risk of falling. Additionally, LIRT-BFR may not only 

decrease cardiac and oxidative stress during the exercise session itself, it may increase 

endothelial function and decrease homocysteine levels in PwP; who, as a result of these 

increased markers, are more susceptible to detrimental cardiovascular and 

cerebrovascular and cognitive conditions.  
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Significance of the Study 
 

 The altered motor symptoms of PD negatively affect quality of life, disrupt 

activities of daily living, lead to increased risk of falling and disability. Levodopa therapy 

is prescribed to a majority of persons diagnosed with PD and is effective in treating 

rigidity, bradykinesia and resting tremors and greatly improves quality of life on a day-to-

day basis in PwP. Levodopa, however, causes endothelial dysfunction and increased 

homocysteine levels, both of which are directly linked to cardiovascular and 

cerebrovascular disease. PwP have been shown to be at increased risk of strokes, CAD 

and acute MI. Resistance training improves endothelial function and homocysteine levels 

but is difficult and may lead to arterial stiffness due to increased blood pressure exposure. 

LIRT-BFR improves endothelial function and peripheral circulation more so than high 

intensity resistance training without BFR. 

 
Purpose of the Study 

 
 The purpose of this study was to determine if LIRT- BFR attenuates or improves 

endothelial function and homocysteine levels in PwP compared to high-intensity 

resistance exercise.   

 
Research Questions 

 
 
Questions 

How does four weeks of LIRT-BFR: 

1. influence endothelial function, as measure by reactive hyperemia index, in 

PwP on levodopa?  

2. influence homocysteine levels in PwP on levodopa?  
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3. influence peripheral circulation in PwP on levodopa?

4. influence eNOS in PwP on levodopa?

5. influence motor symptoms in PwP on levodopa?

6. influence strength and endurance measurements in PwP on levodopa.

7. compare to high intensity resistance exercise in improvements of endothelial

function, homocysteine levels, peripheral circulation and eNOS?

8. compare to high intensity resistance exercise in improvements of motor

functioning, strength and endurance?

9. compare to HIRT in values of cardiovascular stress, including rate-pressure-

product, systolic and diastolic pressures, total peripheral resistance and mean

arterial pressure in PwP during a single exercise session?

10. compare to the control group, whose physical activity, has not changed?

11. influence autonomic symptoms and restless leg syndrome in PwP on

levodopa?

12. influence quality of life and depression in PwP on levodopa?

Hypotheses 

Hypothesis Related to Question 1 

H0: There will be no difference in RHI after four weeks of LIRT-BFR in PwP on 

levodopa.  

H1: Endothelial function, as measured by RHI, will improve after four weeks of 

LIRT-BFR in PwP on levodopa.  
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Rationale. Aging is associated with a decline in vascular function (214); however, 

there appears to be an acceleration in endothelial dysfunction in PwP on levodopa 

therapy (195, 272). LIRT-BFR improves endothelial function, as measured by RHI, in 

older adults after four weeks of training (221). 

 
Hypothesis Related to Question 2 

H0: There will be no difference in plasma homocysteine levels after four weeks of 

LIRT-BFR in PwP on levodopa. 

H1: Plasma homocysteine levels will decrease after four weeks of LIRT-BFR in 

PwP on levodopa. 

 
Rationale. While homocysteine levels have not been studied in regard to BFR 

exercise, serum homocysteine levels decrease with low-intensity and high-intensity 

resistance exercise at similar rates in older adults (252). 

 
Hypothesis Related to Question 3 

H0: There will be no difference in peripheral circulation after four weeks of LIRT-

BFR in PwP on levodopa. 

H1: Peripheral circulation will increase after four weeks of LIRT-BFR in PwP on 

levodopa. 

 
Rationale. Peripheral circulation improves after four weeks of LIRT-BFR in older 

adults as measured by transcutaneous oxygen monitoring (TcP02) (221).  
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Hypothesis Related to Question 4 

H0: There will be no difference in eNOS after four weeks of LIRT-BFR in PwP 

on levodopa. 

H1: eNOS will increase after four weeks of LIRT-BFR in PwP on levodopa. 

 
Rationale. Those with increased homocysteine levels also have reduced 

bioavailability of eNOS (20). Due to this inverse relationship, when homocysteine levels 

decrease, eNOS is predicted to increase. Further, resistance exercise and LIRT-BFR 

increases eNOS (135, 242). 

 
Hypothesis Related to Question 5 

H0: There will be no difference in motor functions after four weeks of LIRT-BFR 

in PwP on levodopa. 

H1: Motor functions will increase after four weeks of LIRT-BFR in PwP on 

levodopa. 

 
Rationale. Resistance training and HIRT have improved motor functioning in 

PwP (33, 155). While BFR of any kind has not been done in PwP on a large scale, a case 

study revealed improvements in motor functioning in an individual with PD performing 

BFR walking (54). Decreased levels of homocysteine are associated with cognitive 

dysfunction (267), therefore, the predicted decrease in homocysteine levels are predicted 

to improve motor functioning in PwP.  
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Hypothesis Related to Question 6 

H0: There will be no difference in strength or endurance after four weeks of 

LIRT-BFR in PwP on levodopa. 

H1: Strength and endurance will improve after four weeks of LIRT-BFR in PwP 

on levodopa. 

 
Rationale. LIRT-BFR has been shown to increases strength, comparable to high 

intensity resistance training (123) favoring higher occlusion pressures for a more 

favorable outcome in older adults (129). In a case study observing BFR in an individual 

with PD, endurance improved, as measured by the 6-minute walk test, after BFR walking 

(54).  

 
Hypothesis Related to Question 7 

H0: There will be no difference in endothelial function, peripheral circulation, 

homocysteine or eNOS improvements after four weeks of LIRT-BFR compared 

to HIRT without BFR. 

H1: Significant improvements in endothelial function, peripheral circulation, 

homocysteine and eNOS will be observed in LIRT-BFR over HIRT. 

 
Rationale. While LIRT-BFR training has not been studied in PwP, endothelial 

function and peripheral circulation improved in older adults when performing LIRT-BFR 

over resistance training without BFR (221). Homocysteine nor eNOS have been 

evaluated in this population, but are expected to decrease and increase, respectively, due 

to the endothelial improvements.  
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Hypothesis Related to Question 8 

H0: There will be no difference in motor function, strength or endurance after four 

weeks of LIRT-BFR compared to high intensity exercise without BFR. 

H1: Significant improvements in motor function, strength and endurance will be 

observed after four weeks of LIRT-BFR over high intensity exercise without 

BFR. 

Rationale. The null hypothesis will be accepted. There is no evidence to prove 

that motor function, strength or endurance improvements will be more beneficial in 

LIRT-BFR compared to high-intensity exercise without BFR.  

Hypothesis Related to Question 9 

H0: There will be no difference, on average, in acute markers of cardiovascular 

stress during sessions of LIRT-BFR and HIRT.  

H1: During a LIRT-BFR session, there will be a decrease in systolic and diastolic 

blood pressures, rate pressure product, total peripheral resistance and RPE 

compared to high intensity resistance exercise.   

Rationale. Low-intensity aerobic BFR results in less hemodynamic alterations and 

lower cardiovascular stress compared to high-intensity aerobic exercise in older adults 

(68). Additionally, LIRT-BRF increases muscle strength, similar to HIRT, without 

increased inflammation and fibrinogen (123). HIRT has been shown to reveal changes in 

ST-segment depression, angina, and rate pressure product in older adults compared to 

low- to moderate-intensity resistance exercise (205). 
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Hypothesis Related to Question 10 

H0: There will be no difference in autonomic symptoms or RLS in PwP on 

levodopa after four weeks of LIRT-BFR.  

H1: There will be a significant change in autonomic symptoms and RLS 

symptoms in PwP on levodopa after four weeks of LIRT-BFR.   

Rationale. LIRT-BFR has been shown to increase endothelial function in healthy 

older individuals (221). Disrupted endothelial function may be related to autonomic 

neuropathy (241). Further, a single case study showed improvements in RLS symptoms 

after four and eight weeks of walking with BFR three times per week (136).  

Hypothesis Related to Question 11 

H0: There will be no difference in autonomic symptoms or RLS in PwP on 

levodopa after four weeks of LIRT-BFR compared to HIRT.  

H1: There will be a significant change in autonomic symptoms and RLS 

symptoms in PwP on levodopa after four weeks of LIRT-BFR compared to HIRT.  

Rationale. Endothelial function improves in health older adults after LIRT-BFR 

(221). HIRT may actually lead to arterial stiffness and potential endothelial dysfunction 

(34, 116). A single case study showed improvements in RLS symptoms after four and 

eight weeks of walking with BFR three times per week (136). RLS and HIRT has not 

been evaluated. 
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H0: There will be no difference in quality of life ratings between HIRT, LIRT-

BFR and CNTRL groups.  

H1: There will be no difference in quality of life ratings between HIRT and LIRT 

but quality of life will improve with exercise compared to the control group.  

Rationale. Exercise has been shown to improve quality of life, especially in those 

with PD (49). A sedentary lifestyle can worsen quality of life and depressive symptoms 

(23).    

Assumptions, Limitations & Delimitations 

Assumptions 

1. Persons diagnosed with PD, over the age of 50, who have been treated with

levodopa, who do not have cardiovascular disease or diabetes, from Abilene

represented the population and performed either LIRT-BFR, HIRT or served

as a control (CNTRL).

2. Participants followed all instructions provided throughout the study.

3. The exercise intervention was practical for persons with mild to moderate PD.

4. The dietary habits and outside physical activity of the participants did not

have an influence on the responses to the various conditions.

5. RHI and TcP02 measurements were a reflection of endothelial function.

6. Three days of dietary logs reflect each participant’s normal eating habits.

7. All participants were not participating in any additional physical activity.

Hypothesis Related to Question 12 
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Limitations 

1. Participants were only recruited from the Abilene community and surrounding

areas.

2. Persons with severe PD were not included in the study.

3. Persons who were unable to perform the Timed-Up-and-Go test (with or

without assistance from a walker or cane) were excluded from exercise

groups.

4. Dietary intake was measured for three days prior to the start of pre- and post-

assessments.

5. A 4-6 repetition maximum (RM) assessment accurately predicted the proper

estimation of a 1RM for appropriate exercise intensities for the experimental

condition.

Delimitations 

1. Persons diagnosed with PD, over the age of 50, who have been treated with

levodopa, who do not have cardiovascular disease, from Abilene were

included in the study.

2. Only persons with mild to moderate Parkinson’s, as measured by the modified

Hoehn and Yahr scale (Stages 1-3.5) and on levodopa therapy (Sinemet,

Rytary, Duopa, Sinemet CR) were included in the exercise groups.

3. Outside dietary intake was quantified using self-reported logs and analyzed

using ESHA® nutritional software.

4. PwP who were not on levodopa therapy for the last six months were excluded.
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5. Two 4-week exercise interventions were assigned (LI-RT BFR or HIRT) in 

order to induce changes in the dependent variables. Each group performed 

resistance exercise three times per week for four weeks. A smaller control 

subgroup (CNTRL) was assigned after exercise group numbers were filled.  
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CHAPTER TWO 
 

Literature Review 
 
 

Introduction 
 
 The most common treatments for Parkinson’s Disease (PD) focus primarily on 

motor symptom improvements to reduce the risk of falling and the acceleration of 

disability. Exercise and medical therapies are most commonly studied for their 

effectiveness in improving quality of life through motor symptom alleviation (33, 206). 

High-intensity resistance training (HIRT) is one of the most effective modes of exercise 

for treating symptoms of rigidity, imbalance, gait disruptions and falls (48, 93, 155). 

Levodopa is a potent and effective drug in alleviating the motor symptoms of PD and 

improving activities of daily living (ADL) and quality of life in persons with Parkinson’s 

disease (PwP) (218).  

 PwP have an increased risk of CVD and decreased life expectancy compared to 

the elderly population with other common diseases (260). The physiological disruption 

associated with PD causes mitochondrial dysfunction and excessive amounts of reactive 

oxygen species, both of which are related to atherosclerosis (210). PwP also experience 

orthostatic hypotension (OH) (80) and restless leg syndrome (RLS) (223) at much higher 

rates than their age-matched counterparts. These conditions are also associated with 

CVD. 

 Endothelial dysfunction and hyperhomocysteinemia are independent risk factors 

for CVD (25, 240). Endothelial dysfunction occurs before symptoms and physiological 
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signs of atherosclerosis are present (224). Hyperhomocysteinemia is an independent risk 

factor for CVD and is closely associated with future cardiac events (239). The 

relationship between endothelial dysfunction and homocysteine levels appears to be an 

inverse one in PwP (272). Unfortunately, endothelial dysfunction and 

hyperhomocysteinemia occur with levodopa therapy (195). This very medication that 

helps with day-to-day functioning may very well be the culprit behind the increased 

prevalence of CVD and decreased life expectancy. While HIRT is also effective for day-

to-day motor, strength, gait and quality of life improvements in PwP, it can cause arterial 

stiffness, that seems to be reversible, over time (174). 

 The association between PD and CVD in the literature has been important in 

order to shine light on an area that needs attention. The cessation of therapies such as 

levodopa and resistance training would undoubtedly disrupt day-to-day functioning and 

lead to more falls, accelerated disability and diminished quality of life. In the literature, 

an alternate solution to tackle both the day-to-day motor symptoms of PD and the risk of 

CVD has not been made. This project aims to discover whether these problems can be 

addressed simultaneously without one negatively affecting the other.  

Low-intensity resistance training with blood flow restriction (LIRT-BFR) is 

promising in its ability to manage motor symptoms of PD and potentially address 

endothelial dysfunction and risks of CVD. LIRT-BFR increases strength and endothelial 

function more than HIRT in older adults (221), results in less oxidative stress (233) and 

does not alter arterial stiffness (174). During BFR exercise, cuff pressure occludes venous 

return and causes arterial blood flow to become turbulent, resulting in the enhanced 

metabolic stress and fast-twitch fiber recruitment in skeletal muscle (229) and improves 
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endothelial function (221). LIRT-BFR may be an alternative type of exercise that results 

in improvements similar to HIRT without the acute disruption in hemodynamics and 

chronic disruption in arterial compliance (68, 231), especially if smaller muscle groups 

are used (95, 227). LIRT-BFR is used widely in interventions to combat sarcopenia, 

increase strength and hypertrophy in older individuals (129, 135). Therefore, LIRT-BFR 

may ameliorate and possibly improve some of these unfavorable physiological changes in 

PwP, especially those on levodopa, and be more comfortable and safe than HIRT (133).  

 
Parkinson’s Disease 

 Parkinson’s disease (PD) is a progressive neurodegenerative disease that causes 

impaired movement and currently affects approximately one million Americans and 10 

million worldwide (198). In the United States, it is the second most common 

neurodegenerative disease after Alzheimer’s and the 14th leading cause of death and up to 

60,000 persons are diagnosed with PD each year (282). The core motor features of PD 

result from cell loss in the substantia nigra pars compacta (SNc) and the degeneration of 

the nigrostriatal dopaminergic pathway (43, 66, 182). The currently accepted clinical 

criterial for the diagnosis of PD requires the identification of bradykinesia plus at least 

one of rigidity, resting tremor or postural instability (98). These symptoms can cause 

unwanted movement patterns, altered gait, decreased strength and impaired postural 

reflexes. Fragility, falls, disability and the loss of independence are the direct and 

eventual outcomes for PwP (37).  

 Although PD is a common neurodegenerative disease, there are conflicting data 

on the survival of PwP. Some studies indicate that PwP have a higher risk of death when 

compared to the normal population (28, 55, 90), yet others have reported no difference 
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(50, 141). In a large study of approximately 140,000 Medicare beneficiaries with PD in 

the United States, the data showed the adjusted six year risk of death among those with 

PD is nearly four times greater than those without PD or other common diseases (260). 

Approximately 64% of PwP in this study died within six years. Of those hospitalized, 

20.9% of the hospitalizations were due to infection and 18.5% due to cardiovascular 

disease. Infections were closely related to disability caused by motor and cognitive 

dysfunction and the subsequent sedentary lifestyle and inability to care for themselves.  

 
Parkinson’s Disease and Cardiovascular Disease 

In the past, it was thought that PwP are at decreased risk for CVD because they 

have fewer vascular risk factors, such as low blood pressure and lower smoking rates. A 

meta-analysis over three postmortem and four large clinical trials demonstrated that PD is 

actually associated with CVD, and PwP are at higher risk of CVD later in their life (94).  

Mitochondrial dysfunction and excessive reactive oxygen species (ROS) 

constitute the major pathogenesis of PD (210). These may be the underlying culprit 

behind the association of PD with CVD. It is thought systematic mitochondrial 

dysfunction triggers atherosclerosis in PwP (210) and oxidative damage of mitochondrial 

DNA in PwP is correlated with the severity of atherosclerosis and further degeneration of 

dopaminergic neurons (273). 

The risk and development of atherosclerosis in PwP studied is controversial. 

Methods of determining arterial stiffness are variable and include intima-medial thickness 

of the carotid artery, cardio-ankle vascular stiffness index (CAVI) and pulse wave 

velocity (PWV). In PwP, the carotid artery intima-medial thickness has been shown to be 

less than (127) and greater than (191) that observed in the general population. Arterial 
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stiffness is reported to be less in PwP using CAVI (230) and more using PWV (116). 

Autonomic dysfunction, as found in PwP, is highly associated with arterial stiffness and 

may be the underlying cause of altered vessel health, rather than PD alone (116).  

Although the findings of atherosclerosis in PwP are controversial, vessel 

complications (potentially due to endothelial dysfunction and autonomic dysfunction) 

and subsequent discomfort and pain are prevalent. PwP experience hypotension and 

orthostatic hypotension (OH) at much higher rates than the normal healthy population at 

approximately 20-50% (179). OH is defined as blood pressure that drops more than 

20mmHg upon standing from a supine position and is associated with greater arterial 

stiffness in PwP (116). Another symptom common with PD is restless leg syndrome 

(RLS). RLS is a disorder characterized by an uncontrollable need to move the legs that 

occurs during rest and is relieved by movement of the lower limbs (223). The sensation 

may occur in other parts of the body as well. Both RLS and PD present with alterations in 

dopaminergic transmission in their pathophysiology. Further, PwP experience RLS at a 

much higher rate than the normal, healthy population (87, 136). Both OH and RLS are 

linked to CVD (58, 223) and may be the reason behind many falls in PwP (196). The 

offender behind these classic symptoms of PD is thought to be a result of altered 

endothelial and autonomic function. Autonomic dysfunction in PD, which presents before 

and after the onset of motor symptoms, and the OH that follows, significantly increases 

the risk of CVD and cerebrovascular disease. The latter may result from the drop of blood 

pressure and reduced brain perfusion during postural changes (58, 165, 197).  
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Endothelial Dysfunction 

The endothelium is the main regulator of vascular wall homeostasis. 

Physiologically, endothelial cells maintain a relaxed vascular tone and low levels of 

oxidative stress by releasing mediators such as nitric oxide (NO), prostacyclin and 

endothelin and controlling local angiotensin-II activity. The endothelium also actively 

regulates vascular permeability to plasma constituents, platelet and leukocyte adhesion 

and aggregation, and thrombosis. The balance of endothelial regulation of blood vessel 

function can be altered and the homeostatic mechanisms that operate in healthy 

endothelial cells are dysregulated. The pathophysiology of endothelial dysfunction is 

associated with an increased expression of adhesion molecules, increased oxidative 

stress, and abnormal modulation of vascular tone, which may result in impaired 

endothelium-dependent vasodilation (244).  

It has been accepted that endothelial dysfunction is an early step in the 

development of atherosclerosis and is mainly characterized by a reduction in the 

bioavailability of nitric oxide (25). Endothelial dysfunction can be regarded as a 

syndrome whose systemic manifestations are associated with significant morbidity and 

mortality. All of the traditional CVD risk factors, such as dyslipidemia, arterial 

hypertension, hyperglycemia and diabetes, are associated with endothelial dysfunction. A 

number of studies have shown that even in the absence of clinical signs of 

atherosclerosis, endothelial dysfunction, as indicated by their impaired response to 

endothelial vasodilators, is common in patients with CVD risk factors (275). Endothelial 

dysfunction has been suggested to be an independent predictor of future cardiovascular 

events in patients with atherosclerotic risk factors, stable ischemic heart disease or acute 
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coronary syndromes and seems to be a systemic vascular process that not only mediates 

the development of atherosclerotic plaque, but may also modulate its clinical course 

(224).  

Endothelial function is non-invasively measured by an ultrasound of the brachial 

artery flow-mediated dilation (FMD), which represents the endothelium-dependent 

relaxation of an artery in response to reactive hyperemia. Decreased FMD has been found 

in patients with cerebrovascular risk factors (26, 264) and has been shown to have 

prognostic significance in the development of cardiovascular events (78, 219).  Reactive 

hyperemia index (RHI) is an additional way to measure vascular function using a finger 

plethysmography. It is based on the idea that the peripheral cutaneous vascular beds, such 

as the fingertips, contain a high concentration of arteriovenous anastomoes, richly 

innervated by alpha-adrenergic nerve fibers, to control heat regulation (203).  

Comparisons of endothelial function via ultrasound of the brachial artery, or FMD, and 

peripheral artery tonometry, or RHI, are comparable (63, 120).  

FMD is significantly lower in PwP compared to controls (7.8 + 1.2% versus 8.5 + 

2.9%) and even more so if they are treated with levodopa with or without entacapone (6.0 

+ 1.8 and 7.2 + 1.4%, respectively) (272). This finding also showed that the endothelial 

dysfunction displayed in PwP, was homocysteine-induced and may further promote 

neuronal degeneration in PD by enhancing the vulnerability of neuron cells to increase 

oxidative stress (212) or neurovascular disintegration such as blood-brain barrier 

breakdown (276).  

 



23 
 

Homocysteine 

Homocysteine is a nonessential, sulfur-containing amino acid produced from the 

demethylation of methionine, an essential amino acid derived from a dietary protein 

(240). Homocysteine is formed through a series of steps, the first of which is the 

metabolism of methionine to S-adenosylmethionine, which is then demethylated and 

hydrolyzed to form homocysteine (143). When methionine is excessive, remethylation 

(or transsulfuration) occurs through the up-regulation of vitamin B6-dependent enzyme, 

cystathionine ß-synthase, and the down-regulation of the remethylation pathway. 

Abnormal accumulation of homocysteine occurs if cystathionine ß-synthase is deficient 

(143, 167, 217). In PwP the metabolism of the medication levodopa via the catechol-O-

methyltransferase (COMT) causes hyperhomocysteinemia (272). COMT regulates 

dopamine levels in cortical areas and the peptide sequence of the COMT gene may turn 

valine into methionine, explaining why homocysteine accumulates in PwP (65, 217).  

Hyperhomocysteinemia may be associated with increased prevalence of coronary 

artery disease, carotid intima media thickness, peripheral neuropathy and cognitive 

impairment in PwP (157, 160, 171, 195). Hyperhomocysteinemia is known to decrease 

FMD (239). Yong, et al., showed that changes in homocysteine levels after treatment 

with levodopa in PwP affect cerebral hemodynamics such as the pulsatility index, which 

may reflect systemic vascular resistance and increased vascular stiffness associated with 

endothelial dysfunction (270). In patients with ischemic stroke, hyperhomocysteinemia 

was independently associated with increased pulsatility index in the cerebral arteries 

(132). 
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Homocysteine-lowering therapy using folic acid and vitamin B can improve 

endothelial dysfunction as assessed by FMD (10, 265, 266), but results with PwP have 

not shown to be beneficial (195). The homocysteine-induced endothelial dysfunction may 

further promote neuronal degeneration in PD by enhancing the vulnerability of neuron 

cells to increased oxidative stress (212) or neurovascular disintegration such as blood-

brain barrier breakdown (276).  

 
Peripheral Circulation 

 Endothelial dysfunction causes a decrease in peripheral circulation. Peripheral 

circulation is often measured with transcutaneous oxygen pressure (TcPO2) monitoring in 

diabetic patients with disrupted wound healing. TcPO2 is a non-invasive and a 

quantitative method for assessment of peripheral circulation.  Improvements in peripheral 

circulation measured via TcPO2 mirrored improvements in endothelial function measured 

via RHI after stretching and resistance exercise with blood flow restriction (96, 221). In a 

recent study, peripheral circulation measured with TcPO2 reflected stiffness of the 

femoral artery in type 2 diabetic patients (117).  

 While autonomic dysfunction may be correlated with OH seen in PwP, TcPO2 has 

not been measured in this PwP. Diabetics and those with peripheral artery disease, 

however, display disrupted peripheral circulation compared to controls, with or without 

autonomic or neuropathy related symptoms (28, 246). 

 
Nitric Oxide 

Nitric oxide (NO) is a signal molecule that plays an important role in a variety of 

signal transduction pathways that are crucial for maintaining the physiologic function of 



25 
 

vascular, respiratory, immune, muscular and nervous systems. The role of endothelial 

nitric oxide (eNOS) will be the focus hereafter.  

Endothelial cells synthesize paracrine hormones such as NO (248). The 

relationship between FMD and NO has been disputed in the literature (84). In a meta-

analysis of 20 studies, there was compelling evidence to state that at least half of the 

FMD response in human conduit arteries is mediated by NO (84). In a subgroup repeat of 

FMD with five minutes of occlusion, the authors of the previous study found that ~72% 

of the dilation in the brachial artery was NO dependent.  

Endothelium-derived NO possesses a myriad of antiatherogenic and plaque 

stabilizing properties, including the regulation of vascular tone and arterial wall stress, 

inhibition of cell growth and proliferation, leukocyte and platelet adhesion and 

antithrombotic and fibrinolytic properties (32, 154). Oxidative stress and inflammation 

represent common key pathways associated with these risk factors and diseases that 

trigger, primarily, the adverse redox regulation of eNOS function (40).  

Endothelial nitric oxide synthase (eNOS) is a central regulator of cellular function 

that is important to maintain endothelial homeostasis. eNOS is involved in coupling 

changes in blood flow to long-term remodeling of the vascular architecture, thereby 

having a long-term impact on vascular health and disease (88). It is expressed primarily 

in the large arteries. Although eNOS is the activator of NO, decreased levels of eNOS is 

associated with slow coronary artery flow and potentially endothelial dysfunction (238) 

Targeting endothelial dysfunction represents a favorable pharmacological 

approach due to its central involvement in the progression and prognosis of most cardio- 

and cerebrovascular diseases as well as inflammatory processes. 
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Levodopa 

Levodopa is a dopamine precursor and the gold standard treatment for PwP (206). 

The replacement of dopamine is the current focus of treatment modalities in PwP. 

Levodopa remains the most effective and well tolerated dopamine-replacing agent (60) 

and contributes significantly to improvements in the quality of life for PwP (82, 218).  

 
Mechanisms 

When taken orally, levodopa is quickly decarboxylated in the extra-cerebral 

tissue; therefore, only a small portion reaches the central nervous system (206). Since the 

late 1960s, it has been routinely administered in combination with dopa-decarboxylase 

inhibitor, such as carbidopa (175) or benserazide (13). This reduces the peripheral 

conversion to dopamine and minimizes the predominant side effects stemming from 

circulating dopamine, such as nausea, vomiting and hypotension (206). A catechol-O-

methyltransferase (COMT) inhibitor, entacapone or tolcapone, is often prescribed with 

levodopa to increase the bioavailability of the drug (184, 193, 277).  

 
Benefits 

 
Levodopa significantly improves the classic motor symptoms of PD and is 

generally well-tolerated, especially compared to dopamine agonist prescribed early in the 

diagnosis of PD (206). In a randomized, double-blind, placebo-controlled trial, those on 

varying dosages of levodopa therapy saw a significant reduction in motor symptoms 

measured on the Unified Parkinson’s Disease Rating Scale (UPDRS) after 42 weeks 

compared to those on a placebo (280).  
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Risks 

At the beginning of treatment, levodopa administered three times per day, is 

associated with a long-duration response where symptoms are adequately controlled 

throughout the day. Over time, the long-duration response becomes less marked, the 

duration of symptomatic effects of levodopa become shorter, and symptom effects of 

levodopa become dependent on the presence of adequate plasma levodopa levels. These 

levels oscillate between peaks and valleys and can be erratic and unpredictable and 

correlate with oscillating motor symptoms. Dosages are adjusted for this occurrence. 

Chronic levodopa treatment results in more fluctuations of motor symptoms throughout 

the day, dyskinesias and non-motor problems such as: anxiety, irritability, pain, 

hallucinations and fatigue (263).  In a meta-analysis, the risk of dyskinesias and motor 

fluctuations after four to six years of levodopa treatment was found to be around 40% of 

those taking the medication (98). 

Levodopa increases serum homocysteine levels because of its metabolism via 

COMT (195). An association with hyperhomocysteine levels and reduced FMD has been 

observed in PwP on levodopa (272). In this study, endothelial dysfunction, as assessed by 

FMD, was associated with chronic levodopa treatment in PwP indicating that levodopa 

may have a damaging effect on early subclinical endothelial dysfunction or arterial 

stiffness that might be reversible. Additionally, a side-effect of levodopa is hypotension, 

which augments OH (156).  

 
High-Intensity Resistance Training 

Higher activity levels and regular exercise may be effective at diminishing the 

risk of coronary heart disease and stroke (126, 209). Aerobic and resistance training have 
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proven beneficial for PwP (24). Although aerobic exercise may improve arterial function 

(237) and prevent arterial stiffening in healthy adults (235, 237, 247), it has not proven 

beneficial for improvements in muscular strength or inhibiting muscle loss with advanced 

aging (52, 258) or reducing homocysteine levels (45). It has been recognized that arterial 

dysfunction, such as increased arterial stiffness, is closely associated with the 

pathogenesis of cardiovascular disease, which in turn increases mortality by increasing 

the risk of events such as myocardial infarction and stroke (15, 121, 124).  

According to the guidelines of the American College of Sports Medicine 

(ACSM), a mechanical load greater than 70% of the one-repetition maximum load (1 

RM) can produce morphological and functional muscular adaptations (4). PwP have 

benefited more so, from a motor symptom standpoint, using higher versus lower intensity 

resistance training  (93, 155) although it becomes increasingly harder to do as motor 

symptoms progress.  

 
Benefits 
 

Resistance training can attenuate osteoporosis and sarcopenia and related risks, 

including falling and functional disability (67, 185, 278). Improved gait and mobility are 

hallmark improvements seen in PwP who perform resistance training. The recruitment of 

type II muscle fibers seems to play a role in improving balance and stability more than 

aerobic or lower load resistance training (229). Poor balance in PwP is altered 

tremendously due to motor symptom development and results in prevalent falls in these 

individuals. Bradykinesia alters quality of life in PwP and improves tremendously after 

12-weeks of high-intensity eccentric quadricep loading versus low-intensity walking or 

bicycle ergometer (48). In the high-intensity group, walking speed improved from 
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1.74m/s to 1.97m/s versus a worsening score in the low-intensity group from 1.71m/s and 

1.67m/s. After 12-weeks of HIRT, PwP significantly improved muscle strength, 

hypertrophy and mobility compared to PwP performing low-intensity walking and biking 

(48).   

Heavy loads are more beneficial than lighter loads and aerobic exercise in 

upregulating muscle protein synthesis and downregulating myostatin expression. 

Myostatin is a transforming growth factor-ß family member that is a regulator of muscle 

mass (261). Myostatin overexpression reduces muscle mass and fiber size and may be 

linked to fibrosis (18). Loads of 80-85% upregulates mRNA expression of myosin heavy 

chain and factors involved in the myogenic activation of satellite cells, which are crucial 

in muscle repair and growth, while suppressing the expression of myostatin genes (257). 

In an acute study, older individuals (ages 60-75) performing resistance training only three 

times at 80% intensity saw more favorable suppression of myostatin gene expression than 

their younger counterparts (ages 18-25) (41). In contrast, however, 12-weeks of high-

intensity resistance exercise (85-90%) induced an increase in the skeletal muscle 

myostatin gene and serum myostatin content (261).  

Further, suppression of myostatin improves muscle healing after contusion 

injuries by simulating muscle regeneration and preventing fibrosis (166). Skeletal muscle 

has great regenerative potential, largely because of the activation of muscle progenitor 

cells and their fusion into mature multinucleated myofibers (102); however, scar tissue 

formation occurs simultaneously and likely competes with muscle regeneration during 

the muscle-healing process (71, 113).  
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 Homocysteine levels decrease with resistance but not aerobic exercise. Older 

women had a decrease in serum homocysteine levels after six months of low-intensity 

(50%) and high-intensity (80%) performed three times per week (5.0 and 5.4% decrease, 

respectively) (252).  The likely mechanism behind this occurrence is unknown. It has 

been postulated that the metabolism of homocysteine to succinyl-coenzyme A, an 

intermediate in the TCA cycle, is the result of increased metabolic demands of exercise 

(252). The fact that HIRT decreased homocysteine more than low-intensity supports this 

notion in the previous study. In a meta-analysis of 22 studies reporting acute and chronic 

serum homocysteine responses to varying exercise modes and intensities, it was reported 

that chronic resistance, and not aerobic exercise, significantly reduced plasma 

homocysteine levels (45).  

 
Risks 

Loads higher than 70%, as suggested by the ACSM, are frequently associated 

with orthopedic problems and can reduce central artery compliance (152, 202). These 

findings suggest HIRT exercise should be prescribed carefully, particularly for aged 

people and patients with cardiovascular disease and risk factors.  

Arterial compliance reflects the ability of an artery to expand and recoil during 

cardiac contractions and relaxation, thereby damping down the fluctuation in arterial 

pressure and blood flow (283). When arterial compliance is reduced or arterial stiffness 

occurs, this impairs the buffering function of the vessels and contributes to elevations in 

systolic blood pressure, left ventricular hypertrophy (LVH), coronary ischemic disease 

and reductions in arterial baroreflex sensitivity (153, 170, 236). These adverse effects are 

directly related to decreased cardiovascular function and increased disease risk. In one 
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study, full body HIRT at 80% performed three days per week for four months decreased 

arterial compliance by 19% and ß-stiffness index increased 21% after only two months of 

training in healthy, younger men (ages 20-38) (152). Additionally, there was an increase 

in left ventricular (LV) wall thickness, mass index and hypertrophy index, all indicating 

left ventricular hypertrophy after only two months of HIRT. After four months of 

detraining, these values returned to baseline. The change in arterial compliance was 

highly correlated with a changed in LV hypertrophy index and LV mass index. In an age-

matched study of resistance trained and sedentary men, the age-related decrease in 

arterial compliance was greater in resistance trained, versus sedentary men (31% versus 

21%) (151). These findings indicate that HIRT can cause and accelerate seemingly 

reversible arterial stiffness and induce LVH in young and older individuals.  

A likely explanation for decreased arterial compliance in resistance-trained 

individuals may be that the acute intermittent elevations in arterial blood pressure during 

HIRT. This may result in chronic increases in the smooth muscle content of the arterial 

wall and the load-bearing properties of collagen and elastin. During each bout of 

resistance exercise, arterial blood pressure is known to increase to as high as ~350/250 

mmHg (137). High blood pressure exposure results in either a 1) response to damage or 

2) a protective effect to prevent vessel wall damage in the future. Large muscle group 

dynamic exercise may alter not only local vasculature but also systemic cardiovascular 

responses to either acute or chronic exercise. Leg press, for example, elicits more 

dramatic hemodynamic changes than leg extensions (151). Small muscle group exercises 

have been suggested to be useful as a physiological model to observe impact of exercise 
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training on localized vasomotor control in skeletal muscles without these marked changes 

in central hemodynamics during exercise (95). 

 Two of the most beneficial therapies for PD, levodopa and HIRT, may cause or 

accelerate risk factors of CVD such as endothelial dysfunction, arterial stiffness and 

hyperhomocysteinemia. Recently, a meta-analysis concluded that PD and CVD are 

closely associated yet the author stated there was an inability to translate this information 

to the management of both diseases directly (94). Low-intensity resistance training with 

blood flow restriction (LIRT-BFR) is promising in its ability to manage motor symptoms 

of PD and potentially address endothelial dysfunction and risks of CVD.  

 
Blood Flow Restriction 

 
 Blood flow restriction (BFR) is a novel method of training that occludes blood 

during passive or active movements. It has gained popularity in the physical therapy 

world and the literature supports claims of increased hypertrophy, decreased atrophy, 

increased growth hormone, vascular endothelial growth factor (VEGF) release, 

accelerated recovery after exercise and even bone healing (3, 31, 139, 178, 227, 234, 

253). The ability to use low loads and still stimulate muscle protein synthesis without the 

demand of high loads to elicit such changes is why it has gained ground in the 

rehabilitative and athletic scenes worldwide (142).  

 
Mechanisms 

 Blood flow restriction works by occluding blood via a blood pressure cuff. 

Automated and large cuffs are preferable and most effective in preventing discomfort, 

holding specified occlusion pressures and preventing injuries. During blood flow 
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restriction exercise, the inability to shuttle oxygenated blood to the muscle being worked 

causes a shift to anaerobic metabolism and the recruitment of type II muscle fibers (229). 

Quickly, the blood becomes acidic through glycolytic means of energy production 

without the fast or heavy load of typical exercise that targets anaerobic metabolism. The 

hypoxic stress to skeletal muscles causes excessive secretion of neurohumoral factors 

such as lactate, norepinephrine, VEGF and growth hormone (178, 234).   

 
Benefits 

Several studies have demonstrated that LIRT-BFR and BFR walking leads to 

muscle hypertrophy and strength gain and it results in adaptations equal to those of high-

intensity resistance training (1, 139, 221, 233). While vascular studies are not as 

prominent, there is compelling evidence that improvements in endothelial function and 

increased eNOS release can occur without the dramatic change in hemodynamics 

observed with HIRT.  

In a study of healthy older individuals (71 + 4 years), improvements in 

endothelial function (measured by RHI) and peripheral circulation (measured by TcPO2) 

were observed after only four weeks of LIRT-BFR, compared to HIRT (221). Exercise 

can improve endothelial dysfunction by increasing blood flow in skeletal muscles and 

enhancing shear stress on vascular endothelial cells (163). Enhanced shear stress 

accelerates endothelial nitric oxide synthase (eNOS) expression, resulting in the 

improvement of endothelial dysfunction in vessels of skeletal muscles (85). At the end of 

exercise ischemic reperfusion induced by cuff deflation stimulates shear stress, followed 

by greater vasodilation and/or enhanced blood flow (176). Further, microvascular 

filtration capacity is induced (59). It is postulated that hyperemic blood flow may lead to 
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greater shear stress, inducing vasodilation (95), which results in increased nitric oxide 

(190). The hypoxic stress caused by BFR reportedly increases eNOS expression through 

the activation of VEGF (178).     

 Homocysteine levels in response to BFR have not been studied to date. Low- and 

high-intensity resistance training, however, has been effective in reducing homocysteine 

levels (252). It is therefore reasonable to assume LIRT-BFR has the ability to reduce 

homocysteine levels.  

 Although the underlying mechanism behind muscle hypertrophy with BFR is not 

fully understood, potential factors may be due to intramuscular metabolic stress, such as 

depletion of phosphocreatine, an increase in inorganic phosphate, and a decrease in 

muscle pH (229). Elevated metabolic stress may be a crucial factor in obtaining 

successful results from resistance training with BFR to produce hypertrophy without the 

effect of reactive hyperemic blood flow, as seen in HIRT (215). Since hyperemic blood 

flow may be induced by greater shear stress which induces vasodilation and increased 

nitric oxide, it is promising that BFR may be the most beneficial on vascular function 

such as arterial compliance and endothelial function. Further, maximal dilation is 

observed after ischemic exercise (161) yet post-exercise hypotension does not occur after 

LIRT-BFR (199). The effectiveness of HIRT may alter the vessel health of individuals 

and accelerate arterial stiffness in older men exposed to HIRT on a regular basis (151). 

Arterial compliance increases after acute knee extension and flexion with BFR without 

changes in vascular conductance compared to the same exercises without BFR (62). 

Chronic bouts, however, have not shown the same results looking at FMD of the femoral 

artery (104). One study revealed that BFR upper-body exercise training (bench press) did 
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not diminish carotid artery compliance in contrast to high-intensity bench press without 

BFR which decreased arterial compliance (174). The likely culprit behind this occurrence 

is the dramatic hemodynamic changes during HIRT. LIRT-BFR results in less 

hemodynamic changes and has a protective effect against decreased arterial compliance.    

 Small muscle group training with BFR has proven beneficial to vascular function. 

Handgrip exercise training increases forearm blood flow and improves FMD (147). In 

one study, BFR handgrip exercise training did not change FMD, but did change peak 

blood flow after ischemia and baseline diameter (101). In other BFR handgrip studies 

showing no or worsening FMD, the intensity was much higher (60%) than the 20-30% 

intensity recommended for BFR (38).  

 Peripheral endothelial function versus large artery endothelial function may offer 

a better way to assess changes occurring in the vessels of patients exposed to BFR. In a 

study of older individuals, LIRT-BFR increased TcP02 in the foot and RHI of the hands 

after only four weeks of training (221). This was in contrast to the HIRT group that 

showed no change in endothelial function. Nitric oxide was not measured.  

 Endothelial dysfunction may be improved through angiogenesis induced by 

vascular endothelial growth factors (92). One study showed that acute BFR exercise 

significantly increases VEGF compared to baseline values (231). VEGF was also 

increased in older individuals performing four weeks of LIRT-BFR versus HIRT with 

paralleled improvements in RHI and TcP02 (221). The underlying mechanism may be 

related to local muscle ischemia during BFR exercise. VEGF secretion and production 

are activated under hypoxia (222, 228) and/or under decreases in local muscle oxygen 
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tension during exercise (192). It has been shown that VEGF may produce angiogenesis, 

followed by NO bioavailability, which may be beneficial for endothelial function (92).  

 The downregulation of the myostatin gene is related to muscle contraction 

(resistance exercise) (56) and results in greater muscle hypertrophy in long-term 

resistance training programs (201, 254), though loads of greater than 85% have shown to 

increase myostatin gene expression (261). Following 8-weeks of LIRT-BFR (occlusion at 

50%)  and HIRT leg extensions,  both groups showed downregulation of myostatin gene 

expression, but LIRT-BFR showed greater improvement (-45% versus -41%, 

respectively) (125). 

 Only a case study using BFR walking in an individual with PD has been 

published. In this study, the participant walked three times per week for six weeks 

performing five two-minute bouts of upper thigh occlusion at 120-160mmHg (54). 

Improvements were seen in rating of RLS discomfort scale, distance in the six-minute 

walk test and an improved Timed-Up-and-Go (TUG) assessment. The primary complaint 

of this individual was RLS. His baseline score was a 15 (moderate symptoms) and 

following BFR walking, he reported an eight (mild symptoms). The mechanisms behind 

this occurrence were not speculated, but RLS’s close association with endothelial 

dysfunction (118) and BFR’s ability to increase endothelial function (221) may be a 

plausible hypothesis.   

 
 Risks  
 
 Overall, reported side-effects while using BFR exercise are minimal and include 

fainting, numbness, pain and discomfort. A majority of reported adverse events are 

performed with small cuffs and high pressures in excess to 200mmHg (177). There is no 
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evidence to suggest that BFR exercise elevates the risk of complications any more than 

traditional exercise modes (284). In the largest epidemiological study of BFR usage 

demonstrated particularly low incidences of any adverse events for BFR exercise (159). 

Modifiable risk factors for risk minimization include selecting the appropriate BFR 

pressure and cuff width, as well as the determination of any possible contraindications 

(177).  

 
Conclusion 

 
 The ability of BFR exercise to increase hypertrophy and strength more than low-

intensity non-BFR training and similar to HIRT, downregulate myostatin similar to 

HIRT, increase endothelial function, circulating eNOS and VGEF and decrease 

symptoms of RLS is promising. Particularly, PwP who display endothelial dysfunction, 

increased prevalence of CVD, RLS and OH and decreased life expectancy may benefit 

from BFR exercise. PwP function better, on a day-to-day basis on levodopa and with 

regular exercise. Unfortunately, the acute improvements of motor symptoms can be the 

very cause of the previously mentioned complications chronically. BFR is the first 

intervention proposed to potentially treat motor symptoms of PD without negatively 

affecting endothelial dysfunction that leads to CVD. 
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CHAPTER THREE 
 

Methods 
 
 

Overview 
 
 Thirty people with Parkinson’s disease (PwP) and on levodopa therapy were 

randomly assigned to either: 1) low-intensity blood flow restriction resistance exercise 

(LIRT-BFR) or 2) high intensity resistance training without BFR (HIRT) groups to 

determine the influence of LIRT-BFR on endothelial function, homocysteine levels, 

endogenous nitric oxide (eNOS), peripheral circulation, motor symptoms, activities of 

daily living, muscle strength and endurance after four weeks of exercise intervention. A 

small subgroup of eight participants served as a control group. The subgroup also met 

inclusion criteria in order to participate. The control group was asked to continue with 

their normal routine for four weeks and return for post-assessments. 

Pre- and post-exercise assessments included: anthropometric measurements, 

whole body DXA, a one repetition maximum (1RM) strength assessment on leg 

extension and hand grip, a Timed-Up-and-Go (TUG) assessment, a 6-minute walk test 

(6MWT), transcutaneous oxygen pressure (TcP02) pressure, sections I, II, and III of the 

Unified Parkinson’s Disease Rating Scale (UPDRS), Geriatric Depression Scale, 

Autonomic Symptoms Survey, Restless Leg Syndrome Questionnaire, Parkinson’s 

Disease Quality of Life Questionnaire (PDQ39), senior arm curl, reactive hyperemia 

index (RHI), endogenous nitric oxide synthase (eNOS) and homocysteine levels. Blood 
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was obtained before and after exercise intervention in order to obtain homocysteine and 

eNOS levels.  

 
Participants 

 
 

Preliminary Screening 
 

PwP were recruited for the study through the Big Country Parkinson’s Support 

Group, on an Abilene Christian University Facebook page, by word of mouth, and via 

flyers posted in medical offices, therapy/rehab centers, churches and senior centers. 

Volunteers that appeared to meet entry criteria for the study were invited to the lab in 

order to verify eligibility for the study. During this initial visit, a thorough explanation 

and review all of the experimental procedures was administered and all participant 

questions were answered about their involvement in the study. Volunteers were given a 

copy of the consent form to take with them to keep and review at their own discretion.  

Volunteers meeting the following criteria were admitted into the study: 1) 

diagnosed with mild to moderate PD (modified Hoehn and Yahr (mHY) stages 1-3.5),  2) 

over age 50, 3) on levodopa therapy (Sinemet, Rytary, Duopa, Sinemet CR) for at least 6-

months, 4) those without any possible contraindications for BFR (cardiovascular disease, 

unstable hypertension, varicose veins, diabetes, cancer, musculoskeletal injury, post-

surgical swelling, open wounds or on a medication that increases blood clotting risk), 5) 

individuals not currently participating in resistance training or high-intensity or long 

duration cardiovascular exercise, 6) free from orthopedic problems that would preclude 

seated lower- and upper-body exercises, 7) able to complete a TUG assessment with or 

without assistance from a walker or cane, 8) seemingly able to complete four straight 
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weeks of exercise, 9) had a signed approval form (provided) by their doctor to participate 

in the study. Disease rating scale (mHY) was determined by a licensed physical therapist. 

 Participants were not be allowed to participate in the study if they: 1) had not 

been diagnosed with Parkinson’s disease, 2) were stages 4-5 on the modified Hoehn and 

Yahr (mHY) staging scale, 3) were not on levodopa, 4) had not been on levodopa for at 

least six months, 5) had orthopedic limitations that would limit participation in exercise, 

6) had cardiovascular disease, unstable hypertension, varicose veins, diabetes, cancer, 

musculoskeletal injury, post-surgical swelling, open wounds or on a medication that 

increases blood clotting risk (birth control, estrogen, or hormone replacement therapy), 7) 

were currently participating in resistance exercise or long-duration cardiovascular 

exercise, 8) were able to complete a TUG assessment without assistance from another 

individual, 9) were unable to complete exercise three days a week for four consecutive 

weeks.  

 
Experimental Procedures 

 
 

Testing Sessions 
 

Participants visited the laboratory for pre-assessments on three separate occasions 

before the 4-week exercise intervention started in the following manner: visit 1 = 

entry/familiarization, musculoskeletal exam, medical history form, PDQ39, Geriatric 

Depression Scale, Restless Leg Syndrome Quality of Life Questionnaire, Survey of 

Autonomic Symptoms, visit 2 = anthropometrics, UPDRS II & motor exam (UPDRS III), 

mHY, DXA, TUG, blood draw, visit 3 = RHI, Senior Arm-Curl, peripheral circulation, 6-

minute walk test (6MWT), baseline 4-6 repetition maximum (4-6 RM) for leg extension, 
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leg curl, biceps curl, triceps extension and hand grip testing. After the 4-week 

intervention, participants visited the laboratory for post-assessments in the following 

manner, visit 4 = UPDRS II & III, mHY, anthropometrics, DXA, TUG, blood draw, 

PDQ39, Geriatric Depression Scale, Restless Leg Syndrome Quality of Life 

Questionnaire, Survey of Autonomic Symptoms, visit 5= RHI, Senior Biceps Curl, 

peripheral circulation, 6MWT, 4-6 RM and hand grip testing.   

 
Informed Consent 
 

Upon visit 1, each of the experimental procedures was explained to participants 

and any questions or concerns regarding the study were answered. After the informed 

consent was signed, volunteers completed a health history questionnaire and were given 

the daily food log and physical activity questionnaires. A medication list was obtained 

noting dosages and the time of day each medication was taken. The duration of levodopa 

therapy and dosage was also obtained.  

Preliminary screening and all experimental procedures took place in the Human 

Performance Lab (HPL) at Abilene Christian University. Experimental procedures are 

listed in order in Figure 2. 
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Figure 2. Study Time-Line for Data Collection and Exercise Intervention

Study Timeline
BFR Resistance Exercise in Person’s with Parkinson’s

FinishStart

• Inclusion/Exclusion 
Criteria

• Explain Study
• Email/Mail informed 
consent & 
Map/Directions

Phone Screening:
• UPDRS-ADL
• Anthropometrics
• TUG
• UPDRS-ME
• DXA
• Blood

Visit 2: Pre-
Assessments

• RHI 
• Senior Biceps Curl
• TcP02
• 6-minute walk
• Strength Assessments
• Handgrip
• Senior Biceps Curl

Visit 3: Pre-
Assessments

• 3 days per week, 4 
weeks

• LIRT-BFR: 3 sets of 
20 reps at 20% 1RM 
with 60% occlusion

• HIRT: 3 sets of 8 reps 
at 80% 1RM with no 
occlusion

Exercise 
Intervention: 

• UPDRS-ADL
• Anthropometric
• TUG
• UPDRS-ME
• DXA
• Blood

Visit 4: Post-
Assessments

• RHI
• Senior Biceps Curl
• TcP02

• 6-minute walk
• Strength Assessments
• Handgrip

Visit 5: Post-
Assessments

Visit 1: 
Familiarization
• Informed Consent
• Food Log, PA Log
• Health History/Meds
• Musculoskeletal Exam
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Musculoskeletal Exam 
 

The musculoskeletal exam was performed and included an assessment of the 

range of motion and pain in the participants’ upper and lower body extremities. Each 

participant was asked to bend and flex their leg at the knee and their arm at the elbow. 

They were asked to point and flex their foot. All of these assessments were performed 

seated and guided by an exercise physiologist or physical therapist on the research team. 

If they were unable to move these joints and/or were in pain, they were considered to 

have orthopedic problems (See Exclusion Criteria number 5) and were not eligible to 

continue with the study. This was determined by the research team after considering their 

ability to safely and effectively complete the experimental exercise protocol given their 

musculoskeletal limitations.  

 
Diet Record-Keeping 
 
 Participants were asked to record their food and beverage consumption for three 

days leading up to pre- and post-assessments. 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. 

Participants were instructed to contact the research team if they had questions concerning 

their diet or meal composition during any record-keeping period. Dietary intake and 

macronutrient composition were estimated and analyzed when received using research-

grade nutritional software (Food Processor SLQ ESHA®, Salem, OR).  
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Physical Activity Record 
 
 Participants were asked to record their physical activity for three days leading up 

to each experiment. Activities such as golf, walking, bike rides, swimming, cleaning and 

yard work were included. Participants recorded the day, time and duration of their 

physical activity along with a brief description of the activity itself.  

 
Medical History Questionnaire 
 
 A medical history questionnaire was given upon visit 1 and returned at visit 2. 

Participants were asked to be accurate and precise when filling out this questionnaire, 

including dosages and timing of medications. This questionnaire was thoroughly 

analyzed by the research team upon its return at visit 2 to ensure eligibility requirements 

were not missed through the phone-screening and musculoskeletal exam.  

 
Parkinson’s Disease Quality of Life (PDQ39) 
 

A Parkinson’s Disease Quality of Life Questionnaire (PDQ39) was given to 

participants at visit 1 to take home. Participants were asked to return the questionnaire at 

visit 2. The PDQ39 is a 39-item self-reported assessment of Parkinson’s specific items 

related to quality of life over the last month. There are eight quality of life dimensions 

assessed. These areas include activities of daily living, attention and working memory, 

cognition, communication, depression, functional mobility, quality of life, social 

relationships and social support. This questionnaire was repeated at post-assessments.  

  
Geriatric Depression Scale: Short Version 
 
 The Geriatric Depression Scale: Short Version (269) questionnaire was given at 

visit 1 to take home. Participants were asked to return the questionnaire at visit 2. The 
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short version of the Geriatric Depression Scale is a 15-question screening tool for 

depression in older adults. It has been validated in comparison to the long form (86, 128). 

The questions focus primarily on mood. This questionnaire was repeated at post-

assessments. 

 
Restless Leg Syndrome Quality of Life Questionnaire 
 

A Restless Leg Syndrome (RLS) Quality of Life Questionnaire was given to 

participants at visit 1 to take home. Participants were asked to return the questionnaire at 

visit 2. The RLS questionnaire consists of 18-items that assess the impact of RLS on 

daily life, emotional well-being, social life and work life. This questionnaire was repeated 

at post-assessments.  

 
Survey of Autonomic Symptoms 
 

A Survey of Autonomic Symptoms was given to participants at visit 1 to take 

home. Participants were asked to return the questionnaire at visit 2. The Survey of 

Autonomic Symptoms is a self-administered 12-item questionnaire that measures 

autonomic symptoms over the past 6-months in subjects with mild neuropathy. The 

severity of each item is rated on a 5-point Likert scale from least severe to most severe. 

This questionnaire was repeated at post-assessments. 

 
Pre- and Post-Assessments 

 
For visits 2 and 4 of the pre- and post-assessments, participants reported to the lab 

in the morning after a 6- to 8-hr fast, with the exception of medication and water. Due to 

the disruption of motor functioning when PwP do not comply with their levodopa 

therapy, participants completed all assessments and exercise within 1-1 ½ hours of taking 
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their medications for PD (81). A fasting venous blood sample was obtained, body weight 

was measured, and a TUG assessment, UPDRS III motor evaluation, mHY and DXA 

scan were performed. 

 
Anthropometrics and Body Composition 
 

Volunteers reported to the lab with shorts, a t-shirt and a pair of comfortable 

jogging/running shoes. We measured height (cm) and weight (kg) using a stadiometer 

and weight scale (703, SECA®, Hamburg, Germany) and calculated BMI as mass (kg / 

m2). Body composition and bone mineral density were assessed by dual-energy x-ray 

absorptiometry (DXA) (Discovery DXA™, Hologic®, Bedford, MA). 

 
TUG 
 
 The TUG protocol was followed in accordance to the Centers for Disease Control 

and Prevention and the Stopping Elderly Accidents, Deaths and Injuries (148). 

Participants sat back in a standard arm chair. Gym tape was placed on the ground ten feet 

away from the chair. Participants were asked to stand upon hearing the prompt “Go,” 

walk to the tape, turn around, and walk back to the chair and sit down. A stopwatch was 

used to measure three consecutive TUG assessments, which were then averaged and 

recorded.  

 
UPDRS Sections I and II  
 

Sections I and II relate to activities of daily living. Participants were instructed to 

rate their perception of their swallowing, handwriting, dressing, etc., by selecting the 

appropriate descriptor. For example, the descriptors for swallowing are: 0=normal, 1=rare 
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choking, 2=occasional choking, 3=requires soft food and 4=requires tube or gastrotomy 

feeding.  

 
UPDRS Section III 
 
 Part III of the UPDRS, the Motor Evaluation portion, was conducted by a licensed 

physical therapist with a board certification in Geriatric Physical Therapy and years of 

experience working with PwP. Speech, facial expression, rigidity, finger taps, tremors at 

rest and during action, hand movements, rapid hand movements, leg agility, ability to 

arise from a chair, postural stability, bradykinesia, hypokinesia, posture and gait was 

assessed according to the scale recommended by the PD Workbook, Clinician Guide 

(149). 

 
UPDRS Section IV: Modified Hoehn and Yahr 
 
 The modified Hoehn and Yahr stage was determined by the same physical 

therapist. The UPDRS recommends using the modified version rather than the original 

(285) and participants were ranked as follows: stage 0=no signs of disease, 1=unilateral 

disease, 1.5=unilateral plus axial involvement, 2=bilateral disease, without impairment of 

balance, 2.5=mild bilateral disease, with recovery on pull test, 3=mild to moderate 

bilateral disease; some postural instability; physical independent, 4=severe disability; still 

able to walk or stand unassisted, 5=wheelchair bound or bedridden unless aided.  

 
Strength Assessments 
 

A 4-6 repetition maximum assessment was performed on exercises used in the 

experimental exercise protocol including leg extension, leg curl, triceps extension and 

biceps curl. Calf raises were eliminated from this assessment due to the difficulty of 
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performing a proper and safe strength assessment for this particular exercise. This 

observation was seen immediately by the research team and taken out of the assessments. 

Estimates of 1RM weight were calculated from the number of repetitions performed in 

the 4-6 range at a weight that resulted in maximum effort (208). The National Strength 

and Conditioning recommendations for 4-6 repetition maximum assessments (208) and 

the American Society of Hand TherapistTM Handgrip protocol for maximal grip strength 

(286) were used.  

 
Reactive Hyperemia Index 
 

RHI was measured in the supine position as a measure of vascular endothelial 

function using finger plethysmography (Endo-PAT2000, Itamar Medical, Caesarea, 

Israel). The principle and methods of RHI has been previously described (203). 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 five minute equilibrium period, the cuff was inflated to 60mmHg 

above SBP or at least 200mmHg for five minutes. The cuff was deflated to induce 

reactive hyperemia in the measured index finger, and the arterial pulse wave amplitude 

was recorded for five minutes. RHI was defined as the ratio of the arterial pulse wave 

amplitude measured for one minute during reactive hyperemia to baseline amplitude 

during equilibration period (120).  

 
Peripheral Blood Circulation 
 
 Transcutaneous oxygen pressure (TcP02) was measured as an indicator of 

peripheral blood circulation in the foot using a TcP02 devise (TCM3, TINA, Radiometer). 
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After subjects rested on a table in the supine position for 20 minutes, a probe was heated 

to 44.8ºC and placed on the first intermetatarsal space on the dorsum of the right foot 

using the double-sided adhesive ring supplied by the manufacturers. Five minutes after 

probe attachment, TcP02 was recorded as stable if the value fluctuated within 2 mmHg 

during a one-minute 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 (221). 

On day two of the pre- and post-assessments, RHI and TcP02 were measured and 

peripheral circulation was measured before exercise. A senior biceps curl was performed 

after the 6MWT and strength assessments.  

 
6-Minute Walk Test 
 
 The 6-Minute Walk Test (6MWT) was used as a tool for measuring 

cardiovascular endurance and is deemed safe for frail and older populations (46). The 

6MWT was performed in an air-conditioned, climate-controlled gym. Pieces of gym floor 

marking tape were placed 100 feet apart and participants were instructed to cover as 

much distance as they could in six minutes without breaking into a jog or run. For those 

who did not normally walk unassisted or those who were considered a fall risk (greater 

than 13 seconds on their TUG assessment), a gait belt was placed around their waist and 

a member of the research team walked beside, but slightly behind them, grasping the gait 

belt for the duration of the walk. All instructions and phrases expressed during the test 

followed the American Thoracic Society’s published 6MWT protocol (279). Blood 

pressure and heart rate was taken before and immediately after the 6MWT.  
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Senior Biceps Curl 
 

The senior biceps curl assessment was done in a seated position. Proper form was 

demonstrated and practiced without resistance first. Participants sat in a secure chair and 

held a dumbbell in one hand. Participants repeatedly performed a single arm curl holding 

5lbs for women and 8lbs for men for 30 seconds. The number of curls was recorded. The 

protocol is in accordance to the Senior Fit Test (287). 

Blood Collection and Sample Handling 
 

Participants were asked to sit for five minutes prior to their blood draw. Venous 

blood samples were obtained for an antecubital vein by standard/sterile procedures (103). 

Approximately 15 ml of blood was obtained before and after exercise intervention in two 

red top, no additive vacutainer tubes (BD Vacutainer®, Franklin Lakes, NJ). Blood 

samples were allowed to clot on ice for 30 minutes before being centrifuged at 3500 X g 

for 15 minutes 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. 

Biochemical Analysis 
 

The concentrations of serum homocysteine and eNOS 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 standard 

curves using commercial software (Microplate Manager, Bio-Rad, Hercules, CA, USA). 
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Exercise Protocol 
 

Groups included LIRT-BFR, HIRT and a small control subgroup (CNTRL).  The 

control group was asked to maintain activity and diet as usual and to return for post-

assessments four weeks after pre-assessments. LIRT-BFR performed three straight sets of 

20 repetitions at 20% estimated 1RM with a 30 second rest between sets. 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 leg curls, seated calf raises, seated biceps curls, seated triceps extensions, and 

seated handgrips with blood flow restriction, as described below. HIRT performed three 

straight sets of eight repetitions at 80% estimated 1RM with a one-minute rest between 

sets. Participants remained seated for the duration of the exercise and only stood to 

transition between exercises. Transitions between exercises were approximately 90 

seconds for both groups. All participants had a research assistant guiding them through 

all exercise sessions in their entirety. Only research personnel trained in BFR assisted 

those in the LIRT-BFR group.  

 
Blood Flow Restriction 

 
For the LIRT-BFR group, 60% occlusion was administered for the upper- and 

lower-body. Limb occlusion pressure (LOP) in the upper and lower body was determined 

automatically via the Owens Recovery automated BFR system (Owens Recovery Unit, 

Delfi Medical, Vancouver BC, Canada) in a seated and still position prior to each 

exercise session. To determine LOP, a 10cm cuff was placed on each thigh. LOP was 

measured and recorded for exercise occlusion reference. A 7 cm cuff was placed on the 
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upper proximal arm. Both cuffs were inflated to determine LOP. LOP was measured and 

recorded for exercise occlusion reference. 

 

 

Figure 3: Exercise Protocol for Low-Intensity Blood Flow Resistance Training (LIRT-BFR) and High-
Intensity Resistance Training (HIRT). 

 
 
BFR in the lower body was administered by placing pneumatic cuffs (10 cm) 

(Delfi Medical, Vancouver BC, Canada) on each proximal thigh. Participants sat on the 

leg extension machine. BRF was induced by inflating the cuff to 60% of the limb 

occlusion pressure (LOP) as measured by the Owens Recovery automated BFR machine 

(Owens Recovery Unit, Delfi Medical, Vancouver BC, Canada). Participants performed 

three sets of 20 repetitions at 20% of their 1RM with a 30-second rest in between sets. 

Cuffs remained inflated until all three sets of each exercise were completed. BFR in the 

upper-body was administered by placing pneumatic cuffs (7 cm) on both proximal upper 

arms and inflated to 60% of the LOP. Participants performed biceps curl with BFR, 

followed by hamstring curls with BFR. An alternating upper and lower body exercise 

regimen was performed with cuff inflation during exercise and cuff deflation 

immediately after exercise. The approximate time that it took to perform all three sets of 
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at 50Watts 
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rest between sets
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each exercise was three minutes. Although the inflation times were intermittent and 

altered between upper and lower body, the total inflation time was approximately 18 

minutes. This is a safe partial occlusion time for the lower- and upper-body as determined 

by endothelial damage and apoptosis only at higher pressures (220 mmHg) and a longer 

steady duration of occlusion without exercise (20 minutes) (107, 227, 255). Though 

safety recommendations for BFR exercises have been published, there is no evidence to 

suggest BFR exercise elevates the risk of complications any more than traditional 

exercise (284). 

 
Measurements During Exercise 

 
 Measurements during exercise included blood pressure, ratings of received 

exertion and heart rate. Manual blood pressure was taken by a trained research member: 

1) before exercise began, 2) immediately after each lower body exercise and/or after 

lower cuffs are released, 3) after each upper-body exercise and/or after upper cuffs are 

released, and 4) after cool-down. Arterial oxygen saturation using pulse oximetry, rating 

of perceived exertion (RPE) using the modified Borg scale, and heart rate (HR) were 

recorded just before blood pressure and obtained at these time points.  

 
Exercise Rationale 

 
Intensities and general protocol for the LIRT-BFR group was warranted by a 

protocol showing an improvements in endothelial function in healthy older adults 

performing BFR resistance exercise (221). In this protocol, occlusion was administered to 

the participant’s SBP in the brachial artery and the femoral artery. Sixty percent 

occlusion, as measured through a limb occlusion pressure (LOP) transducer, was utilized, 
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rather than SBP. SBP does not have a strong correlation with LOP (100). SBP is typically 

60-65% LOP and therefore closely matches the previously mentioned study (245). The 

HIRT group’s intensity was warranted by the recommendation of the American College 

of Sports Medicine (ACSM) of lifting a weight of at least 70-80% 1RM to achieve 

morphological and functional muscular adaptations (4) and the benefit of high intensity 

exercise to PwP (155).  Due to increased hemodynamic changes at higher protocols, a 

higher intensity was not utilized (95). Small muscle group exercises were used as a 

physiological model to observe impact of exercise training on localized vasomotor 

control in skeletal muscles without marked changes in central hemodynamics during 

exercise (95, 227). To further justify use of isolated joint movements, an increase in 

strength over time and post-exercise blood flow is seen with plantar flexion exercise with 

blood flow restriction (calf raises) (176), strength improvements with handgrip exercises 

(38), lower hemodynamic changes compared to non-BRF with biceps curls and leg 

extensions (187, 251). Per a literature search, leg curls and triceps extensions have not 

been used with BFR. Multi-joint exercises, however, are often used in addition to these 

isolated joint exercises (chest press and bicep curl, leg press and leg extension). Using the 

antagonist movement rather than a multi-joint exercise to leg extensions and bicep curls 

was used in an attempt to result in less cardiovascular stress, hemodynamic changes, 

muscular balance and functionality (227). Furthermore, single-joint exercises using 

muscle groups affected downstream from the resistive cuffs was used in both upper and 

lower body. Seated exercises were used consistently due to the fall risk associated with 

PD and participant susceptibility to orthostatic hypotension (37, 196). 
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Statistical Procedures  
 
 The dependent variables in the study included RHI, peripheral circulation, 

homocysteine, eNOS, strength markers (leg extension, leg curls, biceps curl, triceps 

extension), endurance (6MWT and senior biceps curl) and all sections of the UPDRS, 

rating of perceived exertion, rate-pressure-product, systolic and diastolic pressures, total 

peripheral resistance and mean arterial pressure. The independent variables in this study 

included group 1) low-intensity blood flow restriction resistance exercise (LIRT-BFR) or 

2) high intensity resistance training without BFR (HIRT) or 3) control group (CNTRL) 

and pre- and post-assessments. Descriptive variables included age, percentage body fat, 

pounds of lean tissue, BMI, number of years since diagnosis of PD, dosage of levodopa, 

number of years on levodopa, dietary and exercise habits. 

 A Shapiro-Wilk test was used to confirm normal distribution of the data. 

Homogeneity of variance was (p <0.05) was assessed by the Levene’s test. A mixed 

analysis (ANOVA) (3 groups versus 2 measurement points as fixed factors and subjects 

as a random factor) was performed to analyze time and group x time interaction. 

Dependent variables included hemodynamic parameters, motor skills, muscular strength 

and endurance, vascular endothelial function, peripheral blood circulation before and 

after the 4-week resistance training period. A significant interaction was followed up with 

a univariate test for simple main effects. When a F ratio was significant, a post hoc test 

was performed using a Tukey’s test for multiple comparison purposes. Statistical 

significance for this study was set a priori with a p value <0.05. A Kruskal-Wallis 

nonparametric test was performed for survey data collected with ordinal values. Group 
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characteristics were reported as mean + SD and data analysis was completed with the 

SPSS software. 
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CHAPTER FOUR 
 

Results 
 
 

Participants 
 

Thirty-eight volunteers 50 years or older participated in this study between 

August 2019 and November 2019. 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 exercise 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 participants 

completed pre-assessments. Two participants in the HIRT group were unable to complete 

the muscular strength and 6MWT post-assessments due to a minor calf strain and hip 

pain.  

Baseline physiologic and anthropometric characteristics are present in Table 1. 

Ages ranged from 50 to 80 years with a mean of 65 + 8 years. Participants’ BMI 

averaged 27.43 + 4.14 kg/m2 and body fat percent of 31.04 + 8.26%. All participants had 

been previously diagnosed with Parkinson’s disease 1 to 21 years ago. The average 

diagnosis of PD was 7.18 + 5.37 years ago. All participants were on carbidopa-levodopa 

for a duration of 1 to 19 years. The mean for years on carbidopa-levodopa was 6.24 + 

5.69 years with an average dosage of 1086 + 656 mg per day. The average foot-
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transcutaneous oxygen pressure (TcP02) was 50 + 8 mmHg. The average reactive 

hyperemia index (RHI) was 0.56 + 0.38. The average modified Hoehn and Yahr scale 

(mHY) ranking was stage 2.0 + 0.82. Eighteen participants (or 47%) reported symptoms 

of restless leg syndrome. Autonomic symptoms were noted using the Survey of 

Autonomic Symptoms questionnaire, averaging 3.5 + 2.56 out of 11 possible symptoms.   

 
Table 1 

Baseline anthropometric and physiological characteristics across groups 
Variable HIRT  LIRT-BFR CNTRL Total 
Number (n) 15 15 8 38 

Age (yrs) 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 (in) 68.67 + 5.01 69.03 + 3.86 66.44 + 6.12 68.34 + 5.08 

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 

Body Fat (%) 33.48 + 7.04 27.87 + 9.51 32.41 + 6.68 31.04 + 8.26 

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 (yrs) 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 

OH (n)  11 (73%) 13 (86%) 7 (88%) 31 (82%) 

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 

eNOS (pg/dL) 35.22 + 9.50 44.37 + 12.36 49.37 + 12.36 41.67 + 14.42 

Homocysteine (µmol/L) 57.96 + 29.11* 56.31 + 24.12* 29.82 + 14.04 51.38 + 25.92 

Values are presented as means + standard deviation. SBP = systolic blood pressure; DBP = diastolic blood 
pressure; C-Lev = Carbidopa-Levodopa; OH = orthostatic hypotension; TcPO2 = transcutaneous oxygen; 
RHI = reactive hyperemia index; eNOS = endothelial nitric oxide synthase; mHY = modified Hoehn and 
Yahr. The * indicates significant differences compared to the CNTRL group at pre-assessments. 
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Endothelial nitric oxide synthase (eNOS) averaged 41.67 + 14.42 pg/dL. Thirty-

one participants showed signs of orthostatic hypotension (OH), with blood pressure 

decreasing more than 20mmHg upon standing with common symptoms of OH present 

such as dizziness, light-headedness, blurred vision, weakness and/or fatigue. The average 

drop in SBP was 24.84 + reporting 1.61 + 1.22 symptoms immediately upon standing.  

Data distribution and equality of variance were tested by the Shapiro-Wilk and 

Levene tests, respectively. All data was normally distributed except for pre- and post-

times for the Timed-Up-and-Go (TUG) assessment (p = 0.002 and p = 0.001).  

To compare variables among the three groups (HIRT, LIRT-BFR and CNTRL) at 

pre-assessments a one-way ANOVA was performed. There were no significant 

differences in years since the diagnosis of PD, years on and dosage of Levodopa, BMI, 

body fat percentage, blood pressure, systolic blood pressure drop (upon standing), RHI, 

TcP02 or eNOS (years of diagnosis, F2,35 = 1.182, p = 0.319; years on Levodopa, , F2,35  = 

1.912, p = 0.16; dosage of Levodopa, , F2,35  = 0.402, p = 0.672;  BMI, F2,35  = 1.377, p = 

0.266; body fat, F2,35  = 1.963, p = 0.156; systolic blood pressure , F2,37  = 0.188, p = 

0.830; diastolic blood pressure , F2,35  = 0.882, p = 0.423; systolic blood pressure upon 

standing , F2,35  = 2.005, p = 0.150; RHI , F2,35  = 3.233, p = 0.51; tcP02 , F2,35  = 2.111, p 

= 0.136; eNOS , F2,35  = 3.176, p = 0.54). A significant difference was found with age 

and homocysteine, however (age, F2,35 = 3.811, p = 0.032). A Tukey’s post-hoc analysis 

revealed a significant difference between the LIRT-BFR and CNTRL groups for age 

(62.60 + 7.50 years and 71.50 + 6.78 years, p = 0.029) and LIRT-BFR and HIRT 

compared to CNTRL (p = 0.029 and p = 0.042, respectively). An ANCOVA was used to 

adjust for significant pre-assessment homocysteine concentration differences between 
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both exercise groups and the CNTRL group. There were no significant differences in age 

between the HIRT and LIRT-BFR group (64.07 + 8.00 years and 71.50 + 6.78 years, p = 

0.857) or the HIRT and CNTRL groups (p = 0.078). 

 
Diet and Physical Activity 

 
All participants reported averaging less than two hours per week of low- to 

moderate- physical activity before being admitted to the study. Participants were asked to 

categorize the physical activity completed three days prior to the pre- and post-

assessments. Categories 1 through 4 included activities of daily living ranging from 

sleeping, slow dressing and showering while categories five through 10 included more 

vigorous endeavors such as housework, manual labor and planned exercise. Participants 

were asked not to exercise at least three days leading up pre- and post-assessments. There 

were no significant differences in the amount of physical activity in pre- versus post-

assessments.  

Table 2 details the reported dietary intake leading up to each trial. There were no 

significant differences between conditions for total calories, macronutrients or estimated 

folate levels (calories, F2,35 = 0.297, p = 0.747; protein, F2,35 = 0.506, p = 0.610; 

carbohydrates, F2,35 = 0.221, p = 0.803; fat, F2,35 = 0.391, p = 0.682; folate, F2,35 = 0.657, p 

= 0.530). 
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Table 2 
Baseline anthropometric and physiological characteristics across groups 

Variable HIRT  LIRT-BFR CNTRL Total 
Calories (kcal) 1503 + 672 1866 + 1050 1764 + 1097 1729 + 933 

Protein (g) 57 + 29 67 + 36 77 + 44 67 + 35 

Carbohydrates (g) 200 + 86 253 + 185 237 + 187 232 + 156 

Fats (g) 54 + 37 68 + 34 61 + 29 62 + 33 

Folate (mcg) 33 + 28 73 + 40 102 + 73 70 + 103 

Values are presented as means + standard deviation. HIRT = high-intensity resistance training; LIRT-BFR 
= low-intensity resistance training with blood flow restriction (LIRT-BFR) groups. No significant 
differences were observed (p > 0.05).  
 

A mixed 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x time (0 and 4 weeks)] 

ANOVA was used to determine any significant time effects or a group x time interaction 

for caloric and nutrient intake. No significant main effect for time was indicated for 

calories (F2,35 = 0.252, p = 0.624), carbohydrate (F2,35 = 0.002, p = 0.964), protein (F2,35 

= 0.639, p = 0.438), fat (F2,35 = 0.937, p = 0.351), or folate (F2,35 = 1.695, p = 0.216). 

Likewise, no significant group x time interaction was observed for calories (F2,35 = 0.095, 

p = 0.910), carbohydrate (F2,35 = 0.057, p = 0.595), protein (F2,35 = 0.578, p = 0.575), fat 

(F2,35 = 0.541, p = 0.595) or folate (F2,35 = 741, p = 0.496).  

 
Exercise Sessions 

 
 The exercise time for both the HIRT and LIRT-BFR groups was 54.85 + 4.23 

minutes and 51.27 + 83 minutes, respectively. The average systolic blood pressure 

immediately following leg extensions, leg curls, calf raises, biceps curls, triceps 

extensions and hand grip for HIRT-BFR and LIRT-BFR was 129.89 + 18.67 mmHg and 

127.33 + 18.42 mmHg, respectively. The average diastolic blood pressure immediately 
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following leg extensions, leg curls, calf raises, biceps curls, triceps extensions and hand 

grip for LIRT-BFR and HIRT-BFR was 77.61 + 10.49 mmHg and 84.18 + 8.50 mmHg, 

respectively. The average heart rate immediately following leg extensions, leg curls, calf 

raises, biceps curls, triceps extensions and hand grip for LIRT-BFR and HIRT-BFR was 

90.22 + 10.64 bpm and 89.42 + 11.75 bpm, respectively. The average rating of perceive 

exertion (RPE) immediately following leg extensions, leg curls, calf raises, biceps curls, 

triceps extensions and hand grip for LIRT-BFR and HIRT-BFR was 6.97 + 2.11 and 7.57 

+ 0.98, respectively. Average values for the HIRT and LIRT-BFR hemodynamic load 

averages over four weeks are noted in Table 1.  

An independent samples test was performed to note differences between 

hemodynamic markers for exercise sessions at week 1, week 2, week 3 and week 4 and 

the average of all weeks combined. Average weekly and total SBP, DBP, mean arterial 

pressure (MAP), rating of perceived exertion (RPE) and rate pressure product (RPP) were 

higher for HIRT compared to LIRT-BFR, though no significant differences were noted 

between groups. Average pulse pressure (PP) and heart rate (HR) was higher in LIRT-

BFR versus HIRT. Figures 2 and 3 graphically display blood pressure differences over 4-

weeks. Average RPE was higher in LIRT-BFR in all exercises except leg curls. 

Significant group differences were observed for the RPE regarding biceps curls in LIRT-

BFR versus HIRT (9.01 + 0.96 and 7.68 + 1.84, p=0.002, respectively). Significant 

differences were also observed between lower body exercises average DBP immediately 

after exercise in the LIRT-BFR and HIRT groups (77.11 + 10.32 mmHg and 84.71 + 9.41 

mmHg, p = 0.048, respectively). 
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Table 3 
Average Hemodynamic Load Markers Following Exercises 

Variable HIRT  LIRT-BFR 
Total SBP (mmHg) 129.05 + 18.33 127.33 + 18.42 
Total DBP (mmHg) 84.18 + 8.50 77.61 + 10.49 
Lower SBP (mmHg) 129.28 + 18.53 129.47 + 17.62 
Lower DBP (mmHg) 84.71 + 9.40 77.11 + 10.32* 
Upper SBP (mmHg) 128.89 + 19.20 128.62 + 19.83 
Upper DBP (mmHg) 83.42 + 8.59 78.36 + 10.92 
MAP  98.74 + 11.24 94.32 + 12.83 
Pulse Pressure 45.12 + 13.42 49.52 + 10.63 
HR (bpm) 89.42 + 11.75 90.22 + 10.64 
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 (LIRT-BFR) 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. 
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a) b) 

  
c) d) 

  
e) f) 

  

Figure 4. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) weekly 
averages (lbs) following each lower body exercise performed in the high-intensity 
resistance training (HIRT) and the low-intensity resistance training with blood flow 
restriction (LIRT-BFR) groups. Graphs represent a) leg extensions SBP, b) leg extensions 
DBP, c) leg curls SBP, d) leg curls DBP, e) calf raises SBP, f) calf raises DBP. No 
significant differences were observed for SBP or DBP between HIRT and LIRT-BFR 
(p>0.05).  
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a) b) 

  
c) d) 

  
e) f) 

  
Figure 5. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) weekly 
averages (lbs) following each upper body exercise performed in the high-intensity 
resistance training (HIRT) and the low-intensity resistance training with blood flow 
restriction (LIRT-BFR) groups. Graphs represent a) biceps curls SBP, b) biceps curls 
DBP, c) triceps extensions SBP, d) triceps extensions DBP, e) handgrip SBP, f) handgrip 
DBP. No significant differences were observed for SBP or DBP between HIRT and LIRT-
BFR (p>0.05). 
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Unified Parkinson’s Disease Rating Scale 
 
 
UPDRS-I and -II 

Part I of the Unified Parkinson’s Disease Rating Scale (UPDRS) was filled out by 

each participant at pre- and post-assessments. A mixed 3 x 2 [group (HIRT, LIRT-BFR, 

CNTRL) x time (0 and 4 weeks)] ANOVA was used to determine time or a group x time 

interaction for the UPDRS-I and -II scores. No significant main effect for time was 

indicated for UPDRS-I (F2,35 = 0.565, p = 0.456) or UPDRS-II (F2,35 = 1.644, p = 0.208). 

Likewise, no significant group x time interaction was observed for UPDRS-I (F2,35 = 

0.259, p = 0.854) or UPDRS-II (F2,35 = 0.428, p = 0.734).  

 
UPDRS-III (Motor Evaluation) 
 
 Part III of the UPDRS was performed by a licensed physical therapist with a 

geriatric specialist certification. A mixed 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x 

time (0 and 4 weeks)] ANOVA was used to determine significant time effects and a 

group x time interaction. The motor evaluation score increased (indicating worsening of 

motor symptoms) after four weeks in the HIRT group (20.67 + 12.08 versus 22.33 + 

14.15).  Improvements were seen in the motor evaluation score for LIRT-BFR (24.14 + 

12.59 versus 20.13 + 9.56) and the control group (30.00 + 15.9 versus 28.88 + 15.79), 

although no significant group x time interaction were noted (F2,35 = 1.386, p = 0.25 and 

F2,35 = 1.931, p = 0.14, respectively).  

 
Modified Hoehn and Yahr 
 
 The mHY rating of PD was ranked by a licensed physical therapist, immediately 

after the motor evaluation at pre- and post-assessments. All groups decreased slightly in 
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their average rating on the mHY staging scale (HIRT pre-mHY 1.96 + 0.77 and post-

mHY 1.93 + 0.80; LIRT-BFR pre-mHY 1.79 + 0.61 and post-mHY 1.71 + 0.54, CNTRL 

pre-mHY 2.44 + 1.12 and post-mHY 2.25 + 1.25). No significant group x time 

interaction was noted (F2,35 = 1.258, p = 0.25).  

 
Timed-Up-and-Go 

 
 The Timed-Up-and-Go (TUG) assessment was performed at pre- and post-

assessments. Improvements in both exercise groups exceeded improvements observed by 

the control group (HIRT, 2.57 + 4.25 seconds; LIRT-BFR, 1.07 + 1.5; CNTRL, 0.37 + 

0.81), but there was no significant group x time interaction noted (group, F2,35 = 0.255, p 

= 0.78).  

 

Figure 6. Improvements (in seconds) in the Timed-Up-and-Go after four weeks in the in the high-intensity 
resistance training (HIRT), the low-intensity resistance training with blood flow restriction (LIRT-BFR) 
and the control (CNTRL) groups. 
 
 

Strength Assessments 
 
 A paired samples T-test was done to compare exercise groups’ strength 

improvements at pre- and post-assessments in the HIRT and LIRT-BFR groups. 

Significant time differences were observed in pre- and post-strength tests for the leg 

extension, leg curls, biceps curls and triceps extensions (Leg extensions, F1,28= 40.26, p < 
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0.001; leg curls, F1,28 = 9.02, p = 0.006; biceps curls, F1,28 = 22.79, p < 0.001; triceps 

extensions, F1,28 = 6.00, p = 0.021). Table 3 specifies pre- and post-assessments estimates 

of one repetition maximum for leg extensions, leg curls, biceps curls and triceps 

extensions.  

 
Table 4 

Pre- and Post-Assessment Estimated 1RM 
 HIRT LIRT-BFR 

Exercise Pre-1RM Post-1RM Pre-1RM Post-1RM 

Leg Extensions (lbs) 116.00 + 43.57 143.38 + 53.53 116.07 + 42.48 135.93 + 37.78 

Leg Curls (lbs) 90.15 + 41.44 102.46 + 43.66 95.53 + 34.02 101.13 + 33.84 

Triceps Extensions (lbs) 69.77 + 35.96 77.62 + 36.03 72.27 + 29.48 79.13 + 30.34 

Biceps Curls (lbs) 47.69 + 29.97 55.69 + 34.14 48.53 + 22.03 57.73 + 24.77 

Values are presented as means + standard deviation. HIRT = high-intensity resistance training; LIRT-
BFR = low-intensity resistance training with blood flow restriction (LIRT-BFR) groups; 1RM = one 
repetition maximum; lbs = pounds lifted.  
 

No significant differences between groups were seen for the increase in strength 

after 4-weeks of either HIRT or LIRT-BFR for leg extensions, leg curls, biceps curls and 

triceps extensions. Increases in strength were observed for both groups across all 

exercises (leg extensions, HIRT 23.15 + 22.12 lbs, LIRT-BFR 23.53 + 18.06 lbs; leg 

curls, HIRT 11.54 + 18.07 lbs, LIRT-BFR 6.27 + 13.73 lbs; biceps curls, HIRT 7.46 + 

9.62 lbs, LIRT-BFR 9.67 + 9.32 lbs; triceps extensions, HIRT 7.07 + 45.91 lbs, LIRT-

BFR, 7.93 + 17.442 lbs).   
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a) b) 

  

c) d) 

  
Figure 7. One-repetition maximum averages (lbs) for pre- and post-assessments in the high-
intensity resistance training (HIRT) and the low-intensity resistance training with blood flow 
restriction (LIRT-BFR) groups. Graphs represent a) machine leg extensions, b) machine leg 
curls, c) machine biceps curls and d) machine triceps extensions. The * indicates a significant 
a difference compared to pre-assessment values. 
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A 6-minute walk (6MWT) was performed at pre- and post-assessments. There 

were no significant differences among means at pre-assessments in the number of feet 
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Improvements in the 6MWT were observed only in the LIRT-BFR group and, to a 
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used to determine significant a group x time interaction.  No significant time effects or 

group x time interaction were observed (time, F2,35 = 0.354, p = 0.556, interaction F2,35 = 

2.043, p = 0.129). 

  
Figure 8. 6-minute walk results for pre- and post-assessments in the high-
intensity resistance training (HIRT) and the low-intensity resistance training with 
blood flow restriction (LIRT-BFR) and control (CNTRL) groups. No significant 
differences were found (p > 0.05). 

 

Senior Biceps Curls 
 
 A mixed 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x time (0 and 4 weeks)] 

ANOVA was used to determine significant time and a group x time interaction for the 

senior biceps curls assessment. All groups improved in the senior biceps curls at post-

assessments, with a significant time effect for right and left arms (right, F2,35 = 19.245, p 

<0.001; left, F2,35  = 20.859, p <0.001). No significant group x time interaction were 

observed (right, F2,35  = 0.085, p = 0.985; left, F2,35  = 0.015, p = 0.985). All groups 

improved by approximately 2-3 repetitions in 30 seconds for right and left arms (HIRT, 

2.22 + 2.90 repetitions; LIRT-BFR, 2.53 + 3.76 repetitions; CNRTRL, 2.63 + 2.45 

repetitions).  
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a) b) 

 
 

 

Figure 9. Senior biceps curl repetitions at pre- and post-assessments in the high-intensity resistance 
training (HIRT) and the low-intensity resistance training with blood flow restriction (LIRT-BFR) and 
control (CNTRL) groups. Graphs represent a) right arm and b) left arm. There were no significant 
differences observed (p>0.05). 
 

Handgrip 
 

A mixed 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x time (0 and 4 weeks)] 

ANOVA was used to determine significant time effects and a group x time interaction for 

the handgrip assessments. Assessments were performed on the left and right hands. The 

PD affected hand was also analyzed. No time effect or a group x time interaction were 

observed (time, F2,35 = 1.188, p = 0.329; F2,35 = 0.356, p = 0.953).  There were similar 

results with handgrip and the 6MWT, where LIRT-BFR and CNTRL groups improved 

and HIRT decreased slightly, though significant differences were not observed (HIRT 

pre-39.73 + 14.40 kg and post-39.13 + 14.23 kg; LIRT-BFR, pre-40.53 + 12.08 kg and 

post-41.20 + 11.09 kg; CNTRL, pre-36.86 + 11.32 post-38.71 + 10.02 kg).  
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Figure 10. Handgrip values at pre- and post-assessments in the 
high-intensity resistance training (HIRT) and the low-intensity 
resistance training with blood flow restriction (LIRT-BFR) and 
control (CNTRL) groups. There were no significant differences 
observed (p>0.05). 

 
 

Endothelial Function 
 
 
Reactive Hyperemia Index 
 

The RHI reading for participants averaged just above the population normal 

natural log rhythm reactive hyperemia index (LnRHI) (>0.51) at 0.56 + 0.36. Although 

the differences were not significant, the HIRT group scored well above this “cutoff” 

index at 0.73 + 0.18, the CNRTL group averaged right at the normative value cutoff at 

0.51 + 0.23 and the LIRT-BFR group fell well below normal ranges with a LnRHI of 

0.42 + 0.48.  

A mixed 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x time (0 and 4 weeks)] 

ANOVA was used to determine a significant group x time interaction for the natural log 

rhythm reactive hyperemia index (LnRHI) values. A significant group x time interaction 

was revealed (F2,35 = 4.705, p < 0.007). A univariate assessment was performed to reveal 

significant simple main effects. A Tukey’s post-hoc comparison showed a significant 

difference at post-assessments in the LIRT-BFR compared to the HIRT group (LIRT-
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BFR pre- 0.425 + 0.477 and post- 0.699 + 0.341; HIRT pre- 0.73 + 0.176 and post- 0.538 

+ 0.339, p < 0.036, η2 = 0.566). A LnRHI improvement of 50% after four weeks in the 

LIRT-BFR group was observed. The LnRHI worsened in the HIRT group by 

approximately 25%. The CNTRL improved by approximately 10%. While HIRT and 

CNTRL groups remained above the LnRHI normative index of >0.51 at post-

assessments, the LIRT-BFR group went from an abnormally low LnRHI to well above 

the cutoff value.  

 

 

Figure 11. Natural log rhythm reactive hyperemia index (LnRHI) for 
pre- and post-assessments in the high-intensity resistance training 
(HIRT) and the low-intensity resistance training with blood flow 
restriction (LIRT-BFR) and control (CNTRL) groups. The * indicates 
a significant difference compared to HIRT at post-assessments 
(p<0.05). 

 

Peripheral Blood Circulation 
 
 Values for foot transcutaneous oxygen (TcP02) averaged just in the minimum 

normal reference values (50-70mmHg) at 51.17 + 4.2 mmHg. Measurements were taken 

after a 20-minute baseline period in which participants laid supine in a quiet and 

temperature-controlled room. A mixed model 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) 

HIRT LIRT-BFR CNTRL
0.0

0.5

1.0

1.5

Ln
R
H
I

Pre-Assessment

Post-Assessment

LnRHI cutoff

*



74 
 

x time (0 and 4 weeks)] ANOVA was used to determine a significant group x time 

interaction for the TcP02 measurements. Baseline measurements at 0º for pre-assessments 

were not significantly different for right or left legs between groups (HIRT-right, 52.33 + 

7.57 mmHg; HIRT-left, 47.53 + 7.44 mmHg ; LIRT-BFR-right, 54.733 + 8.18 mmHg; 

LIRT-BFR-left, 52.67 + 8.48 mmHg ; CNTRL-right, 45.13 + 13.17; CNTRL-left, 45.88 

+ 10.37 mmHg; Right, F = 2.229, p = 0.101; Left, F = 2.684, p = 0.060).  

 
a) b) 

   
 

Figure 12. Transcutaneous pressure of oxygen (TcP02) in the left and right foot at pre- and post-
assessments in the high-intensity resistance training (HIRT) and the low-intensity resistance training 
with blood flow restriction (LIRT-BFR) and control (CNTRL) groups. Graphs represent TcP02 for the a) 
right leg and b) left leg. The * indicates a significant within group comparison time (p < 0.001). The g  
indicates a significant difference compared to HIRT and the # indicates a significant difference 
compared to CNTRL at post-assessments. TcP02 cutoff line is at 50mmHg, with lower pressures 
indicating poor circulation in the foot.  
 

A significant time effect was observed for pre- and post-TcP02 values (time, F2,35 

= 15.64, p < 0.001, η2=0.457). A significant group x time interaction was detected for 

post-TcP02 values (right, F2,35 = 4.159, p = 0.012, η2=0.247; left, F2,35 = 3.965, p = 0.015, 

η2 = 0.238). A Tukey’s post hoc analysis revealed significant difference between LIRT-

BFR and CNTRL and LIRT-BFR and HIRT groups in the right leg (right, LIRT-BFR, 

59.60 + 8.74 mmHg; CNTRL, 46.75 + 13.84 mmHg; p = 0.017; HIRT, 49.40 + 6.68 
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mmHg; p = 0.039) and between LIRT-BFR and CNTRL in the left leg (left, LIRT-BFR, 

56.00 + 7.28 mmHg; CNTRL, 44.88 + 10.15 mmHg; p = 0.008).  

 Leg elevation for a duration of 5-15 minutes can be used to confirm 

macrovascular disease. Normal values include a drop of less than 10mmHg and/or <20% 

from baseline. An increase of greater than 10mmHg from elevated values indicates 

vasodilation in response to decreased gravitation blood circulation after elevating the legs 

for a short period of time. Six participants total (~16%) experienced a decrease in TcP02 

of greater than 10mmHg (3 in the LIRT-BFR and 3 in the HIRT group) in pre-

assessments and 22 (~58%) did not increase their TcP02 more than 10mmHg from the 

cessation of 30º leg elevation after 5 minutes (10 in the LIRT-BFR, 11 in the HIRT and 4 

in the CNTRL group). There were no significant time effects noted for the drop or rise in 

TcP02 (Drop, F2,35 = 2,831, p = 0.101; Rise, F2,35 = 0.510, p = 0.234). Likewise, no group 

x time interaction was observed for the drop or rise in TcP02 (Drop, F = 0.304, p = 0.090; 

Rise, F2,35 = 1.652, p = 0.353). Pre- and post-TcP02 values can be seen in Figure 7. 
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a)  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) 

 

Figure 13. TcP02 during an elevated leg test for pre- and post-assessments in the high-intensity resistance 
training (HIRT), low-intensity resistance training with blood flow restriction (LIRT-BFR) and control 
(CNTRL) groups. The first TcP02 value noted was after a 20-minute baseline period, just prior to elevating 
the legs 30º for 5 minutes. After 5 minutes of leg elevation, the TcP02 was noted and the legs returned to 0º. 
After 5 minutes, the tcp02 was recorded for a final time. No significant differences were observed for 
TcP02 (p > 0.05).  

 

eNOS 
 

A mixed model 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x time (0 and 4 

weeks)] ANOVA was used to determine a significant time effect and group x time 

interaction for eNOS over the course of four weeks. No significant group x time 
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interaction or time effect were observed. The HIRT and LIRT-BFR groups increased in 

levels of eNOS and the CNTRL group decreased from pre- to post-assessments (HIRT 

35.21 + 9.50 pg/mg protein and 43.09 + 18.10 pg/mg protein, LIRT-BFR 44.02 + 12.28 

pg/mg protein and 49.16 + 18.42 pg/mg protein, CNTRL 49.37 + 12.36 pg/mg protein 

and 44.72 + 11.86 pg/mg protein).   

 

 

Figure 14. eNOS levels for pre- and post-assessments in 
the high-intensity resistance training (HIRT) and the 
low-intensity resistance training with blood flow 
restriction (LIRT-BFR) and control (CNTRL) groups. 
No significant differences were observed for eNOS 
(p>0.05).  

 
 
Homocysteine 
 

A one-way ANOVA showed significant differences for pre-assessment 

homocysteine values (p = 0.25). A Tukey’s post-hoc showed significant differences 

between both the HIRT and LIRT-BFR groups compared to the CNTRL group at pre-

assessments (p = 0.042 and p = 0.029, respectively). There was not a significant 

difference for exercise groups (p = 0.981).  
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A one-way ANCOVA was used to adjust for significant pre-assessment 

homocysteine concentration differences between both exercise groups and the CNTRL 

group. There was a significant difference in post-assessment concentrations of 

homocysteine between groups (F2,35 = 3.95, p < 0.015, η2=0.247). A post hoc analysis 

revealed significant differences between post-assessment homocysteine levels for LIRT-

BFR and HIRT groups (LIRT-BFR, pre- 56.31 + 24.12 µmol/L, HIRT, pre- 57.96 + 

29.11 µmol/L and post- 53.01 + 33.43 µmol/L, p = 0.009).  The CNTRL group stayed 

close to the same concentration, though the post-assessments, after adjustments for pre-

assessment differences, were not significantly difference from LIRT-BFR or HIRT 

(CNTRL pre- 29.82 + 4.04 and post- 28.75 + 2.60 µmol/L, p = 0.704, p = 1.00, 

respectively). 

 

 

Figure 15. Homocysteine levels for pre- and post-assessments in the 
high-intensity resistance training (HIRT) and the low-intensity 
resistance training with blood flow restriction (LIRT-BFR) and 
control (CNTRL) groups. The * indicates a significant difference from 
HIRT at post-assessments after adjusting for pre-assessment 
homocysteine values (p < 0.05).  
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Orthostatic Hypotension 
 

The average drop in SBP upon standing at pre-assessments was 27.63 + 11.84 

mmHg for all groups. The average drop in DBP upon standing at pre-assessments was 

12.58 mmHg for all groups. A mixed model 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x 

time (0 and 4 weeks)] ANOVA was used to determine a significant time and group x time 

interaction for blood pressure drops indicative of orthostatic hypotension (OH) and the 

corresponding symptoms over the course of four weeks. Significant time effects were 

observed for pre- and post-values for symptoms of OH (1.61 + 1.50 and 0.94 + 1.11, F3,35 

= 17.91, p < 0.001). No group x time interactions were observed. The LIRT-BFR and 

CNTRL group showed improvements in SBP and DBP drops upon standing after four 

weeks (SBP, LIRT-BFR, 5.07 + 10.55 mmHg, CNTRL, 3.75 + 12.58 mmHg; DBP, 

LIRT-BFR 0.47 + 7.08 mmHg, CNTRL 2.25 + 9.16 mmHg). The HIRT group’s SBP 

stayed approximately the same and DBP worsened after 4-weeks (SBP, HIRT 0.00 + 

12.85 mmHg; DBP, HIRT -1.20 + 8.81 mmHg).   

 
Resting Blood Pressure 
 
 The LIRT-BFR and CNTRL groups’ pre- and post-resting SBP and DBP blood 

pressures decreased after four weeks. Both SBP and DBP increased for the HIRT group. 

These changes can be seen in Figure 9. A one-way ANOVA was performed to compared 

pre-SBP/DBP and post-SBP/DBP readings after rest among groups. At pre-assessments, 

no significant group differences were noted (SBP, F2, 35 = 0.188, p = 0.830 and DBP, F2, 

35 = 0.882 and p = 0.423). For post-assessments, significant group differences were noted 

for SBP and DBP (SBP, F2, 35 = 6.087, p = 0.005 and DBP, F2, 35 = 4.381, p = 0.020). A 

Tukey’s post hoc analysis revealed significant differences between LIRT-BFR and HIRT 
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groups for SBP and DBP at post-assessments (LIRT-BFR pre-SBP, 126.26 + 20.71 

mmHg and post-SBP 113.00 + 14.61 mmHg, HIRT pre-SBP 129.33 + 22.76 mmHg and 

post-SBP 133.20 + 19.21 mmHg, p = 0.004 ; LIRT-BFR pre-DBP, 79.47 + 12.20 mmHg 

and post-DBP 75.20 + 12.87 mmHg, HIRT pre-DBP 84.93 + 11.90 mmHg and post-SBP 

86.53 + 9.27 mmHg, p = 0.020). Significant differences were not observed for either 

LIRT-BFR or HIRT compared to the control group (CNTRL pre-SBP 124.25 + 10.28 

mmHg and post-SBP 121.75 + 9.82 mmHg; pre-DBP 82.13 + 7.38 and post-DBP 77.25 + 

9.68 mmHg).  

 

a) b) 

  

Figure 16. Pre- and post-assessment resting systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) readings in the high-intensity resistance training (HIRT), low-intensity resistance training with 
blood flow restriction (LIRT-BFR) and control (CNTRL) groups. Graphs represent a) SBP and b) DBP. 
The * indicates a significant difference compared to HIRT at post-assessments (p < 0.05).  
 

Parkinson’s Disease Quality of Life (PDQ39) 
 
 A mixed model 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x time (0 and 4 

weeks)] ANOVA was used to determine a significant time effect and group x time 

interaction for total PDQ39 scores over the course of 4-weeks. A group x time interaction 

was observed for the total PDQ39 score rated at pre- and post-assessments (HIRT pre- 
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75.36 + 32.35 and post- 60.14 + 42.68; LIRT-BFR pre- 75.79 + 27.07 and post- 65.71 + 

32.85, F = 0.667, p = 0.042, η2 = 0.39).  A univariate test was conducted to determine 

simple main effects. A post hoc analysis revealed significant differences in total PDQ39 

scores between HIRT and CNTRL (p = 0.36) and LIRT-BFR and CNTRL after 4-weeks 

(p = 0.43). A trend toward significance was noted between HIRT and LIRT-BFR (p = 

0.076).  

A Kruskal-Wallis nonparametric test was conducted to determine if there were 

differences in PDQ39 scores between groups in the pre- and post-scores of the 8-

dimensions of the PDQ39 scale including mobility, activities of daily living, emotional 

wellbeing, stigma about PD, social support, cognition, communication and bodily 

discomfort. Significant between group differences were observed only for mobility (p = 

0.013) and emotion (p = 0.009). A post-hoc analysis revealed significant differences 

between the LIRT-BFR and HIRT groups for mobility (HIRT 40.43 + 23.85 and 54.25 + 

29.32, LIRT-BFR 38.71 + 17.16 and 30.71 + 18.97, p = 0.007) and LIRT-BFR and HIRT 

for emotion (HIRT; LIRT-BFR; p = 0.049) . 

a)  b) 

  
 
 
 
 

 
 
 
 

HIRT LIRT-BFR CNTRL
0

20

40

60

80

100

Mobility

Sc
or
e

Pre-Assessment

Post-Assessment

HIRT LIRT-BFR CNTRL
0

20

40

60

80

ADL

Sc
or
e

Pre-Assessment

Post-Assessment

Pre-Assessment

Post-Assessment

Pre-Assessment

Post-Assessment

* 



82 
 

c) d) 

  
 
e) 

 
f) 

  
g) h) 

  
Figure 17. Pre- and post-assessments in the 8-dimensions of the PDQ39 in the high-intensity resistance 
training (HIRT), low-intensity resistance training with blood flow restriction (LIRT-BFR) and control 
(CNTRL) groups. Graphs represent a) mobility, b) activities of daily living, c) emotion, d) stigma, e) 
social support, f) cognition, g) and h) bodily discomfort. The * indicates a significant difference 
compared to HIRT at post-assessments (p < 0.05). 
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Geriatric Depression Scale: Short Version 
 

A Kruskal-Wallis nonparametric test was conducted to determine differences for 

the Geriatric Depression Scale scores over the course of 4-weeks. No significant 

differences in median scores were observed (p = 0.691). The LIRT-BFR and CNTRL 

group both reported improvements on the Geriatric Depression scale. HIRT’s score 

slightly declined.  

 
Restless Leg Syndrome Quality of Life Questionnaire 

 
A Kruskal-Wallis nonparametric test was conducted to determine significant 

differences for total restless leg syndrome (RLS) scores over the course of 4-weeks. No 

significant differences in median scores were observed (p = 0.302). All groups reported 

improvements in RLS symptoms.  

 
Autonomic Symptoms 

 
A mixed model 3 x 2 [group (HIRT, LIRT-BFR, CNTRL) x time (0 and 4 

weeks)] ANOVA was used to determine a significant time effect and group x time 

interaction for the total number of autonomic symptoms reported and their severity over 

the course of 4-weeks. A significant time effect and group x time interaction were 

observed (Symptoms, time, F2,35 = 92.33, p <0.001; Symptoms, group x time, F2,35 = 

25.22, p <0.036; Severity, time, F2,35 = 92.34, p <0.001; Severity, group x time, F2,35 = 

7.81, p <0.006). A univariate test was conducted to determine simple main effects. A post 

hoc analysis revealed a significant group difference at post-assessments between LIRT-

BFR and both the HIRT and CNTRL groups (Symptoms, LIRT-BFR pre- 4.5 + 2.39 and 

post- 3.5 + 2.07; HIRT pre- 5.14 + 1.34 and post- 5.71 + 1.60, p = 0.043; CNTRL, pre- 
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9.03 + 2.34 and post- 9.23 + 2.83, p = 0.038; Severity, LIRT-BFR pre- 10.63 + 6.93 and 

post- 8.75 + 5.85; HIRT pre- 11.86 + 4.06 and post- 16.86 + 6.47, p = 0.004; CNTRL, 

pre- 30.13 + 10.36 and post- 31.33 + 9.85, p = 0.026). 

 

a) b) 

   

Figure 18. Pre- and post-assessments for the Survey of Autonomic Symptoms in the high-intensity 
resistance training (HIRT), low-intensity resistance training with blood flow restriction (LIRT-BFR) and 
control (CNTRL) groups. Graphs represent a) number of symptoms reported and b) severity of 
symptoms. The * indicates a significant within group comparison for time (p < 0.05). The g  indicates a 
significant difference compared to HIRT and the # indicates a significant difference compared to 
CNTRL at post-assessments.  
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CHAPTER FIVE 
 

Discussion 
 
 

Primary Findings 
 

The purpose of this study was to determine if LIRT-BFR attenuates or improves 

endothelial function and homocysteine levels in PwP compared to high-intensity 

resistance exercise (HIRT).  After four weeks of exercise, LIRT-BFR improved 

endothelial function and peripheral circulation and resulted in strength improvements 

comparable to HIRT in PwP. HIRT resulted in decreased endothelial function, while 

peripheral circulation varied in response in right and left legs. Endothelial nitric oxide 

synthase (eNOS) improved with both forms of exercise and not in the CNTRL group. 

Improvements in autonomic symptoms and severity were significantly improved in 

LIRT-BFR compared to the HIRT and CNTRL groups.  Worsening autonomic symptoms 

and severity, peripheral circulation in one leg, resting blood pressure, OH DBP drop and 

RHI with HIRT may be related to increased arterial stiffness demonstrated in previous 

literature, though more research needs to be done to confirm this. Exercise improved 

markers of fragility in LIRT-BFR including the TUG, 6MWT, handgrip assessment and 

the motor evaluation score of the UPDRS. HIRT improved only in the TUG, though these 

improvements were not significantly different from pre-assessments.  Perceived quality 

of life improved in all eight dimensions of the PDQ39 questionnaire including mobility, 

ADL, emotion, stigma, social support, cognition, communication and bodily discomfort 
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for the LIRT-BFR group. HIRT scores improved in all areas except mobility and 

emotion.   

Other notable findings include the fact that small muscle group resistance 

exercises used in this study resulted in lower hemodynamic loads during acute sessions 

than resistance and volume matched protocols in the current literature for LIRT-BFR and 

HIRT. Hemodynamic loads were higher, though not significant, in HIRT versus LIRT-

BFR for SBP, DBP, MAP and RPP. Both exercise groups reported moderately high RPE, 

though the overall RPE for HIRT was higher than LIRT-BFR.   

 
Participants 

 
 The participants of this current study were individuals diagnosed with PD one to 

19 years ago. Their ages ranged from 50-80 years and the severity of their disease was 

mild to moderate. The wide range of age and severity of PD is consistent with the 

interindividual nature of PD. Many individuals with PD see a rapid decline in their motor 

function after diagnosis while others maintain their disease ranking status for a long 

period of time. The progression of the disease may be more closely related to whether the 

disease was considered to be early- or late-onset PD rather than age alone (256). All 

participants in the current study were considered late onset. While there were no 

significant differences between BMI, body fat percentage, blood pressure, strength, years 

on Levodopa, dosage of Levodopa, TcP02, RHI, eNOS or mHY scores between groups, 

the LIRT-BFR and CNTRL group significantly differed in age, by approximately nine 

years. The lack of difference in the aforementioned measurements despite this age 

difference, most notably mHY and RHI, shows the interindividual presentation of the 

severity of PD symptoms, both neurologically and physiologically. It is therefore 
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accepted that all three groups were homogeneously balanced for the motor, blood and 

endothelial markers assessed.  

 
Levodopa Dosage 

 
 Levodopa is prescribed early in the diagnosis of PD. It is often one of the first 

lines of defense against motor symptoms. Levodopa is a natural precursor for dopamine. 

It is converted to dopamine through the activity of the enzyme dopa-decarboxylase. 

During dopamine metabolism, hydrogen peroxide molecules are generated. Oxidative 

stress, resulting from the imbalance between reactive oxygen species formation and 

antioxidant defenses is thought to play a pivotal role in the pathogenesis of the disease. 

The contribution levodopa may have in regard to this oxidative damage is still being 

studied. Oxidative stress and hyperhomocysteinemia are associated with endothelial 

dysfunction (212). High levels of homocysteine and endothelial dysfunction have been 

described in PwP on levodopa (162).  

Daily dosages of levodopa are reported to be from 300-800 mg/day (60, 183, 

281). This is spread out over the entire day in smaller fragments. Our participants’ dosage 

was much higher than this average and nearly each group averaged around 1000 mg/day. 

In a study analyzing the influence on ROS levels and levodopa dosages, individuals who 

took more than 500 mg/day showed lower ROS than those who took less levodopa (188). 

Although oxidation was significantly higher than age-matched controls, this shows a 

potential protective effect levodopa may have against oxidation caused by PD (188). 

While more research is needed, the decline in endothelial function and levodopa therapy 

is strong; however, the correlation to the drug and oxidation does not seem to be the 

underlying culprit behind this disruption.  
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Nutrition 
 

The primary intention for nutritional assessments three days before both pre- and 

post-assessments was to rule out any caloric, macro- or micronutrient differences 

between groups at both time points. There were no significant differences noted. 

Recommendations for folate are 400mcg daily (288). Individuals in our study fell 

well below the recommended amount. The HIRT group averaged 33 + 28 mcg (8%), the 

LIRT-BFR group averaged 73 + 40 mcg (18%) and the CNTRL group averaged 102 + 73 

mcg (25%). Researchers have not been able to tie folate deficiencies to 

hyperhomocysteinemia in PwP (195). Patients with peripheral artery disease have a low 

intake of folate show more severe symptoms, greater inflammation and ambulatory 

dysfunction, however (74).  

 
Acute Hemodynamic Loads 

 
 The hemodynamic load that resistance exercise may impose on individuals is 

somewhat of a concern for fitness professionals. Increased arterial stiffness, likely due to 

increased blood pressure exposure, may be the culprit behind this phenomenon. In 

individuals with PD, high-intensity exercise has proven more beneficial than low-

intensity exercise on motor function (48). In the previously mentioned study (48), clinical 

measures of bradykinesia were improved to a greater degree with high intensity eccentric 

resistance training compared to an active control group. Another study revealed favorable 

myofiber hypertrophy, muscle fiber shifts, increased strength, leg power, single-leg 

balance, 6MWT, quality of life and motor evaluation in PwP after 16 weeks of high-

intensity resistance exercise (115).  
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 Our study showed that the hemodynamic load in HIRT compared to LIRT-BFR 

was consistently, though not significantly, higher. Consistent to our findings, a previous 

aerobic exercise study using low-load, high-load and low-load blood flow restriction 

observed less of a hemodynamic loads compared to the high-load group without BFR 

(68). It is accepted that low-load non-BFR exercise results in lower hemodynamic loads, 

though results in muscular and motor adaptations with the former are not as favorable 

(227). One study showed increased systolic and diastolic blood pressures during leg press 

with BFR compared to walking without BFR at a light load in younger and older 

individuals (227). In this study, treadmill walking with BFR resulted in less of a 

hemodynamic load than leg press with BFR. In a study using just biceps curls, BFR 

resulted in a higher hemodynamic load (increased SBP, DBP and MAP) than biceps curls 

without BFR at only 30%-1RM (19). The two previously mentioned studies did not 

compare hemodynamic load in BFR exercise to high-intensity exercise, however. In a 

study comparing hemodynamic loads after one, two and three sets of high-intensity non-

BFR (80%) and low-intensity BFR (20%) leg extensions, the high-intensity group 

displayed higher SBP, DBP and RPP for all sets (187). In a study comparing 60% versus 

80% of maximum resistance in leg press, patients, which included heart transplant, heart 

failure, ischemic heart disease and healthy controls, saw a significant increase in SBP 

during leg press (42). Patients’ SBP increased from 122 mmHg, on average, to 200 

mmHg in the 80% intensity group and 123 mmHg to 164 mmHg in the 60% intensity 

group.  In the leg extension study previously mentioned, RPP, SBP and DBP remained 

higher for high intensity leg extensions at 80% versus BFR at 20% for all three sets 

(187). Immediately following leg extension, SBP dropped in both groups, within 10 
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mmHg of rest, but remained higher than low-intensity leg extension with blood flow 

restriction. For DBP, an immediate drop for both groups was observed post-exercise and 

was lower than resting values. This is consistent with the results of our study.  

The increased hemodynamic load observed with high-intensity resistance exercise 

and blood-flow restriction alike prompted the decision to use exercises that require small 

muscle groups rather than large muscle groups, such as leg press (153). A steady rise 

observed with sets in SBP and DBP for BFR in leg extensions (an isolated joint exercise) 

(187) indicates that disrupted, intermittent blood flow may be more beneficial than 

extended BFR, especially in populations with vascular or cardiovascular health concerns. 

Older individuals may be more susceptible to increased arterial stiffness, especially if 

they had pre-existing arterial stiffness (150). Although isolated versus multi-joint 

hemodynamic loads have not been directly compared, it can be concluded that 

hemodynamic loads are less in isolated joint movements across studies in BFR and 

moderate and high-intensity resistance exercise. This, perhaps, may be a safer way to 

prescribe resistance exercise to older individuals, especially those with cardiovascular 

concerns.    

 
Rating of Perceived Exertion 

 
Overall RPE ratings for HIRT were slightly, but not significantly, higher than 

LIRT-BFR. This is in contrast to an acute study comparing leg extension high-intensity 

(80%) and low-intensity with BFR (20%), where participants ranked the BFR leg-

extensions harder than the high-intensity leg extensions (187). In this study, BFR exercise 

averaged just under 8 on a modified Borg scale and the high-intensity group averaged an 
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RPE of just under 6 ½. Our study averaged just under 7 for LIRT-BFR and 

approximately 7 ½ for HIRT.  

Studies that sustain BFR for more than one exercise report increasing RPE values. 

Further, although perceptions of the load tends to be “light” in participants performing 

BFR, rating similar to high-intensity resistance exercise are typically reported (112). In 

one study using the modified RPE and a discomfort scale, participants for high-intensity 

and BFR resistance exercise reported significantly higher RPE and discomfort than low-

intensity resistance exercise; though, the ratings were comparable for the former two 

groups (72). Our LIRT-BFR and HIRT group had similar outcomes for RPE.  

 
Strength 

 
 Strength improvements were comparable with LIRT-BFR and HIRT groups alike. 

The lack of significant differences in strength between groups but a significant time 

effects shows that low-loads used during BFR can still result in strength improvements 

that high-loads produce. In the literature, increases in hypertrophy, growth hormone and 

muscle protein synthesis may be the reasoning behind this phenomenon (233).   

 In our study, leg extension strength improved by 23.53 + 18.06 and 23.15 + 22.12 

lbs in the LIRT-BFR and HIRT groups, respectively. Other improvements were 6.27 + 

13.73 and 11.54 + 18.07 lbs for leg curls, 7.93 +  17.44 and 7.07 + 45.90  lbs for triceps 

extensions and 9.67 + 7.46 and 7.46 + 9.62 lbs for biceps curls for LIRT-BFR and HIRT 

groups, respectively. Biceps curls were the only exercise that averaged a higher RPE in 

LIRT-BFR all four weeks. Interestingly, biceps curls estimated 1RM improved 

substantially more compared to HIRT. Similar results were seen in a study comparing 

different loads and occlusion pressures of BFR to gains in high-intensity resistance 
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exercise in older women (68 years of age) (129). In this study, squat, leg press knee 

extension and leg curl were performed for 3-4 sets of 15 repetitions with 30 seconds of 

rest in between and constant occlusion for all four lower body exercises for 16 weeks. A 

detraining period was also implemented and strength gains were higher than starting 

values for high-intensity resistance exercise and the BFR groups. The authors concluded 

that BFR methods may be safe and effective in promoting and retaining strength in older 

women in place of traditional, high-intensity resistance exercise.  

 
Fragility 

 
 
Handgrip 
 

After four weeks of exercise, LIRT-BFR and CNTRL groups improved their 

handgrip strength. Interestingly, the HIRT group’s average declined slightly, though not 

significantly from pre-assessments. Handgrip exercise with BFR is extensive. In a study 

primarily looking at FMD of the brachial artery and detraining effects, the BFR group 

significantly improved strength by an average of 5 kg, but the control group saw the same 

improvements (101). The authors showed improvements in FMD in the BFR group after 

four weeks, but improvements returned to baseline after two weeks of detraining. The 

strength gains with the control group and BFR in the aforementioned study may bring to 

light the systemic response that BFR training may impose on markers of strength, most 

notably growth hormone. Growth hormone increases with BFR at rates similar to or 

slightly higher than high-intensity resistance exercise but may be more potent in younger 

versus older individuals (140). Additionally, growth hormone is associated with increased 

handgrip in patients with heart failure (207). While growth hormone was not directly 
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measured, it may be the reason LIRT-BFR saw increased improvements in handgrip 

strength, although more research is needed for this conclusion.  

Participants of one study performed handgrip exercises at 60% while only one 

arm remained occluded for 20 minutes (38). Participants performed 15 grips per minute, 

three times a week for four weeks. The occlusion pressure was set at 80 mmHg for all 

participants. Handgrip significantly increased in the arm with BFR, though FMD in the 

brachial artery worsened. The previous study may unveil the importance of intermittent 

blood flow restriction, even with small muscle group involvement. In another study, 

authors found improvements in FMD and strength with BFR exercise (101). The 

occlusion pressure was not clear in the article, but the handgrip exercises were stated to 

be performed under occlusion in one arm to volitional fatigue at 40% 1RM handgrip 

strength three times a week for four weeks. The time of occlusion was not clear either, 

but can be assumed to be much less than first study’s protocol of 20-minute occlusion. 

The long period of occlusion in this study resulted in unfavorable vascular changes (a 

decrease of over 30% in brachial artery FMD after four weeks) (38).   

 The handgrip assessment alone shows the importance of the protocol used, 

especially vascular outcome considerations. Longer occlusion periods of 20 minutes or 

more may result in decreased brachial artery function and diameter as measured by FMD. 

On the other hand, shorter duration protocols with smaller muscle groups, like in our 

study and the Hunt study mentioned above (38), may be better in improving strength and 

vascular function simultaneously.  

 

 



94 
 

TUG 
 
 The Timed-Up-and-Go test (TUG) is one of the most used assessments of 

mobility in PD. During a TUG assessment with mid-stage PD, peak arm swing velocity 

on the affected side, average turning velocity, cadence and peak trunk rotation velocity 

were significantly slower compared to healthy, age-matched individuals (274). It is 

estimated that 70% to 87% of PwP fall at some point during the course of their disease 

(17).  A strong predictor of falling for PwP is the occurrence of a fall in the preceding 

year (181), or question 13 on the UPDRS section II.  

A retrospective study examining the ability for TUG to predict falls in PwP was 

performed on close to 900 individuals concluded that TUG may be an accurate 

assessment tool to identify those at risk for falls (164). For this assessment, for each 1-

second increase on the TUG test, a 2.3% increase of falling was observed. This means 

that a 10-second increase in the TUG time would result in a 25.9% increase in the odds of 

a fall. The authors of this study proposed a “cut point” of 11.5 serve as an indicator of fall 

risk. In our study, 9 participants exceeded this cut point at pre-assessments. While the 

average TUG time decreased slightly, significant time effects were not observed. 

However, it is important to note that in only four weeks, TUG improved by 2.57 seconds 

in the HIRT group, 1.1 seconds in the LIRT-BFR group and only 0.50 seconds in the 

CNTRL group. Due to the association mentioned above with a 1-second decline in TUG 

and associated increased in fall risks, we deem this as practically, though not statistically, 

significant.  
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Endurance 
 
 
6-Minute Walk Test 
 
 The 6-minute walk test (6MWT) is a widely accepted assessment of fragility, 

mortality, fall risk, functional capacity and is a powerful prognostic indicator of the 

severity of CVD and PD (6, 14). In our study, improvements in the 6MWT were 

observed only for the LIRT-BFR group. The HIRT group’s distance worsened slightly 

and the CNTRL group stayed approximately the same. In one study, PwP were 

randomized to resistance exercise or a control group and performed leg press, leg curl 

and calf raise at 3 sets of 5-8 repetitions twice weekly for eight weeks (211). Participants 

in the resistance exercise group improved their distance by approximately 37 meters or 

approximately 121 feet. In our study, the LIRT-BFR group improved by 90 feet. The 

average age and staging of PD of the aforementioned study and our study were 

comparable. The duration of the study was double ours and may be the reason for the 

difference in the increased improvement mentioned above. 

 A decrease in the 6MWT for the HIRT group in our study may be explained by 

the decrease in RHI demonstrated after four weeks. HIRT is not a conditioning exercise, 

therefore, significant improvements in endurance-based exercises are not widely 

expected. However, the effects of exercise on the 6MWT are important for any 

intervention due to its strong correlation with fragility and falling. Decreased endothelial 

function has been linked to peripheral neuropathy, restless leg syndrome and 

bradykinesia (118, 120). A decrease of RHI, the assessment of endothelial function in our 

study, of 25% may be the reason for the slower walking pace and distance covered in the 

HIRT group. More research is needed to make this assumption, however. 
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Senior Biceps Curls 
 
 The Senior Biceps Curl is used to assess upper body strength in individuals over 

60 years of age (122). While machine biceps curls and triceps curls strength assessments 

were also performed to determine strength, the validity of this assessment is high and 

normative values can be used for comparison. According to the Senior Fitness Test 

Manual, all groups in our study ranked in the average category for this assessment (15-21 

repetitions performed) and no group differences were noted (287). All groups improved 

by approximately 2-3 repetitions for right and left arms. The control group improvement 

may bring to light the validity of using this test as an improvement. A study to explore a 

true strength, neuromuscular or learned effect on improvement with the senior biceps curl 

may be beneficial.  

 
UPDRS 

 
 The UPDRS is a rating tool used to gauge the course of PD in patients. The 

UPDRS scale includes series of rating for typical PD symptoms that cover all of the 

movement hindrances of PD. It consists of five segments: 1) mentation, behavior and 

mood, 2) ADL, 3) motor section and 4) modified Hoehn and Yahr. In the first two areas 

assessed, we did not find any significant changes over the course of four weeks. The 

motor evaluation score performed by a physical therapist (PT) with years of experience 

working with PD. Our PT rated the LIRT-BFR 4-points better, on average, versus the 

HIRT-BFR group in which she rated two points worse.  

 Although our intervention was short, improvements in motor symptoms evaluated 

by a trained PT is promising. Interestingly, the slight decline in the HIRT group’s ME of 

the UPDRS score may, once again, be linked to endothelial dysfunction observed after 
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four weeks of exercise. In a study of 10 PwP performing fast paced rhythmic movements 

in the upper limb, significant improvements of three points in the upper body motor 

evaluation portion of the UPDRS was observed (130). Our LIRT-BFR group improved 

by four points for upper and lower body combined.  

 
Endothelial Function 

 
 In the current study, after four weeks of resistance training at an 80% load, 

markers of endothelial function as measured by RHI decreased by approximately 25%, 

indicating a possibility of increased arterial stiffness. On the contrary, RHI increased by 

over 50% in the LIRT-BFR group. TcP02 improved only in the LIRT-BFR group, while 

average values in the CNTRL and HIRT groups stayed approximately the same. 

Endothelial dysfunction is commonly described as the inability of the artery to 

sufficiently dilate in response to an appropriate endothelial stimulus, but also comprises 

endothelial activation, which is characterized by proinflammatory and procoagulatory 

milieu (108). DBP is also indicative of vascular responsiveness immediately after 

exercise while a decrease indicates subsequent vasodilation.  

 While prehypertension is associated with reduced conduit artery endothelial 

function and perturbation of oxidant/antioxidant status, whether or not endothelial 

dysfunction is persistent to resistance arteries has been debated (8).  In this previously 

mentioned study (8), normotensive and prehypertensive young patients’ forearm and calf 

blood flow was measured before and after exercise interventions which lasted eight 

weeks. Blood flow was reduced in the prehypertensive group prior to exercise indicating 

that endothelial dysfunction also effects resistance arteries. After eight weeks, 

prehypertensives improved resistance artery endothelial function. The resistance protocol 
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consisted of a full-body regimen, 3 days per week, at 2 sets of 8-12 repetitions to 

volitional fatigue. In our study, participants’ blood pressure was considered elevated, or 

prehypertensive across all groups. Only the LIRT-BFR group saw a significant 

improvement in blood pressure, peripheral circulation and RHI. This indicates a chronic 

and favorable endothelial response occurred after LIRT-BFR exercise in PwP. 

 
Blood Pressure Responses 
 

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 (22). 

In our study, a trend for DBP to progressively decrease immediately after each exercise 

from weeks 1 to 4 with LIRT-BFR was observed. Post-exercise hypotension symptoms 

were not reported with this drop, however. While post-exercise hypotension following 

BFR exercise has been shown, BFR exercise that only uses muscles downstream of the 

restriction, deflates after each exercise and alternates upper and lower body has not been 

studied until now (5, 19).The opposite DBP response occurred with HIRT, indicating 

worsening vasodilation, and potential arterial stiffness post-exercise. Immediate acute 

arterial stiffness has been observed in the literature. In a previous study twenty minutes 

following high-intensity resistance exercise, pulse wave velocity (PWV) at the carotid 

and femoral arteries and the augmentation index (AI) significantly increased in young 

men (271). Vascular adaptations may also be predicted by the decrease in both resting 

values of SBP and DBP at post-assessments in LIRT-BFR but an increase for both in 

HIRT.  
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Reactive Hyperemia Index 
 

Endothelial function can be evaluated by the measurement of flow-mediated 

dilation (FMD) of the brachial artery after occlusion of the blood flow using ultrasound 

(83) and is a widely accepted measure of endothelial function in research and clinical 

settings. Onkelinx et al. studied the reproducibility of different methods to measure the 

endothelial function and found that within-day variability was lower for the FMD 

measurements compared to EndoPAT measurements, but the between-day variability was 

similar (168). Further, endothelial dysfunction has been shown to start in 

microcirculatory beds, but not large or medium vessels (53). This may be a strong 

indication to test vascular function, especially in early dysfunction phases, with RHI, 

rather than FMD measures.  

Several studies have revealed aortic distensibility (12), increased arterial stiffness 

(114, 150, 172, 173) and an age-related decline in arterial compliance (151) in resistance 

trained men versus age-matched sedentary controls. Other studies show no difference in 

arterial stiffness (47), endothelial function (180) and aortic stiffness (61) between 

resistance trained and sedentary men. With our study RHI, as measured by the EndoPAT, 

improved with LIRT-BFR and worsened with HIRT. In a study observing vascular 

responses in older, healthy individuals to low-intensity resistance training with BFR, RHI 

improved from 1.8 + 0.2 to 2.1 + 2.1, an improvement of 16% in four weeks (221). A 

slight decline in RHI for the HIRT, non-BFR, group was observed, but was not 

significant. The time effect for the increase in RHI in the LIRT-BFR group was 

significant and significantly different than the non-BFR group. In the previously 

mentioned exercise intervention (221), three sets of 20 repetitions were performed at 20% 
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1RM with or without BFR. While our study showed the same patterns of improvements 

in RHI with BFR, the improvements were greater in our study (16% versus 50%). A 

possible explanation is that the pre-values of the RHI were markedly lower in our cohort 

versus the healthy and slightly older cohort observed in the previous study. Further, 

endothelial dysfunction is reported in PwP to a greater degree than age-matched healthy 

controls (272). This may indicate the accelerated vascular response to BFR in individuals 

with endothelial dysfunction compared to those with normal endothelial function. 

Endothelial dysfunction, in conjunction with hyperhomocysteinemia, has been 

closely linked to levodopa treatment in PwP (272). Likewise, endothelial dysfunction has 

been found in patients with cerebrovascular risk factors and have prognostic significance 

in the development of cardiovascular events (78, 219). Endothelial dysfunction displayed 

itself through RHI, TcP02, OH and blood markers, especially homocysteine, in our 

participants with PD, all of whom were on levodopa. While improving motor function is 

the forefront of the current research for PwP, improving endothelial function may be 

more closely related to improving motor and even cognitive impairments presented in 

PwP. This “double-edged sword” effect of endothelial dysfunction caused or exacerbated 

by levodopa has been deemed unresolved and even despondent in the current literature 

(94).    

 
Peripheral Circulation 
 

Transcutaneous oxygen pressure is measured, typically in a clinical setting, using 

heated sensors that diffuse oxygen across the skin. In diabetics or those with peripheral 

artery disease with poor circulation, TcP02 is monitored closely, especially when there 

are wounds on the foot.  
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The average values for TcP02 for our study were 50.49 + 8.40 mmHg and on the 

lower end of the normal accepted range of 50-70 mmHg. In a study observing vascular 

responses in older, healthy individuals to low-intensity resistance training with BFR, 

TcP02 improved from 62.4 + 5.8 mmHg to 68.9 + 5.8 in four weeks (221). It is important 

to note that the average age was higher than our average age, but peripheral blood flow in 

the foot was substantially higher in this older sample of healthy individuals compared to 

our PwP. This observation indicates poor circulation and possible endothelial dysfunction 

in PwP on levodopa, especially.  

While TcP02 is typically used as a predictive means of wound healing and 

decisions on amputation in diabetics, improvements in TcP02 are seen with hyperbaric 

oxygen chamber therapy (69) and, to a smaller degree, BFR (221). TcP02 in PwP has yet 

to be measured, although reported endothelial and autonomic dysfunction have been 

noted (29, 272). In the first metatarsal phalange joint (MTP), which is where our sensors 

were placed, normative values in a healthy, middle-aged population ranged from 50-99 

mmHg, and averaged 73.7 mmHg (16). Upon elevating the feet, participants in this study 

saw an approximate 10 mmHg drop in pressure, averaging 63.2 mmHg. These normative 

values for individuals averaging 50 years of age are dramatically different than those 

observed in our study of PwP, which averaged 65 years of age. Our study participants’ 

TcP02 values ranged in the MTP joint from 21-71 mmHg, and averaged 51 mmHg, at 

pre-assessments and 24-70 mmHg, and averaged 53 mmHg, at post-assessments. In a 

study measuring TcP02 in diabetic and age- and sex-matched nondiabetic controls, foot 

TcP02 values were significantly lower in diabetics, with a mean of 50.02 + 8.92 mmHg 

versus the nondiabetic matched group of 56.04 + 8.80 mmHg (44). PwP in the present 
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study mimicked average TcP02 values of the 60 diabetics in the aforementioned study 

(44), with an average pre-assessment value of 50.49 + 8.40 mmHg. In the present study, 

after four weeks, the LIRT-BFR group improved their TcP02 values from 52.67 + 8.48 

mmHg to 59.60 + 8.74 mmHg, on average, while the HIRT and CNTRL groups stayed 

approximately the same and still averaged close to 50 mmHg. While the LIRT-BFR 

averaged slightly higher values at pre-assessments than HIRT and CNTRL, the 

differences were not significant. The increase in peripheral circulation, as indicated by 

TcP02 values, from diabetic to normal values in LIRT-BFR are notable. This finding is a 

promising intervention to help attenuate and possibly improve peripheral circulation in 

PwP who experience peripheral neuropathy and autonomic dysfunction as a result of 

endothelial dysfunction. BFR effects after four weeks have not been studied in this 

population, so it is unknown if circulation would continue to improve, stay the same or 

digress. Further research is needed for this indication.  

The association with cardiovascular events and TcP02 values is high. In a 

longitudinal study over the course of three to four years, a low TcP02 value (<46 mmHg) 

was a significant predictor of a major adverse cardiovascular event (76). Individuals in 

the current study had TcP02 values higher than this, but eight individuals at pre-

assessments had lower foot-TcP02 values of 46 mmHg, indicating tissue hypoxia. The 

fact that 20% of our sample of PwP had extremely low values of peripheral circulation is 

indicative of the cardiovascular health concern for this population. Further, PwP in our 

study displayed foot-TcP02 values similar to diabetics. This further elicits alarm 

regarding the vascular system in PD. Therefore, treatments that have proven to increase 
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TcP02, such as hyperbaric oxygen therapy and BFR, may be modalities that have not yet 

been considered as a preventative measure for PwP on Levodopa, especially.  

 
Homocysteine 
 
 Homocysteine is a sulfur amino acid synthesized in the liver and is considered a 

risk factor for vascular disease, causing endothelial damage and consequently 

atherogenesis (27). The underlying mechanisms of homocysteine-induced vascular injury 

are unknown (20). In PwP, elevated homocysteine levels are most closely linked to 

levodopa treatment (27). Endothelial dysfunction and potential complications that arise 

from vessel dysfunction are concerning for PwP on levodopa. 

 Elevated levels of homocysteine are considered to be over 12 µmol/L and are 

found in five to 10 percent of the general population and in up to 40 percent of patients 

with vascular disease (226). In our study, all groups had elevated homocysteine levels at 

pre-assessments, averaging 51.38 + 25.92 µmol/L. PwP who were treated with levodopa 

compared to those who were not average 17.9 + 8.8 µmol/L on levodopa and 12.3 + 4.5 

µmol/L in controls that were not (20).  This stark difference in homocysteine levels may 

be related to age and/or dosage of levodopa. Our average age is higher (65.05 + 8.13 

years versus 58.0 + 10.3 years) than the aforementioned study (226) and our participants 

were nearly double to dosage of levodopa daily (1086 + 656 versus 563.9 + 232.2 

mg/day).  

 In young patients with acute myocardial infarctions, fasted homocysteine levels 

were over 50µmol/L (77). In patients ranging from 23-65, homocysteine levels averaged 

23.24 + 5.65 µmol/L for those with coronary artery disease (CAD) and 16.00 + 6.57 

µmol/L in those without CAD (220). People with levels of 50 µmol/L or higher are at 
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increased risk of cardiovascular events (189). Additionally, at levels that are considered 

to be elevated (>12 µmol/L), a meta-analysis revealed hyperactivation of N-methyl-D-

aspartate receptors and apoptosis in the brain and increased proliferation of smooth 

muscle cells, increased platelet aggregation and increased number of strokes and white 

matter lesions (73). One study demonstrated that each additional 5 µmol/L in 

homocysteine levels increased the risk of cardiovascular events by approximately 20% 

(99). Borderline hyperhomocysteinemia is 12-15 µmol/L, moderate is 15-30 µmol/L, 

intermediate is 30-100 µmol/L and severe is greater than 100 µmol/L (289). Exercise 

groups in our study were within the intermediate category and the control group was just 

under this category.  

 Both exercise interventions in our study improved homocysteine levels and the 

CNTRL group stayed approximately the same. Consistent with the current literature, 

resistance exercise in our study improved homocysteine levels (45).  After 6-months of 

low- and high-intensity resistance training, homocysteine levels in older individuals 

improved by approximately 5% in participants with normal homocysteine levels (252). In 

this study (252), participants performed full-body resistance exercise at 50% or 80% of 

their 1RM. Our participants improved by approximately 7% (pre- 57.96 + 29.11 µmol/L 

and post- 53.01 + 33.43 µmol/L) after only one month of HIRT. In the LIRT group, 

improvements were 46%. To the author’s knowledge, a study evaluating homocysteine in 

response to BFR exercise of any kind has not been done. Further, detraining or continued 

homocysteine responses in BFR have yet to be studied.  

 Hyperhomocysteinemia decreases nitric oxide bioavailability and endothelial 

dysfunction, favors oxidative stress and can lead to atherosclerosis and thrombotic 
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process (45). The increased levels of homocysteine in our participants was well above 

what others have reported for PwP on levodopa (20, 89, 162). While the degree of 

hyperhomocysteinemia in our participants is concerning, improvements similar to the 

current literature were reflected in the HIRT group and drastic improvements were 

demonstrated in the LIRT-BFR group. While the HIRT group’s homocysteine levels 

remained at >50 µmol/L after four weeks, the LIRT-BFR group dropped from over 50 

µmol/L to approximately 30µmol/L. According to an article published by Harvard 

Medical, hyperhomocysteinemia >50µmol/L increased risks of cardiac events (189). At 

30 µmol/L, our LIRT-BFR group was close to dropping into the moderate category 

(versus the intermediate category) (289).  

 
eNOS 
 
 An important endogenous mediator of muscular and cerebral blood flow and 

protection is endothelium-derived nitric oxide (NO), which is synthesized by endothelial 

NO synthase (eNOS) through oxidative conversion of L-arginine to L-citrulline (204). 

eNOS knockout mice have more severe myocardial infarcts and significantly reduced 

blood flow than wildtype mice (134). This confirms that eNOS normally serves to 

vasodilate and preserve blood flow in the setting of ischemia. Statins have been shown to 

upregulate eNOS and have proven beneficial in reducing strokes in high risk patients 

(91). There are no data to date on the role of eNOS in PD. Common features associated 

with PD and potentially related to decreased eNOS are muscle rigidity, freezing gait and 

expressionless face. It is postulated that eNOS-derived NO may be beneficial for PwP via 

increased blood flow and endothelium relaxation (51). While we did not find significant 

time effects for eNOS in our study, it is important to note that eNOS increased for LIRT-
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BFR and HIRT. Although acute studies in response to exercise show a drop in eNOS 

with the severity of ischemia caused by exercise (238), the response overtime to ischemic 

exercise and eNOS has not been determined. In the previously mentioned study (238), 

RPP was closely associated with plasma eNOS after exercise in patients with slow 

coronary function.  

 While clinical markers of eNOS are not readily reported, in a study of middle-

aged individuals approximately 48 year of age with slow coronary flow and normal flow 

eNOS averaged 32 pg/ml and 48 pg/ml, respectively (238). The PwP in our study 

averaged 41.67 pg/ml. This was higher than those mentioned in the previous study with 

slow coronary flow, but lower than the middle-aged controls. eNOS in PwP has yet to be 

compared to age-matched healthy controls nor has the response to exercise or the 

potential benefits been explored.  

 In our study, exercise improved eNOS after only four weeks. Interestingly, HIRT 

increased more than LIRT-BFR. The ability for high-intensity resistance training to 

increase eNOS has been noted in the literature. Exercise can improve endothelial 

dysfunction by increasing blood flow in skeletal muscles and enhancing shear stress on 

vascular endothelial cells (163). Enhanced shear stress accelerates eNOS expression, 

resulting in the improvement of endothelial dysfunction in vessels of skeletal muscles 

(85). Acute changes are consistent with exercising animal models after four weeks, but 

not after 16 weeks, although vascular improvements were still noted (109, 144). The 

activation of eNOS, rather than increased amount, through acetylcholine may be the 

cause of this phenomenon.  
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Autonomic Symptoms 
 
 The relationship between endothelial dysfunction and the autonomic nervous 

system is interwoven. Both are risk factors of atherosclerosis and in hypertension and 

endothelial dysfunction affects the pathophysiological process of autonomic neuropathy 

in diabetes mellitus (241).  Autonomic dysfunction in PD is the most common non-motor 

phenotype in PD and thought to be tied to endothelial dysfunction. Autonomic 

dysfunction in PD includes gastrointestinal malfunction, cardiovascular dysregulation, 

urinary disturbance, sexual dysfunction, thermoregulatory aberrance and pupillo-motor 

and tear abnormalities (11, 186, 213). In our study, autonomic symptoms ranged from 

four to five out of 11 possible symptoms in the exercise group and nine in the control 

group. After post-assessments, only the LIRT-BFR symptoms of autonomic dysfunction 

improved. Likewise, the severity of autonomic symptoms improved only in the LIRT-

BFR group. The paralleled improvement in RHI and TcP02 may be why autonomic 

symptoms and severity in LIRT-BFR and not in the HIRT or CNTRL groups. It is also 

important to consider that when the HIRT group’s severity of autonomic symptoms 

worsened, RHI also worsened. While levodopa is the culprit behind endothelial 

dysfunction in PwP, autonomic dysfunction and its root cause is unknown. 

Cardiovascular dysfunction in PD has been postulated to be related to impairment of 

peripheral nerves of the autonomic system and the enteric neural plexuses (29). Whether 

or not this impairment occurs after endothelial dysfunction, as a result of endothelial 

dysfunction or precedes and potentially causes endothelial dysfunction is yet to be 

determined.  

 



108 
 

Orthostatic Hypotension 
 

Orthostatic hypotension (OH) is a frequent cardiovascular symptom of PD. The 

estimated prevalence of OH is approximately 30% (249). In another study, 40% of early 

stage PD patients with no prior medication treatment were reported to have OH (7). 

Postprandial hypotension (30%) (268) and supine hypertension (34%) are closely 

associated with PD (64). OH is also a predominant side-effect of levodopa (281). In one 

study, greater arterial stiffness was associated with OH and supine hypertension in PwP 

(116).  

In our study, OH occurred immediately upon standing in 31 out of 38 participants. 

A likely explanation for this high number is that blood pressure was taken immediately 

upon standing rather than waiting one to three minutes for blood pressure to stabilize like 

many protocols. Additionally, our participants were lying supine for 20-30 minutes prior 

to standing up which is more than the 5-minute suggestion for the OH test. This protocol 

was used to mimic rising from one’s bed after sleeping in a supine position at night and 

immediately standing up upon waking.  

Consistent with RHI, TcP02 and autonomic symptom assessments, the drop in 

SBP upon standing improved by 5 mmHg while DBP worsened by <2 mmHg upon 

standing. Though there were not group differences in OH, the trend for improvements in 

these markers for LIRT-BFR indicates improved vascular function and a decline in these 

markers for HIRT indicates a potential worsening of vascular function.  
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Resting Blood Pressure 
 

Improvements in blood pressure with exercise are controversial in the literature. It 

is widely accepted that exercise may only help to improve blood pressure by <10 mmHg 

(290). In a study of elderly women, high-intensity interval training (HIIT) was compared 

to moderate-intensity interval training (MIIT) and moderate-intensity continuous training 

(MIC) (35). HIIT elicited greater physical (body composition) and functional 

improvements. The HIIT group also saw greater improvements in SBP, though the results 

were not significantly different from the other groups, a difference of approximately 3 

mmHg was reported. It is important to note that the exercise was aerobic in nature and 

eight weeks long. The results of our study are drastically different than the current 

consensus of literature regarding physical activity and blood pressure adaptations. In the 

LIRT-BFR group, resting SBP changes decreased by approximately 13 mmHg, on 

average. On the other hand, HIRT’s SBP increased by approximately 4 mmHg and the 

control group dropped by 3 mmHg, on average. The trends for DBP were similar, though 

not as stark. In a study of participants with coronary artery disease, eight weeks of BFR 

resistance training improved resting SBP by approximately 7 mmHg (111). In another 

study of prehypertensive young individuals, SBP and DBP both improved by 

approximately 9 mmHg after eight weeks of resistance training (8). While resistance 

training in our study had the opposite effect in the HIRT group, the volume and intensity 

was greater at 3 sets of 8 repetitions and 80% with a one-minute rest between sets while 

the previous protocol was 2 sets of 8-12 repetitions with a much longer rest period 

between sets of 2-3 minutes. It is also important to note that this response was in 

prehypertensive, young adults.  
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The substantial decrease in blood pressure for LIRT-BFR seen in our study may 

directly be related to improvements in TcP02 and RHI. Although resting values of blood 

pressure have not been compared directly with peripheral circulation and/or RHI, toe 

blood pressure and ankle systolic blood pressure have (75, 110). In these studies, TcP02 

was a better indicator of the ability for ulcers and wounds to heal and for peripheral 

vascular occlusive disease to be diagnosed. In these participants with low TcP02, all were 

considered to have elevated blood pressures. This indication may serve as a strong 

correlational argument for increased endothelial function and resulting improvement in 

resting blood pressure values, as seen in our study.  

 
Restless Leg Syndrome 

 
 Restless leg syndrome is a common occurrence in PwP and occurs at rates much 

higher than age-matched controls (87). RLS is tied closely with endothelial dysfunction 

and often, peripheral artery disease (118). Individuals with RLS present with alterations 

in the dopaminergic transmission in their pathophysiology. Interestingly, the 

pathophysiology of PD is similar (118). Both RLS and PD are associated with increased 

risk of CVD (223). 

 Dopaminergic agonists are responsible for symptom improvements in RLS and 

PD (262). The relation between RLS and CVD has been postulated to be the result of 

decreased sleep quality and duration and coexisting sympathetic activation (158). While 

no significant changes in RLS syndrome was reported, both exercise groups showed an 

improvement in the RLS survey. Consistent with our findings, a case study performed on 

a 65-year-old male with PD who presented RLS symptoms. After 10 weeks of BFR 

walking on the treadmill, improvements in the RLS questionnaire were observed with 



111 
 

rankings starting at moderate and improving to mild (54). Our short duration of four 

weeks might explain the lack of significant changes in the RLS questionnaire.   

 
Vascular Health Concerns Addressed 

 
Concerns with vascular stress due to increased shear stress caused by BFR have 

been expressed (39). Most chronic concerns in this paper are theoretical due to the acute 

hemodynamic load BFR has shown to illicit. Consequential sympathetic hyperactivity 

has been proposed to stress the cardiovascular system causing a theoretical concern about 

cardiovascular adverse events to follow. Although BFR has not proven to be any more 

dangerous than exercise alone (284), the acute responses noted in the literature are raising 

concern. Previously, distress about hypertensive subjects participating in BFR was 

addressed in the literature (225). Spranger addressed concern regarding alterations in the 

exercise pressor reflex (EPR), a reflex that significantly contributes to the autonomic 

cardiovascular response to exercise. To put it simply, decreased blood flow during 

exercise makes the heart have to work harder. Decreased parasympathetic nerve activity, 

increases in sympathetic nerve activity, heart rate, SBP, DBP, peripheral vascular 

resistance, catecholamines, vasopressin and renin have been observed with BFR, 

compared to low-intensity non-BFR similar exercises (39). While blood flow is not 

reduced during moderate and high intensity exercise, like BFR, the same acute 

sympathetic responses have been observed (253). In fact, exercise also acutely increases 

reactive oxygen species, which, chronically is a concern, but necessary for adaptation. 

The body’s ability to respond and adapt favorably to these stressors is the beauty behind 

the outcomes of exercise.    
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In our study, the hemodynamic load was less in LIRT-BFR versus HIRT. An 

indication to stop exercise by the ACSM is when SBP reaches at or above 250 mmHg 

and DBP at or above 115 mmHg. These are recommendations even for cardiac patients. 

The acute BFR sessions mentioned in Spranger’s paper (225) did not cite research 

articles with acute exercise blood pressures over these values. In healthy older adults 

performing continuous occlusion for three upper body and then three lower body 

exercises, SBP averaged 190 mmHg and DBP 107 mmHg (221). The comparison group 

in this study was a low-intensity non-BFR group and SBP still rose to 175 mmHg, but 

DBP only to approximately 86 mmHg. High-intensity resistance training can result in 

blood pressure climbs greater than the ACSM’s indications to stop exercise (5).  

The lack of consistency and wide array of variability in BFR protocols may 

indicate why blood pressure and vascular measurements fluctuate. One such study was 

performed on healthy adult men who performed 30 repetitions followed by an additional 

3 sets of volitional fatigue on leg extensions with BFR (232). The occlusion pressure was 

set at 1.3 times SBP. This is inconsistent with recommendations to measure limb 

occlusion pressure individually and set occlusion pressures less than 80%. In this study 

(232), femoral artery blood flow decreased immediately after exercise. Further, adverse 

events with BFR have occurred with limb occlusion pressures over 200 mmHg for over 

20 minutes (284). In our protocol, participants were occluded less than three minutes at a 

time and alternated upper- and lower-body exercises under occlusion. While a total of six 

exercises were performed and total occlusion times were just under 18 minutes, the 

intermittent nature of this design was novel and proved to be beneficial for PwP. 
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 It is important to note that the nature of endothelial dysfunction in PwP is 

controversial. Levodopa medication undoubtedly is linked to this very dysfunction. The 

prevalence of autonomic symptoms such as orthostatic hypotension may give insight into 

this dysfunction. The peripheral nerve involvement may be the reason for endothelial 

dysfunction or the reverse; endothelial dysfunction may be the cause of peripheral nerve 

damage. In PwP, LIRT-BFR improved RHI and peripheral circulation after four weeks. 

The nature of the intermittent and alternate protocol may be the difference in vascular 

function and improvement. Shimizu performed a similar protocol in healthy older 

individuals and saw improved markers of endothelial function (221). The main difference 

in this protocol was a multi-joint lower body exercise (leg press) was followed by an 

isolated joint lower body exercise (leg extension) with continuous occlusion at resting 

SBP values. Thereafter, participants performed chest press and bicep curls with 

continuous occlusion on the upper arm. As with our study, vascular improvements were 

seen in this sample of healthy older persons. In our study, due to present endothelial 

dysfunction, we reduced occlusion times and tried to be hypercautious by avoiding 

hemodynamic altering exercises like leg press. We did, however, mimic the set and 

repetition scheme used by Shimuzi of 3 sets of 20 repetitions with 30 seconds rest in 

between. This is different than many popular rehabilitative BFR protocols of 30 

repetitions followed by 3 sets of 15 repetitions with a 30 second rest in between (72). 

Often in these protocols, up to three exercises are performed under constant inflation 

using pressures ranging from 60-80% of limb occlusion pressure (LOP). 
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Quality of Life 
 
 Although this was a short intervention, improvements in quality of life were 

reported by our participants via the PDQ39 questionnaire. This questionnaire is divided 

into eight dimensions of health including: mobility, ADL, emotion, stigma, social 

support, cognition, communication and bodily discomfort.  

Group x time effects were observed between HIRT and LIRT-BFR compared to 

the CNTRL group. HIRT improved overall UPDRS score by approximately 15 points, 

LIRT-BFR by 10 points and the CNTRL group remained approximately the same.  

For the eight dimensions in the UPDRS, only significant differences in mobility 

and emotion were noted and significantly better than the HIRT group. The mobility 

portion of this questionnaire was rated eight points better than baseline by the LIRT-BFR 

group and 14 points worse in the HIRT group. Every other dimension in this 

questionnaire improved for both exercise groups while the control group remained fairly 

stable. ADL was rated more improved in HIRT compared to LIRT-BFR, though this was 

not statistically significant. Interestingly, in older individuals, HIRT has also been to 

shown to improve ADL and balance in individuals with Alzheimer’s dementia (243). 

 
Geriatric Depression Scale 

 
 The short version of the Geriatric Depression Scale was used for this study. 

Values over five are suggestive of depression.  A score of >10 is almost always indicative 

of depression. The PwP in our study averaged just under five for both pre- and post-

assessments. No significant differences were reported between groups, although it is 

important to note that only the HIRT group’s score slightly increased after four weeks of 

exercise intervention.  
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 Exercise has been shown to help with depression, although the duration of 

exercise in studies showing these improvements is typically six weeks or longer (36). 

There are several hypotheses behind this occurrence, but the monoamine hypothesis 

appears to be the most promising. This hypothesis states that exercise leads to an increase 

in the availability of the brain neurotransmitters that are diminished with depression like 

serotonin, dopamine and norepinephrine (57). This is why, in many cases, high-intensity 

exercise may be more beneficial for individuals diagnosed with depression (250). 

Although results are not significant, we speculate that there may be a connection with 

decreased mobility, motor evaluations, handgrip and depression ratings. In a study of 

individuals 65 years or older, flexibility exercise showed the greatest improvement in 

mental status compared to muscular strength exercise (23). 

 
Conclusion 

 
 In our study, pre-assessments revealed substantial vascular and cardiovascular 

concerns. Our participants had TcP02 values similar to diabetics, displayed signs of 

autonomic dysfunction and had low RHIs. These non-invasive means of measuring 

vascular function and peripheral circulation were confirmed by serum 

hyperhomocysteinemia. Improvements in hyperhomocysteinemia were noted for both 

exercise conditions after four weeks. LIRT-BFR improved significantly more than HIRT, 

while the CNTRL group stayed the same. LIRT-BFR also showed improvements in 

TcP02, RHI, eNOS, OH and resting blood pressure values. HIRT improved in eNOS and 

only the right leg improved in TcP02. HIRT’s values worsened for RHI, resting blood 

pressure and autonomic symptoms reported.  
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Elevated homocysteine in PwP on levodopa therapy is well established (162). 

Resistance exercise has proven more beneficial than aerobic exercise in decreasing 

homocysteine (45). Our study was the first to explore BFR exercise and homocysteine 

levels. After only four weeks, homocysteine levels in PwP on levodopa therapy 

drastically improved. Our results for the HIRT group and homocysteine closely 

resembled other studies with similar resistance interventions (252). The mechanism 

behind this improvement has not been established. An increase in eNOS may partially 

explain the decrease in homocysteine, but improvements in eNOS were greater with 

HIRT versus LIRT-BFR (45). 

Our research team observed a drastic vasodilatory response, or “muscle pump” 

after each exercise with BFR. A “muscle pump”, or increase in blood flow to the working 

muscles, can be seen with resistance exercise as well. This can be confirmed by a drop in 

DBP immediately following exercise. A pattern of continual decreases in DBP 

immediately following lower and upper body exercises can be seen over four weeks in 

our study. This continued vasodilatory response may be telling about the mechanisms 

that resulted in improved RHI and TcP02 in the LIRT-BFR, but not HIRT group. eNOS 

activation, as measured in most cases by acetylcholine, may give insight behind this 

phenomenon. Increased sympathetic activity with BFR has been demonstrated in the 

literature (68). Vascular concerns have been raised due to this occurrence (225). In our 

study, after four weeks of LIRT-BFR, an increase in endothelial function was apparent. 

Further, a drastic drop in resting blood pressure was observed for LIRT-BFR. The 

residual and detraining effects on the vascular system are unknown in PwP on levodopa.  
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Levodopa dosages inevitably increase with disease maturation (218). It is 

imperative that every effort be made to preserve endothelial function in these individuals. 

Often, persons with PAD or diabetes who have decreased peripheral circulation are 

treated with hyperbaric oxygen therapy (69). Until now, an intervention counteracting the 

vessel annihilation that levodopa causes have not been proposed. We showed that after 

four weeks of LIRT-BFR exercise, PwP on levodopa have better reactive hyperemia 

index values, peripheral circulation and drastically lower homocysteine levels.  

While HIRT showed decreased RHI, eNOS and homocysteine levels were 

improved. Although participants performed post-assessments three days after exercise 

cessation, the increased acute arterial stiffness displayed after bouts of high-intensity 

resistance training may be the reason behind this occurrence. The residual and detraining 

effects after HIRT are yet to be determined in this population.  

The BFR protocol design in our study may explain the improvement in vascular 

function after four weeks. The intermittent occlusion and alternating upper and lower 

body protocol have not been studied until now. We chose to use smaller muscle group, 

isolated muscle groups downstream of the occlusion in order to reduce hemodynamic 

loads in our participants with altered vessel function. Our hemodynamic analysis revealed 

that intermittent and alternating LIRT-BFR protocol used resulted in slightly lower SBP, 

DBP and RPE overall immediately following exercise. Additionally, we found that 

similar strength and motor function improvements occur using 20%-1RM loads under 

occlusion versus heavier loads at 80%-1RM, not under occlusion.   

There are many limitations from our study. The first is that all participants were 

from Abilene Texas and surrounding areas. It is unknown whether or not this is a good 
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representation of the PD population. Our participants were prescribed more levodopa 

than what we found in the literature (188). Likewise, homocysteine levels were markedly 

higher than reported averages of PwP on levodopa therapy (21). These two occurrences 

may go hand-in-hand, though more research is needed to determine homocysteine levels 

on doses similar to our sample. Our study was only four weeks long, so it is unknown 

how long these training effects lasted nor is it known if these effects would remain 

favorable with continued exercise.  

 In conclusion, we found more favorable endothelial adaptations after four weeks 

of LIRT-BFR versus HIRT. Both exercise interventions decreased homocysteine and 

increased eNOS. Only LIRT-BFR resulted in improved TcP02 and RHI, overall. Quality 

of life as assessed by the PDQ39 improved as well. While drastic changes were not seen 

with the UPDRS, strength markers improved overall. Handgrip and endurance, as 

measured by the 6MWT, only improved with LIRT-BFR. More research is needed to 

determine the residual and detraining effects on vascular function after intermittent, 

alternating LIRT-BFR in PwP. Further, more research is needed to explore interventions 

to improve endothelial function, peripheral circulation and autonomic disruption in PwP 

in order to improve quality of life.  
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Synopsis 

Title 
Effects of Blood Flow Restriction Resistance Training on Strength, 
Vascular and Motor Function in Persons with Parkinson's Disease. 

Study Duration July 2019-December 2019 

Study location(s) Human Performance Lab, Abilene Christian University, Abilene, TX 

Objectives 

The purpose of this study is to determine if low-intensity blood flow 
restriction resistance training (LIRT-BFR) attenuates or improves 
endothelial function and homocysteine levels in persons with 
Parkinson’s disease (PwP) compared to high intensity resistance 
exercise (HIRT). The specific aims of the study are to determine if: 1) 
endothelial function and homocysteine levels improve after four weeks 
of LIRT-BFR compared to HIRT in PwP, 2) motor function and 
strength improve after four weeks of LIRT-BFR compared to HIRT in 
PwP, 3) cardiac stress is lessened with an acute bout of LIRT-BFR 
compared to HIRT in PwP.  

Number of Subjects N = 30   Subgroup of Controls: 5-10 

Main Inclusion/Exclusion 
Criteria 

Persons diagnosed with mild to moderate Parkinson’s disease, ages 
50+, who are physically independent and on Levodopa therapy will be 
recruited.  
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1.0 BACKGROUND AND RATIONALE 
  

Parkinson’s disease (PD) is a progressive, debilitating disease of the central 
nervous system that affects over one million people in the United States (Ross & 
Abbott, 2014). The degeneration of dopaminergic neurons within the substantia 
nigra results in disrupted motor functioning through rigidity, bradykinesia, resting 
tremors and impaired postural reflexes (Janssens, Malfroid, Nyffeler, Bohlhalter, 
& Vanbellingen, 2014). Motor skills, muscle strength, endurance (Ahmed, 
Sherman, & Vanwyck, 2008) and gait (Creaby & Cole, 2018) are all negatively 
affected and result in disability, fragility (Seiffert et al., 2017) and increased risk 
of falling (Creaby & Cole, 2018). Levodopa is the most effective drug in treating 
motor symptoms of PD (Salat & Tolosa, 2013) and is the most widely prescribed 
medication to treat PwP (Poewe, Antonini, Zijlmans, Burkhard, & Vingerhoets, 
2010). Physiological risk factors for cardiovascular disease (CVD) increase 
substantially in PwP who are treated with Levodopa (Hong, Hu, Chan, & Bai, 
2018; Salat & Tolosa, 2013; Yoon, Lee, Yong, Hong, & Lee, 2014). High-
intensity resistance training (HIRT) has been proven beneficial for PwP by 
improving motor and non-motor symptoms (Morberg, Jensen, Bode, & Wermuth, 
2014).  
 
While Levodopa therapy and HIRT are the most effective treatments for motor 
symptoms in persons with Parkinson’s disease (PwP) (Dibble et al., 2006; Salat & 
Tolosa, 2013), the disruption to the cardio- and cerebrovascular system is 
concerning (Miyachi, 2013; Rogers, Sanchez-Saffon, Frol, & Diaz-Arrastia, 
2003). Endothelial dysfunction and elevated homocysteine levels are 
physiological alterations in PwP (Bostantjopoulou et al., 2005; Kuhn et al., 1998; 
Rogers et al., 2003) and are accelerated when taking Levodopa (Rogers et al., 
2003). As a result, PwP have increased prevalence of cardio- and cerebrovascular 
diseases and cognitive impairment (Xie, Feng, Peng, Xiao, & Zhang, 2017; Yoon 
et al., 2014). While resistance exercise is effective in decreasing homocysteine 
levels (Vincent, Braith, Bottiglieri, Vincent, & Lowenthal, 2003), HIRT may lead 
to increased arterial stiffness and blood pressures (MacDougall, Tuxen, Sale, 
Moroz, & Sutton, 1985), especially in those who have stiffness prior to training 
(Rossow et al., 2014).  
 
Endothelial dysfunction has been suggested to be part of the early pathogenesis of 
atherosclerosis (Yoon et al., 2014) and includes decreased flow-mediated dilation, 
endogenous nitric oxide concentration and peripheral circulation. Elevated 
homocysteine concentrations are highly correlated with atherosclerosis (Temple, 
Luzier, & Kazierad, 2000) and may be the strongest independent risk factor for 
vascular disease (Clarke et al., 1991). Additionally, high homocysteine levels are 
strongly correlated with cognitive impairment in PwP and also suggested to be a 
strong independent risk factor for other cognitively-impairing diseases (Xie et al., 
2017). Finding an intervention to decrease homocysteine levels in PD is of 
upmost importance and conventional means, such as folate supplementation, have 
been ineffective in treating hyperhomocysteinemia in PwP (Rogers et al., 2003). 
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Many studies demonstrate a correlation between elevated homocysteine 
concentrations, risk of myocardial infarction, and mortality (Temple et al., 2000). 
Individuals with PD exhibit cerebrovascular lesions postmortem, despite being 
less symptomatic than non-PD controls (Jellinger, 2003), have increased risk of 
ischemic stroke (Huang et al., 2013) and an increase risk of acute myocardial 
infarctions (Liang, Huang, & Pan, 2015). While the efficacy of Levodopa directly 
improves quality of life by improving motor symptoms on a day to day basis 
(Salat & Tolosa, 2013), the underlying and elevated risk of heart disease, stroke 
and acute myocardial infarctions is of concern (Becker, Jick, & Meier, 2010; 
Hong et al., 2018; Huang et al., 2013; Liang et al., 2015).  

 
Low-intensity blood flow resistance exercise (LIRT-BFR) increases strength and 
endothelial function more than HIRT in older adults (Shimizu et al., 2016), results 
in less oxidative stress (Takarada et al., 2000) and does not alter arterial stiffness 
(Ozaki et al., 2013). During BFR exercise, cuff pressure occludes venous return 
and causes arterial blood flow to become turbulent, resulting in the enhanced 
metabolic stress and fast-twitch fiber recruitment in skeletal muscle (Suga et al., 
2009). At the end of exercise ischemic reperfusion induced by cuff deflation 
stimulates shear stress, followed by greater vasodilation and/or enhanced blood 
flow (Patterson & Ferguson, 2010). Further, microvascular filtration capacity is 
induced (Evans, Vance, & Brown, 2010). It is postulated that hyperemic blood 
flow may lead to greater shear stress, inducing vasodilation (Horiuchi & Okita, 
2012), which results in increased nitric oxide (Pyke & Tschakovsky, 2005). 
LIRT-BFR may be an alternative type of exercise that results in improvements 
similar to HIRT without the acute disruption in hemodynamics and chronic 
disruption in arterial compliance (Ferreira et al., 2017; Takano et al., 2005), 
especially if smaller muscle groups are used (Horiuchi & Okita, 2012; Staunton, 
May, Brandner, & Warmington, 2015). LIRT-BFR is used widely in interventions 
to combat sarcopenia, increase strength and hypertrophy in older individuals 
(Letieri et al., 2018; Loenneke, Wilson, & Wilson, 2010). Therefore, LIRT-BFR 
may ameliorate and possibly improve some of these unfavorable physiological 
changes in PwP and be more comfortable and safe than HIRT (Lixandrão et al., 
2019). To date, there have been no studies examining the effects of LIRT-BFR on 
homocysteine levels or LIRT-BFR in PwP. 

 
 
2.0 STUDY OBJECTIVES 

 
After four weeks of LIRT-BFR or HIRT, the purpose of this study is to 
investigate changes in endothelial function, homocysteine levels, strength and 
motor improvements in PwP on Levodopa.   
 
The specific aims of the study are to determine if:  
 
1) Endothelial function, as determined by reactive hyperemia index (RHI), 
peripheral circulation and endogenous nitric oxide (eNOS), before and after four 
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weeks of LIRT-BFR or HIRT differ in PwP on Levodopa.  
 
2) Cardiovascular disease risk, as determined by homocysteine levels, before and 
after four weeks of LIRT-BFR or HIRT differ in PwP on Levodopa.  
 
3) Motor functioning and strength before and after four weeks of LIRT-BFR or 
HIRT differ in PwP on Levodopa. 
 
4) Acute cardiac stress, as determined by blood pressure and heart rate responses 
during exercise, differ in LIRT-BFR and HIRT in PwP on Levodopa.  
 
 
Independent and Dependent Variables 
 
The dependent variables in the study include: RHI, peripheral circulation, 
homocysteine, eNOS, strength markers (leg extension, leg curls, biceps curl, 
triceps extension, hand grip), endurance (6MWT and senior biceps curl) and 
motor functioning (UPDRS-ME), rating of perceived exertion, rate-pressure-
product, systolic and diastolic pressures, total peripheral resistance and mean 
arterial pressure. The independent variables in this study include group (1) low-
intensity blood flow restriction resistance exercise (LIRT-BFR) or 2) high 
intensity resistance training without BFR (HIRT) and pre- and post-assessments. 
Descriptive variables include age, percentage body fat, pounds of lean tissue, 
BMI, number of years since diagnosis of PD, dosage of Levodopa, number of 
years on Levodopa, dietary and exercise habits. 
 
 

3.0 SUBJECT SELECTION & RECRUITMENT 
 3.1 INCLUSION CRITERIA  
  
 Participants  
 

Thirty individuals who meet the following criteria will be included in the study: 
1) diagnosed with mild to moderate PD (modified Hoehn and Yahr (MHY) stages 
1-3) and over 50 years of age; 2) on Levodopa therapy (Sinemet, Parcopa, Rytary, 
Rytary CR, Duopa, Sinemet CR, Atamet) for at least 6-months; 3) those without 
any possible contraindications for blood flow restriction exercise (cardiovascular 
disease, unstable hypertension, varicose veins, diabetes, cancer, musculoskeletal 
injury, post-surgical swelling, open wounds or on a medication that increases 
blood clotting risk); 4) not currently participating in resistance training or high-
intensity or long duration cardiovascular exercise; 5) free from orthopedic 
problems that would preclude seated lower- and upper-body exercises; 6) able to 
complete a timed-up-and-go walking assessment with or without assistance from 
a walker or cane; 7) seemingly able to complete four straight weeks of exercise; 
8) have a signed approval form (provided) by your doctor to participate in the 
study. Disease rating scale (MHY) will be determined by a licensed physical 
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therapist. All eligible participants will sign university-approved informed consent 
documents and approval will be granted by the Institutional Review Board for the 
Protection of Human Subjects in Research of Baylor University. Additionally, all 
experimental procedures involved in the study will conform to the ethical 
consideration of the Declaration of Helsinki. 
 
A small sub-group of 5-10 participants will serve as a control and only complete 
pre- and post-assessments, with no exercise intervention. They will meet the 
aforementioned inclusion criteria in order to be enrolled as a control. 

 
 

Study Site 
 

All supervised testing will be conducted in the Human Performance Lab (HPL) at 
Abilene Christian University (ACU), Abilene, TX. All exercise sessions will take 
place in the recreation center at Abilene Christian University. The HPL and 
recreation center are in the same building.  

 
 Recruitment   
 

Thirty individuals will volunteer to participate in the proposed study. Enrollment 
will be open to men and women of all ethnicities. A recruitment flyer will be 
posted at various locations in Abilene, including restaurants, neurologists’ offices 
and on campus at ACU. An email will be sent to the Parkinson’s Disease 
Outreach Group’s president so she can share it when the group meets.  
 
We will inquire about entry criteria characteristics of all volunteers by phone or 
in-person interview (see initial screening form included in this packet). 
Volunteers that appear to meet entry criteria for the study will be invited to the lab 
in order to verify eligibility for the study. During this initial visit, we will explain 
and review all of the experimental procedures and volunteers will be given a copy 
of the consent document to review and sign. Volunteers may choose to take the 
consent form with them to review at their own discretion and on their own time at 
a location other than our lab. 

 
 
 Consent Form Process 
 

We will email the consent form to the potential participants for them to read over 
and vocalize any questions or concerns they may have before signing the consent 
form. Upon completion of reading the consent form, participants will enter the lab 
and be familiarized to the study protocol via a verbal and written explanation 
outlining the study design and will then re-read and sign the approved informed 
consent form. Upon signing the consent form, participants will complete a 
medical history questionnaire and undergo a general physical examination to 
determine whether they meet eligibility criteria. The general examination will 
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include a musculoskeletal assessment looking at range of motion and pain in your 
upper and lower body. The participant will be asked to bend and flex their leg at 
the knee and their arm at the elbow. They will also be asked to point and flex their 
foot. All of these assessments will be done seated and performed by an exercise 
physiologist on the research team. If they are unable to move these joints and/or 
are in pain, they may have orthopedic problems (See Exclusion Criteria section 
3.2, number 5) and may not be eligible to continue with the study.  
 
Participants will be sent home with the following forms:  Daily Food Log, 
Parkinson’s Disease Quality of Life (PDQ39), Geriatric Depression Scale: Short 
Version, Restless Leg Syndrome Quality of Life Questionnaire and a Survey of 
Autonomic Symptoms. Participants will be asked to bring the forms at Visit 2. 
The forms should not take longer than 10-20 minutes to complete.  

 
 Participant Withdrawals 
 

The participants are free not to take part or to withdraw at any time for any reason 
with no penalty or loss of benefit to which they are entitled.  If they decide to 
withdraw from this study, the information that they have already provided will be 
kept confidential. Participants cannot withdraw information collected prior to 
their withdrawal. The researcher may take the participant out of this study without 
their permission. This may happen because: 1) the researcher thinks it is in his or 
her best interest; 2) if we find physical problems that, in our judgment, are 
contraindications to the completion of the study.  

  
3.2 EXCLUSION CRITERIA 
 Participants will not be allowed to participate in the study if they:  
 
1. have not been diagnosed with Parkinson’s disease. 
2. are stages 4-5 on the modified Hoehn and Yahr (MHY) staging scale. 
3. are not on Levodopa. 
4. have not been on Levodopa for at least 6-months. 
5. have orthopedic limitations that would limit participation in exercise. 
6. Have cardiovascular disease, unstable hypertension, varicose veins, diabetes, 

cancer, musculoskeletal injury, post-surgical swelling, open wounds or on a 
medication that increases blood clotting risk (birth control, estrogen, or hormone 
replacement therpy). 

7. are currently participating in resistance exercise or long-duration cardiovascular 
exercise.  

8. are able to complete a timed-up-and-go (TUG) assessment without assistance 
from another individual.   

9. are unable to complete 4-consecutive weeks of exercise, 3-days-per-week.  
 
 
4.0 RESEARCH DESIGN & METHODS   
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 Methods  
 
 Experimental Approach 
 

Participants who qualify will be randomly assigned to either LIRT-BFR or HIRT. 
Exercise will be performed 3-days-per-week for four weeks, with supervision of 
the research team. Assessments will be performed before and after the exercise 
intervention and include the analysis of motor function, strength, endothelial 
function, peripheral circulation and blood markers of endothelial function and 
cardiovascular disease risk. Blood pressure, heart rate and oxygen levels will be 
monitored during every session.  
This experimental approach is based on the premise that LIRT-BFR has the 
possibility to improve or attenuate endothelial function and motor symptoms in 
PwP without disrupting the health of the vessels. The proposed experimental 
model will also allow for the determination of LIRT-BFR is safer and more 
effective than HIRT in PwP. 
 
Dietary Analyses 
 
Participants will be required to record their dietary intake for three days prior to 
the pre- and post-assessments.  The participants’ diets will not be standardized but 
participants will be asked not to change their dietary habits during the course of 
the study. The dietary recalls will be evaluated with the Food Processor dietary 
assessment software program (ESHA Research, Salem, OR) to determine the 
average daily macronutrient consumption of fat, carbohydrate, and protein in the 
diet for the duration of the study. 
 
 
Anthropometrics and Body Composition 
 
Volunteers will report with shorts, a t-shirt and a pair of comfortable 
jogging/running shoes. We will measure height (cm) and weight (kg) using a 
stadiometer and weight scale (703, SECA®, Hamburg, Germany) and calculate 
BMI as mass (kg / m2). Waist circumference measurements will be taken using a 
standard tape measure and body composition will be assessed by dual-energy x-
ray absorptiometry (DXA) (Discovery DXA™, Hologic®, Bedford, MA). 
 
Plasma Homocysteine and eNOS Assessment 
 
The concentrations of serum homocysteine and eNOS will be 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 will be read in duplicate at a 
wavelength of 450 nm and unknown concentrations determined by linear 
regression against known standard curves using commercial software (Microplate 
Manager, Bio-Rad, Hercules, CA, USA). 
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5.0  STUDY VISITS 

Testing Sessions 

Participants will visit the laboratory for pre-assessments on 3 separate occasions 
before the 4-week exercise intervention starts in the following manner: visit 1 = 
entry/familiarization, visit 2 = anthropometrics, UPDRS-III, MHY, DXA, TUG, 
blood draw, visit 3 = RHI, Senior Arm-Curl, peripheral circulation, 6-minute 
walk, baseline 4-6 repetition maximum (4-6-RM) and hand grip testing. After the 
4-week intervention, participants will visit the laboratory for post-assessments in
the following manner: visit 4 = UPDRS-III, anthropometrics, DXA, TUG, blood
draw, visit 5= RHI, Senior Arm-Curl, peripheral circulation, 6-minute walk, 4-6-
RM and hand grip testing.

UPDRS-III 

Part three of the UPDRS, the Motor Examination portion, will be conducted by a 
licensed physical therapist with a board certification in Geriatric Physical 
Therapy. Speech, facial expression, rigidity, finger taps, tremors at rest and during 
action, hand movements, rapid hand movements, leg agility, ability to arise from a 
chair, postural stability, bradykinesia, hypokinesia, posture and gait will be 
assessed according to the scale recommended by the PD Workbook, Clinician 
Guide (Merello, Gerschcovich, Ballesteros, & Cerquetti, 2011). 

TUG 

The TUG protocol will be followed in accordance to the Centers for Disease 
Control and Prevention and the Stopping Elderly Accidents, Deaths and Injuries 
(McGrath et al., 2011). Participants will sit back in a standard arm chair. Gym 
tape will be placed on the ground ten feet away from the chair. Participants will 
be asked to stand and walk to the tape, turn around and walk back to the chair and 
sit-down upon the prompt “Go”. A stopwatch will be used to measure the time it 
takes to do this. Three consecutive TUG assessments will be conducted and 
averaged.   

MHY 

The modified Hoehn and Yahr (MHY) staging, as a part of the URDRS, will be 
ranked by a licensed physical therapist with a board certification in Geriatric 
Physical Therapy. Stages used are recommend by the UPDRS (“Unified 
Parkinson’s Disease Rating Scale - an overview | ScienceDirect Topics,” n.d.) and 
participants will be ranked as follows: stage 0=no signs of disease, 1=unilateral 
disease, 1.5=unilateral plus axial involvement, 2=bilateral disease, without 
impairment of balance, 2.5=mild bilateral disease, with recovery on pull test, 
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3=mild to moderate bilateral disease; some postural instability; physical 
independent, 4=severe disability; still able to walk or stand unassisted, 
5=wheelchair bound or bedridden unless aided.  
 
Blood Sampling 
 
Participants will be asked to sit for five minutes prior to their blood draw. Venous 
blood samples will be obtained for an antecubital vein by standard/sterile 
procedures (Information, Pike, MD, & Usa, 2010). Approximately 15 ml of blood 
will be obtained before and after exercise intervention in two red top, no additive 
vacutainer tubes (BD Vacutainer®, Franklin Lakes, NJ). Blood samples will be 
allowed to clot on ice for 30 minutes before being centrifuged at 3500 X g for 15 
minutes with bench top centrifuge (Clinical 50™, VWR®, Radnor, PA). Serum 
will be extracted, combined, mixed and then aliquoted into 2.0 mL plastic 
ultracentrifuge tubes and stored at -80°C. Blood sampling will be taken before 
and after the 4-week exercise intervention. 
 
 
Reactive Hyperemia Index 
 
The RHI will be measured in the supine position as a measure of vascular 
endothelial function using finger plethysmography (Endo-PAT2000, Itamar 
Medical, Caesarea, Israel). The principle and methods of RHI has been previously 
described (Rozanski Alan et al., 2001). A blood pressure cuff will be placed on 
the upper arm with the contralateral arm serving as a control. Fingertip probes 
will be placed on both index fingers to measure arterial pulse wave amplitude. 
After a 5-minute equilibrium period, the cuff will be inflated to 60mmHg above 
SBP or at least 200mmHg for 5 -minutes. The cuff will then be deflated to induce 
reactive hyperemia in the measured index finger, and the arterial pulse wave 
amplitude will be recorded for 5-minutes. RHI will be defined as the ratio of the 
arterial pulse wave amplitude measured for 1-minute during reactive hyperemia to 
baseline amplitude during equilibration period (Kuvin, Mammen, Mooney, 
Alsheikh-Ali, & Karas, 2007). This will be repeated immediately after the 6-
minute Walk Test (6MWT) to observe changes in endothelial function after 
aerobic, lower body exercise. 
 
 
Peripheral Blood Circulation 
 
Transcutaneous oxygen pressure (tcP02) will be measured as an indicator of 
peripheral blood circulation in the foot using a tcP02 devise (TCM3, TINA, 
Radiometer). After having subjects rest on a bed in the supine position for 20-
minutes, a probe will be heated to 44.8ºC and placed on the first intermetatarsal 
space on the dorsum of the right foot using the double-sided adhesive ring 
supplied by the manufacturers. Five minutes after probe attachment, tcP02 will be 
recorded as stable if the value fluctuated within 2 mmHg during a one-min 
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measurement period. This will be repeated immediately after the 6-minute Walk 
Test (6MWT) to observe changes in peripheral circulation after aerobic, lower 
body exercise.  
 
On day two of the pre- and post-assessments, RHI and tcP02 will be measured and 
peripheral circulation will be measured before and after a 6-minute walk. A senior 
biceps curl will then be performed. The RHI technique and peripheral circulation 
technique using tcP02 monitoring are well-established, non-invasive ways to 
determine vessel reactivity and peripheral blood circulation (Shimizu et al., 2016).  
 
 
6-Minute Walk 
 
The 6-Minute Walk Test (6MWT) will be used as a tool for measuring 
cardiovascular endurance and is deemed safe for frail and older populations 
(Department of Kinesiotherapy, Faculty of Public Health, Medical University of 
Sofia, Bulgaria et al., 2016). The 6MWT will be performed in an air-conditioned, 
climate-controlled gym. One hundred feet will be marked on the gym and 
participants will walk end-to-end of the marked parameter and instructed to cover 
as much distance as they can in 6-mintues without running or jogging. For those 
who do not normally walk unassisted or those who are considered a fall-risk 
(greater than 13 seconds on their TUG assessment), a gait-belt will be place 
around their waist and a member of the research team will walk beside, but 
slightly behind them, grasping the gait belt for the duration of the walk. The same 
encouraging phrases during the test, warning of the remaining time and the option 
to sit when needed will be followed according to the American Thoracic Society’s 
published 6MWT protocol (“ATS Statement,” 2002). Blood pressure will be 
taken before and immediately after the 6MWT.  
 
Senior Biceps Curl 
 
The senior biceps curl assessment will be done in a seated position. Proper form 
will be demonstrated and practiced without resistance. Participants will sit in a 
secure chair, and hold a dumbbell in one arm. Participants will repeatedly perform 
a single arm curl holding 5lbs for women and 8lbs for men for 30 seconds. The 
number of lifts will be recorded. The protocol is in accordance to the Senior Fit 
Test (“Senior Fitness Test Manual (Second Edition),” n.d.). 
 
 
Strength Assessments 
 
A 4-6 repetition maximum assessment will be performed on all exercises used in 
the experimental exercise protocol including leg extension, leg curl, calf raise, 
triceps extension, and biceps curl to estimate each participant’s one repetition 
maximum (1RM) and calculate appropriate intensities for the exercise protocols. 
The National Strength and Conditioning recommendations for 4-6 repetition 
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maximum assessments (Sands, W.A. & Hewit, J., 2013) and the American 
Society of Hand TherapistTM Handgrip protocol for maximal grip strength 
(“American Society of Hand Therapists Clinical Assessment Recommendations,”) 
will be used.  
 
 
Exercise Protocol 
 
Groups will include LIRT-BFR and HIRT.  LIRT-BFR will perform 3 straight 
sets of 20 repetitions at 20% 1-repeition maximum (RM) with a 30 second rest 
between sets. Exercise will be performed 3 days per week for four weeks, with 
one day of rest between the weekly exercise sessions and two days after the third. 
Exercises performed will be leg extension, seated leg curl, seated calf raise, seated 
biceps curl, seated triceps extension, and seated handgrip with blood flow 
restriction, as described below. HIRT will perform 3 straight sets of 8 repetitions 
at 80% 1-RM with a 2-minute rest between sets. Participants will remain seated 
for the duration of the exercise and only stand to transition. Transitions between 
exercises will be 90-seconds for both groups. All participants will have a research 
assistant guiding them through all exercise sessions in their entirety. Only 
research personnel trained in BFR will assist those in the LIRT-BFR group.  
 
Blood Flow Resistance 
 
For the LIRT-BFR group, 60% occlusion will be administered for the upper- and 
lower body. LOP in the upper and lower body will be determined automatically 
via the Owens Recovery automated BFR system (Owens Recovery Unit, Delfi 
Medical, Vancouver BC, Canada) in a supine position prior to each exercise 
session. To determine LOP, participants will lie down. A 10cm cuff will be placed 
on both thighs. LOP will be measured and recorded for exercise occlusion 
reference. A 7cm cuff will be placed on the upper proximal arm. Both cuffs will 
be inflated to determine LOP. LOP will be measured and recorded for exercise 
occlusion reference. BFR in the lower-body will be administered by placing 
pneumatic cuffs (10 cm) (Delfi Medical, Vancouver BC, Canada) on both 
proximal thighs. Participants will then sit on the leg extension machine. BRF will 
be induced by inflating the cuff to 60% of the limb occlusion pressure (LOP) as 
measured by the Owens Recovery automated BFR machine (Owens Recovery 
Unit, Delfi Medical, Vancouver BC, Canada). Participants will perform 3 sets of 
20 repetitions at 20% of their 1-RM with a 30 second rest in between sets. Cuffs 
will remain inflated until all lower body exercises are complete. Participants will 
move to the seated hamstring curl machine and perform the same repetitions. 
Following seated leg curls, participant will perform seated calf raises. BFR in the 
upper-body will be administered by placing pneumatic cuffs (7 cm) on both 
proximal upper arms and inflated to 60% of the LOP. Participants will perform 
the biceps curl, followed by the triceps extension and handgrip exercise. Cuffs in 
the upper extremity will be deflated after all upper-body exercises have been 
completed. The approximate time to perform all three upper- and lower-body 
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exercises will be approximately 10 minutes. This is a safe partial occlusion time 
for the lower- and upper-body, as determined by endothelial damage and 
apoptosis only at higher pressures (220mmHg) and a longer duration of occlusion 
without exercise (20 minutes) (Jenkins et al., 2013; Staunton et al., 2015; 
Warmington, Staunton, May, & Brandner, 2016). Though safety 
recommendations for BFR exercises have been published, there is no evidence to 
suggest BFR exercise elevates the risk of complications any more than traditional 
exercise (“(PDF) Reported Side-effects and Safety Considerations for the Use of 
Blood Flow Restriction During Exercise in Practice and Research,” n.d.). 
 
Measurements During Exercise 
 
Measurements during exercise will include blood pressure, rating of received 
exertion and heart rate. Manual blood pressure by a trained research member will 
be performed: 1) before exercise begins, 2) immediately after the lower-body 
exercises and/or after lower cuffs are released, 3) after all upper-body exercises 
and/or after upper cuffs are released, and 4) after cool-down. Arterial oxygen 
saturation using pulse oximetry, rating of perceived exertion (RPE) using the 
Borg scale, and heart rate (HR) will also be recorded just before blood pressure is 
obtained at all time-points.  
 

 
 
6.0 RISKS & BENEFITS  
 

Participants will not encounter the possibility of psychological, social, or legal 
risk.  Participants who meet eligibility criteria will be subjected to strength testing 
and training sessions involving dynamic muscle contractions. All exercise testing 
and training sessions will be supervised by trained research study personnel. 
Participants will be instructed to only perform the prescribed resistance exercise 
protocol throughout the duration of the study, as a result of the exercise protocol, 
participants will most likely experience short-term muscle fatigue. In addition, 
they will likely experience muscle soreness for up to 24 to 48 hours after exercise, 
especially the first week of exercise. This soreness is normal and participants will 
be warned of muscle soreness prior to starting exercise. Muscle strains/pulls 
resulting from 4-6-RM testing and the dynamic exercise protocol are possible. 
During the familiarization session, participants will be informed of the resistance 
training program and correct lifting technique for each exercise demonstrated. 
Therefore, potential injury due to exercise will be minimized since all participants 
will be instructed on how to adhere to correct lifting technique. In addition, only 
Darryn Willoughby, Ph.D., Annie Bane, M.S., Lorraine Wilson, Ed.D., and Jill 
Jumper, PT, all with expertise in resistance training, will conduct the testing and 
exercise procedures.   
 
All participants in the LIRT-BFR group will have cuff pressures individualized 
based on their limb occlusion pressure (LOP) as measured by the Owens 
Recovery automated unit. The Owens unit will then be set to 60% of their LOP 
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for lower and upper body exercises. Participants may experience discomfort from 
the cuff and muscle fatigue during blood flow restriction exercise. The 
approximate time to perform all three upper- and lower-body exercises will be 
approximately 10 minutes. This is a safe partial occlusion time for the lower- and 
upper-body, as determined by endothelial damage and apoptosis only at higher 
pressures (220mmHg or >100% LOP) and a longer duration of occlusion without 
exercise (20+ minutes) (Jenkins et al., 2013; Staunton et al., 2015; Warmington et 
al., 2016). Though safety recommendations for BFR exercises have been 
published, there is no evidence to suggest BFR exercise elevates the risk of 
complications any more than traditional exercise (“(PDF) Reported Side-effects 
and Safety Considerations for the Use of Blood Flow Restriction During Exercise 
in Practice and Research,” n.d.). To ensure participants do not experience 
excessive vasodilation and post-exercise hypotension, blood pressures will be 
taken during the cool-down and after exercise. Participants will cool-down and/or 
rest until they return to their starting blood pressure baseline levels.  

 
Participants will donate about approximately 15 milliliters of venous blood per 
sample (pre and post) collected during the study. Blood samples will be obtained 
by an experienced phlebotomist using standard procedures and aseptic technique. 
These procedures may cause a small amount of pain when the needle is inserted 
into the vein as well as some bleeding and bruising. However, proper pressure 
will be applied upon removal to reduce bruising. The participant may also 
experience some dizziness, nausea, and/or faint if they are unaccustomed to 
having blood drawn.  
 
The primary risk associated with dual-energy x-ray absorptiometry (DXA) is with 
radiation exposure. The radiation dose for one DXA scan to measure body 
composition is 1.5 millirem. This is similar to the amount of natural background 
radiation an individual would receive in one month while living in Waco, TX or 
less than what a person would be exposed to during an airplane flight from New 
York City to Los Angeles (2 to 5 millirem). The maximal permissible x-ray dose 
for non-occupational exposure is 500 millirem per year. 

 
The RHI measurement may cause finger discomfort and pain during the 
constrictive phase of the assessment. Participants will be lying down during this 
assessment and will have the option to abort the assessment if finger pain is too 
much. The minor pain associated with this assessment will subside once the 
pressure of the finger probes/cuffs is released and blood returns to the finger.  
 
The tcP02 measurement may cause slight discomfort or skin irritation on the foot, 
where the pads are placed. We will place sensors, similar to electrodes, on the 2nd 
metatarsal of each foot. Prior to the placement, the skin will be scrubbed and 
wiped with an alcohol pad. The possible risks associated with this include an 
allergic reaction to the alcohol pad and abrasion or minor cuts to the scrubbed 
area. 
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A telephone is in the laboratory in case of any emergencies, and there will be no 
less than two researchers working with each participant during testing and 
training sessions. In the event of any unlikely emergency one researcher will 
check for vital signs and begin any necessary interventions while the other 
researcher contacts ACU’s campus police at extension x2911. Instructions for 
emergencies are posted above the phones in the event that any other research 
investigators are available for assistance. Participants will be informed to report 
any unexpected problems or adverse events they may encounter during the course 
of the study to Darryn S. Willoughby, Ph.D. If clinically significant side effects 
are reported, the participants will be referred to their physician for medical 
follow-up. New findings and/or medical referrals of unexpected problems and/or 
adverse events will be documented, placed in the participants research file, and 
reported to the Baylor IRB committee.  
 
Incidental Findings  

 
Although the procedures the participants will undergo in this study are being 
undertaken for research purposes only, it is possible that researchers may notice 
something that could be important to their health. If so, we will contact them to 
explain what was noticed. If they do not have a private physician, we will refer 
them to an appropriate clinic for follow-up. It will be their choice whether to 
proceed with additional tests and/or treatments to evaluate what we observed, and 
them or their insurer will be responsible for these costs. 
 
Potential Benefits   

 
Participants may gain insight about their own body function, and other aspects 
related to health and fitness status from assessments to be performed. Participants 
will be given supervision and instruction during their exercise sessions. 
Furthermore, dietary tracking may provide valuable information that may 
translate into better eating habits for the individual. Results from the study may 
also prove beneficial for participants who are looking to adopt an active lifestyle. 
Participants will receive a final report of personal responses and the group 
responses to the experimental interventions after all data analysis has been 
completed. The control group will receive all reports and a custom exercise plan 
to implement after they serve as the control group.  

 
 
7.0 STATISTICAL ANALYSIS 
 

Statistical Analyses 
 
The dependent variables in the study include: RHI, peripheral circulation, 
homocysteine, eNOS, strength markers (leg extension, leg curls, biceps curl, 
triceps extension), endurance (6MWT and senior biceps curl) and motor 
functioning (UPDRS-ME), rating of perceived exertion, rate-pressure-product, 
systolic and diastolic pressures, total peripheral resistance and mean arterial 
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pressure. The independent variables in this study include group (1) low-intensity 
blood flow restriction resistance exercise (LIRT-BFR) or 2) high intensity 
resistance training without BFR (HIRT) and pre- and post-assessments. 
Descriptive variables include age, percentage body fat, pounds of lean tissue, 
BMI, number of years since diagnosis of PD, dosage of Levodopa, number of 
years on Levodopa, dietary and exercise habits. 
 
A Shapiro-Wilk test will be used to confirm normal distribution of the data. A 
two-way repeated measure analysis of variance (ANOVA) (2 groups versus 2 
measurement points) will be used to analyze differences in hemodynamic 
parameters, motor skills, muscular strength and endurance, vascular endothelial 
function, peripheral blood circulation before and after the 4-week resistance 
training period. If an F ratio is significant, a post hoc test will be performed using 
a Boneferroni test. Statistical significance for this study will be set a priori with a 
p value <0.05. Group characteristics will be reported as mean + SD and data 
analysis will be completed with the SPSS software.  
 
An a-priori power calculation showed that 15 participants per group is adequate to 
detect a significant difference between groups based on RHI using finger 
plethysmography, given a type I error rate of 0.05, a 95% confidence interval, and 
a power of 0.80.  The index of effect size utilized will be partial Eta squared (η2), 
which estimates the proportion of variance in the dependent variable that can be 
explained by the independent variable. Partial Eta squared effect sizes will be 
determined to be: weak = 0.17, medium = 0.24, strong = 0.51, very strong = 0.70. 
For all statistical analyses, an alpha level of 0.05 will be adopted throughout. 
 

 
 
8.0 DATA MANAGEMENT & PRIVACY/CONFIDENTIALITY   
 

Data Management 
 
Participants in this study will not be individually identified unless they give their 
written consent. All participants will have a number to identify their results. Only 
the study personnel will know the subject numbers. Only study personnel will have 
access to the data. All data will be stored in a locked cabinet and on a password-
locked computer in Annie Bane’s office (Gibson 133). Only she will have access 
to both. 
 
Confidentiality 

 
We will keep the records of this study confidential by assigning each participant 
with an ID code that will also include the experimental condition code and an 
identifier for the particular sample. Hard copy records will be kept in filing 
cabinets that are housed in our lab and locked at all times. Electronic data is 
stored on password-protected computers housed in our lab. Data collected on 
these computers will be transferred to Annie Bane’s password-protected computer 
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and backed-up on a password-protected jump drive. The jump drive and 
researcher’s computer will be maintained in Gibson 133 (Annie Bane’s). The 
office is locked in Annie Bane’s absence. The researchers will not discuss 
participant information with anyone other than them or the members of the 
research team.  
 
We will make every effort to keep the participants’ records confidential.  
However, there are times when federal or state law requires the disclosure of their 
records. The following people or groups may review the study records for 
purposes such as quality control or safety: The Researcher and any member of his 
research team, authorized members of Baylor University who may need to see 
study information, such as administrative staff members from the Office of the 
Vice Provost for Research and members of the Institutional Review Board, and 
Federal and state agencies that oversee or review research (such as the HHS 
Office of Human Research Protection and/or the Food and Drug Administration). 
 
The study data will be stored in Annie Bane’s office (Gibson 133) for the duration 
of the study and for three years following the conclusion of the study. 
 
 
 
Future Use of Study Information 
 
We would like to store the study information, including blood samples, for 
possible future research related to the relationship between resistance exercise and 
skeletal muscle markers of anaerobic metabolism. We will label all of the 
participant’s study information with a code instead of their name.  The key to the 
code connects their name to their study information.  The researcher will keep the 
code in a password-protected computer-locked file in Gibson 133. 
 
The samples will be stored in an ultralow freezer located in the lab, Gibson 131. 
Each sample will be kept for three years. After that time, the sample will be 
destroyed by methods in accordance with laboratory or institution procedures. 
 
Future use of study information is optional for this study. If the participant does 
not want their information to be used for future research, they can still be in the 
study. The participant will indicate their decision at the end of the informed 
consent form. 
 
 
Research Team 
 
Darryn S. Willoughby, PhD, FACSM, FISSN, FACN.  Dr. Willoughby will 
serve as the principal investigator. He is a Professor of Exercise and Muscle 
Physiology and Biochemistry in the Department of Health, Human Performance, 
& Recreation at Baylor University. He is also an Associate Professor of Baylor’s 
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Biomedical Science Institute. Dr. Willoughby is an internationally recognized 
exercise biochemist and molecular physiologist. He has conducted a vast amount 
of research focusing on the biochemical and molecular regulatory mechanisms 
regarding exercise performance and nutrition. He will oversee all aspects of the 
study. He will also perform the majority of the biochemical and clinical chemistry 
assays involved in the project.  
 
Annie Bane, M.S. Mrs. Bane is an exercise physiologist pursuing her Ph.D. in 
Exercise, Nutrition, and Health Promotion. Mrs. Bane has been an instructor at 
Abilene Christian University (ACU) for the past 3 years. During this time, she has 
conducted studies with exercise and Parkinson’s disease. Prior to taking a position 
at ACU, Mrs. Bane worked as a graduate teaching assistant at Baylor and worked 
in the BLEST and ENBL at Baylor. She currently runs the Human Performance 
Lab at ACU. She will assist in all areas involved in the project, particularly 
recruiting participants, scheduling participant visits, blood draws, training 
sessions and data analysis. Annie will be certified in blood flow restriction in July 
with the Owens Recovery unit.  

 
Lorraine Wilson, EdD. Mrs. Wilson is an exercise science professor emeritus at 
ACU who is still involved with research through the Kinesiology & Nutrition 
department at ACU. Mrs. Wilson served on the ACU IRB committee for 10 years. 
She was the principal investigator for a previous Parkinson’s disease and exercise 
research study this past year. She will assist in all areas involved in the project, 
particularly recruiting participants, scheduling participant visits, training sessions 
and data analysis.  
 
Jill Jumper, PT, DPT. Mrs. Jumper is a board-certified physical therapist who is 
also board certified in geriatric physical therapy. Jill is an assistant professor in 
the Department of Physical Therapy at Hardin-Simmons University. She has 
experience working with persons with Parkinson’s disease. Mrs. Jumper was a 
research assistant for the Parkinson’s and exercise study this past year. She is 
certified in blood flow restriction therapy. She will assist in all areas involved in 
the project, particularly recruiting participants, scheduling participant visits, 
training sessions and data analysis. 
 
Lindsay Edwards, Ph.D. Ms. Edwards is an exercise physiologist at Hardin-
Simmons University. She was a part of the research team for the Parkinson’s 
disease and exercise research study this past year. She will assist in all areas 
involved in the project, particularly recruiting participants, scheduling participant 
visits, training sessions and data analysis. 

 
Pricilla Wyatt, RN, MSN. Mrs. Wyatt is a board-certified RN for 19 years and is 
now an instructor at Abilene Christian University’s Nursing School. She is a 
trained phlebotomist. Mrs. Wyatt will assist in blood draws for pre- and post-
assessments.  
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APPENDIX B  
 

Baylor University 
Department of Health, Human Performance & Recreation 

 
Consent Form for Research 

 
PROTOCOL TITLE:  Effects of Blood Flow Restriction Resistance 

Training on Strength, Vascular and Motor Function 
in Persons with Parkinson's Disease 

PRINCIPAL INVESTIGATOR:    Annie Bane, M.S. PhD Candidate 
SUPPORTED BY:  Baylor University & Abilene Christian University 
 

Invitation to be Part of a Research Study 
You are invited to be part of a research study. This consent form will help you choose 
whether or not to participate in the study. Feel free to ask if anything is not clear in this 
consent form. 
 

Important Information about this Research Study 
Things you should know: 

• The purpose of the study is to investigate strength, motor function and vascular 
changes in response to different types of resistance training in persons with 
Parkinson’s disease currently on Levodopa.   

• In order to participate, you must: 
o be diagnosed with mild to moderate Parkinson’s disease (modified Hoehn 

and Yahr (MHY) stages 1-3) and over 50 years of age, 
o be on Levodopa (Sinemet, Parcopa, Rytary, Rytary CR, Duopa, Sinemet 

CR, Atamet) for at least 6-months, 
o not have: cardiovascular disease, unstable hypertension, varicose veins, 

diabetes, cancer, musculoskeletal injury, post-surgical swelling, open 
wounds or on a medication that increases blood clotting risk, 

o not currently be participating in resistance training or high-intensity, long 
duration cardiovascular exercise, 

o be free from orthopedic problems that would preclude seated lower- and 
upper-body exercises, 

o be able to complete a timed-up-and-go walking assessment with or 
without assistance from a walker or cane, 

o have approval from your doctor to participate in the study. 
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• If you choose to participate, you will be asked to report to Abilene Christian 
University (ACU) several times over the course of 6-weeks. The first and last 
week will include assessments of your fitness, motor functioning, blood and 
vessels. For four weeks, you will perform resistance (weight) exercise at ACU 3-
days-per-week. All exercise sessions will be guided.  

 
• Risks or discomforts from this research include a risk of injury while performing a 

muscle strength test, a walking test, or during exercise sessions. There is also a 
risk of soreness or discomfort after exercise, blood draws, and non-invasive 
vessel assessments.  

• Taking part in this research study is voluntary. You do not have to participate, 
and you can stop your participation at any time. 

 
More detailed information may be described later in this form. Please take time to read 
this entire form and ask questions before deciding whether to take part in this research 
study. 
 

Why is this study being done? 
Parkinson’s disease (PD) is a progressive, debilitating disease of the central nervous 
system. Debilitating motor symptoms such as rigidity, bradykinesia, resting tremors and 
impaired postural reflexes are common. The most common and most effective means of 
treating these symptoms may alter the vessels overtime in an unfavorable way. 
Levodopa and resistance training help with the day to day motor symptoms of PD, but 
can decrease endothelial (vessel) function and even harden arteries. The goal of this 
study is to see if an alternative form of exercise called low-intensity blood flow 
restriction resistance training can: offer strength and motor symptom benefits similar to 
high intensity resistance training; result in less cardiac stress and even improve 
endothelial (vessel) function.  
 

What will happen if I take part in this research study? 
If you meet all eligibility criteria, come to the lab for familiarization, provide your 
consent to participate you will be asked to visit the lab two times for pre-assessments, 
workout three days per week for four weeks at ACU and visit the lab two additional 
times after exercise is complete. 
 
During the first visit, we will provide an overview of the study. We will then confirm 
your eligibility for the study based on our criteria, and if you consent to participate you 
will be asked to sign this informed consent form. You will then fill out a medical history 
questionnaire. You will be given a forms to fill-out about your physical activity and 
dietary habits for 3 days during week 1. You will also be asked to take home and fill out 
a Parkinson’s Disease Quality of Life Questionnaire, a Restless Leg Syndrome Quality of 
Life Questionnaire, a Survey of Autonomic Symptoms and a Geriatric Depression Scale. 
You will be asked to bring these complete forms to visit 2.  During visit 2, we will ask you 
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to come in after an overnight fast. We will take your height and weight and perform a 
DXA scan, complete a motor exam administered by a licensed physical therapist, 
perform a timed-up-and-go walking assessment and have your blood drawn by a trained 
phlebotomist. For visit 3, we will assess your vessel health and peripheral circulation 
through non-invasive measurements using finger plethysmography (finger blood 
pressure cuffs on each hand) and one sensor/electrode on each foot. You will then be 
asked to complete a 4-6 repetition maximum on leg extensions, leg curl, triceps 
extensions and triceps curl. After a 30-minute break, you will perform a 6-minute walk, a 
senior biceps curl and a handgrip assessment.  
 
After pre-assessments, you will be randomly assigned to an exercise group or to the 
control group. If you are in the control group, you will be asked to maintain your normal 
routine for four weeks and report back to ACU for the post-assessments. The exercise 
groups include: 1) blood flow restriction resistance training or 2) high intensity 
resistance training. Your exercise protocol will start at ACU in the recreation center the 
Monday after pre-assessments are complete. You will exercise 3-days per week for 4 
consecutive weeks. The exercise sessions should take no longer than 30-minutes. Please 
note that your blood pressure, heart rate, and oxygen levels (using a finger pulse-
oximeter) will be taken throughout the exercise sessions. All sessions are guided by a 
member of the research team.  
 
Exercise: Exercise sessions will be performed three days per week for four consecutive 
weeks. After a 3-5-minute warm-up on a seated bike, you will perform six seated 
resistance exercises in ACU’s recreation center. A 3-5-minute cool-down on a seated 
bike will follow the last resistance exercise. You will perform 3 sets of either 8- or 20-
repetitions on the leg extension machine, leg curl machine, seated calf raise machine, 
seated biceps curl machine, seated triceps extension machine and a handgrip exercise. If 
you are assigned to the high intensity resistance training group, you will perform 8-
repeitions at 80% of your estimated 1-repetition maximum. If you are assigned to the 
blood flow restriction group, you will perform 20-repetitions at a lower intensity (20% of 
your estimated 1-repetition maximum) with wide blood pressure cuffs that are partially 
inflated on both upper thighs for lower body exercises and then on both upper arms for 
upper body exercises. Measurements during exercise will include blood pressure, rating 
of perceived exertion, oxygen, and heart rate. Manual blood pressure by a trained 
research member will be performed: 1) before exercise begins, 2) immediately after the 
lower-body exercises and/or after lower cuffs are released, 3) after all upper-body 
exercises and/or after upper cuffs are released, and 4) after cool-down. Arterial oxygen 
saturation using pulse oximetry, rating of perceived exertion, and heart rate (HR) will 
also be recorded just before blood pressure is obtained at all time-points mentioned 
above.  
 
The week after four weeks of exercise is complete, you will return to the Human 
Performance Lab at ACU for post-assessments. During visit 4, we will ask you to come in 
after an overnight fast. We will take your height and weight and perform a DXA scan, 
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complete a motor exam administered by a licensed physical therapist, perform a timed-
up-and-go walking assessment and have your blood drawn by a trained phlebotomist. 
For visit 5, we will assess your vessel health and peripheral circulation through non-
invasive measurements. You will then be asked to complete a 4-6 rep max, 6-minute 
walk, a senior biceps curl and a handgrip assessment.  
 
Blood Flow Restriction: Blood flow restriction is used widely in physical therapy and 
recreational exercise. It is a method where an exercise is performed with partial 
occlusion via an automated blood pressure cuff. The purpose of this method is to induce 
stress, as caused by exercise, at lower intensities. If you are a part of the blood flow 
restriction group, your cuff will be occluded to 60% of your limb occlusion pressure 
(where full occlusion occurs) for less than 10-minutes for the legs and then less than 10-
minutes for the arms. Prior to each exercise session, your limb occlusion pressure will be 
measured for your upper and lower body so the proper occlusion number will be used 
for 60% occlusion. This will occur before the warm-up is initiated.  
 
Vessel and Peripheral Circulation: We will evaluate your vessels and circulation using 
finger plethysmography and foot transcutaneous oxygen assessments. For this 
procedure, you’ll lie down and rest for 10-minutes prior to each measurement. We will 
take your blood pressure using a stethoscope and inflatable cuff. Two finger probes will 
be placed on each of your index fingers. You will be asked to cut your finger nails on 
your index fingers if there is a chance of puncturing the inflatable portion of the probe. 
Foam “anchors” will be place on your other fingers to reduce the chance of you moving 
your hands. After 5-minutes, the finger cuffs will be inflated to 60mmHg above your 
systolic blood pressure for 5-minutes. Upon deflation, you will be asked to remain still 
for an additional 5-minutes. Immediately after, while still lying down, two 
sensors/electrodes that have been heated slightly will be placed on top of your foot to 
measure transcutaneous oxygen levels. Your foot will be cleaned with alcohol swabs 
prior to placing the sensors on your foot. You will be laying down for approximately 20 
minutes.  
 
Blood Draws: You will donate about 15 milliliters (3 teaspoons) of venous blood per 
sample (pre- and post-assessments) from a vein in the arm using aseptic technique by 
an experienced phlebotomist involving standard procedures, just as if you were to have 
blood drawn by your physician.  
  

How long will I be in this study and how many people will be in the 
study? 

You should expect to be in this research study for approximately 6-weeks. The first and 
last week will include pre- and post-assessments. The middle four weeks will include 
resistance training at ACU, three days per week. For the assessments, you will be asked 
to make 5 study visits to the Human Performance Lab at ACU. Three of these visits will 
be the pre-assessments and the last two will be post-assessments. We anticipate the 
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first visit taking approximately 30 minutes, the second and fourth approximately 30-45 
minutes, the third and fifth approximately an hour to an hour and a half. 
 
Here is a summary of visits at ACU: 
 
Visit Activities Session Time Day of Study 
1 Familiarization, Consent, Medical 

History 
To take home: Exercise and Food 
Log, Quality of Life Questionnaire, 
Restless Leg Syndrome 
Questionnaire, Geriatric Depression 
Scale, and Survey of Autonomic 
Symptoms  

Approximately  
30 minutes  

1st day, week 1 

2 Height, Weight 
DXA 
Motor Evaluation 
Timed-Up-and-Go Walk 
Blood Draw 

Approximately 
30-45 minutes  

3rd day, week 1 

3 Finger Blood Pressure 
Foot Blood Circulation 
4-6 Repetition Maximum 
6-Minute Walk 
Senior Biceps Curl 
Handgrip Assessment 

Approximately 
1-1 ½ hours 

5th day, week 1 

Exercise 
Sessions 1-
12 

Warm-Up on Seated Bike 
Lower Body Exercises (leg extension, 
leg curl, calf raises) 
Upper Body Exercises (bicep curls, 
triceps extensions, handgrip) 
Cool-Down on Seated Bike 

Approximately  
30 minutes each 
session, 6 hours total 
over four weeks 

Monday, Wednesday, 
Friday, weeks 2, 3, 4, 5 

4 Height, Weight 
DXA 
Motor Evaluation 
TUG 
Blood Draw 
To take home: Exercise and Food 
Log, Quality of Life Questionnaire, 
Restless Leg Syndrome 
Questionnaire, Geriatric Depression 
Scale, and Survey of Autonomic 
Symptoms 

Approximately 
30-45 minutes  

1st day, week 6 

5 Finger Blood Pressure 
Foot Blood Circulation 
4-6 Repetition Maximum 
6-Minute Walk 
Senior Biceps Curl 
Handgrip Assessment 
 

Approximately 
1-1 ½ hours 

2nd day, week 6 

 
Thirty volunteers will participate in this study.  
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What are the risks of taking part in this research study?
There are some risks you might experience from being in this study. They are: 

• Non-Invasive Vessel Assessments: During the finger plethysmography
assessment, there is a possibility of pain and discomfort due to the occlusion of
the cuffs on your index finger. The pain will subside when the cuff is released.
You may stop the test, at any time, if the pain in your fingers is too much. For the
measurement on your foot, it is possible that you may experience skin irritation
due to the gel or alcohol pad.

• Blood Draw Risks: Risks of having blood drawn are soreness and/or a black and
blue mark at the site from where the blood is drawn (bruising). Some people feel
uncomfortable at the time of the blood draw and occasionally may feel
lightheaded or faint. There is also a small risk of infection whenever blood is
drawn.

• Exercise: You will likely experience short-term muscle fatigue and muscle
soreness for up to 24 to 48 hours after exercise, especially the first week of
exercise. Muscle strains/pulls resulting from exercise (during assessments and
exercise sessions) are possible. You will be instructed on proper form and
technique and each session will be guided to minimize this risk. We will take your
blood pressure, oxygen level and heart rate to ensure safe levels throughout the
duration of each exercise session.

• Blood Flow Restriction: During exercise with blood flow restriction, there is a
possibility of pain and discomfort, similar to resistance exercise. Although safety
guidelines have been published, it has been confirmed that the risk of blood flow
restriction exercise is no more than conventional exercise. We will take your
blood pressure, oxygen level and heart rate to ensure safe levels throughout the
duration of each exercise session.

• DXA: The primary risk associated with dual-energy x-ray absorptiometry (DXA) is
with radiation exposure. The radiation dose for one DXA scan to measure body
composition is 1.5 millirem. This is similar to the amount of natural background
radiation an individual would receive in one month while living in Waco, TX or
less than what a person would be exposed to during an airplane flight from New
York City to Los Angeles (2 to 5 millirem). The maximal permissible x-ray dose for
non-occupational exposure is 500 millirem per year.

You can stop or rest at any time, especially if you are feeling fatigue, pain, or discomfort. 

Are there any benefits from being in this research study?
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For participation in the study, you will receive an individualized and confidential report 
of your preliminary assessments. The individualized report will include a cardiovascular 
disease risk evaluation form your Health History Questionnaire responses, blood work, 
diet analysis, assessment of body composition, vessel/endothelial reports and fitness 
levels. An optional individualized exercise plan may be made available upon request. A 
final report of your personal responses and the group responses to the experimental 
interventions after all data analysis has been completed. If you are assigned to the 
control group, you will be given a customized exercise routine to start after post-
assessments.  
 

How Will You Protect my Information? 
Your records of this study are kept confidential by assigning a unique ID code that will 
also include the experimental condition code and an identifier for the particular sample. 
Hard copy records will be kept in filing cabinets that are housed in the lab and locked at 
all times.  Electronic data is stored on password-protected computers housed in our lab. 
Data collected on these computers will be transferred to Annie Bane’s password-
protected computer and backed-up on a password-protected jump drive. The jump 
drive and computer will be maintained at Abilene Christian University in Annie Bane’s 
office. The office is locked in Annie Bane’s absence. The researchers will not discuss your 
information with anyone other than yourself or the members of the research team 
identified in this document. We will make every effort to keep your records confidential.   
 
The following people or groups may review your study records for purposes such as 
quality control or safety: 

• Representatives of Baylor University and the BU Institutional Review Board 
• Federal and state agencies that oversee or review research (such as the HHS 

Office of Human Research Protection or the Food and Drug Administration) 
 
The results of this study may also be used for teaching, publications, or presentations at 
professional meetings. If your individual results are discussed, your identity will be 
protected by using a code number rather than your name or other identifying 
information. 
 

Will information you collect about me be used for future research 
studies? 

Information collected from you as part of this research may be shared with the research 
community at large to advance science and health. Any personal information that could 
identify you will be removed or coded before the information is shared with other 
researchers to ensure that, by current scientific standards and known methods, no one 
will be able to identify you from what is shared. 
  

What happens if I am hurt by participating in this research study? 
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If you become ill or injured as a result of participation in the study, you should seek 
medical treatment from your doctor or treatment center of choice. You should promptly 
tell the researcher about any illness or injury.  
  
There are no plans for Baylor University or ACU to pay you or give you other 
compensation for your injury or illness.  You do not give up any of your legal rights to 
seek compensation by signing this form. 
 

Your Participation in this Study is Voluntary 
Taking part in this study is your choice.  You are free not to take part or to withdraw at 
any time for any reason.  No matter what you decide, there will be no penalty or loss of 
benefit to which you are entitled.  If you decide to withdraw from this study, the 
information that you have already provided will be kept confidential. You cannot 
withdraw information collected prior to your withdrawal.  
 

Contact Information for the Study Team and Questions about the 
Research 

If you have any questions about this research, you may contact: 
Annie Bane, M.S. 
Office: 325-674-2758 
e-mail: Annie_Bane@baylor.edu 
  
Darryn Willoughby, Ph.D. 
Office: 254-710-3504 
e-mail: Darryn_Willoughby@baylor.edu 
 
Lorraine Wilson, Ed.D. 
Office: 325-674-2773 
e-mail: WilsonLo@acu.edu  
 
Jill Jumper, PT, DPT 
Office: 325-670-1928 
e-mail: Jill.Jumper@hsutx.edu  
 
Pricilla Wyatt, RN, M.S.N. 
Office: 325-674-2081 
e-mail: pmh97a@acu.edu 
 
Lindsay Edwards, Ph.D. 
Office: 325-670-5893 
e-mail: ledwards@hsutx.edu 
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Contact Information for Questions about Your Rights as a Research 
Participant 
If you have questions about your rights as a research participant, or wish to obtain 
information, ask questions, or discuss any concerns about this study with someone 
other than the researcher(s), please contact the following: 

Baylor University Institutional Review Board 
Office of Research Compliance 
Phone: 254-710-3708  
Email: irb@baylor.edu 

Your Consent
Signature of Participant: 
I have read the information in this consent form including risks and possible benefits.  I have 
been given the chance to ask questions.  My questions have been answered to my 
satisfaction, and I agree to participate in the study.   

______________________________________ 
____________________ 

Signature of Participant Date 

Signature of Investigator Obtaining Consent: 

I have explained the research to the subject and answered all his/her questions.  I will give 
a copy of the signed consent form to the subject. 

________________________________________ 
_______________________ 

Signature of Investigator Obtaining Consent Date 

Optional

Consent to be Contacted for Participation in Future Research 
I give the researchers permission to keep my contact information and to contact me for 
future research projects. 

YES_________ NO_________ Initials ________ 
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APPENDIX C  

 
 

Are over 50 and
have mild to
moderate
Parkinson’s
disease

Are currently
taking
Levodopa

Do NOT have
cardiovascular
disease or
diabetes

If you are selected to participate you will 
receive:  
1. Cardiovascular disease risk assessment
2. Nutritional and exercise recommendations
3. Bone and muscle assessment (DXA)
4. Vessel reactivity and circulation report
5. Guided exercise sessions in ACU’s 

Recreation center
6. Final testing and report on progress

A research study on exercise interventions for Parkinson’s Disease 
conditions and symptoms is being conducted at Abilene Christian 
University. 

Contact Annie Bane to find out if you’re eligible:
Annie_Bane@Baylor.edu 325-674-2758 

Are cleared by
your doctor to
participate

Can perform
seated resistance
exercises

Are capable of
walking (with or
without assistance
from a walker or
cane)

You may qualify if
you...

If you are selected as a participant, you will be 
asked to: 
1. Exercise 3-days-per-week for 4-weeks in 

ACU’s Rec Center. Sessions will be guided.
2. Participate in pre- and post-assessments 

including a blood sample, fitness, motor, 
body composition and vessel assessments. 
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APPENDIX D 

Physician Approval Form for a Parkinson’s Disease and Exercise Study 

Baylor University is conducting a study at Abilene Christian University that targets those 
diagnosed with Parkinson’s disease. The study will require four weeks of guided 
resistance training with or without blood-flow restriction.  

In order to participate, study participants must be: 

1. Diagnosed with Parkinson’s disease
2. Able to safely perform seated resistance training with or without blood flow

restriction

Please Note: Exclusion and inclusion criteria have been met by the said participant 
a. Safety parameters are established to exclude individuals with potential

risks contraindicated with blood flow restriction and/or exercise.

All exercise will be performed at Abilene Christian University under the supervision of 
trained research personnel which includes: professors of exercise physiology, a physical 
therapist and a nurse.  

For questions about the study, please contact Annie Bane: 325-674-2758 

Participant’s Name: ____________________________ _________Date: _____________ 

Participant’s Phone: ________________________ Email: _________________________ 

Please check ONE of the following: 

 Participant is cleared to perform guided resistance exercise with or without 
blood flow restriction for four weeks by their physician 

 Participant is not cleared to perform guided resistance exercise with or without 
blood flow restriction for four weeks by their physician 

Physician’s Name (print): _____________________________Phone: ________________ 

Physician’s Signature: ______________________________ Date: __________________ 
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APPENDIX E 

 

HEALTH  &  L I FESTYLE  H ISTORY  QUEST IONNA IRE  
 

This information is being collected solely for use in the study entitled, " Effects 
of Blood Flow Restriction Resistance Training on Strength, Vascular 
and Motor Function in Persons with Parkinson's Disease”.   All 
information obtained in this document will be treated as privileged and 
confidential. 
 
Please complete this form as accurately and completely as possible.  The information you 
provide will be used to evaluate your health by the principle investigator who will oversee 
the conductance of this study and the medical consultants listed in the consent document.  
All information will be treated as privileged and confidential. 
 
 
1 .  I D E N T I F I C A T I O N  &  G E N E R A L  I N F O R M A T I O N   

 
Name Today's Date 

            /            /   
Age Date of Birth Gender Occupation 

     /      /   
Home Address City State ZIP 

    
Home Phone Work Phone e-mail 

   
Emergency Contact Phone Physician Phone 

    
 
 

Please check the box that applies to you: 
Race or Ethnic Background 
 
 White, not of Hispanic origin  American Indian / Alaskan native  Asian 
      
 Black, not of Hispanic origin  Pacific Islander  Hispanic 
 
 

2 .  I L L N E S S  &  M E D I C A L  H I S T O R Y   
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Check all of the conditions or diseases for which you have been diagnosed and/or treated.  Also give the date of 
occurrence or diagnosis.  If you suspect that you may suffer from one of the conditions, please indicate this in the 
right hand margin after the date. 
Medical Condition Check if 

Applicable 
Date Diagnosed (M / Yr) Current? 

Allergies 
Arthritis 
        Osteoarthritis 
        Rheumatoid 

Medical Condition Check if 
Applicable 

Date Diagnosed (M / Yr) Current? 

Asthma 
Bronchitis (chronic) 
Bone Fracture 
Cancer of any kind 
Cataracts 
Cirrhosis (liver) 
Colitis (ulcerative) 
Depression 
Eating Disorders (anorexia, bulimia) 
Emphysema 
Epilepsy 
Frequent Bleeding 
Gallstones / Gallbladder Disease 
Glaucoma 
Gout 
Hearing Loss 
High Anxiety / Phobias 
Hepatitis / Other liver problems 
Osteoporosis 
Pneumonia 
Tuberculosis 
Renal / Kidney Problems 
Sleeping Problems 
Stomach / Duodenal Ulcer 
Substance Abuse Problems 
Rectal Growth or Bleeding 
Metabolic Problems Diagnosed Check if 

Applicable 
Date Diagnosed (M / Yr) Current? 

Thyroid Problems 
Diabetes 
Other 
Cardiovascular Problems 
Diagnosed 

Check if 
Applicable 

Date Diagnosed (M / Yr) Current? 

Angina 
Anemia (low iron) 
Coronary Disease 
Disease of the Arteries 
Enlarged Heart 
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Heart Attack 
Heart Murmur 
Heart Rhythm Problem 
Heart Valve Problem 
Heart Problem (other) 
Heart Problem (other) 
High Blood Pressure (controlled) 
High Blood Pressure (uncontrolled) 
Parkinson’s Disease 
Peripheral Vascular Disease 
Phlebitis or Emboli 
Rheumatic Fever 
Rheumatic Heart Disease 
Pulmonary Emboli 

Other Health Problems 

Any other health problems (please 
specify and include information on any 
recent illnesses, hospitalizations, or 
surgical procedures 
Have you ever had: Check if 

Applicable 
Date Diagnosed (M / Yr) 

An abnormal chest x-ray? 
An abnormal electrocardiogram 
(ECG)?   
An exercise stress test? 
An abnormal exercise stress test? 
Orthopedic Problems Check if 

Applicable 
Date Diagnosed (M / Yr) Current? 

Low Back Pain 
Shoulder Pain 
Elbow Pain 
Wrist or Hand Pain 
Hip Problems 
Knee Problems 
Ankle or Foot Problems 
Is your work or any other activity limited 
by a current orthopedic problem?  If so, 
please specify: 
Other Orthopedic Problems 
Any other orthopedic problems (please 
specify and include information on any 
recent illnesses, hospitalizations, or 
surgical procedures 

3 .  S Y M P T O M S  o r  S I G N S  S U G G E S T I V E  o f
D I S E A S E

Do you presently have or recently had (Check if Applicable): 

Yes Description Yes Description 
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Have you experienced unusual pain or 
discomfort in your chest, neck, jaw, arms, 
or  

Do you suffer from swelling of the ankles 
(ankle edema)? 

other areas that may be due to heart 
problems? 

Have you experienced unusual fatigue or 
shortness of breath at rest, during usual  

Have you ever experienced an unusual 
and rapid throbbing or fluttering of the 
heart? 

activities, or during mild-to moderate 
exercise (e.g., climbing stairs, carrying 
groceries, brisk walking, cycling? 

Have you had any problems with dizziness 
or fainting? 

Have you ever experienced severe pain 
in your leg muscles during walking? 

When you stand up, or sometimes during 
the night while you are sleeping, do you  

Has your doctor told you that you have a 
heart murmur? 

have difficulty breathing? 

Have you ever experienced a seizure? Have you ever had unexpected weight 
loss of 10 lbs or more? 

4 .  C H R O N I C  D I S E A S E  R I S K  F A C T O R S

Do you presently have or recently had (Check if Applicable): 
Yes Description Yes Description 

Are you a male over 45 years of age? Is your total serum cholesterol greater than 200 
mg/dL, or has your doctor ever told you that your 
cholesterol 
is at high-risk level? 

Has your father or brother had a heart attack, 
cardiac revascularization surgery, or died suddenly 
of heart 

Is your HDL cholesterol low (< 40 mg/dL for males) 
, or has your doctor ever told you that your HDL 
cholesterol 

disease before age 55; has your mother or sister 
experienced these heart problems before age 65? 

is at high-risk level? 

Are you a current cigarette smoker? Are your triglyceride levels  > 150 mg/dL, or has 
your doctor ever told you that your triglycerides are 
at high-risk level? 

Has a doctor told you that you have high blood 
pressure (more than 140 / 90 mmHg), or are you on 
medication 

Are you physically inactive and sedentary (little 
physical activity on the job or during leisure time)? 

to control your blood pressure? 

Do you have diabetes mellitus? Do you weigh more than 20 lbs more than you 
should? 

Body Weight Information 
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1. What is the most you have ever weighed? When?  

2. Are you currently trying to:

Lose weight Gain weight 

Stay the same Not trying to do anything 

Substance Use 

1. How would you describe your tobacco use habits?

Never smoked Used to smoke (How long ago did you quit?): _____ 

Still smoke  (How many cigarettes / day?): 

2. How many alcoholic drinks do you consume? (A "drink" is one glass of wine, a wine cooler, a
bottle / can of beer, a shot glass of liquor, or a mixed drink).

Never use alcohol Less than 1 per week 1 - 6 per week 

1 per day 2 - 3 per day More than 3 per day 

5 .  M E D I C A T I O N S

Please indicate any medications, prescription or "over the counter" by providing the name and dosage: 

Medication Type Name of Medication Dosage 
Heart Medicine 

Blood Pressure Medicine 

Blood Cholesterol Medicine 

Insulin 

Other Medicine for Diabetes 

Thyroid Medicine 

Medicine for Breathing / Lungs 

Medicine for Weight Loss / Weight 

Control 

Hormones 

Painkiller Medicine 

Arthritis Medicine 

Medicine for Depression 

Medicine for Anxiety 

Medicine for Ulcers 
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Allergy Medicine 

Parkinson’s Medications (other than 

Levodopa) 

Other (please specify) 

Levodopa: 

Name of Medication: _______________________________________________ Dosage: 

________________  

Times of Day: 

____________________________________________________________________________  

When did you begin taking Levodopa: _______________

In addition to the above information that you have listed, are you aware of any other conditions, symptoms, or 

special circumstances that might be related to your overall health and well being or that may influence your ability 

to participate in this study?     If so, please give an explanation below.    

PLEASE NOTE: If we determine any physiological characteristic or condition that would exclude you 

from participating in this study - either identified on this form or as a result of our screening interview - 

we will not keep this form or any information you provide during this process. We will either hand you 

this form to take with you or destroy the information by shredding this document. The choice for how we 

dispose of this information is yours. 
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APPENDIX F 
 

Pre-Screening Form 
PD & BFR 

Telephone Pre-interview Form 
Date:_________________________Time:_____________________ 
 
Thank you for inquiring about the Parkinson’s Study. How did you hear about it? 
I’m going to ask you a few questions to see if you might qualify for the study. Is that ok?  
 

1. Have you been diagnosed with PD by a physician?  
2. Are you taking Levodopa ()? If yes, how long have you taken this medication?  
3. Are you over 50? 
4. Are you able to walk with or without assistance from a cane or walker?  
5. Are you currently exercising on a regular basis? 

a. If so, what is the nature of that exercise? 
6. Do you have any of the following conditions: cardiovascular disease, unstable 

hypertension, varicose veins, diabetes, cancer, musculoskeletal injury, post-
surgical swelling, open wounds or on a medication that increases blood clotting 
risk?  

 
Qualify (based on pre-screening)?   YES     NO 
 
You do not have to pay any money to take part in the study. We need you to visit ACU 
for pre-assessments that help us know more about you and to see if you officially 
qualify* for the study. 
 
The exercise program will begin (date)      and will last 6-weeks. You 
will exercise under guidance several times a week for 4-consecutive weeks-in ACU’s 
recreation center. If you decide to stop, you may do so at any time. After the exercise 
sessions end (date)     you will complete post-assessments that will help 
us measure results of the exercise. You will leave with a personal exercise plan, your 
results from the study and a nutrition report.  
 
Are you interested? 
If yes, get name: 
______________________________contact#:__________________________ email: 
_________________________________ 
 
Do you have any questions? 
We will be in touch with you. Thank you! 



163 

APPENDIX G 

D a i l y  F o o d  R e c o r d

T h i s  r e c o r d  w i l l  b e  u s e d  t o  d e t e r m i n e  y o u r  c u r r e n t  
c a l o r i c  i n t a k e  a n d  t h e  n u t r i e n t  c o m p o s i t i o n  o f  y o u r  
d i e t .   Y o u r  a c c u r a c y  a n d  a t t e n t i o n  t o  d e t a i l  w i l l  h e l p
u s  m o n i t o r  y o u r  d i e t  d u r i n g  e x p e r i m e n t a l
p r o c e d u r e s .

E x p e r i m e n t a l  R e c o r d :  P l e a s e  r e c o r d  y o u r  d i e t  
b e g i n n i n g  2  d a y s  b e f o r e  r e p o r t i n g  f o r  y o u r  s c h e d u l e d
l a b  v i s i t .

• RECORD EVERYTHING YOU EAT AND DRINK INCLUDING SNACKS AND
BEVERAGES.

• RECORD IMMEDIATELY AFTER FOOD IS CONSUMED
• INDICATE PORTION SIZES.  MEASURE AMOUNTS OF EACH FOOD USING

MEASURING CUPS OR SPOONS WHEN IT IS PRACTICAL.  RECORD
PORTION SIZES IN GRAMS, OUNCES, CUPS, TABLESPOONS,
TEASPOONS, OR PIECES.  (example: 8 oz. orange juice, 1 piece wheat bread,
1 tbsp. butter) YOU MAY ALSO USE OBJECTS OF KNOWN SIZE TO HELP
QUANTIFY PORTION SIZES (your hand, a deck of cards, a tennis ball, etc.)
YOU MAY USE YOUR CELL PHONE CAMERA TO HELP WITH THIS ASPECT
OF YOUR RECORDKEEPING.

• INDICATE THE BRAND NAME. (3 oz. Ruffles BBQ Potato Chips, 1 cup Uncle
Ben’s Long Grain Rice, McDonald’s Large French Fries)

• INDICATE FORM OF PURCHASE. (fresh, frozen, canned, etc.)
• RECORD TIME OF DAY MEAL WAS EATEN
• PLEASE INCLUDE THE FOOD PACKAGE LABEL WHENEVER POSSIBLE

AND/OR INFORMATION FROM THE RESTAURANT’S WEBSITE. COPY
RECIPIES FOR HOME-COOKED MEALS.

Mrs. Annie Bane will serve as the point-of-contact for dietary record keeping. If you have 
any questions, please contact us: 

Mrs. Annie Bane 
Lab: 710-3243  
Annie_Bane@baylor.edu 

Return your completed record to our lab in one of 3 ways:   

1) hand-deliver it to our lab (Gibson 131)

2) send it as an e-mail attachment to one of the e-mails listed above

3) fax it to 325-674-2768
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ID:  

Week Day: Date: 

Time Food Description Portion 
Size 

Quantity Preparation (fried, 
grilled, baked, 

broiled) 
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APPENDIX H 
 
ID: ________________                        PD & BFR              Date: _______________ 

Assessment Data Collection Sheet 

PRE-ASSESSMENT VISIT 1    
 
Assessment conducted by (name)         
 
Time Start    Time Stop     
 
�Familiarization 
 
�Distribute Medical History, Food Log, Physical Activity Log 
 
�Distribute Physician Approval Form 
 
�Distribute Consent Form; signed & received OR 
 �Participant took Consent Form home (return form at next visit)  
 
�Perform Musculoskeletal Exam; complete:  

1. Seated Knee Extension & Flexion-Right 
o Full ROM & no pain 
o Limited ROM & no pain 
o Limited ROM with pain 

2. Seated Knee Extension & Flexion-Left 
o Full ROM & no pain 
o Limited ROM & no pain 
o Limited ROM with pain 

3. Seated Lower Arm Extension & Flexion-Right 
o Full ROM & no pain 
o Limited ROM & no pain 
o Limited ROM with pain 

4. Seated Lower Arm Extension & Flexion-Left 
o Full ROM & no pain 
o Limited ROM & no pain 
o Limited ROM with pain 

5. Seated Plantar Flexion and Dorsiflexion-Right 
o Full ROM & no pain 
o Limited ROM & no pain 
o Limited ROM with pain 
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6. Seated Plantar Flexion and Dorsiflexion-Left 
o Full ROM & no pain 
o Limited ROM & no pain 
o Limited ROM with pain 

 
7. NOTES: 

_______________________________________________________________
_______________________________________________________________ 
 

�Remind participant to fast for visit 2, wear comfortable shoes and wear  
no metal (zippers or underwire)   
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PRE-ASSESSMENT VISIT 2 

Assessment conducted by (name)  

Time Start    Time Stop  

�Collect Consent Form; signed & received if participant took it home 

�Collect Medical History Form; evaluate for exclusion criteria 

�Collect Physician Approval Form; make sure it’s signed 

�Have participant fill-out UPDRS-II 

 �Ensure participant is fasted 

�Conduct UPDRS III (Motor Evaluation) 

� DXA Scan 
Age ________y   Ethnicity Caucasian  Hispanic  Black  Other   
Height________in   Weight____________lbs 

� Seated Blood Pressure & Heart Rate 
Blood Pressure____________/_____________ Heart Rate__________bpm 

�TUG – See separate instruction sheet 
Time:  seconds 
Check all that apply in regard to the participant’s gait. 

Pace appears: �even  �uneven  �slow   
�just right   �fast 

Postural stability: �stable  �unstable 
Sway:  �forward �backward   �side to side 

Check all that apply: 
�Slow, tentative pace  �Steadying self on walls �Loss of balance 
�Shuffling  �Short strides  �Little or no arm  
�En bloc turning  swing Rt. Arm  Left Arm 

�Blood Draw 
o 30-minute clot
o Centrifuge
o Separate
o Freeze

�Remind participant to wear comfortable athletic clothing and shoes for visit 3 
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PRE-ASSESSMENT VISIT 3    
 
Assessment conducted by (name)         
 
Time Start   Time Stop     
 
� Supine Blood Pressure (after 5 minutes) 
 Blood Pressure____________/_____________ Heart Rate__________bpm 
 
�RHI (documented separately) 
 
�TcP02  
 Right Foot_______________ Left Foot_______________   
 
�Leg Extensions – See separate instruction sheet ___________lbs x  4  5  6  reps (circle) 
 Seat: ___________   Axis: _________ Foot: ___________ 
 
�Leg Curl – See separate instruction sheet ___________lbs x  4  5  6  reps (circle) 
 Seat: ___________   Axis: _________ Foot: ___________ 
 
�Calf Raise – See separate instruction sheet ___________lbs x  4  5  6  reps (circle) 
 Seat: ___________   Cross-Bar: _________ 
 
�Biceps Curl – See separate instruction sheet ___________lbs x  4  5  6  reps (circle) 
 Seat: ___________   Axis: _________ Foot: ___________ 
 
�Triceps Extension – See separate instruction sheet ___________lbs x  4  5  6  reps 
(circle) 
 Seat: ___________   Axis: _________ Foot: ___________ 
 
�Hand grip – See separate instruction sheet   
  Right   lbs      Left    lbs 
 
�6-minute walk – See separate instruction sheet   
 Gait Belt: Y   N Walker or Cane: _________________
 Distance:________feet________inches   Convert to meters: ______________ 

Blood Pressure____________/_____________ Heart Rate__________bpm 
 

�Senior Biceps Curl – See separate instruction sheet   
 Weight:  8=males   5=females Reps: __________right    __________left  
 
�Read and sign SRWC liability waiver 
 
�Collect  Food and Activity Log before exercise starts 
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POST-ASSESSMENT VISIT 4 

Assessment conducted by (name) 

Time Start Time Stop 

�Collect  Food and Activity Log  

�Have participant fill-out UPDRS-II 

 �Ensure participant is fasted 

� DXA Scan 
Age ________y   Ethnicity Caucasian  Hispanic  Black  Other   
Height________in   Weight____________lbs 

� Seated Blood Pressure & Heart Rate 
Blood Pressure____________/_____________ Heart Rate__________bpm 

�Conduct UPDRS III (Motor Evaluation) 

�TUG – See separate instruction sheet 
Time:  seconds 
Check all that apply in regard to the participant’s gait. 

Pace appears: �even  �uneven  �slow   
�just right   �fast 

Postural stability: �stable  �unstable 
Sway:  �forward �backward   �side to side 

Check all that apply: 
�Slow, tentative pace  �Steadying self on walls �Loss of balance 
�Shuffling  �Short strides  �Little or no arm  
�En bloc turning  swing Rt. Arm  Left Arm 

�Blood Draw 
o 30-minute clot
o Centrifuge
o Separate
o Freeze

�Remind participant to wear comfortable athletic clothing and shoes for visit 3 
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POST-ASSESSMENT VISIT 5     
 
Assessment conducted by (name)         
 
Time Start   Time Stop     
 
� Supine Blood Pressure (after 5 minutes) 
 Blood Pressure____________/_____________ Heart Rate__________bpm 
 
�RHI (documented separately) 
 
�TcP02  
 Right Foot_______________ Left Foot_______________   
 
�Leg Extensions – See separate instruction sheet ___________lbs x  4  5  6  reps (circle) 
 Seat: ___________   Axis: _________ Foot: ___________ 
 
�Leg Curl – See separate instruction sheet ___________lbs x  4  5  6  reps (circle) 
 Seat: ___________   Axis: _________ Foot: ___________ 
 
�Calf Raise – See separate instruction sheet ___________lbs x  4  5  6  reps (circle) 
 Seat: ___________   Cross-Bar: _________ 
 
�Biceps Curl – See separate instruction sheet ___________lbs x  4  5  6  reps (circle) 
 Seat: ___________   Axis: _________ Foot: ___________ 
 
�Triceps Extension – See separate instruction sheet ___________lbs x  4  5  6  reps 
(circle) 
 Seat: ___________   Axis: _________ Foot: ___________ 
 
�Hand grip – See separate instruction sheet   
  Right   lbs      Left    lbs 
 
�6-minute walk – See separate instruction sheet   
 Gait Belt: Y   N Walker or Cane: _________________
 Distance:________feet________inches   Convert to meters: ______________ 

Blood Pressure____________/_____________ Heart Rate__________bpm 
 

�Senior Biceps Curl – See separate instruction sheet   
 Weight:  8=males   5=females Reps: __________right    __________left  
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APPENDIX I 
 

Vascular Assessment Sheet 
PD BFR 

 
ID: ________________           TcP02 ID: ___________________________      Pre or Post 
(Circle) 

 
Assessment Date: ______________ Time: _______________ 
 
Side Affected by PD:  Left     or     Right 
 
Time Start (upon laying down): _______________  
 
Wait 5 minutes after laying down 
 

 Supine Blood Pressure (right arm) ____________/______________.HR: _____ 
 
 Occlusion Pressure (left arm): ______________ 
 
 Occlusion Time: _____________ 
 
 lnRHI (EndoPat report): ________ 
 
 Heart Rate (EndoPat report): ________ 
 
 TcP02 (after 20-minute baseline):  

o 1 (right)_____________mmHg  

o 2 (left)_____________mmHg 

 

 TcP02 with legs elevated (5 minutes) 
o Lowest: 

o 1 (right)_____________mmHg 

o 2 (left)_____________mmHg 

o Time: ______________ 
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o Highest: 
o 1 (right)_____________mmHg 

o 2 (left)_____________mmHg 

o Time: ______________ 

 TcP02 after dropping legs (5 minutes) 
o Lowest: 

o 1 (right)_____________mmHg 

o 2 (left)_____________mmHg 

o Time: _______
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APPENDIX J 

 

Date: _____________________ Post-Assessment 4-6 Rep Max 
PD BFR 

ID: _____________________________-

Start Weight 10% added Weight Added Weight Added
Rep Goal: 10 Rep Goal: 6-8 Rep Goal: 4-6, RPE 

9-10
Rep Goal: 4-6, RPE 
9-10

Starting Weight: _________ Weight: _________ Weight: _________ Weight: _________
Reps: ________ Reps: ________ Reps: ________ Reps: ________
RPE: __________ RPE: __________ RPE: __________ RPE: __________
Comment: Comment: Comment: 

Seat_____ Axis_____   Foot_____
Starting Weight: _________ Weight: _________ Weight: _________ Weight: _________
Reps: ________ Reps: ________ Reps: ________ Reps: ________
RPE: __________ RPE: __________ RPE: __________ RPE: __________
Comment: Comment: Comment: Comment: 

Seat_____
Starting Weight: _________ Weight: _________ Weight: _________ Weight: _________
Reps: ________ Reps: ________ Reps: ________ Reps: ________
RPE: __________ RPE: __________ RPE: __________ RPE: __________
Comment: Comment: Comment: 

Seat_____ Axis_____   Foot_____
Starting Weight: _________ Weight: _________ Weight: _________ Weight: _________
Reps: ________ Reps: ________ Reps: ________ Reps: ________
RPE: __________ RPE: __________ RPE: __________ RPE: __________
Comment: Comment: Comment: Comment: 

Seat_____
Starting Weight: _________ Weight: _________ Weight: _________ Weight: _________
Reps: ________ Reps: ________ Reps: ________ Reps: ________
RPE: __________ RPE: __________ RPE: __________ RPE: __________
Comment: Comment: Comment: 

Seat_____ Footline _____

2 min 
Rest

1 min 
Rest

2 min 
Rest

2 min 
Rest

1 min 
Rest

2 min 
Rest

2 min 
Rest

Tricep 
Extension

Calf Raise 
on Leg 
Press

1 min 
Rest

2 min 
Rest

Leg Curl 1 min 
Rest

2 min 
Rest

2 min 
Rest

1 min 
Rest

2 min 
Rest

Leg 
Extensions

Bicep Curl

2 min 
Rest

1 min 
Rest

2 min 
Rest

2 min 
Rest
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APPENDIX K 

 
Exercise Collection Sheet for HIRT 

ID:__________________ Day _____ of 3 M, W, F Week: _________ of 4 
Arrival Time: _________am/pm Med  Time: ______ Starting BP: ____ Starting HR: ______ 

Warm-up: 3-5 minutes on Recumbent Bike, 20 crossbody arm swings 

Exercise Settings Set 1 Set 2 Set 3 HR BP Pulse Ox RPE Comments 

Leg 
Extension                   

Biceps Curl                   

Leg Curl                   
Triceps 

Extension                   

Calf Raises                   

Hand Grip                   

Cool-Down: 3-5 minutes on Recumbent Bike 

Departure Time: _________am/pm Adverse Event: Y or 
N* Ending BP: ____ Ending  HR: 

______ 
Research Team Member(s) Assisting:    

* Describe event in detail and report to PI:  
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APPENDIX L 

 
Exercise Collection Sheet for LIRT-BFR 

ID:__________________ Day _____ of 3 M, W, F Week: _________ of 4 
Arrival Time: _________am/pm Med  Time: ______ Starting BP: ____ Starting HR: ______ 

Warm-up: 3-5 minutes on Recumbent Bike 
  LOP-Right Leg:___________ 60%____________       LOP-Left Leg: ___________ 60%____________, Size Cuff: R, G, B 
LOP-Right Arm: ___________ 60%____________       LOP-Left Arm:  ___________ 60%____________, Size Cuff: R, G, B    
Exercise Settings Set 1 Set 2 Set 3 HR BP Pulse Ox RPE Comments 
Leg 

Extension                   

Biceps Curl                   

Leg Curl                   

Triceps 
Extension                   

Calf Raises                   

Hand Grip                   

Cool-Down: 3-5 minutes on Recumbent Bike 

Departure Time: _________am/pm Adverse Event: Y or 
N* Ending BP: ____ Ending HR: 

______ 

Research Team Member(s) Assisting:    

* Describe event in detail and report to PI:  
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APPENDIX M 

 

Assessment Protocols 

 

 
  
 
 
 

   
     

  

 

                                                              Patient: Date: Time: AM/PM 

The Timed Up and Go (TUG) Test  
Purpose: To assess mobility 

Equipment: A stopwatch 

Directions: Patients wear their regular footwear and can use a walking 
aid if needed. Begin by having the patient sit back in a standard arm 
chair and identify a line 3 meters or 10 feet away on the floor. 

Instructions to the patient: 
When I say “Go,” I want you to: 

1. Stand up from the chair 
2. Walk to the line on the floor at your normal pace 
3. Turn 
4. Walk back to the chair at your normal pace 
5. Sit down again 

On the word “Go” begin timing.  

Stop timing after patient has sat back down and record.  

Time: _________ seconds 

An older adult who takes ≥���UGEQPFU�VQ�EQORNGVG�VJG�67)�KU�CV
high risk for falling. 

Observe the patient’s postural stability, gait, stride length, and sway. 

Circle all that apply: Slow tentative pace �  Loss of balance  �
Short strides � Little or no arm swing �  Steadying self on walls �
Shuffling � En bloc turning �  Not using assistive device properly 

Notes: 

For relevant articles, go to: www.cdc.gov/injury/STEADI 

Centers for Disease 
Control and Prevention 
National Center for Injury 
Prevention and Control 
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 6 Minute Walk Test Instructions 
  
General Information:  

1. individual walks without physical assistance for 6 minutes and the distance is 
measured  

2. start timing when the individual is instructed to “Go”  
3. stop timing at 6 minutes  
4. assistive devices can be used but should be kept consistent and documented 

from test to test  
5. if physical assistance is required to walk, this should not be performed  
6. a measuring wheel is helpful to determine distance walked  
7. should be performed at the fastest speed possible  

 
Set-up and equipment:  

1. ensure the hallway free of obstacles  
2. stopwatch  
3. measuring wheel recommended to calculate distance  

 
Patient Instructions (derived from references below):  

“Cover as much ground as possible over 6 minutes. Walk continuously if possible, but 
do not be concerned if you need to slow down or stop to rest. The goal is to feel at the 
end of the test that more ground could not have been covered in the 6 minutes. “  
 

References:  
1. Butland RJ, Pang J, Gross ER, Woodcock AA, Geddes DM. Two-, six-, and 12-minute 

walking tests in respiratory disease. Br Med J (Clin Res Ed). 1982 May 
29;284(6329):1607-8.  

2. McGavin CR, Gupta SP, McHardy GJ. Twelve-minute walking test for assessing 
disability in chronic bronchitis. Br Med J. 1976; 3;1(6013):822-3.  

3. Rossier P, Wade DT. Validity and reliability comparison of 4 mobility measures in 
patients presenting with neurologic impairment. Arch Phys Med Rehabil. 2001;82(1):9-
13.  
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APPENDIX N 

 

Forms 

 

TO POST-STROKE SPASTICITY MANAGEMENT

TO RESTLESS LEG SYNDROME

pssm

                    TO DYSKINESIA MANAGEMENT

dyskinesia

TO DYSKINESIA IN PARKINSON’S DISEASE

dpd

TO RESTLESS LEG SYNDROME

           TO DYSKINESIA MANAGEMENT IN PD

dyskinesiadyskinesia

TO POST-STROKE SPASTICITY MANAGEMENT

pssm
TO POST-STROKE SPASTICITY MANAGEMENT

pssm

TO DYSKINESIA IN PARKINSON’S DISEASE

dpd

Thank you very much.

Feel free to bill your time under a spasticity code #8302.

 

Also, the billing code for the entire PSS project is 8305.

We need to get a graphic going for the online 
version of the Dyskinesia monograph.  
Let’s try two versions.  One that says “Dyskinesia” and one that says “Dyskinesia Workbook,” 
both ala the 
PD Workbook.  The tag line should read

The Clinicians’ Guide to Management of Dyskinesia in PD

Billing code for Dyskinesia is #8304.

Ohc`c_^�J[lechmihÎm�
>cm_[m_�L[ncha�M][f_

PD WORKBOOK — THE WE MOVE CLINICIANS’ GUIDE TO PARKINSON’S DISEASE | UNIFIED PD RATING SCALE | ©WE MOVE 2006 23

TO POST-STROKE SPASTICITY MANAGEMENT

TO RESTLESS LEG SYNDROME

pssm

                    TO DYSKINESIA MANAGEMENT

dyskinesia

TO DYSKINESIA IN PARKINSON’S DISEASE

dpd

TO RESTLESS LEG SYNDROME

           TO DYSKINESIA MANAGEMENT IN PD

dyskinesiadyskinesia

TO POST-STROKE SPASTICITY MANAGEMENT

pssm
TO POST-STROKE SPASTICITY MANAGEMENT

pssm

TO DYSKINESIA IN PARKINSON’S DISEASE

dpd

Thank you very much.

Feel free to bill your time under a spasticity code #8302.

 

Also, the billing code for the entire PSS project is 8305.

We need to get a graphic going for the online 
version of the Dyskinesia monograph.  
Let’s try two versions.  One that says “Dyskinesia” and one that says “Dyskinesia Workbook,” 
both ala the 
PD Workbook.  The tag line should read

The Clinicians’ Guide to Management of Dyskinesia in PD

Billing code for Dyskinesia is #8304.

I. Mentation, Behavior and Mood

1.  Intellectual Impairment
0 = None.
1 =  Mild. Consistent forgetfulness with partial recollection  

of events and no other difficulties.
2 =  Moderate memory loss, with disorientation and 

moderate difficulty handling complex problems. Mild 
but definite impairment of function at home with need 
of occasional prompting.

3 =  Severe memory loss with disorientation for time and 
often to place. Severe impairment in handling problems.

4 =  Severe memory loss with orientation preserved to person 
only. Unable to make judgements or solve problems. 
Requires much help with personal care. Cannot be left 
alone at all.

2.  Thought Disorder (Due to dementia or drug 
intoxication)

0 = None.
1 = Vivid dreaming.
2 = “Benign” hallucinations with insight retained.
3 =  Occasional to frequent hallucinations or delusions; 

without insight; could interfere with daily activities.
4 =  Persistent hallucinations, delusions, or florrid psychosis. 

Not able to care for self.

3. Depression
1 = P eriods of sadness or guilt greater than normal, never 

sustained for days or weeks.
2 = Sustained depression (1 week or more).
3 =  Sustained depression with vegetative symptoms 

(insomnia, anorexia, weight loss, loss of interest).
4 =  Sustained depression with vegetative symptoms and 

suicidal thoughts or intent.

4. Motivation/Initiative
 0 = Normal.
1 = Less assertive than usual; more passive.
2 =  Loss of initiative or disinterest in elective (nonroutine) 

activities.
3 =  Loss of initiative or disinterest in day to day (routine) 

activities.
4 = Withdrawn, complete loss of motivation.

II.  Activities of Daily Living  
(for both “on” and “off”)

5. Speech
 0 = Normal.
1 = Mildly affected. No difficulty being understood.
2 =  Moderately affected. Sometimes asked to repeat 

statements.
3 = Severely affected. Frequently asked to repeat statements.
4 = Unintelligible most of the time.

6. Salivation
 0 = Normal.
1 =  Slight but definite excess of saliva in mouth; may have 

nighttime drooling.
2 = Moderately excessive saliva; may have minimal drooling.
3 = Marked excess of saliva with some drooling.
4 =  Marked drooling, requires constant tissue or 

handkerchief.

7. Swallowing
0 = Normal.
1 = Rare choking.
2 = Occasional choking.
3 = Requires soft food.
4 = Requires ng tube or gastrotomy feeding.

Fahn S, Elton R, Members of the updrs Development Committee. In: Fahn S, Marsden CD, Calne DB, Goldstein M, eds. Recent Developments in Parkinson’s Disease, Vol 2. Florham 
Park, NJ. Macmillan Health Care Information 1987, 153-163, 293-304.
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From The Hartford Institute for Geriatric Nursing, New York University Rory Meyers College of Nursing

Best Practices in Nursing 
Care to Older Adults

general assessment series

Issue Number 4, Revised 2019                                                                                             Editor-in-Chief: Sherry A. Greenberg, PhD, RN, GNP-BC
                 New York University Rory Meyers College of  Nursing

The Geriatric Depression Scale (GDS)
By: Sherry A. Greenberg, PhD, RN, GNP-BC, Hartford Institute for Geriatric Nursing, 

New York University Rory Meyers College of  Nursing

WHY: Depression is common in late life, affecting nearly 5 million of  the 31 million Americans aged 65 and older with clinically significant  
depressive symptoms reaching 13% in older adults aged 80 and older (Blazer, 2009). Major depression is reported in 5-16% of  community dwelling 
older adults, up to 54% in the first year living in a nursing home, and 10-12% of  hospitalized older adults (Blazer, 2009; McKenzie & Harvath, 2016). 
Depression is more common in those with multiple chronic conditions.

Depression is not a natural part of  aging. Depression is often reversible with prompt recognition and appropriate treatment. However, if  left  
untreated, depression may result in the onset of  physical, cognitive, functional, and social impairment, as well as decreased quality of  life, delayed 
recovery from medical illness and surgery, increased health care utilization, and suicide.

BEST TOOL: While there are many instruments available to measure depression, the Geriatric Depression Scale (GDS), first created by Yesavage, 
et al., has been tested and used extensively with the older population. The GDS Long Form is a brief, 30-item questionnaire in which participants 
are asked to respond by answering yes or no in reference to how they felt over the past week. A Short Form GDS consisting of  15 questions was 
developed in 1986.  Questions from the Long Form GDS which had the highest correlation with depressive symptoms in validation studies were 
selected for the short version.  Of  the 15 items, 10 indicated the presence of  depression when answered positively, while the rest (question numbers 
1, 5, 7, 11, 13) indicated depression when answered negatively.  Scores of  0-4 are considered normal, depending on age, education, and complaints; 
5-8 indicate mild depression; 9-11 indicate moderate depression; and 12-15 indicate severe depression.

The Short Form is more easily used by physically ill and mildly to moderately demented patients who have short attention spans and/or feel easily 
fatigued. It takes about 5 to 7 minutes to complete.

TARGET POPULATION: The GDS may be used with healthy, medically ill and mild to moderately cognitively impaired older adults. It has been 
extensively used in community, acute care, and long-term care settings.

VALIDITY AND RELIABILITY: The GDS was found to have a 92% sensitivity and an 89% specificity when evaluated against diagnostic criteria. 
The validity and reliability of  the tool have been supported through both clinical practice and research.  In a validation study comparing the Long and 
Short Forms of  the GDS for self-rating of  symptoms of  depression, both were successful in differentiating depressed from non-depressed adults 
with a high correlation (r = 0.84, p < .001) (Sheikh & Yesavage, 1986). 

STRENGTHS AND LIMITATIONS: The GDS is not a substitute for a diagnostic interview by mental health professionals. It is a useful  
screening tool in the clinical setting to facilitate assessment of  depression in older adults especially when baseline measurements are compared to 
subsequent scores.  It does not assess for suicidality.

FOLLOW-UP: The presence of  depression warrants prompt intervention and treatment.  The GDS may be used to monitor depression over time 
in all clinical settings.  Any positive score above 5 on the GDS Short Form should prompt an in-depth psychological assessment and evaluation for 
suicidality.

MORE ON THE TOPIC:

Best practice information on care of  older adults: https://consultgeri.org.
The Stanford/VA/NIA Aging Clinical Resource Center (ACRC) website. Retrieved June 20, 2018, from 

http://www.stanford.edu/~yesavage/ACRC.html. Information on the GDS. Retrieved June 20, 2018, from 
http://www.stanford.edu/~yesavage/GDS.html. 

Blazer, D.G. (2009). Depression in late life: Review and commentary.  FOCUS, 7(1), 118-136.
Koenig, H.G., Meador, K.G., Cohen, J.J., & Blazer, D.G. (1988). Self-rated depression scales and screening for major depression in the older 

hospitalized patient with medical illness. JAGS, 36, 699-706.
McKenzie, G. L., & Harvath, T. A.  (2016). Late-life depression. In M. Boltz, E. Capezuti, T. Fulmer, & D. Zwicker (Eds.), A. O’Meara (Managing 

Ed.), Evidence-based geriatric nursing protocols for best practice (5th ed., pp. 211-232). NY: Springer Publishing Company, LLC. 
Sheikh, J.I., & Yesavage, J.A. (1986). Geriatric Depression Scale (GDS). Recent evidence and development of  a shorter version. In T.L. Brink (Ed.), 

Clinical Gerontology: A Guide to Assessment and Intervention (pp. 165-173). NY: The Haworth Press, Inc.
Yesavage, J.A., Brink, T.L., Rose, T.L., Lum, O., Huang, V., Adey, M.B., & Leirer, V.O. (1983). Development and validation of  a geriatric depression 

screening scale: A preliminary report. Journal of  Psychiatric Research, 17, 37-49.

Permission is hereby granted to reproduce, post, download, and/or distribute, this material in its entirety for not-for-profit educational purposes only, provided that 
The Hartford Institute for Geriatric Nursing, New York University, Rory Meyers College of  Nursing is cited as the source. This material may be downloaded and/or distributed in electronic 

format, including PDA format. Available on the internet at www.ConsultGeri.org. E-mail notification of  usage to: nursing.hign@nyu.edu.
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Page 3 of 12 Questionnaires for patient completion

Please complete the following

Please tick one box for each question

Due to having Parkinson’s disease,
how often during the last month
have you.... Never     Occasionally     Sometimes           Often         Always

1 Had difficulty doing
the leisure activities which
you would like to do?

2 Had difficulty looking after
your home, e.g. DIY,
housework, cooking?

3 Had difficulty carrying bags
of shopping?

4 Had problems walking half
a mile?

5 Had problems walking 100
yards?

6 Had problems getting
around the house as easily
as you would like?

7 Had difficulty getting
around in public?

8 Needed someone else to
accompany you when you
went out?

9 Felt frightened or worried
about falling over in
public?

10 Been confined to the
house more than you
would like?

11 Had difficulty washing
yourself?

12 Had difficulty dressing
yourself?

13 Had problems doing up
your shoe laces?

Please check that you have ticked one box for each question before going on to the next page

PDQ-39 QUESTIONNAIRE

or cannot do
at all
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Page 4 of 12 Questionnaires for patient completion

Please tick one box for each questionDue to having Parkinson’s disease,
how often during the last month
have you.... Never        Occasionally    Sometimes        Often          Always

14 Had problems writing
clearly?

15 Had difficulty cutting up
your food?

16 Had difficulty holding a
drink without spilling it?

17 Felt depressed?

18 Felt isolated and lonely?

19 Felt weepy or tearful?

20 Felt angry or bitter?

21 Felt anxious?

22 Felt worried about your
future?

23 Felt you had to conceal
your Parkinson's from
people?

24 Avoided situations which
involve eating or drinking
in public?

25 Felt embarrassed in public
due to having Parkinson's
disease?

26 Felt worried by other
people's reaction to you?

27 Had problems with your
close personal
relationships?

28 Lacked support in the
ways you need from your
spouse or partner?

If you do not have a spouse or
partner tick here

29 Lacked support in the
ways you need from your
family or close friends?

Please check that you have ticked one box for each question before going on to the next page

or cannot do
at all
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Page 5 of 12 Questionnaires for patient completion

Due to having Parkinson’s disease,
how often during the last month
have you.... Never        Occasionally   Sometimes       Often          Always

30 Unexpectedly fallen asleep
during the day?

31 Had problems with your
concentration, e.g. when
reading or watching TV?

32 Felt your memory was
bad?

33 Had distressing dreams or
hallucinations?

34 Had difficulty with your
speech?

35 Felt unable to
communicate with people
properly?

36 Felt ignored by people?

37 Had painful muscle
cramps or spasms?

38 Had aches and pains in
your joints or body?

39 Felt unpleasantly hot or
cold?

Please check that you have ticked one box for each question before going on to the next page

Thank you for completing the PDQ 39 questionnaire 

Please tick one box for each question
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RLS-QOL

The following are some questions on how your Restless Legs Syndrome might affect your quality of life.  
Answer each of the items below in relation to your life experience in the past 4 weeks. 
Please mark only one answer for each question.

1.  In the past 4 weeks how distressing to you were your restless legs?

  Not at all   A little   Some   Quite a bit   A lot

2.  How often in the past 4 weeks did your restless legs disrupt your routine evening activities?

  Never   A few times   Sometimes   Most of the time   All the time

3.  How often in the past 4 weeks did restless legs keep you from attending your evening social activities?

  Never   A few times   Sometimes   Most of the time   All the time

4.  In the past 4 weeks how much trouble did you have getting up in the morning due to restless legs?

  None   A little   Some   Quite a bit   A lot

5.  In the past 4 weeks how often were you late for work or your first appointments of the day due to restless legs?

  Never   A few times   Sometimes   Most of the time   All the time

6.  How many days in the past 4 weeks were you late for work or your first appointments of the day due to restless legs?

Write in number of days:_________

7.  How often in the past 4 weeks did you have trouble concentrating in the afternoon?

  Never   A few times   Sometimes   Most of the time   All the time

8.  How often in the past 4 weeks did you have trouble concentrating in the evening?

  Never   A few times   Sometimes   Most of the time   All the time

9.  In the past 4 weeks how much was your ability to make decisions affected by sleep problems?

  Not at all   A little   Some   Quite a bit   A lot

10.  How often in the past 4 weeks would you have avoided traveling when the trip would have lasted
more than two hours?

  Never   A few times   Sometimes   Most of the time   All the time

Johns Hopkins Restless Legs Syndrome Quality of Life Questionnaire

continued >
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11.  In the past 4 weeks how much interest did you have in sexual activity?

  None   A little   Some   Quite a bit   A lot   Prefer not to answer

12.  In the past 4 weeks how much did restless legs disturb or reduce your sexual activities?

  Not at all   A little   Some   Quite a bit   A lot   Prefer not to answer

13.  In the past 4 weeks how much did your restless legs disturb your ability to carry out your daily activities,
for example carrying out a satisfactory family, home, social, school or work life?

  Not at all   A little   Some   Quite a bit   A lot

14. Do you currently work (full or part time, paid work, unpaid or volunteer)?  (mark one box)

  YES  –  If Yes please answer questions #15 through #18 
  NO, because of my RLS – Thank you, you have now completed the questionnaire. 
  NO, due to other reasons – Thank you, you have now completed the questionnaire.

15.  How often did restless legs make it difficult for you to work a full day in the past 4 weeks?

  Never   A few times   Sometimes   Most of the time   All the time

16. How many days in the past 4 weeks did you work less than you would like due to restless legs?

Write in number of days:_________

17. On the average, how many hours did you work per day in the past 4 weeks?

Write in number of hours per day:_________

18.  On days you worked less than you would like, on average about how many hours less did you work per day
due to your restless legs?

Write in number of hours per day: _________

Thank you, you have now completed the questionnaire.

RLS/SVI#: ____________________________  (Office Use Only)
RLS-QOL1-2Questionnaire-0309a

*% ___________________________________________� 1SF�1PTU___________________ Date _________________



187 

 

 

 

REFERENCES 

 

 

1.  Abe T, Kearns CF, Sato Y. Muscle size and strength are increased following walk 

training with restricted venous blood flow from the leg muscle, Kaatsu-walk 

training. Journal of Applied Physiology (Bethesda, Md: 1985) 100: 1460–1466, 
2006. 

2.  Ahmed NN, Sherman SJ, Vanwyck D. Frailty in Parkinson’s disease and its clinical 

implications. Parkinsonism & Related Disorders 14: 334–337, 2008. 

3.  Amani-Shalamzari S, Farhani F, Rajabi H, Abbasi A, Sarikhani A, Paton C, Bayati 

M, Berdejo-Del-Fresno D, Rosemann T, Nikolaidis PT, Knechtle B. Blood Flow 

Restriction During Futsal Training Increases Muscle Activation and Strength. 

Frontiers in Physiology 10: 614–614, 2019. 

4.  American College of Sports Medicine. American College of Sports Medicine 

position stand. Progression models in resistance training for healthy adults. Med 
Sci Sports Exerc 41: 687–708, 2009. 

5.  Araújo JP, Silva ED, Silva JCG, Souza TSP, Lima EO, Guerra I, Sousa MSC. The 

Acute Effect of Resistance Exercise with Blood Flow Restriction with 

Hemodynamic Variables on Hypertensive Subjects. J Hum Kinet 43: 79–85, 
2014. 

6.  Arena R, Myers J, Williams MA, Gulati M, Kligfield P, Balady GJ, Collins E, 

Fletcher G, American Heart Association Committee on Exercise, Rehabilitation, 

and Prevention of the Council on Clinical Cardiology, American Heart 

Association Council on Cardiovascular Nursing. Assessment of functional 

capacity in clinical and research settings: a scientific statement from the 

American Heart Association Committee on Exercise, Rehabilitation, and 

Prevention of the Council on Clinical Cardiology and the Council on 

Cardiovascular Nursing. Circulation 116: 329–343, 2007. 

7.  Bae H-J, Cheon S-M, Kim JW. Orthostatic hypotension in drug-naïve patients with 

Parkinson’s disease. J Mov Disord 4: 33–37, 2011. 

8.  Beck DT, Martin JS, Casey DP, Braith RW. EXERCISE TRAINING IMPROVES 

ENDOTHELIAL FUNCTION IN RESISTANCE ARTERIES OF YOUNG 

PREHYPERTENSIVES. J Hum Hypertens 28: 303–309, 2014. 

9.  Becker C, Jick SS, Meier CR. Risk of stroke in patients with idiopathic Parkinson 

disease. Parkinsonism & Related Disorders 16: 31–35, 2010. 



188 

 

10.  Bellamy MF, McDowell IF, Ramsey MW, Brownlee M, Newcombe RG, Lewis MJ. 

Oral folate enhances endothelial function in hyperhomocysteinaemic subjects. 

European Journal of Clinical Investigation 29: 659–662, 1999. 

11.  Berg D, Postuma RB, Adler CH, Bloem BR, Chan P, Dubois B, Gasser T, Goetz 

CG, Halliday G, Joseph L, Lang AE, Liepelt-Scarfone I, Litvan I, Marek K, 

Obeso J, Oertel W, Olanow CW, Poewe W, Stern M, Deuschl G. MDS research 

criteria for prodromal Parkinson’s disease. Mov Disord 30: 1600–1611, 2015. 

12.  Bertovic DA, Waddell TK, Gatzka CD, Cameron JD, Dart AM, Kingwell BA. 

Muscular strength training is associated with low arterial compliance and high 

pulse pressure. Hypertension 33: 1385–1391, 1999. 

13.  Birkmayer W, Mentasti M. [Further experimental studies on the catecholamine 

metabolism in extrapyramidal diseases (Parkinson and chorea syndromes)]. 

Archiv Fur Psychiatrie Und Nervenkrankheiten 210: 29–35, 1967. 

14.  Bittner V, Weiner DH, Yusuf S, Rogers WJ, McIntyre KM, Bangdiwala SI, 

Kronenberg MW, Kostis JB, Kohn RM, Guillotte M. Prediction of mortality and 

morbidity with a 6-minute walk test in patients with left ventricular dysfunction. 

SOLVD Investigators. JAMA 270: 1702–1707, 1993. 

15.  Blacher J, Guerin AP, Pannier B, Marchais SJ, Safar ME, London GM. Impact of 

aortic stiffness on survival in end-stage renal disease. Circulation 99: 2434–
2439, 1999. 

16.  Blake D, Young D, Brown L. Transcutaneous oximetry: variability in normal values 

for the upper and lower limb. Diving Hyperb Med 48: 2–9, 2018. 

17.  Bloem BR, Hausdorff JM, Visser JE, Giladi N. Falls and freezing of gait in 

Parkinson’s disease: a review of two interconnected, episodic phenomena. Mov 
Disord 19: 871–884, 2004. 

18.  Bo Li Z, Zhang J, Wagner KR. Inhibition of myostatin reverses muscle fibrosis 

through apoptosis. Journal of Cell Science 125: 3957–3965, 2012. 

19.  Bonorino SL, Sá CA de, Corralo V da S, Olkoski MM, Silva-Grigoletto ME da, 

Saretto CB, Resende Neto AG de. Hemodynamic responses to strength exercise 

with blood flow restriction in small muscle groups. Revista Brasileira de 
Cineantropometria &amp; Desempenho Humano 21, 2019. 

20.  Bostantjopoulou S, Katsarou Z, Frangia T, Hatzizisi O, Papazisis K, Kyriazis G, 

Kiosseoglou G, Kazis A. Endothelial function markers in parkinsonian patients 

with hyperhomocysteinemia. Journal of Clinical Neuroscience 12: 669–672, 
2005. 



189 

 

21.  Boushey CJ, Beresford SA, Omenn GS, Motulsky AG. A quantitative assessment of 

plasma homocysteine as a risk factor for vascular disease. Probable benefits of 

increasing folic acid intakes. JAMA 274: 1049–1057, 1995. 

22.  Brett Sally E., Ritter James M., Chowienczyk Philip J. Diastolic Blood Pressure 

Changes During Exercise Positively Correlate with Serum Cholesterol and 

Insulin Resistance. Circulation 101: 611–615, 2000. 

23.  Byeon H. Relationship between Physical Activity Level and Depression of Elderly 

People Living Alone. Int J Environ Res Public Health 16, 2019. 

24.  Carvalho A, Barbirato D, Araujo N, Martins JV, Cavalcanti JLS, Santos TM, 

Coutinho ES, Laks J, Deslandes AC. Comparison of strength training, aerobic 

training, and additional physical therapy as supplementary treatments for 

Parkinson’s disease: pilot study. Clinical Interventions in Aging 10: 183–191, 
2015. 

25.  Celermajer DS. Endothelial dysfunction: does it matter? Is it reversible? Journal of 
The American College of Cardiology 30: 325–333, 1997. 

26.  Celermajer DS, Sorensen KE, Bull C, Robinson J, Deanfield JE. Endothelium-

dependent dilation in the systemic arteries of asymptomatic subjects relates to 

coronary risk factors and their interaction. Journal of The American College of 
Cardiology 24: 1468–1474, 1994. 

27.  Chambers JC, Seddon MD, Shah S, Kooner JS. Homocysteine--a novel risk factor 

for vascular disease. J R Soc Med 94: 10–13, 2001. 

28.  Chen H, Zhang SM, Schwarzschild MA, Hernán MA, Ascherio A. Survival of 

Parkinson’s disease patients in a large prospective cohort of male health 

professionals. Movement Disorders: Official Journal of The Movement Disorder 
Society 21: 1002–1007, 2006. 

29.  Chen Z, Li G, Liu J. Autonomic dysfunction in Parkinson’s disease: Implications for 

pathophysiology, diagnosis, and treatment. Neurobiology of Disease 134: 
104700, 2020. 

30.  Clarke R, Daly L, Robinson K, Naughten E, Cahalane S, Fowler B, Graham I. 

Hyperhomocysteinemia: an independent risk factor for vascular disease. The 
New England Journal of Medicine 324: 1149–1155, 1991. 

31.  Conceição MS, Junior EMM, Telles GD, Libardi CA, Castro A, Andrade ALL, 

Brum PC, Urias Ú, Kurauti MA, Júnior JMC, Boschero AC, Cavaglieri CR, 

Camera DM, Chacon-Mikahil MPT. Augmented Anabolic Responses after 8-wk 

Cycling with Blood Flow Restriction. Medicine and Science in Sports And 
Exercise 51: 84–93, 2019. 



190 

 

32.  Cooke JP, Tsao PS. Is NO an endogenous antiatherogenic molecule? 

Arteriosclerosis and Thrombosis: A Journal of Vascular Biology 14: 653–655, 
1994. 

33.  Corcos DM, Robichaud JA, David FJ, Leurgans SE, Vaillancourt DE, Poon C, 

Rafferty MR, Kohrt WM, Comella CL. A two-year randomized controlled trial 

of progressive resistance exercise for Parkinson’s disease. Movement Disorders: 
Official Journal of The Movement Disorder Society 28: 1230–1240, 2013. 

34.  Cortez-Cooper MY, DeVan AE, Anton MM, Farrar RP, Beckwith KA, Todd JS, 

Tanaka H. Effects of high intensity resistance training on arterial stiffness and 

wave reflection in women. American Journal Of Hypertension 18: 930–934, 
2005. 

35.  Coswig VS, Barbalho M, Raiol R, Vecchio FBD, Ramirez-Campillo R, Gentil P. 

Effects of high vs moderate-intensity intermittent training on functionality, 

resting heart rate and blood pressure of elderly women. J Transl Med 18: 1–11, 
2020. 

36.  Craft LL, Perna FM. The Benefits of Exercise for the Clinically Depressed. Prim 
Care Companion J Clin Psychiatry 6: 104–111, 2004. 

37.  Creaby MW, Cole MH. Gait characteristics and falls in Parkinson’s disease: A 

systematic review and meta-analysis. Parkinsonism & Related Disorders 57: 1–
8, 2018. 

38.  Credeur DP, Hollis BC, Welsch MA. Effects of Handgrip Training with Venous 

Restriction on Brachial Artery Vasodilation. Med Sci Sports Exerc 42: 1296–
1302, 2010. 

39.  da Cunha Nascimento D, Schoenfeld BJ, Prestes J. Potential Implications of Blood 

Flow Restriction Exercise on Vascular Health: A Brief Review. Sports Med 50: 
73–81, 2020. 

40.  Daiber A, Xia N, Steven S, Oelze M, Hanf A, Kröller-Schön S, Münzel T, Li H. 

New Therapeutic Implications of Endothelial Nitric Oxide Synthase (eNOS) 

Function/Dysfunction in Cardiovascular Disease. International Journal of 
Molecular Sciences 20, 2019. 

41.  Dalbo VJ, Roberts MD, Sunderland KL, Poole CN, Stout JR, Beck TW, Bemben M, 

Kerksick CM. Acute Loading and Aging Effects on Myostatin Pathway 

Biomarkers in Human Skeletal Muscle After Three Sequential Bouts of 

Resistance Exercise. J Gerontol A Biol Sci Med Sci 66A: 855–865, 2011. 

 

 



191 

 

42.  Dall CH, Gustafsson F, Belhage B, Langberg H, Prescott E. Acute Blood Pressure 

Adaptations During Heavy Resistance Exercise in Patients with Heart Failure 

and Transplant Recipients: A Clinical Investigation Using Continued Blood 

Pressure Surveillance. The Journal of Heart and Lung Transplantation 34: S73, 
2015. 

43.  Damier P, Hirsch EC, Agid Y, Graybiel AM. The substantia nigra of the human 

brain. II. Patterns of loss of dopamine-containing neurons in Parkinson’s disease. 

Brain: A Journal Of Neurology 122 (Pt 8): 1437–1448, 1999. 

44.  de Meijer VE, van’t Sant HP, Spronk S, Kusters FJ, den Hoed PT. Reference value 

of transcutaneous oxygen measurement in diabetic patients compared with 

nondiabetic patients. Journal of Vascular Surgery 48: 382–388, 2008. 

45.  Deminice R, Ribeiro DF, Frajacomo FTT. The Effects of Acute Exercise and 

Exercise Training on Plasma Homocysteine: A Meta-Analysis. Plos One 11: 
e0151653–e0151653, 2016. 

46.  Paoathanasiou J, Dionyssiotis Y, Kasnakova P, Yanev S, Kanchev D, Milanova H, 

Troev T. Six-minute walk test: A tool for assessing mobility in frail subjects. 

JFSF 01: 73–76, 2016. 

47.  DeVan AE, Umpierre D, Lin H-F, Harrison ML, Tarumi T, Dhindsa M, Hunter SD, 

Sommerlad SM, Tanaka H. Habitual resistance exercise and endothelial 

ischemia-reperfusion injury in young adults. Atherosclerosis 219: 191–193, 
2011. 

48.  Dibble LE, Hale TF, Marcus RL, Droge J, Gerber JP, LaStayo PC. High-intensity 

resistance training amplifies muscle hypertrophy and functional gains in persons 

with Parkinson’s disease. Movement Disorders 21: 1444–1452, 2006. 

49.  Dibble LE, Hale TF, Marcus RL, Gerber JP, LaStayo PC. High intensity eccentric 

resistance training decreases bradykinesia and improves Quality Of Life in 

persons with Parkinson’s disease: a preliminary study. Parkinsonism & Related 
Disorders 15: 752–757, 2009. 

50.  Diem-Zangerl A, Seppi K, Oberaigner W, Poewe W. Mortality in Parkinson’s 

disease, a 20-year follow-up study. Movement Disorders: Official Journal Of 
The Movement Disorder Society 25: 661–662, 2010. 

51.  Dimmeler S, Zeiher AM. Nitric oxide-an endothelial cell survival factor. Cell Death 
Differ 6: 964–968, 1999. 

52.  Dinenno FA, Seals DR, DeSouza CA, Tanaka H. Age-related decreases in basal 

limb blood flow in humans: time course, determinants and habitual exercise 

effects. The Journal of Physiology 531: 573–579, 2001. 



192 

 

53.  Domsic RT, Dezfulian C, Shoushtari A, Ivanco D, Kenny E, Kwoh CK, Medsger 

TA, Champion HC. Endothelial Dysfunction is Present Only in the 

Microvasculature and Microcirculation of Early Diffuse Systemic Sclerosis 

Patients. Clin Exp Rheumatol 32: S-154-60, 2014. 

54.  Douris PC, Cogen ZS, Fields HT, Greco LC, Hasley MR, Machado CM, 

Romagnuolo PM, Stamboulis G, DiFrancisco-Donoghue J. The Effects of Blood 

Flow Restriction Training on Functional Improvements in an Active Single 

Subject with Parkinson Disease. International Journal of Sports Physical 
Therapy 13: 247–254, 2018. 

55.  Driver JA, Kurth T, Buring JE, Gaziano JM, Logroscino G. Parkinson disease and 

risk of mortality: a prospective comorbidity-matched cohort study. Neurology 
70: 1423–1430, 2008. 

56.  Drummond MJ, Fujita S, Abe T, Dreyer HC, Volpi E, Rasmussen BB. Human 

muscle gene expression following resistance exercise and blood flow restriction. 

Medicine and Science In Sports And Exercise 40: 691–698, 2008. 

57.  Ebert MH, Post RM, Goodwin FK. Effect of physical activity on urinary M.H.P.G. 

excretion in depressed patients. Lancet 2: 766, 1972. 

58.  Eigenbrodt ML, Rose KM, Couper DJ, Arnett DK, Smith R, Jones D. Orthostatic 

hypotension as a risk factor for stroke: the atherosclerosis risk in communities 

(ARIC) study, 1987-1996. Stroke 31: 2307–2313, 2000. 

59.  Evans C, Vance S, Brown M. Short-term resistance training with blood flow 

restriction enhances microvascular filtration capacity of human calf muscles. 

Journal of Sports Sciences 28: 999–1007, 2010. 

60.  Fahn S. Does levodopa slow or hasten the rate of progression of Parkinson’s 

disease? Journal of Neurology 252 Suppl 4: IV37–IV42, 2005. 

61.  Fahs CA, Heffernan KS, Ranadive S, Jae SY, Fernhall B. Muscular strength is 

inversely associated with aortic stiffness in young men. Med Sci Sports Exerc 42: 
1619–1624, 2010. 

62.  Fahs CA, Rossow LM, Seo D-I, Loenneke JP, Sherk VD, Kim E, Bemben DA, 

Bemben MG. Effect of different types of resistance exercise on arterial 

compliance and calf blood flow. European Journal Of Applied Physiology 111: 
2969–2975, 2011. 

63.  Faizi AK, Kornmo DW, Agewall S. Evaluation of endothelial function using finger 

plethysmography. Clinical Physiology and Functional Imaging 29: 372–375, 
2009. 



193 

64. Fanciulli A, Göbel G, Ndayisaba JP, Granata R, Duerr S, Strano S, Colosimo C,

Poewe W, Pontieri FE, Wenning GK. Supine hypertension in Parkinson’s 

disease and multiple system atrophy. Clin Auton Res 26: 97–105, 2016. 

65. Fang YJ, Tan CH, Tu SC, Liu CY, Yu RL. More than an “inverted-U”? An

exploratory study of the association between the catechol-o-methyltransferase 

gene polymorphism and executive functions in Parkinson’s disease. Plos One 14: 
e0214146–e0214146, 2019. 

66. Fearnley JM, Lees AJ. Ageing and Parkinson’s disease: substantia nigra regional

selectivity. Brain: A Journal of Neurology 114 (Pt 5): 2283–2301, 1991. 

67. Feigenbaum MS, Pollock ML. Prescription of resistance training for health and

disease. Medicine and Science in Sports And Exercise 31: 38–45, 1999. 

68. Ferreira MLV, Sardeli AV, Souza GVD, Bonganha V, Santos LDC, Castro A,

Cavaglieri CR, Chacon-Mikahil MPT. Cardiac autonomic and haemodynamic 

recovery after a single session of aerobic exercise with and without blood flow 

restriction in older adults. J Sports Sci 35: 2412–2420, 2017. 

69. Fife CE, Eckert KA, Carter MJ. An Update on the Appropriate Role for Hyperbaric

Oxygen: Indications and Evidence. Plast Reconstr Surg 138: 107S-116S, 2016. 

70. Förstermann U, Sessa WC. Nitric oxide synthases: regulation and function. Eur
Heart J 33: 829–837, 2012. 

71. Foster W, Li Y, Usas A, Somogyi G, Huard J. Gamma interferon as an antifibrosis

agent in skeletal muscle. Journal of Orthopaedic Research: Official Publication 
Of The Orthopaedic Research Society 21: 798–804, 2003. 

72. Freitas EDS, Miller RM, Heishman AD, Aniceto RR, Silva JGC, Bemben MG.

Perceptual responses to continuous versus intermittent blood flow restriction 

exercise: A randomized controlled trial. Physiology & Behavior 212: 112717, 
2019. 

73. Garcia A, Zanibbi K. Homocysteine and cognitive function in elderly people. CMAJ
171: 897–904, 2004. 

74. Gardner AW, Montgomery PS, Wang M, Shen B, Casanegra AI, Silva-Palacios F,

Knehans AW. Diet is associated with ankle-brachial index, inflammation, and 

ambulation in patients with intermittent claudication. J. Vasc. Surg. (February 
28, 2020). doi: 10.1016/j.jvs.2019.12.038. 

75. Gardner AW, Skinner JS, Cantwell BW, Smith LK, Diethrich EB. Relationship

between foot transcutaneous oxygen tension and ankle systolic blood pressure at 

rest and following exercise. Angiology 42: 481–490, 1991. 



194 

 

76.  Gazzaruso C, Coppola A, Falcone C, Luppi C, Montalcini T, Baffero E, Gallotti P, 

Pujia A, Solerte SB, Pelissero G, Giustina A. Transcutaneous Oxygen Tension as 

a Potential Predictor of Cardiovascular Events in Type 2 Diabetes: Comparison 

with ankle-brachial index. Diabetes Care 36: 1720–1725, 2013. 

77.  Ghosh K, Khare A, Shetty S. Fasting plasma homocysteine levels are increased in 

young patients with acute myocardial infarction from Western India. Indian 
Heart J 59: 242–245, 2007. 

78.  Gokce N, Keaney JF Jr, Hunter LM, Watkins MT, Menzoian JO, Vita JA. Risk 

stratification for postoperative cardiovascular events via noninvasive assessment 

of endothelial function: a prospective study. Circulation 105: 1567–1572, 2002. 

79.  Goldfarb AH, Garten RS, Chee PDM, Cho C, Reeves GV, Hollander DB, Thomas 

C, Aboudehen KS, Francois M, Kraemer RR. Resistance exercise effects on 

blood glutathione status and plasma protein carbonyls: influence of partial 

vascular occlusion. European Journal of Applied Physiology 104: 813–819, 
2008. 

80.  Goldstein DS. Orthostatic hypotension as an early finding in Parkinson’s disease. 

Clinical Autonomic Research: Official Journal of The Clinical Autonomic 
Research Society 16: 46–54, 2006. 

81.  Gordon AM, Reilmann R. Getting a grasp on research: does treatment taint testing 

of parkinsonian patients? Brain 122: 1597–1598, 1999. 

82.  Grandas F, Martínez-Martín P, Linazasoro G. Quality of life in patients with 

Parkinson’s disease who transfer from standard levodopa to Sinemet CR: the 

STAR Study. The STAR Multicenter Study Group. Journal of Neurology 245 
Suppl 1: S31–S33, 1998. 

83.  Green Daniel J., Jones Helen, Thijssen Dick, Cable N.T., Atkinson Greg. Flow-

Mediated Dilation and Cardiovascular Event Prediction. Hypertension 57: 363–
369, 2011. 

84.  Green DJ, Dawson EA, Groenewoud HMM, Jones H, Thijssen DHJ. Is flow-

mediated dilation nitric oxide mediated?: A meta-analysis. Hypertension 63: 
376–382, 2014. 

85.  Green DJ, Maiorana A, O’Driscoll G, Taylor R. Effect of exercise training on 

endothelium-derived nitric oxide function in humans. The Journal of Physiology 
561: 1–25, 2004. 

86.  Greenberg SA. The Geriatric Depression Scale (GDS).  

87.  Guerreiro TM, Nishikawa DRC, Ferreira LC, Melo HA de, Prado RCP do. Restless 

legs syndrome in Parkinson’s disease: clinical characteristics and biochemical 

correlations. Arquivos De Neuro-Psiquiatria 68: 869–872, 2010. 



195 

 

88.  Heiss C, Rodriguez-Mateos A, Kelm M. Central Role of eNOS in the Maintenance 

of Endothelial Homeostasis. Antioxid Redox Signal 22: 1230–1242, 2015. 

89.  Helane Doherty G. Homocysteine and Parkinson’s Disease: A Complex 

Relationship. J Neurol Disord 01, 2013. 

90.  Hely MA, Morris JG, Traficante R, Reid WG, O’Sullivan DJ, Williamson PM. The 

sydney multicentre study of Parkinson’s disease: progression and mortality at 10 

years. Journal of Neurology, Neurosurgery, And Psychiatry 67: 300–307, 1999. 

91.  Hernández-Perera O, Pérez-Sala D, Navarro-Antolín J, Sánchez-Pascuala R, 

Hernández G, Díaz C, Lamas S. Effects of the 3-hydroxy-3-methylglutaryl-CoA 

reductase inhibitors, atorvastatin and simvastatin, on the expression of 

endothelin-1 and endothelial nitric oxide synthase in vascular endothelial cells. J 
Clin Invest 101: 2711–2719, 1998. 

92.  Higashi Y, Yoshizumi M. Exercise and endothelial function: Role of endothelium-

derived nitric oxide and oxidative stress in healthy subjects and hypertensive 

patients. Pharmacology & Therapeutics 102: 87–96, 2004. 

93.  Hirsch MA, Toole T, Maitland CG, Rider RA. The effects of balance training and 

high-intensity resistance training on persons with idiopathic Parkinson’s disease. 

Archives of Physical Medicine And Rehabilitation 84: 1109–1117, 2003. 

94.  Hong CT, Hu H-H, Chan L, Bai C-H. Prevalent cerebrovascular and cardiovascular 

disease in people with Parkinson's disease: a meta-analysis. Clinical 
Epidemiology: 2018. 

95.  Horiuchi M, Okita K. Blood flow restricted exercise and vascular function. 

International Journal of Vascular Medicine 2012: 543218–543218, 2012. 

96.  Hotta K, Kamiya K, Shimizu R, Yokoyama M, Nakamura-Ogura M, Tabata M, 

Kamekawa D, Akiyama A, Kato M, Noda C, Matsunaga A, Masuda T. 

Stretching exercises enhance vascular endothelial function and improve 

peripheral circulation in patients with acute myocardial infarction. International 
Heart Journal 54: 59–63, 2013. 

97.  Huang Y-P, Chen L-S, Yen M-F, Fann C-Y, Chiu Y-H, Chen H-H, Pan S-L. 

Parkinson’s disease is related to an increased risk of ischemic stroke-a 

population-based propensity score-matched follow-up study. Plos One 8: 
e68314–e68314, 2013. 

98.  Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of 

idiopathic Parkinson’s disease: a clinico-pathological study of 100 cases. Journal 
of Neurology, Neurosurgery, And Psychiatry 55: 181–184, 1992. 



196 

 

99.  Humphrey LL, Fu R, Rogers K, Freeman M, Helfand M. Homocysteine Level and 

Coronary Heart Disease Incidence: A Systematic Review and Meta-analysis. 

Mayo Clinic Proceedings 83: 1203–1212, 2008. 

100.  Hunt JEA, Stodart C, Ferguson RA. The influence of participant characteristics on 

the relationship between cuff pressure and level of blood flow restriction. Eur J 
Appl Physiol 116: 1421–1432, 2016. 

101.  Hunt JEA, Walton LA, Ferguson RA. Brachial artery modifications to blood flow-

restricted handgrip training and detraining. Journal of Applied Physiology 112: 
956–961, 2011. 

102.  Hurme T, Kalimo H, Lehto M, Järvinen M. Healing of skeletal muscle injury: an 

ultrastructural and immunohistochemical study. Medicine and Science In Sports 
And Exercise 23: 801–810, 1991. 

103.  Information NC for B, Pike USNL of M 8600 R, MD B, Usa 20894. Best practices 

in phlebotomy [Online]. World Health Organization. 

http://www.ncbi.nlm.nih.gov/books/NBK138665/ [7 Jun. 2016]. 

104.  Jang J, Park H-Y, Yoo C, Park Y, Kim J, Lim K. The synergistic effect of protein 

complex supplementation combined with 12 weeks of resistance training on 

isokinetic muscular function in untrained young males. Journal Of Exercise 
Nutrition & Biochemistry 21: 27–36, 2017. 

105.  Janssens J, Malfroid K, Nyffeler T, Bohlhalter S, Vanbellingen T. Application of 

LSVT BIG intervention to address gait, balance, bed mobility, and dexterity in 

people with Parkinson disease: a case series. Physical Therapy 94: 1014–1023, 
2014. 

106.  Jellinger KA. Prevalence of cerebrovascular lesions in Parkinson’s disease. A 

postmortem study. Acta Neuropathologica 105: 415–419, 2003. 

107.  Jenkins NT, Padilla J, Boyle LJ, Credeur DP, Laughlin MH, Fadel PJ. Disturbed 

blood flow acutely induces activation and apoptosis of the human vascular 

endothelium. Hypertension 61: 615–621, 2013. 

108.  Jiménez Caballero PE, Muñoz Escudero F. Peripheral endothelial function and 

arterial stiffness in patients with chronic migraine: a case–control study. The 
Journal of Headache and Pain 14: 8, 2013. 

109.  Johnson LR, Rush JW, Turk JR, Price EM, Laughlin MH. Short-term exercise 

training increases ACh-induced relaxation and eNOS protein in porcine 

pulmonary arteries. J Appl Physiol 90: 1102–1110, 2001. 

110.  Kalani M, Brismar K, Fagrell B, Ostergren J, Jörneskog G. Transcutaneous oxygen 

tension and toe blood pressure as predictors for outcome of diabetic foot ulcers. 

Diabetes Care 22: 147–151, 1999. 



197 

111.  Kambič T, Novaković M, Tomažin K, Strojnik V, Jug B. Blood Flow Restriction

Resistance Exercise Improves Muscle Strength and Hemodynamics, but Not 

Vascular Function in Coronary Artery Disease Patients: A Pilot Randomized 

Controlled Trial. Front Physiol 10: 656, 2019. 

112.  Karabulut M, Garcia SD. Hemodynamic responses and energy expenditure during

blood flow restriction exercise in obese population. Clin Physiol Funct Imaging 
37: 1–7, 2017. 

113.  Kasemkijwattana C, Menetrey J, Somogyl G, Moreland MS, Fu FH, Buranapanitkit

B, Watkins SC, Huard J. Development of approaches to improve the healing 

following muscle contusion. Cell Transplantation 7: 585–598, 1998. 

114.  Kawano H, Tanimoto M, Yamamoto K, Sanada K, Gando Y, Tabata I, Higuchi M,

Miyachi M. Resistance training in men is associated with increased arterial 

stiffness and blood pressure but does not adversely affect endothelial function as 

measured by arterial reactivity to the cold pressor test. Exp Physiol 93: 296–302, 
2008. 

115.  Kelly NA, Ford MP, Standaert DG, Watts RL, Bickel CS, Moellering DR, Tuggle

SC, Williams JY, Lieb L, Windham ST, Bamman MM. Novel, high-intensity 

exercise prescription improves muscle mass, mitochondrial function, and 

physical capacity in individuals with Parkinson’s disease. Journal of Applied 
Physiology 116: 582–592, 2014. 

116.  Kim J-S, Lee S-H, Oh Y-S, Park J-W, An J-Y, Choi H-S, Lee K-S. Arterial

Stiffness and Cardiovascular Autonomic Dysfunction in Patients with 

Parkinson’s Disease. NDD 17: 89–96, 2017. 

117.  Kizu A, Koyama H, Tanaka S, Maeno T, Komatsu M, Fukumoto S, Emoto M, Shoji

T, Inaba M, Shioi A, Miki T, Nishizawa Y. Arterial wall stiffness is associated 

with peripheral circulation in patients with type 2 diabetes. Atherosclerosis 170: 
87–91, 2003. 

118.  Koh SY, Kim MS, Lee SM, Hong JM, Yoon JH. Impaired vascular endothelial

function in patients with restless legs syndrome: a new aspect of the vascular 

pathophysiology. Journal Of The Neurological Sciences 359: 207–210, 2015. 

119.  Kuhn W, Roebroek R, Blom H, van Oppenraaij D, Przuntek H, Kretschmer A,

Büttner T, Woitalla D, Müller T. Elevated plasma levels of homocysteine in 

Parkinson’s disease. European Neurology 40: 225–227, 1998. 

120.  Kuvin JT, Mammen A, Mooney P, Alsheikh-Ali AA, Karas RH. Assessment of

peripheral vascular endothelial function in the ambulatory setting. Vasc Med 12: 
13–16, 2007. 



198 

 

121.  Lakatta EG. Age-associated cardiovascular changes in health: impact on 

cardiovascular disease in older persons. Heart Failure Reviews 7: 29–49, 2002. 

122.  Langhammer B, Stanghelle JK. The Senior Fitness Test. Journal of Physiotherapy 
61: 163, 2015. 

123.  Laswati H, Sugiarto D, Poerwandari D, Pangkahila JA, Kimura H. Low-Intensity 

Exercise with Blood Flow Restriction Increases Muscle Strength without 

Altering hsCRP and Fibrinogen Levels in Healthy Subjects. The Chinese Journal 
of Physiology 61: 188–195, 2018. 

124.  Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize L, Ducimetiere P, 

Benetos A. Aortic stiffness is an independent predictor of all-cause and 

cardiovascular mortality in hypertensive patients. Hypertension (Dallas, Tex: 
1979) 37: 1236–1241, 2001. 

125.  Laurentino GC, Ugrinowitsch C, Roschel H, Aoki MS, Soares AG, Neves M Jr, 

Aihara AY, Fernandes A da RC, Tricoli V. Strength training with blood flow 

restriction diminishes myostatin gene expression. Medicine and Science in Sports 
And Exercise 44: 406–412, 2012. 

126.  Lee IM, Paffenbarger RS Jr. Physical activity and stroke incidence: the Harvard 

Alumni Health Study. Stroke 29: 2049–2054, 1998. 

127.  Lee J-M, Park K-W, Seo W-K, Park MH, Han C, Jo I, Ahn Jo S. Carotid intima-

media thickness in Parkinson’s disease. Movement Disorders: Official Journal of 
The Movement Disorder Society 22: 2446–2449, 2007. 

128.  Lesher EL, Berryhill JS. Validation of the geriatric depression scale-short form 

among inpatients. Journal of Clinical Psychology 50: 256–260, 1994. 

129.  Letieri RV, Teixeira AM, Furtado GE, Lamboglia CG, Rees JL, Gomes BB. Effect 

of 16 weeks of resistance exercise and detraining comparing two methods of 

blood flow restriction in muscle strength of healthy older women: A randomized 

controlled trial. Experimental Gerontology 114: 78–86, 2018. 

130.  Levy-Tzedek S, Arbelle D, Forman D, Zlotnik Y. Improvement in upper-limb 

UPDRS motor scores following fast-paced arm exercise: A pilot study. Restor 
Neurol Neurosci 36: 535–545, 2012. 

131.  Liang H-W, Huang Y-P, Pan S-L. Parkinson disease and risk of acute myocardial 

infarction: A population-based, propensity score–matched, longitudinal follow-

up study. American Heart Journal 169: 508–514, 2015. 

132.  Lim M-H, Cho YI, Jeong S-K. Homocysteine and pulsatility index of cerebral 

arteries. Stroke 40: 3216–3220, 2009. 

 



199 

133.  Lixandrão ME, Roschel H, Ugrinowitsch C, Miquelini M, Alvarez IF, Libardi CA.

Blood-Flow Restriction Resistance Exercise Promotes Lower Pain and Ratings 

of Perceived Exertion Compared with Either High- or Low-Intensity Resistance 

Exercise Performed to Muscular Failure. Journal of Sport Rehabilitation 
(January 22, 2019). doi: 10.1123/jsr.2018-0030. 

134.  Lo EH, Hara H, Rogowska J, Trocha M, Pierce AR, Huang PL, Fishman MC, Wolf

GL, Moskowitz MA. Temporal correlation mapping analysis of the 

hemodynamic penumbra in mutant mice deficient in endothelial nitric oxide 

synthase gene expression. Stroke 27: 1381–1385, 1996. 

135.  Loenneke JP, Wilson GJ, Wilson JM. A mechanistic approach to blood flow

occlusion. International Journal of Sports Medicine 31: 1–4, 2010. 

136.  Loo HV, Tan EK. Case-control study of restless legs syndrome and quality of sleep

in Parkinson’s disease. Journal of The Neurological Sciences 266: 145–149, 
2008. 

137.  MacDougall JD, McKelvie RS, Moroz DE, Sale DG, McCartney N, Buick F.

Factors affecting blood pressure during heavy weight lifting and static 

contractions. Journal of Applied Physiology (Bethesda, Md: 1985) 73: 1590–
1597, 1992. 

138.  MacDougall JD, Tuxen D, Sale DG, Moroz JR, Sutton JR. Arterial blood pressure

response to heavy resistance exercise. Journal of Applied Physiology 58: 785–
790, 1985. 

139.  Madarame H, Neya M, Ochi E, Nakazato K, Sato Y, Ishii N. Cross-transfer effects

of resistance training with blood flow restriction. Medicine and Science In Sports 
And Exercise 40: 258–263, 2008. 

140.  Manini TM, Yarrow JF, Buford TW, Clark BC, Conover CF, Borst SE. Growth

hormone responses to acute resistance exercise with vascular restriction in young 

and old men. Growth Horm IGF Res 22: 167–172, 2012. 

141.  Marras C, McDermott MP, Rochon PA, Tanner CM, Naglie G, Rudolph A, Lang

AE. Survival in Parkinson disease: thirteen-year follow-up of the DATATOP 

cohort. Neurology 64: 87–93, 2005. 

142.  Mason MJS, Owens JG, Brown LWJ. Blood Flow Restriction Training: Current and

Future Applications for the Rehabilitation of Musculoskeletal Injuries. 

Techniques in Orthopaedics 33: 71, 2018. 

143.  Mayer EL, Jacobsen DW, Robinson K. Homocysteine and coronary atherosclerosis.

Journal of The American College of Cardiology 27: 517–527, 1996. 



200 

 

144.  McAllister RM, Kimani JK, Webster JL, Parker JL, Laughlin MH. Effects of 

exercise training on responses of peripheral and visceral arteries in swine. J Appl 
Physiol 80: 216–225, 1996. 

145.  McAnulty SR, McAnulty LS, Nieman DC, Morrow JD, Utter AC, Dumke CL. 

Effect of resistance exercise and carbohydrate ingestion on oxidative stress. Free 
Radical Research 39: 1219–1224, 2005. 

146.  McBride JM, Kraemer WJ, Triplett-McBride T, Sebastianelli W. Effect of 

resistance exercise on free radical production. Medicine and Science In Sports 
And Exercise 30: 67–72, 1998. 

147.  McGowan CL, Levy AS, McCartney N, MacDonald MJ. Isometric handgrip 

training does not improve flow-mediated dilation in subjects with normal blood 

pressure. Clinical Science (London, England: 1979) 112: 403–409, 2007. 

148.  McGrath D, Greene BR, Doheny EP, McKeown DJ, Vito GD, Caulfield B. 

Reliability of quantitative TUG measures of mobility for use in falls risk 

assessment. In: 2011 Annual International Conference of the IEEE Engineering 
in Medicine and Biology Society. 2011 Annual International Conference of the 
IEEE Engineering in Medicine and Biology Society. 2011, p. 466–469. 

149.  Merello M, Gerschcovich ER, Ballesteros D, Cerquetti D. Correlation between the 

Movement Disorders Society Unified Parkinson’s Disease rating scale (MDS-

UPDRS) and the Unified Parkinson’s Disease rating scale (UPDRS) during l-

dopa acute challenge. Parkinsonism & Related Disorders 17: 705–707, 2011. 

150.  Miyachi M. Effects of resistance training on arterial stiffness: a meta-analysis. 

British Journal Of Sports Medicine 47: 393–396, 2013. 

151.  Miyachi M, Donato AJ, Yamamoto K, Takahashi K, Gates PE, Moreau KL, Tanaka 

H. Greater age-related reductions in central arterial compliance in resistance-

trained men. Hypertension (Dallas, Tex: 1979) 41: 130–135, 2003. 

152.  Miyachi Motohiko, Kawano Hiroshi, Sugawara Jun, Takahashi Kouki, Hayashi 

Kouichiro, Yamazaki Ken, Tabata Izumi, Tanaka Hirofumi. Unfavorable Effects 

of Resistance Training on Central Arterial Compliance. Circulation 110: 2858–
2863, 2004. 

153.  Monahan KD, Tanaka H, Dinenno FA, Seals DR. Central arterial compliance is 

associated with age- and habitual exercise-related differences in cardiovagal 

baroreflex sensitivity. Circulation 104: 1627–1632, 2001. 

154.  Moncada S, Palmer RM, Higgs EA. Nitric oxide: physiology, pathophysiology, and 

pharmacology. Pharmacological Reviews 43: 109–142, 1991. 



201 

 

155.  Morberg BM, Jensen J, Bode M, Wermuth L. 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, 2014. 

156.  Mosnaim AD, Abiola R, Wolf ME, Perlmuter LC. Etiology and risk factors for 

developing orthostatic hypotension. American Journal of Therapeutics 17: 86–
91, 2010. 

157.  Müller T, Renger K, Kuhn W. Levodopa-associated increase of homocysteine levels 

and sural axonal neurodegeneration. Archives of Neurology 61: 657–660, 2004. 

158.  Muslimović D, Post B, Speelman JD, De Haan RJ, Schmand B. Cognitive decline in 

Parkinson’s disease: a prospective longitudinal study. J Int Neuropsychol Soc 15: 
426–437, 2009. 

159.  Nakajima T, Kurano M, Iida H, Takano H, Oonuma H, Morita T, Meguro K, Sato 

Y, Nagata T, KAATSU Training Group. Use and safety of KAATSU training: 

Results of a national survey. Int J KAATSU Ttaining Res 2: 5–13, 2006. 

160.  Nakaso K, Yasui K, Kowa H, Kusumi M, Ueda K, Yoshimoto Y, Takeshima T, 

Sasaki K, Nakashima K. Hypertrophy of IMC of carotid artery in Parkinson’s 

disease is associated with L-DOPA, homocysteine, and MTHFR genotype. 

Journal Of The Neurological Sciences 207: 19–23, 2003. 

161.  Naylor LH, Weisbrod CJ, O’Driscoll G, Green DJ. Measuring peripheral resistance 

and conduit arterial structure in humans using Doppler ultrasound. Journal of 
Applied Physiology (Bethesda, Md: 1985) 98: 2311–2315, 2005. 

162.  Nevrly M, Kanovsky P, Vranova H, Langova K, Hlustik P. Effect of levodopa and 

entacapone treatment on plasma homocysteine levels in Parkinson’s disease 

patients. Parkinsonism & Related Disorders 15: 477–478, 2009. 

163.  Niebauer J, Cooke JP. Cardiovascular effects of exercise: role of endothelial shear 

stress. Journal of The American College of Cardiology 28: 1652–1660, 1996. 

164.  Nocera JR, Stegemöller EL, Malaty IA, Okun MS, Marsiske M, Hass CJ. Using the 

Timed Up & Go Test in a Clinical Setting to Predict Falling in Parkinson’s 

Disease. Arch Phys Med Rehabil 94: 1300–1305, 2013. 

165.  Novak V, Novak P, Spies JM, Low PA. Autoregulation of cerebral blood flow in 

orthostatic hypotension. Stroke 29: 104–111, 1998. 

166.  Nozaki M, Li Y, Zhu J, Ambrosio F, Uehara K, Fu FH, Huard J. Improved muscle 

healing after contusion injury by the inhibitory effect of suramin on myostatin, a 

negative regulator of muscle growth. The American Journal Of Sports Medicine 
36: 2354–2362, 2008. 



202 

 

167.  Olszewski AJ, McCully KS. Homocysteine metabolism and the oxidative 

modification of proteins and lipids. Free Radical Biology & Medicine 14: 683–
693, 1993. 

168.  Onkelinx S, Cornelissen V, Goetschalckx K, Thomaes T, Verhamme P, Vanhees L. 

Reproducibility of different methods to measure the endothelial function: 

Vascular Medicine (March 8, 2012). doi: 10.1177/1358863X12436708. 

169.  Opara J, Brola W, Leonardi M, Błaszczyk B. Quality of life in Parkinson`s Disease. 

J Med Life 5: 375–381, 2012. 

170.  O’Rourke M. Arterial stiffness, systolic blood pressure, and logical treatment of 

arterial hypertension. Hypertension (Dallas, Tex: 1979) 15: 339–347, 1990. 

171.  O’Suilleabhain PE, Sung V, Hernandez C, Lacritz L, Dewey RB Jr, Bottiglieri T, 

Diaz-Arrastia R. Elevated plasma homocysteine level in patients with Parkinson 

disease: motor, affective, and cognitive associations. Archives of Neurology 61: 
865–868, 2004. 

172.  Otsuki T, Maeda S, Iemitsu M, Saito Y, Tanimura Y, Ajisaka R, Miyauchi T. 

Vascular endothelium-derived factors and arterial stiffness in strength- and 

endurance-trained men. Am J Physiol Heart Circ Physiol 292: H786-791, 2007. 

173.  Otsuki T, Maeda S, Iemitsu M, Saito Y, Tanimura Y, Ajisaka R, Miyauchi T. 

Relationship between arterial stiffness and athletic training programs in young 

adult men. Am J Hypertens 20: 967–973, 2007. 

174.  Ozaki H, Yasuda T, Ogasawara R, Sakamaki-Sunaga M, Naito H, Abe T. Effects of 

high-intensity and blood flow-restricted low-intensity resistance training on 

carotid arterial compliance: role of blood pressure during training sessions. 

European Journal of Applied Physiology 113: 167–174, 2013. 

175.  Papavasiliou PS, Cotzias GC, Düby SE, Steck AJ, Fehling C, Bell MA. Levodopa in 

Parkinsonism: potentiation of central effects with a peripheral inhibitor. The New 
England Journal of Medicine 286: 8–14, 1972. 

176.  Patterson SD, Ferguson RichardA. Increase in calf post-occlusive blood flow and 

strength following short-term resistance exercise training with blood flow 

restriction in young women. Eur J Appl Physiol 108: 1025–1033, 2010. 

177.  Patterson SD, Hughes L, Warmington S, Burr J, Scott BR, Owens J, Abe T, Nielsen 

JL, Libardi CA, Laurentino G, Neto GR, Brandner C, Martin-Hernandez J, 

Loenneke J. Blood Flow Restriction Exercise Position Stand: Considerations of 

Methodology, Application, and Safety. Frontiers in Physiology 10: 533–533, 
2019. 



203 

 

178.  Patterson SD, Leggate M, Nimmo MA, Ferguson RA. Circulating hormone and 

cytokine response to low-load resistance training with blood flow restriction in 

older men. European Journal of Applied Physiology 113: 713–719, 2013. 

179.  Pavy-Le Traon A, Amarenco G, Duerr S, Kaufmann H, Lahrmann H, Shaftman SR, 

Tison F, Wenning GK, Goetz CG, Poewe W, Sampaio C, Schrag A, Stebbins 

GT, Rascol O. The Movement Disorders task force review of dysautonomia 

rating scales in Parkinson’s disease with regard to symptoms of orthostatic 

hypotension. Movement Disorders: Official Journal of The Movement Disorder 
Society 26: 1985–1992, 2011. 

180.  Phillips SA, Das E, Wang J, Pritchard K, Gutterman DD. Resistance and aerobic 

exercise protects against acute endothelial impairment induced by a single 

exposure to hypertension during exertion. J Appl Physiol 110: 1013–1020, 2011. 

181.  Pickering RM, Grimbergen YAM, Rigney U, Ashburn A, Mazibrada G, Wood B, 

Gray P, Kerr G, Bloem BR. A meta-analysis of six prospective studies of falling 

in Parkinson’s disease. Mov Disord 22: 1892–1900, 2007. 

182.  Pirker W. Correlation of dopamine transporter imaging with parkinsonian motor 

handicap: how close is it? Movement Disorders: Official Journal of The 
Movement Disorder Society 18 Suppl 7: S43–S51, 2003. 

183.  Poewe W, Antonini A, Zijlmans JC, Burkhard PR, Vingerhoets F. Levodopa in the 

treatment of Parkinson’s disease: an old drug still going strong. Clin Interv Aging 
5: 229–238, 2010. 

184.  Poewe WH, Deuschl G, Gordin A, Kultalahti E-R, Leinonen M. Efficacy and safety 

of entacapone in Parkinson’s disease patients with suboptimal levodopa 

response: a 6-month randomized placebo-controlled double-blind study in 

Germany and Austria (Celomen study). Acta Neurologica Scandinavica 105: 
245–255, 2002. 

185.  Pollock ML, Franklin BA, Balady GJ, Chaitman BL, Fleg JL, Fletcher B, Limacher 

M, Piña IL, Stein RA, Williams M, Bazzarre T. AHA Science Advisory. 

Resistance exercise in individuals with and without cardiovascular disease: 

benefits, rationale, safety, and prescription: An advisory from the Committee on 

Exercise, Rehabilitation, and Prevention, Council on Clinical Cardiology, 

American Heart Association; Position paper endorsed by the American College 

of Sports Medicine. Circulation 101: 828–833, 2000. 

186.  Postuma RB, Espay AJ, Zadikoff C, Suchowersky O, Martin WRW, Lafontaine A-

L, Ranawaya R, Camicioli R, Lang AE. Vitamins and entacapone in levodopa-

induced hyperhomocysteinemia: a randomized controlled study. Neurology 66: 
1941–1943, 2006. 



204 

 

187.  Poton R, Polito MD. Hemodynamic response to resistance exercise with and without 

blood flow restriction in healthy subjects. Clinical Physiology and Functional 
Imaging 36: 231–236, 2016. 

188.  Prigione A, Begni B, Galbussera A, Beretta S, Brighina L, Garofalo R, Andreoni S, 

Piolti R, Ferrarese C. Oxidative stress in peripheral blood mononuclear cells 

from patients with Parkinson’s disease: Negative correlation with levodopa 

dosage. Neurobiology of Disease 23: 36–43, 2006. 

189.  Publishing HH. Ask the doctor: Should I worry about my homocysteine level? 

[Online]. Harvard Health: https://www.health.harvard.edu/heart-health/should-i-
worry-about-my-homocysteine-level [5 Mar. 2020]. 

190.  Pyke KE, Tschakovsky ME. The relationship between shear stress and flow-

mediated dilatation: implications for the assessment of endothelial function. The 
Journal Of Physiology 568: 357–369, 2005. 

191.  Rektor I, Goldemund D, Sheardová K, Rektorová I, Michálková Z, Dufek M. 

Vascular pathology in patients with idiopathic Parkinson’s disease. Parkinsonism 
& Related Disorders 15: 24–29, 2009. 

192.  Richardson RS, Noyszewski EA, Kendrick KF, Leigh JS, Wagner PD. Myoglobin 

O2 desaturation during exercise. Evidence of limited O2 transport. The Journal 
Of Clinical Investigation 96: 1916–1926, 1995. 

193.  Rinne UK, Larsen JP, Siden A, Worm-Petersen J. Entacapone enhances the 

response to levodopa in parkinsonian patients with motor fluctuations. 

Nomecomt Study Group. Neurology 51: 1309–1314, 1998. 

194.  Rodrigues Neto G, Novaes J da S, Gonçalves M, Batista GR, Mendonça RMSC de, 

Miranda H, Novaes G da S, Cirilo-Sousa M do S, Rodrigues Neto G, Novaes J 

da S, Gonçalves M, Batista GR, Mendonça RMSC de, Miranda H, Novaes G da 

S, Cirilo-Sousa M do S. Hypotensive effects of resistance exercise with 

continuous and intermittent blood flow restriction. Motriz: Revista de Educação 
Física 22: 198–204, 2016. 

195.  Rogers JD, Sanchez-Saffon A, Frol AB, Diaz-Arrastia R. Elevated plasma 

homocysteine levels in patients treated with levodopa: association with vascular 

disease. Archives Of Neurology 60: 59–64, 2003. 

196.  Romagnolo A, Zibetti M, Merola A, Canova D, Sarchioto M, Montanaro E, Artusi 

CA, Vallelonga F, Maule S, Lopiano L. Cardiovascular autonomic neuropathy 

and falls in Parkinson disease: a prospective cohort study. Journal of Neurology 
266: 85–91, 2019. 

 



205 

 

197.  Rose KM, Tyroler HA, Nardo CJ, Arnett DK, Light KC, Rosamond W, Sharrett 

AR, Szklo M. Orthostatic hypotension and the incidence of coronary heart 

disease: the Atherosclerosis Risk in Communities study. American Journal of 
Hypertension 13: 571–578, 2000. 

198.  Ross GW, Abbott RD. Living and dying with Parkinson’s disease. Movement 
Disorders: Official Journal of The Movement Disorder Society 29: 1571–1573, 
2014. 

199.  Rossow LM, Fahs CA, Sherk VD, Seo D-I, Bemben DA, Bemben MG. The effect 

of acute blood-flow-restricted resistance exercise on postexercise blood pressure. 

Clinical Physiology Tnd Functional Imaging 31: 429–434, 2011. 

200.  Rossow LM, Fahs CA, Thiebaud RS, Loenneke JP, Kim D, Mouser JG, Shore EA, 

Beck TW, Bemben DA, Bemben MG. Arterial stiffness and blood flow 

adaptations following eight weeks of resistance exercise training in young and 

older women. Experimental Gerontology 53: 48–56, 2014. 

201.  Roth SM, Martel GF, Ferrell RE, Metter EJ, Hurley BF, Rogers MA. Myostatin 

gene expression is reduced in humans with heavy-resistance strength training: a 

brief communication. Experimental Biology and Medicine (Maywood, NJ) 228: 
706–709, 2003. 

202.  Roth SM, Martel GF, Ivey FM, Lemmer JT, Metter EJ, Hurley BF, Rogers MA. 

High-volume, heavy-resistance strength training and muscle damage in young 

and older women. Journal Of Applied Physiology (Bethesda, Md: 1985) 88: 
1112–1118, 2000. 

203.  Rozanski Alan, Qureshi Ehtasham, Bauman Mara, Reed George, Pillar Giora, 

Diamond George A. Peripheral Arterial Responses to Treadmill Exercise Among 

Healthy Subjects and Atherosclerotic Patients. Circulation 103: 2084–2089, 
2001. 

204.  Rudic RD, Sessa WC. Nitric oxide in endothelial dysfunction and vascular 

remodeling: clinical correlates and experimental links. Am J Hum Genet 64: 
673–677, 1999. 

205.  Sagiv M. Safety of resistance training in the elderly. European Review of Aging and 
Physical Activity 6: 1, 2009. 

206.  Salat D, Tolosa E. Levodopa in the Treatment of Parkinson’s Disease: Current 

Status and New Developments. Journal of Parkinson’s Disease 3: 255–269, 
2013. 

207.  Salzano A, Marra AM, Arcopinto M, D’Assante R, Triggiani V, Coscioni E, 

Pasquali D, Rengo G, Suzuki T, Bossone E, Cittadini A. Combined effects of 

growth hormone and testosterone replacement treatment in heart failure. ESC 
Heart Fail 6: 1216–1221, 2019. 



206 

 

208.  Sands, W.A. W J, Hewit, J. J K. Basics of Strength and Conditioning Manual, 
NSCA. Human Kinetics, 2013. 

209.  Sattelmair J, Pertman J, Ding EL, Kohl HW 3rd, Haskell W, Lee I-M. Dose 

response between physical activity and risk of coronary heart disease: a meta-

analysis. Circulation 124: 789–795, 2011. 

210.  Schapira AH, Jenner P. Etiology and pathogenesis of Parkinson’s disease. 

Movement Disorders: Official Journal of The Movement Disorder Society 26: 
1049–1055, 2011. 

211.  Schilling BK, Pfeiffer RF, Ledoux MS, Karlage RE, Bloomer RJ, Falvo MJ. Effects 

of moderate-volume, high-load lower-body resistance training on strength and 

function in persons with Parkinson’s disease: a pilot study. Parkinson’s Disease 
2010: 824734–824734, 2010. 

212.  Schlüssel E, Preibisch G, Pütter S, Elstner EF. Homocysteine-induced oxidative 

damage: mechanisms and possible roles in neurodegenerative and atherogenic 

processes. Zeitschrift Fur Naturforschung C, Journal of Biosciences 50: 699–
707, 1995. 

213.  Schrag A, Anastasiou Z, Ambler G, Noyce A, Walters K. Predicting diagnosis of 

Parkinson’s disease: A risk algorithm based on primary care presentations. Mov 
Disord 34: 480–486, 2019. 

214.  Seals DR, Kaplon RE, Gioscia-Ryan RA, LaRocca TJ. You’re only as old as your 

arteries: translational strategies for preserving vascular endothelial function with 

aging. Physiology (Bethesda, Md) 29: 250–264, 2014. 

215.  Seals DR, Victor RG. Regulation of muscle sympathetic nerve activity during 

exercise in humans. Exercise and Sport Sciences Reviews 19: 313–349, 1991. 

216.  Seiffert P, Derejczyk J, Kawa J, Marcisz C, Czernek M, Szymszal J, Kapko W, 

Bugdol M, Torbus A, Stępień-Wyrobiec O. Frailty phenotype and the role of 

levodopa challenge test in geriatric inpatients with mild parkinsonian signs. 

Biogerontology 18: 641–650, 2017. 

217.  Selhub J, D’Angelo A. Relationship between homocysteine and thrombotic disease. 

The American Journal of The Medical Sciences 316: 129–141, 1998. 

218.  Sethi KD. The impact of levodopa on quality of life in patients with Parkinson 

disease. The Neurologist 16: 76–83, 2010. 

219.  Shechter M, Shechter A, Koren-Morag N, Feinberg MS, Hiersch L. Usefulness of 

brachial artery flow-mediated dilation to predict long-term cardiovascular events 

in subjects without heart disease. The American Journal of Cardiology 113: 162–
167, 2014. 



207 

 

220.  Shenoy V, Mehendale V, Prabhu K, Shetty R, Rao P. Correlation of Serum 

Homocysteine Levels with the Severity of Coronary Artery Disease. Indian J 
Clin Biochem 29: 339–344, 2014. 

221.  Shimizu R, Hotta K, Yamamoto S, Matsumoto T, Kamiya K, Kato M, Hamazaki N, 

Kamekawa D, Akiyama A, Kamada Y, Tanaka S, Masuda T. Low-intensity 

resistance training with blood flow restriction improves vascular endothelial 

function and peripheral blood circulation in healthy elderly people. European 
Journal of Applied Physiology 116: 749–757, 2016. 

222.  Shweiki D, Itin A, Soffer D, Keshet E. Vascular endothelial growth factor induced 

by hypoxia may mediate hypoxia-initiated angiogenesis. Nature 359: 843–845, 
1992. 

223.  Silva M de ME, Lorenzi CH, Schneider BB, Seidel CEF, Salomé I, Gianini VCM, 

Pessoa RR, Mercer PBS, Witt MCZ. Restless legs syndrome in Parkinson’s 

disease and increased cardiovascular risk. Arquivos De Neuro-Psiquiatria 76: 
731–735, 2018. 

224.  Sitia S, Tomasoni L, Atzeni F, Ambrosio G, Cordiano C, Catapano A, Tramontana 

S, Perticone F, Naccarato P, Camici P, Picano E, Cortigiani L, Bevilacqua M, 

Milazzo L, Cusi D, Barlassina C, Sarzi-Puttini P, Turiel M. From endothelial 

dysfunction to atherosclerosis. Autoimmunity Reviews 9: 830–834, 2010. 

225.  Spranger MD, Krishnan AC, Levy PD, O’Leary DS, Smith SA. Blood flow 

restriction training and the exercise pressor reflex: a call for concern. Am J 
Physiol Heart Circ Physiol 309: H1440-1452, 2015. 

226.  Stanger O, Herrmann W, Pietrzik K, Fowler B, Geisel J, Dierkes J, Weger M. 

Clinical use and rational management of homocysteine, folic acid, and B 

vitamins in cardiovascular and thrombotic diseases. Z Kardiol 93: 439–453, 
2004. 

227.  Staunton CA, May AK, Brandner CR, Warmington SA. Haemodynamics of aerobic 

and resistance blood flow restriction exercise in young and older adults. Eur J 
Appl Physiol 115: 2293–2302, 2015. 

228.  Stein I, Neeman M, Shweiki D, Itin A, Keshet E. Stabilization of vascular 

endothelial growth factor mRNA by hypoxia and hypoglycemia and coregulation 

with other ischemia-induced genes. Molecular and Cellular Biology 15: 5363–
5368, 1995. 

229.  Suga T, Okita K, Morita N, Yokota T, Hirabayashi K, Horiuchi M, Takada S, 

Takahashi T, Omokawa M, Kinugawa S, Tsutsui H. Intramuscular metabolism 

during low-intensity resistance exercise with blood flow restriction. Journal of 
Applied Physiology (Bethesda, Md: 1985) 106: 1119–1124, 2009. 



208 

 

230.  Suzuki J, Sakakibara R, Tateno F, Tsuyusaki Y, Kishi M, Ogata T, Tomaru T, Shirai 

K, Kurosu T. Parkinson’s Disease and the Cardio-ankle Vascular Stiffness Index. 

Intern Med 53: 421–426, 2014. 

231.  Takano H, Morita T, Iida H, Asada K, Kato M, Uno K, Hirose K, Matsumoto A, 

Takenaka K, Hirata Y, Eto F, Nagai R, Sato Y, Nakajima T. Hemodynamic and 

hormonal responses to a short-term low-intensity resistance exercise with the 

reduction of muscle blood flow. Eur J Appl Physiol 95: 65–73, 2005. 

232.  Takano H, Morita T, Iida H, Asada K, Kato M, Uno K, Hirose K, Matsumoto A, 

Takenaka K, Hirata Y, Eto F, Nagai R, Sato Y, Nakajima T. Hemodynamic and 

hormonal responses to a short-term low-intensity resistance exercise with the 

reduction of muscle blood flow. European Journal of Applied Physiology 95: 
65–73, 2005. 

233.  Takarada Y, Nakamura Y, Aruga S, Onda T, Miyazaki S, Ishii N. Rapid increase in 

plasma growth hormone after low-intensity resistance exercise with vascular 

occlusion. Journal of Applied Physiology (Bethesda, Md: 1985) 88: 61–65, 2000. 

234.  Takarada Y, Takazawa H, Sato Y, Takebayashi S, Tanaka Y, Ishii N. Effects of 

resistance exercise combined with moderate vascular occlusion on muscular 

function in humans. Journal of Applied Physiology (Bethesda, Md: 1985) 88: 
2097–2106, 2000. 

235.  Tanaka H, DeSouza CA, Seals DR. Absence of age-related increase in central 

arterial stiffness in physically active women. Arteriosclerosis, Thrombosis, And 
Vascular Biology 18: 127–132, 1998. 

236.  Tanaka H, Dinenno FA, Hunt BE, Jones PP, DeSouza CA, Seals DR. Hemodynamic 

sequelae of age-related increases in arterial stiffness in healthy women. The 
American Journal Of Cardiology 82: 1152, 1998. 

237.  Tanaka H, Dinenno FA, Monahan KD, Clevenger CM, DeSouza CA, Seals DR. 

Aging, habitual exercise, and dynamic arterial compliance. Circulation 102: 
1270–1275, 2000. 

238.  Taşolar H, Aktürk E, Eyyüpkoca F, Cansel M, Yağmur J, Pekdemir H, Karakuş Y, 

Özyalin F, Altun B. Endothelial nitric oxide synthase levels and their response to 

exercise in patients with slow coronary flow. Cardiovasc J Afr 24: 355–359, 
2013. 

239.  Tawakol A, Omland T, Gerhard M, Wu JT, Creager MA. Hyperhomocyst(e)inemia 

is associated with impaired endothelium-dependent vasodilation in humans. 

Circulation 95: 1119–1121, 1997. 

240.  Temple ME, Luzier AB, Kazierad DJ. Homocysteine as a risk factor for 

atherosclerosis. The Annals of Pharmacotherapy 34: 57–65, 2000. 



209 

 

241.  Tiftikcioglu BI, Bilgin S, Duksal T, Kose S, Zorlu Y. Autonomic Neuropathy and 

Endothelial Dysfunction in Patients with Impaired Glucose Tolerance or Type 2 

Diabetes Mellitus. Medicine (Baltimore) 95, 2016. 

242.  Tomeleri CM, Marcori AJ, Ribeiro AS, Gerage AM, Padilha C de S, Schiavoni D, 

Souza MF, Mayhew JL, do Nascimento MA, Venturini D, Barbosa DS, Cyrino 

ES. Chronic Blood Pressure Reductions and Increments in Plasma Nitric Oxide 

Bioavailability. International Journal of Sports Medicine 38: 290–299, 2017. 

243.  Toots A, Littbrand H, Lindelöf N, Wiklund R, Holmberg H, Nordström P, Lundin-

Olsson L, Gustafson Y, Rosendahl E. Effects of a High-Intensity Functional 

Exercise Program on Dependence in Activities of Daily Living and Balance in 

Older Adults with Dementia. J Am Geriatr Soc 64: 55–64, 2016. 

244.  Tritto I, Ambrosio G. The multi-faceted behavior of nitric oxide in vascular 

“inflammation”: catchy terminology or true phenomenon? Cardiovascular 
Research 63: 1–4, 2004. 

245.  Tuncali B, Boya H, Kayhan Z, Arac S. Tourniquet pressure settings based on limb 

occlusion pressure determination or arterial occlusion pressure estimation in total 

knee arthroplasty? A prospective, randomized, double blind trial. Acta Orthop 
Traumatol Turc 52: 256–260, 2018. 

246.  Uccioli L, Monticone G, Russo F, Mormile F, Durola L, Mennuni G, Bergamo F, 

Menzinger G. Autonomic neuropathy and transcutaneous oxymetry in diabetic 

lower extremities. Diabetologia 37: 1051–1055, 1994. 

247.  Vaitkevicius PV, Fleg JL, Engel JH, O’Connor FC, Wright JG, Lakatta LE, Yin FC, 

Lakatta EG. Effects of age and aerobic capacity on arterial stiffness in healthy 

adults. Circulation 88: 1456–1462, 1993. 

248.  Vallance P, Chan N. Endothelial function and nitric oxide: clinical relevance. Heart 
(British Cardiac Society) 85: 342–350, 2001. 

249.  Velseboer DC, de Haan RJ, Wieling W, Goldstein DS, de Bie RMA. Prevalence of 

orthostatic hypotension in Parkinson’s disease: a systematic review and meta-

analysis. Parkinsonism Relat Disord 17: 724–729, 2011. 

250.  Viana RB, Gentil P, Naves JPA, Rebelo ACS, Santos DAT, Braga MAO, de Lira 

CAB. Interval Training Improves Depressive Symptoms But Not Anxious 

Symptoms in Healthy Women. Front Psychiatry 10: 661, 2019. 

251.  Vieira PJC, Chiappa GR, Umpierre D, Stein R, Ribeiro JP. Hemodynamic responses 

to resistance exercise with restricted blood flow in young and older men. J 
Strength Cond Res 27: 2288–2294, 2013. 



210 

 

252.  Vincent KR, Braith RW, Bottiglieri T, Vincent HK, Lowenthal DT. Homocysteine 

and Lipoprotein Levels Following Resistance Training in Older Adults. 

Preventive Cardiology 6: 197–203, 2003. 

253.  Waclawovsky G, Lehnen AM. Hemodynamics of aerobic and resistance blood flow 

restriction exercise in young and older adults. Eur J Appl Physiol 116: 859–860, 
2016. 

254.  Walker KS, Kambadur R, Sharma M, Smith HK. Resistance training alters plasma 

myostatin but not IGF-1 in healthy men. Medicine and Science In Sports And 
Exercise 36: 787–793, 2004. 

255.  Warmington SA, Staunton CA, May AK, Brandner CR. Blood flow restriction 

exercise: acute versus chronic safety. European Journal of Applied Physiology 
116: 861–862, 2016. 

256.  Wickremaratchi MM, Knipe MDW, Sastry BSD, Morgan E, Jones A, Salmon R, 

Weiser R, Moran M, Davies D, Ebenezer L, Raha S, Robertson NP, Butler CC, 

Ben-Shlomo Y, Morris HR. The motor phenotype of Parkinson’s disease in 

relation to age at onset. Mov Disord 26: 457–463, 2011. 

257.  Wilborn CD, Taylor LW, Greenwood M, Kreider RB, Willoughby DS. Effects of 

Different Intensities of Resistance Exercise on Regulators of Myogenesis. The 
Journal of Strength & Conditioning Research 23: 2179, 2009. 

258.  Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V, Franklin BA, 

Gulanick M, Laing ST, Stewart KJ. Resistance exercise in individuals with and 

without cardiovascular disease: 2007 update: a scientific statement from the 

American Heart Association Council on Clinical Cardiology and Council on 

Nutrition, Physical Activity, and Metabolism. Circulation 116: 572–584, 2007. 

259.  Williams Mark A., Haskell William L., Ades Philip A., Amsterdam Ezra A., Bittner 

Vera, Franklin Barry A., Gulanick Meg, Laing Susan T., Stewart Kerry J. 

Resistance Exercise in Individuals with and Without Cardiovascular Disease: 

2007 Update. Circulation 116: 572–584, 2007. 

260.  Willis AW, Schootman M, Kung N, Evanoff BA, Perlmutter JoelS, Racette BA. 

Predictors of Survival in Parkinson Disease. Arch Neurol 69: 601–607, 2012. 

261.  Willoughby DS. Effects of heavy resistance training on myostatin mRNA and 

protein expression. Medicine and Science In Sports And Exercise 36: 574–582, 
2004. 

262.  Winkelman JW. Considering the causes of RLS. European Journal of Neurology 
13: 8–14, 2006. 



211 

 

263.  Witjas T, Kaphan E, Azulay JP, Blin O, Ceccaldi M, Pouget J, Poncet M, Chérif 

AA. Nonmotor fluctuations in Parkinson’s disease: frequent and disabling. 

Neurology 59: 408–413, 2002. 

264.  Witte DR, Westerink J, de Koning EJ, van der Graaf Y, Grobbee DE, Bots ML. Is 

the association between flow-mediated dilation and cardiovascular risk limited to 

low-risk populations? Journal of The American College Of Cardiology 45: 
1987–1993, 2005. 

265.  Woo KS, Chook P, Chan LLT, Cheung ASP, Fung WH, Qiao M u, Lolin YI, 

Thomas GN, Sanderson JE, Metreweli C, Celermajer DS. Long-term 

improvement in homocysteine levels and arterial endothelial function after 1-

year folic acid supplementation. The American Journal of Medicine 112: 535–
539, 2002. 

266.  Woo KS, Chook P, Lolin YI, Sanderson JE, Metreweli C, Celermajer DS. Folic acid 

improves arterial endothelial function in adults with hyperhomocystinemia. 

Journal of The American College of Cardiology 34: 2002–2006, 1999. 

267.  Xie Y, Feng H, Peng S, Xiao J, Zhang J. Association of plasma homocysteine, 

vitamin B12 and folate levels with cognitive function in Parkinson’s disease: A 

meta-analysis. Neuroscience Letters 636: 190–195, 2017. 

268.  Yalcin A, Atmis V, Cengiz OK, Cinar E, Aras S, Varli M, Atli T. Evaluation of 

Cardiac Autonomic Functions in Older Parkinson’s Disease Patients: a Cross-

Sectional Study. Aging Dis 7: 28–35, 2016. 

269.  Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO. 

Development and validation of a geriatric depression screening scale: A 

preliminary report. Journal of Psychiatric Research 17: 37–49, 1982. 

270.  Yong SW, Lee KY, Lee PH. The effect of levodopa treatment on cerebral 

hemodynamics in patients with Parkinson’s disease: serial transcranial Doppler 

studies. Parkinsonism & Related Disorders 16: 225–227, 2010. 

271.  Yoon ES, Jung SJ, Cheun SK, Oh YS, Kim SH, Jae SY. Effects of Acute Resistance 

Exercise on Arterial Stiffness in Young Men. Korean Circ J 40: 16–22, 2010. 

272.  Yoon JH, Lee JS, Yong SW, Hong JM, Lee PH. Endothelial dysfunction and 

hyperhomocysteinemia in Parkinson’s disease: Flow-mediated dilation study: 

FLOW-MEDIATED DILATION AND HYPERHOMOCYSTEINEMIA IN PD. 

Mov Disord 29: 1551–1555, 2014. 

273.  Yu EPK, Bennett MR. The role of mitochondrial DNA damage in the development 

of atherosclerosis. Free Radical Biology & Medicine 100: 223–230, 2016. 

 



212 

 

274.  Zampieri C, Salarian A, Carlson-Kuhta P, Aminian K, Nutt JG, Horak FB. The 

instrumented timed up and go test: potential outcome measure for disease 

modifying therapies in Parkinson’s disease. Journal of Neurology, Neurosurgery 
& Psychiatry 81: 171–176, 2010. 

275.  Zardi EM, Afeltra A. Endothelial dysfunction and vascular stiffness in systemic 

lupus erythematosus: Are they early markers of subclinical atherosclerosis? 

Autoimmunity Reviews 9: 684–686, 2010. 

276.  Zlokovic BV. Neurovascular pathways to neurodegeneration in Alzheimer’s disease 

and other disorders. Nature Reviews Neuroscience 12: 723–738, 2011. 

277.  Entacapone improves motor fluctuations in levodopa-treated Parkinson’s disease 

patients. Parkinson Study Group. Annals of Neurology 42: 747–755, 1997. 

278.  American College of Sports Medicine Position Stand. Exercise and physical activity 

for older adults. Medicine and Science In Sports And Exercise 30: 992–1008, 
1998. 

279.  ATS Statement. Am J Respir Crit Care Med 166: 111–117, 2002. 

280.  Levodopa and the Progression of Parkinson’s Disease. The New England Journal of 
Medicine.  

281.  Common Side Effects of Sinemet (Carbidopa-Levodopa) Drug Center [Online]. 

RxList: https://www.rxlist.com/sinemet-side-effects-drug-center.htm [16 May 
2019]. 

282.  World Life Expectancy [Online]: https://www.worldlifeexpectancy.com/ [23 Jul. 

2019]. 

283.  McDonald’s Blood Flow in Arteries: Theoretical, Experimental and Clinical 

Principles - CRC Press Book [Online]: https://www.crcpress.com/McDonalds-

Blood-Flow-in-Arteries-Theoretical-Experimental-and-Clinical/Vlachopoulos-

ORourke-Nichols/p/book/9780340985014 [24 Jul. 2019]. 

284.  Reported Side-effects and Safety Considerations for the Use of Blood Flow 

Restriction During Exercise in Practice and Research [Online]. ResearchGate: 
https://www.researchgate.net/publication/324233071_Reported_Side-

effects_and_Safety_Considerations_for_the_Use_of_Blood_Flow_Restriction_D

uring_Exercise_in_Practice_and_Research [26 May 2019]. 

285.  Unified Parkinson’s Disease Rating Scale - an overview | ScienceDirect Topics 

[Online]: https://www-sciencedirect-com.ezproxy.baylor.edu/topics/medicine-

and-dentistry/unified-parkinsons-disease-rating-scale [7 Jun. 2019]. 

 



213 

 

286.  American Society of Hand Therapists Clinical Assessment Recommendations 

[Online]. ResearchGate:  https://www.researchgate.net/publication/303400806 
American_Society_of_Hand_Therapists_Clinical_Assessment_Recommendation

s [7 Jun. 2019]. 

287.  Senior Fitness Test Manual (Second Edition) [Online]: 

http://www.todaysgeriatricmedicine.com/news/rr_121712.shtml [7 Jun. 2019]. 

288.  Folate (folic acid) [Online]. Mayo Clinic: https://www.mayoclinic.org/drugs-
supplements-folate/art-20364625 [4 Mar. 2020]. 

289.  High Homocysteine Levels (Hyperhomocysteinemia) [Online]. Healthline: 
https://www.healthline.com/health/homocysteine-levels [5 Mar. 2020]. 

290.  10 drug-free ways to control high blood pressure [Online]. Mayo Clinic: 
https://www.mayoclinic.org/diseases-conditions/high-blood-pressure/in-

depth/high-blood-pressure/art-20046974 [25 Feb. 2020]. 

 


	Annie_Bane_phd_042220
	Signature Page_FINAL
	Bane-Signaturepage7




