
 
 

 
 

 

 

 

 

 

Physiological Benefits of High Intensity Interval Training for Individuals with  

Parkinson's Disease 
 

by 

 

Sergiu-Gabriel Duplea 

 

 

 

 

 

 

A Thesis 

presented to 

The University of Guelph 

 

 

 

 

 

In partial fulfilment of requirements 

for the degree of 

Master of Science 

in 

Human Health and Nutritional Sciences 

 

 

 

 

 

 

 

 

 

Guelph, Ontario, Canada 

 

© Sergiu-Gabriel Duplea, September, 2020 

 

 

 

 



 
 

 
 

ABSTRACT 

 

 

 

PHYSIOLOGICAL BENEFITS OF HIGH INTENSITY INTERVAL TRAINING FOR 

INDIVIDUALS WITH PARKINSON’S DISEASE 

 

 

 

Sergiu-Gabriel Duplea       Advisor: 

University of Guelph, 2020       Dr. Philip J. Millar 

 

 

 

This thesis investigated the effects of high intensity interval training (HIIT) and continuous 

moderate intensity training (CMIT) on maximal exercise capacity (VO2max), resting and 

exercising hemodynamics, and clinical symptoms in eighteen men and women with 

Parkinson’s Disease. Participants were randomized to HIIT (n=9), or CMIT (n=9) groups 

and completed two pre-training visits. Participants completed clinical questionnaires and 

performed a progressive exercise test to determine VO2max. Measurements of arterial 

stiffness and wave reflection characteristics were recorded. Continuous hemodynamic 

measurements were recorded during a 2-minute isometric handgrip contraction followed 

by 3-minutes of post-exercise circulatory occlusion. Participants then completed 10 weeks 

(3x/week; 1 hour/session) of HIIT or CMIT at the Guelph YMCA followed by the same two 

days of post-testing. HIIT provided clinically relevant improvements in VO2max, UPDRS 

part III, and BDI-II scores which were greater compared to CMIT. Both exercise protocols 

provided no improvements in fatigue and resting or exercising hemodynamics.
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Chapter 1. Literature Review 

 

1.1 General Introduction 

Parkinson’s disease (PD) is a chronic neurological condition that impacts an individual’s 

motor and cognitive capabilities due to degeneration of dopaminergic neurons in the pars 

compacta region of the substantia nigra.1 PD represents a major form of Parkinsonism,1 and the 

four key characteristics that help establish a PD diagnosis are tremors at rest, rigidity, 

bradykinesia (slowness of movement), and postural instability.2 The severity of PD is highly 

variable and symptoms can differ drastically between individuals.3 PD symptoms are classified 

using functional rating scales, such as the Unified Parkinson’s Disease Rating Scale (UPDRS) 

and the Hoehn and Yahr scale.2,4–6 PD can have significant impacts on an individual’s quality of 

life, including reductions in exercise capacity,7 increased fatigue,8 and cardiovascular 

complications, such as orthostatic hypotension.9  

Pharmacological management of PD involves dopamine precursors but also can include 

surgical methods, such as deep brain stimulation. A combination of these two approaches are 

commonly used as well.10–12 Other non-invasive and non-pharmacological treatments include the 

use of exercise modalities, such as resistance training, flexibility training, and/or aerobic 

training.13 Similar to the general population, physical exercise has been shown to improve 

survival rates in PD individuals.14 Aerobic exercise training can aid in slowing the progression of 

PD and increase exercise capacity (oxygen consumption; VO2max).
15,16 Further, in adults with and 

without cardiovascular disease, VO2max is inversely associated with cognitive impairment, and 

onset of dementia, both of which are present in PD.17,18 In PD populations, aerobic exercise 

training traditionally consists of continuous bouts of moderate intensity training, however, higher 
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intensities and the use of shorter interval training has started to rise in popularity.19–24  The shift 

in exercise modality may be related to the issues during long exercise bouts due to clinical 

manifestations in PD such as increased fatiguability, lowered extremity force,25–30 

bradykinesia31–35, and increased demand required for movement.31–35 Although there is a 

growing debate about what is optimal, the ideal modality and exercise intensity level for aerobic 

training in PD remains unknown and has been identified as an important area of further 

research.22,36  

1.2 Parkinson’s Disease 

 PD is a common form of Parkinsonism, a group of disorders which demonstrate rigidity, 

tremor, bradykinesia, gait abnormalities, and abnormal control of involuntary movement due to 

alterations of the extrapyramidal system.1,2,37–40 PD is characterized by dopaminergic 

degeneration in the striatum and substantial nigra due to the aggregation of misfolded α-

synuclein which form toxic Lewy bodies.37,41–44 The prevalence of PD in North America (≥ 45 

years of age) is estimated to be 572 per 100,000 (95% CI 537-614) in 2010.45  

 

1.3 Pathophysiology of Parkinson’s Disease  

1.3.1 The basal ganglia  

The basal ganglia consists of the neostriatum, external and internal pallidal segments, 

subthalamic nucleus, and the substantia nigra. The latter is further divided into two areas: the 

pars reticulata and pars compacta.46 Two key functions of the basal ganglia that relate to PD 

include its role in motor control and executive function.47 In PD, executive functions such as 

working memory, planning, and visuospatial attention are negatively impacted whereas speed of 
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movement, and timing of actions are altered features of motor control.48,49  The basal ganglia 

utilizes three independent circuits to perform motor, associative, and limbic functions.46,47 In 

terms of PD, functional impairment arises with alterations of the motor loop due to abnormal 

interactions between the dorsal striatum (putamen and caudate nucleus), and motor regions of the 

substantia nigra, external, and internal pallidal segments.46,50–52 

 

1.3.2 Degeneration of dopaminergic neurons in the substantia nigra 

Dopamine is a neurotransmitter that is synthesized by dopaminergic neurons in the 

midbrain. One of the main functions of dopamine is its role in modulating motor function and 

activity.46,53 Dopamine instigates motor function by initiating thalamocortical projection neuron 

activity and increasing activation of the cerebral cortex.46 The loss of dopaminergic neurons (and 

thus dopamine) in the pars compacta plays a critical role in the development of PD symptoms 

due to its impact on the nigrostriatal pathway, which connects the pars compacta to the dorsal 

striatum.37,41,46,50,53,54 Decreased dopamine in the striatum in PD leads to the dysfunction of 

gamma aminobutyric acid (GABA) which inhibits the thalamus and its ability to activate the 

frontal cortex, decreasing motor activity.1 Major causes of degeneration of dopaminergic neurons 

include the formation of aggregated proteins known as Lewy bodies and Lewy neurites (Figure 

1).41,42 The most abundant aggregated protein in these bodies is α-synuclein.43 α-synuclein is 

present in healthy populations and does not pose a threat, however, it is the misfolding of this 

protein that causes aggregation and creation of toxic Lewy bodies.44 Interestingly, genetic 

mutations may influence misfolding and thus cause familial PD.41,55  The progression of 

dopaminergic degeneration in the striatum and substantial nigra creates a lowered amount of 

available dopamine (and its transporter) to bind to dopaminergic receptors (D1 and D2 
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receptors).56,57 In PD, alterations in motor function are observable once there is a loss of 

approximately 30-70% of the dopaminergic neurons in the pars compacta.58  

  

Figure 1. The degeneration of the substantia nigra in PD compared to a control and its impact on 

the nigrostriatal pathway. A. The pars compacta of the substantia nigra (SNpc) is darker in 

normal individuals. The nigrostriatal pathway is intact. B. The SNpc is lighter in PD individuals 

due to the decreased number of dopaminergic neurons. The nigrostriatal pathway is degenerated 

towards the putamen and caudate nucleus however, the caudate nucleus pathway is impacted 

less. C. Stained dopaminergic neuron (α-synuclein and ubiquitin antibody) in the pars compacta 

of a PD individual containing a Lewy body. Reused with permission from Dauer and 

Przedborski.54 
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1.3.3 Parkinson’s Disease - alterations in brainstem activity  

1.3.3.1 The pedunculopontine nucleus 

The pedunculopontine nucleus (PPN) is a cluster of neurons located in the brainstem.59 

Animal models have shown that the PPN has the ability to alter movement if stimulated or 

inhibited.46,60–62 The PPN also acts as a relay station between the basal ganglia and spinal 

outputs, thus interacting with the basal ganglia; a main area that controls motor function.46,63 

Other animal studies have identified a relationship between decreased dopamine levels due to 

lesioning of the pars compacta and increased PPN activity.46,64 Therefore, brainstem activity, 

especially PPN activity, may be altered in PD patients due to the decreased dopamine levels in 

the substantial nigra. 

 

1.3.4 Diagnosis of Parkinson’s Disease  

 The diagnosis of PD is primarily based on a patient’s medical history and physician 

judgement.38,65 A number of supplementary tests are utilized as supporting tools to assist in a 

correct diagnosis.38,66 These tests include: Queen Square Brain Bank Criteria for clinical 

diagnosis, genetic testing if there is a family history, and the UPDRS and Hoehn and Yahr scales 

to identify severity of PD.2,4–6,37,66 An olfactory test has also been recommended as a tool to 

screen for PD due to its high presence in early-stage PD and its usual absence in other 

Parkinsonism disorders.66,67 Cognitive assessments and sleep tracking during the REM phase are 

also recommended.66 Positron emission tomography (PET) and single-photon emission 

computerized tomography (SPECT) imaging may also provide beneficial information on 

abnormal dopamine metabolism and levels.58,68,69  
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There are several definitive features that can aid in the diagnosis of PD. One key method 

of identification is regular eye movement which is not characteristic of other Parkinsonism 

syndromes, such as multiple system atrophy or progressive supranuclear palsy.65,70–72 

Parkinsonism symptoms in PD are also unique due to the asymmetrical development of motor 

control abnormalities such as gait asymmetry and balance control.65,73–75It is important to note 

that a patient’s clinical diagnosis is determined by the onset of symptoms and when they arise.38 

 

1.4 Effects of Parkinson’s Disease on Quality of Life  

1.4.1 Reduced Exercise Capacity in Parkinson’s Disease 

The capacity to complete exercise is influenced by one’s ability to uptake and use oxygen 

to re-synthesize adenosine triphosphate.76 Maximal oxygen uptake (VO2max) during a progressive 

exercise test represents the gold standard assessment of maximal exercise capacity and is 

strongly linked with the risk of mortality.77,78 Individuals with PD tend to have a lower VO2max, 

lower maximal work rate, and decreased efficiency during exercise compared to healthy 

controls.79–81 This is especially true in the moderate to severe stages of the disease.7,80,82 

Symptoms such as rigidity, postural instability, fatigue, and decreased muscular power can 

negatively impact mobility and activity levels.23,83,84 Further, PD patients are at a higher risk of 

mortality from heart disease, thought to be related to decreased physical activity.85 These issues 

provide some explanation as to why VO2max and quality of life is decreased in PD as the 

condition progresses.23,86–88 It is important to note that during early-mild stages of PD, VO2max 

may be similar to age-matched healthy controls, demonstrating that decreased exercise capacity 

may be associated with disease progression.79,80,89 Decreased VO2max during an exercise test in 
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individuals with mild-moderate PD versus healthy controls (both ≤50 years) is depicted in Figure 

2.90 At the anaerobic threshold (AT), no differences between PD and controls are identified, 

however, at the respiratory compensation point (RCP) and peak exercise (PEAK), the oxygen 

consumption is significantly lower in the PD group.90 Autonomic dysfunction leading to 

decreased peak heart rates due to blunted sympathetic activation is a possible explanation as to 

why VO2max is lower in PD populations.90 Furthermore, due to motor symptoms in PD patients, 

exercise test results may be greatly impacted depending on timing of medication.91 

  

Figure 2. Results from a maximal cardiopulmonary exercise test on a cycle ergometer in 

Parkinson disease (PD) individuals and healthy controls. PD participants are represented as the 

black bars, and healthy controls are represented as the white bars, *, significantly different from 

healthy controls (P < 0.05). Reused with permission from Kanegusuku and colleagues.90  

 

 

1.4.2 Increased fatigue levels in Parkinson’s Disease  

 Fatigue is a common symptom of PD and has been proposed to be one of the first 

symptoms to appear.8,25–27,92,93 It is estimated that fatigue will affect 33-70% of patients with 

PD.8,92,94 Fatigue in PD may be physical or mental in presentation and is normally chronic, 
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having a drastic impact on an individual’s health and lifestyle.8,25–27 Physical fatigue has been 

demonstrated by increased fatiguability during force generation and finger tapping, while 

increased mental fatigue can be observed through poorer scores on attention network tests.26 

 There is an association between high fatigue levels in individuals with PD and decreased 

physical activity, including activities of daily living.88,95 This suggests that sedentary levels will 

increase throughout the disease progression.95 Links between fatigue and motor symptoms in PD 

have also been identified.96,97 As motor symptoms worsen, non-motor symptoms such as chronic 

fatigue may progress as well.96,97 Furthermore, sleep disturbances and depression are also related 

to fatigue in PD.98 The Beck depression inventory-II (BDI-II) is a common questionnaire used to 

identify depression symptoms in PD.99 

The methods utilized to assess fatigue in PD include the fatigue severity scale (FSS), 7-

point fatigue scale, and the Parkinson’s disease fatigue scale (PFS-16).100–103 The PFS-16 

questionnaire is the only PD specific scale.104 The PFS-16 presents self-reported data from 16 

questions relating to fatigue in PD.102 The PFS-16 is considered a reliable, responsive, and 

sensitive questionnaire in regards to PD-related fatigue symptoms.104  One consideration to note 

is the diversity and specificity of fatigue rating scales utilized in PD studies. Identifying one 

universal fatigue scale that is used in PD trials may result in greater efficacy when comparing 

future studies. 

1.5 Cardiovascular Symptoms of Parkinson’s Disease 

1.5.1 Parkinson’s Disease and its effects on the cardiovascular system 

In addition to its major impacts on motor and cognitive abilities, PD can also influence 

the autonomic nervous system and in turn, the cardiovascular system.105–107 A proposed 
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mechanism for the link between the two systems is related to the synthesis of the primary 

neurotransmitter of the sympathetic nervous system, norepinephrine, which requires 

dopamine.108 As a result, cardiovascular function may be altered in PD patients.109 This decrease 

in catecholaminergic neurons can lead to cardiac sympathetic denervation,110 and may appear 

during the early onset stages of PD.111  

Sympathetic denervation can lead to orthostatic and postprandial hypotension.9,107 

Orthostatic hypotension in PD may be further influenced by PD-related medication such as 

levodopa due to the potential adverse effects on autonomic and cardiovascular compensatory 

mechanisms.112,113 Overall, the prevalence of orthostatic hypotension in PD is approximately 30-

40%.114,115 PD individuals who experience orthostatic hypotension almost always have 

myocardial sympathetic denervation and show baroreflex sympathetic neurocirculatory and 

baroreflex-cardiovagal failure.109 Of PD patients who do not experience orthostatic hypotension 

most will have signs of partial denervation and very few will have completely intact 

innervation.116 The presence of orthostatic hypotension has been suggested to be a marker for 

cognitive decline and disease progression in PD.117,118 

 

1.5.2 Cardiovascular adaptions to exercise in Parkinson’s disease 

Although cardiovascular responses to exercise have been measured in PD, very few 

studies have recorded the cardiovascular adaptations to exercise and compared these adaptions to 

the responses healthy individuals attain. Meta-analytic work identified significant decreases in 

mean arterial pressure (-4.7 mmHg), systolic blood pressure (-2.4 mmHg), diastolic blood 

pressure (-1.6 mmHg), and ambulatory daytime blood pressure (-3.3/-3.5 mmHg) in healthy 
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adults after aerobic training regimes.119 In PD studies that recorded changes in blood pressure, 

only one study found significant improvements in systolic (-9 mmHg), diastolic (-9 mmHg) and 

mean arterial pressure (-8 mmHg).119,120 These patients were prehypertensive, meaning the 

decreases may be augmented compared to normotensive individuals.119,120 In other studies, no 

significant changes in resting blood pressure were identified.117,121 In healthy individuals, resting 

HR is known to decrease (9.3%; 6.8 BPM) after regular aerobic training.119 Similar to BP, no 

improvements to resting HR were noted after regular aerobic training.117,121 Decreased arterial 

stiffness is also a known adaptation to regular aerobic training in healthy adults.122 Meta-analytic 

work suggests mean pulse wave velocity (PWV) and augmentation index (AIx) measures 

significantly decrease (0.63 m/s, and 2.63% respectively) after aerobic training, and are 

decreased further if higher exercise intensities are used.122 In PD, aerobic exercise does not seem 

to improve arterial stiffness, regardless of the exercise intensity utilized.121 The cardiovascular 

adaptations from exercise in PD patients seem to be altered when compared to healthy controls 

however, the small number of studies renders it difficult to make definitive assumptions.  

The cardiovascular autonomic dysfunction that occurs in PD may play a role in negating 

the classic adaptations in BP, resting HR, and arterial stiffness from aerobic exercise.121,123 

Furthermore, BP adaptations in healthy individuals occur due to decreases in systemic vascular 

resistance, and decreases in plasma renin activity (renin-angiotensin system).119 In PD, both the 

renin-angiotensin system and sympathetic nervous system (blunted systemic vascular resistance) 

are altered,106,124,125 providing another possible explanation as to why BP adaptations do not 

occur. 
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1.5.3 The muscle metaboreflex in Parkinson’s Disease  

A key pathway regulating the cardiovascular response to exercise involves the 

stimulation of group III/IV nerve afferents sensitive to mechanical (muscle mechanoreflex) and 

chemical (muscle metaboreflex) stimulation.126,127 These reflexes act in an intensity-dependent 

manner128–132 to increase sympathetic outflow to the heart and peripheral circulation, and 

withdraw cardiac parasympathetic activity.126 The net result is an increase in blood pressure 

through increases in cardiac output and/or total peripheral resistance.133  

Isolation of the muscle mechanoreflex is difficult and most commonly studied using 

passive movements/exercise.134,135 In contrast, the muscle metaboreflex can be isolated easily by 

applying an occlusion cuff to trap metabolites in the exercised limb immediately following 

contraction.136 This allows cessation of exercise (eliminating mechanoreceptor activation and 

central cortical influences) while preventing the clearance of metabolites in the exercised limb. 

This method is known as post-exercise circulatory occlusion (PECO).136 During PECO, BP and 

sympathetic outflow remain elevated, while heart rate returns toward baseline values.137,138 The 

latter is caused by the concurrent stimulus of sympathetic activation and parasympathetic re-

activation.137 

Prior work has found blunted BP and HR responses in PD patients to isometric handgrip 

exercise.139–141 More recently, patients with PD were reported to have blunted increases in mean 

BP and total peripheral resistance during isometric handgrip exercise, compared to the control 

group, suggesting dysfunction of the muscle metaboreflex.106 Providing further evidence that the 

hemodynamic differences during exercise were attributed to a skeletal muscle afferent 

mechanism, mean BP responses were similar between the PD and control groups during a cold 

pressor test (involves submerging the hand in cold water, which stimulates the autonomic 
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nervous system without activating the muscle metaboreflex).106,142 It is important to note that 

these observations do not elucidate whether the changes are mediated by attenuated afferent 

feedback, altered central integration, and/or reduced efferent sympathetic outflow or 

neurovascular transduction.  

 

1.6 Interventions for Parkinson’s Disease  

1.6.1 Pharmacological Interventions  

 As PD is characterized by a loss of dopaminergic neurons, pharmacologic treatment 

revolves around the delivery of dopamine precursors (e.g. levodopa).10,11 One problem with 

levodopa administration is its rapid decarboxylation and entrance into tissues located outside the 

brain.11 This can cause dopamine circulation to the periphery instead of the central nervous 

system alone, which in turn causes side effects such as nausea, hypotension, and reverse 

dyskinesias.11,143  To combat the issue of circulating dopamine, decarboxylase inhibitors are 

regularly prescribed alongside dopamine precursors.11,143,144 These medications reduce peripheral 

circulation of dopamine and, thus, diminish the aforementioned side effects.11,143 Interestingly, 

the half-life and bioavailability are also positively affected by pairing these drugs 

together.11,145,146 Some PD patients experience a “wearing off” phenomenon where the effects of 

levodopa lessen and motor symptoms appear before the next scheduled dose.1 During this 

phenomenon, a patient’s on-periods (i.e. when the medication is working correctly) will be 

interrupted by off-periods where the medication wears off and symptoms return prior to their 

next dose.147 Catechol-O-methyltransferase inhibitors can be prescribed to combat this effect by 

slowing the breakdown of levodopa, increasing central levodopa, thus prolonging its effects.148  
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Although dopamine precursors are effective to help alleviate motor complications, 

especially during early stages of the disease, they can also cause motor complications after long-

term use.145,147 With chronic use of dopamine precursors, patients may also experience 

dyskinesias during on-periods, which contradicts the goal of the medication itself.147 Akinesia 

begins to occur during off-periods, leading to impairment of voluntary movement.147 Problems 

during on and off-periods are also known as dopa-resistant motor symptoms.149 Alongside motor 

issues, there are also dopamine resistant non-motor symptoms, such as autonomic dysfunction 

and cognitive impairment.149 These motor complications arise in half of the patients who have 

been using dopamine precursor medication for 5 years and after 10 years, almost all patients will 

experience symptoms.147,149–151 These complications may impact activities of daily life and also 

further increase sedentary levels and in turn, VO2max. Individuals who do not correctly respond to 

medication become favored candidates for surgical interventions.152 

 

1.6.2 Surgical Interventions  

 Surgical treatments, such as deep brain stimulation and spinal cord stimulation, exist and 

may be used in conjunction with pharmacological interventions to combat PD symptoms.12,153–155 

Numerous sites in the brain have been examined and used as tests for deep brain stimulation.155 

Stimulation of the thalamus region, specifically the ventral intermediate nucleus, has been found 

to positively reduce limb tremor.155,156 Major motor, sensory, and cramping symptoms may be 

alleviated by targeting and stimulating the globus pallidus.155,157,158 Stimulation of the 

subthalamic nucleus will aid in relieving major motor symptoms and also reduce the dependency 

on pharmacological medication.157 Therefore, the site of deep brain stimulation is varied between 

patients and dependent on symptoms and treatment goals.  
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While deep brain stimulation can aid patients with PD, controversy remains on who 

should receive this intervention and when it should be applied.159 The predominant type of 

patient that is accepted for deep brain stimulation surgery suffers from advanced versions of PD 

including symptoms such as motor fluctuations, tremors, and dyskinesias while medicated with 

levodopa.159 Studies have also identified the benefits of deep brain stimulation during early stage 

PD, prior to the identification of serious motor complications.159,160 Proper timing needs to be 

determined in order to increase the efficacy of this treatment, especially considering the invasive 

nature of this procedure. Another challenge of deep brain stimulation is the associated risks of 

hemorrhage and infection.159,161 This risk of infection may continue for periods of one year or 

more.161 In a large study of 443 patients, 38% experienced infectious complications 6 months or 

later following their operations.161 

 Radiosurgery and ultrasound thalamotomies are lesional procedures utilized in PD 

patients who decline or are declined the surgical procedure for deep brain stimulation.162 These 

are irreversible surgeries to treat tremor symptoms without the need for a inserted device.162 

Craniotomies and brain penetration are not performed during ultrasound thalamotomies, making 

this procedure less invasive than radiosurgery.162 One major issue with both procedures is its 

efficacy in a bilateral disease such as PD due to the unilateral lesioning applied.162 

Spinal cord stimulation is another surgical method that can potentially alleviate PD 

symptoms.153,154 Spinal cord stimulation has been found to improve chronic pain and postural 

abnormalities in PD patients, however, it is still unclear if spinal cord stimulation benefits motor 

symptoms.153 Stimulation of the dorsal column may alter brain areas that control motor functions 

and thus aid in initiation of movement.153 Spinal cord stimulation can aid in freezing of gait and 

anticipatory postural adjustment.154 It is key to note that reactive postural control was not altered, 
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meaning the participants improved their step initiation but not their balance and control.154 Spinal 

cord stimulation also suffers from complications, mainly related to the risk of infection. In a 

retrospective review, approximately 4.5% in 707 cases experienced infection, 12% experienced 

pain at the generator site, and 38% required replacement or revision of the installed hardware 

device.163,164  

 

1.6.3 Exercise Interventions 

 1.6.3.1 Overview of exercise interventions 

Aerobic exercise, resistance exercise, whole body vibration, and functional stretching 

exercises are examples of lifestyle interventions promoted for patients with PD in order to reduce 

falls and motor symptoms, and increase balance, gait, sleep outcomes, and quality of life. Meta-

analytic work suggests moderate-vigorous resistance and aerobic activities, especially in men, 

may act as a preventative measure in reducing the risk of PD potentially due to its ability to 

maintain of dopaminergic function, upregulate growth factors and receptors, and reduce 

inflammation and oxidative stress.165 Maintenance or improvement of VO2max is beneficial for all 

populations, including PD patients, due to associated improvements in cardiovascular function 

and reductions in mortality.22,85,166 Therefore, modalities that improve or prevent degradation of 

VO2max levels should be considered for exercise prescriptions in PD. 

Parkinson Canada recommends patients complete ≥150 minutes of moderate-to-vigorous 

aerobic exercise coupled with strength and balance training per week.167,168 One consideration is 

that the majority of exercise training studies performed to dated have been conducted in 

participants with mild to moderate PD (Hoehn and Yahr scores of 1-3).23,169–171 The impact of 
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exercise with individuals having severe PD symptoms warrants consideration, but poses unique 

challenges in implementing exercise studies due to functional limitations with standing or 

walking unassisted.172  

 

1.6.3.2 Resistance Training  

1.6.3.2.1 Effects of resistance training on cardio-respiratory fitness 

Resistance exercise training places the body under mechanical and metabolic stress, 

which results in increased muscle strength and hypertrophy.173 The majority of resistance 

training studies failed to measure VO2max.
166 This is most likely because previous work has 

shown resistance training does not provide the same magnitude of adaptation in VO2max.
174 

Therefore, this training modality should be utilized more as an adjunct exercise than a primary 

therapy.174 In healthy adults, increases in VO2max due to resistance training is common175 

however, the magnitude of change is smaller (mean of 1.5 ml.kg-1.min-1)175 when compared to 

aerobic training (mean of 3.8 ml.kg-1.min-1).176 

 

1.6.3.2.2 Effects of resistance training on mobility 

There exists a link between reduced muscle power with increased falls and slower 

walking in individuals with PD.125 Targeting the lower body and core provides balance, mobility, 

stability, and fall prevention, which are all key goals for PD treatment.177–183 There are numerous 

clinical measures of balance, and mobility that are tied to prediction of fall risks for individuals 

with PD. These include but, are not limited to self-selected walking speeds, stride velocity, the 6-
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minute walk test, cadence, gait initiation, timed up and go test, maximal walking speed, and 

walking distance.174,184–187 Improvements in mobility have shown conflicting results after 

resistance training due to a lack of consistency in improvements. Some measures such as self-

selected walking speeds, stride velocity, the 6-minute walk test, cadence, and gait initiation 

improve, whereas the timed up and go test, maximal walking speed, and walking distance seem 

to show no significant improvements.174,184–187 A recent review identified inconsistent evidence 

on improvements in balance, gait parameters, freezing of gait, and number of falls, and physical 

performance on walking tests due to strength training.188 In older, healthy populations, 

progressive resistance training has been shown to improve gait speed and balance, the 6-minute 

walk test, and timed up and go tasks however, most of these improvements were minor.175  

 

1.6.3.2.3 Effects of resistance training on muscle strength 

Meta-analytic work based on six short and long-term resistance training studies (ranging 

from 8-104 weeks) suggest significant improvements in muscle strength is feasible in PD 

individuals regardless of medication usage (on and off).166 Additionally, a 12-week high-

intensity eccentric resistance training program was found to increase quadricep muscle strength 

and reduce bradykinesia,189,190 while a similar study utilizing eccentric resistance training 

demonstrated increases in quadriceps femoris hypertrophy (6%), 6-minute walk test distance 

(17% farther), stair descent time (22% faster), and stair ascent time (13% faster).191 Similarly to 

PD populations, resistance training (especially at high intensities) provides large improvements 

in muscle strength to healthy older populations.175 
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1.6.3.2.4 Effects of resistance training on motor function and quality of 

life 

A recent review of six studies suggests that strength training is positively correlated with 

improved UPDRS part III motor scores and quality of life in PD.188 Furthermore, twice per week 

resistance training for six months resulted in improvements in the Parkinson’s disease 

questionnaire (PDQ-39) and improvements in UPDRS part III motor score, during their off-

periods of medication.192 In contrast, a three month training study (3 times per week) 

incorporating resistance and stretching exercise found no significant difference in quality of life 

using the same questionnaire, but beneficial improvements in UPDRS part III motor scores 

during their on-periods of medication only.174 These differences may be due to the difference in 

training time, number of sessions per week, and finally the addition of stretching exercises in one 

trial but not the other. In healthy, older adult populations, resistance training is known to improve 

health related quality of life.193 Interestingly, the surveys utilized (i.e. 36-Item Short Form 

Survey) in healthy adults may be superior in responsiveness compared to the PDQ-39 

questionnaire used in PD populations.194 Brown and colleagues suggest the combined use of the 

36-Item Short Form Survey and PDQ-39 when assessing quality of life in PD patients.194 This 

would also allow for more accurate comparisons to healthy populations. 

 

1.6.3.3 Aerobic Training  

1.6.3.3.1 Effects of aerobic training on cardio-respiratory fitness 

Meta-analytic work based on four trials concluded that there is only moderate evidence of 

improvements in VO2max following aerobic exercise training in PD populations.166 Of these trials, 
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an estimated VO2max increases in of 6-22% is reported.166 One factor to note is the principal of 

overload and progression.195 The evidence may only be moderate due to the lack of progression 

in the workloads over the exercise trials. For example, the exercise times were not increased 

periodically which may have created a weaker stimulus for adaptations.166 A more recent review 

of eight studies suggests aerobic exercise can improve can VO2max if done regularly, however, 

the exact duration, modality of training, and intensity of exercise remains unknown and requires 

further research to identify the most efficacious exercise prescription.22 In healthy adults, a 

significant improvement in VO2max is noted after aerobic training (approximately 16.3%), with 

the greatest changes occurring in programs 20 weeks or longer.176  

 

1.6.3.3.2 Effects of aerobic training on mobility 

Treadmill training is the most studied form of aerobic training in PD.22 A meta-analysis 

of 18 aerobic treadmill training studies identified significant improvements in gait speed and 

stride length but not walking distance and cadence.196 Exercise cadence may be an important 

factor in achieving physiological adaptations from aerobic training in PD.197,198 Therefore, 

focusing on tasks that improve or help maintain a consistent cadence may be valuable options. 

Like PD patients, aerobic training can improve gait speed in healthy older adults.199 

Forced, high cadence cycling may improve bradykinesia, rigidity, mobility, and gait 

(stepping and speed).198,200–203 Although motor symptoms may improve, cognitive and 

depression symptoms do not seem to benefit acutely from high cadence cycling.204 The 

maintenance of a lower, stable, and consistent cadence coupled with gradual increases in 

intensity and duration can also be beneficial in PD, especially in patients who cannot reach 
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higher cadences due to rigidity and bradykinesia.205 In healthy older adults, high cadence cycling 

may improve mobility (timed up and go tasks) as well as neuromuscular function.206 

 

1.6.3.3.3 Effects of aerobic training on motor function and quality of life 

 A meta-analysis of seven studies found  significant improvements in UPDRS total and 

UPDRS Part III scores.207 However, similar work suggests no consistent evidence for or against 

improvements in quality of life due to aerobic exercise.208 There is promising evidence on the 

positive effects of aerobic exercise on cognitive function and sleep by augmenting dopaminergic 

neurotransmission, however, further investigation is required.22,209 In healthy adults, aerobic 

training improved quality of life by augmenting physical health however, there were no 

improvements in the psychological well-being of participants.210 

 

1.6.3.3.4 The impact of aerobic training intensity  

A second factor mediating the physiological adaptations to exercise training is 

intensity.211,212 In sedentary, obese adults, lower intensity exercise may not provide a sufficient 

stimulus to improve cardio-respiratory fitness however, greater exercise intensities may reduce 

this non-responsiveness.213 Due to the increased sedentary levels in PD individuals,88 this may 

play an important role as well. Training at higher intensities may also be linked to greater 

improvements in motor symptoms, non-motor symptoms, disease progression, and overall 

quality of life in PD patients.36,197,214,215 Increases in substantia nigra and prefrontal brain activity 

have also been linked to high-intensity exercise.216 Nadeau and colleagues used a high-intensity 

protocol lasting 12 weeks (3 sessions per week) and found increases in walking speed and motor 



 
 

21 
 

learning in the PD group.200 Although higher-intensity exercise  has been shown to be feasible 

and to provide benefits to the PD population, the consensus of the current literature suggests the 

most advantageous intensity prescription of exercise is still unknown.22 In healthy adults, 

training intensity may not produce greater changes in VO2max however, the volume required for 

higher intensity programs is significantly lower when compared to moderate intensity regimes.217 

One caveat to the aforementioned trials examining the effects of high intensity is that 

each utilized continuous bouts of aerobic exercise. In the PD population, some issues may arise 

regarding the feasibility and prescription of long, continuous bouts of exercise. First, increases in 

fatiguability occur commonly in PD populations.25–27 Specifically, peripheral fatigue can occur 

after repeated contractions causing muscle weakness.28,29 This, in combination with lowered 

extremity forces, may greatly impact the potential to exercise vigorously for long periods of 

time.30 Second, changes in neuromuscular activation impact motor unit recruitment causing 

bradykinesia and therefore increasing the demand (energy expenditure) required for movement, a 

problem that may become exaggerated during long, continuous bouts of exercise.31–35 Finally, for 

most continuous bouts of exercise to be feasible, the intensity is lowered to counteract the longer 

exercise time (usually only 55-75% of max HR).19–21 

 

1.6.3.4 Interval Training 

1.6.3.4.1 Definition and use in Parkinson’s Disease 

High intensity interval training (HIIT) is a form of aerobic exercise that is minimally 

studied in PD populations.24 However, it is gaining popularity due to the greater benefits 

(compared to continuous training) in VO2max, mortality, disease-related symptoms, and quality of 
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life in other clinical populations and healthy adults.218,219 HIIT consists of very short bouts of 

higher intensity exercise (30 seconds to multiple minutes) separated by lower intensity 

recovery.220 Unlike other populations, PD training studies incorporating HIIT have produced 

controversial results in regard to PD and non-PD-related symptoms, leading to mixed 

conclusions of its superiority compared to continuous training.24,36 Table 1 presents a summary 

of the results and protocols from previous PD interval training trials.  

 

1.6.3.4.2 Effects of interval training on cardiorespiratory fitness 

Most of the current studies described in Table 1 did not compare or record the changes in 

VO2max, instead focusing on PD-related symptoms such as motor or cognitive functions.215,221–225 

VO2max significantly improved in two out of 3 studies that measured post-training levels.24,117,226 

Ridgel and colleagues reported no change in VO2max after a high-cadence interval exercise study; 

however, although intervals were used, the regime should not be considered a true HIIT program 

due to the lower intensity (60–80% HRmax).
21,117 The studies that identified post-training benefits 

utilized high-intensity fast intervals of  ≥ 80% HRmax, or 15-17 rated perceived exertion on the 

Borg RPE 6-20 scale).24,226 Only one study compared direct increases in VO2max between HIIT 

and continuous forms of training and found no significant differences between the two exercise 

protocols.226 This trial used HIIT (fast interval; 80-90% HRmax, slow interval; 60-70% HRmax) 

and CMIT (15-45 min; 70-80% HRmax) walking.226 More recently, HIIT was found to improve 

the 6-minute walking test, a predictor of VO2max
227, more than CMIT.121 The present body of 

literature suggests HIIT can improve cardio-respiratory fitness but that further research is 

required to identify if one modality (HIIT or continuous training) provides greater 

improvements. In healthy adults, HIIT may provide larger improvements to VO2max compared to 
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endurance training however, it is important to note that this difference is small (mean difference 

of 1.2 ± 0.9 ml.kg-1.min-1), and both are effective methods.219 

 

1.6.3.4.3 Effects of interval training on mobility 

Two studies employed the 6-minute walking test as a measure of functional mobility.24,121 

The first study identified significant improvements in the HIIT group and no difference in the 

CMIT group post training.121 Both groups also showed improvements in the 5-time sit to stand 

test with no difference between groups, and no improvements in the timed up and go test.121 The 

second study identified no post-training differences during the 6-minute walk test after HIIT 

when compared to a non-exercise control group.24 A potential reason for the differing results lies 

within the training modality (walking/jogging versus upper and lower body circuit training).24,121 

The walking/jogging program is more closely related to the 6-minute walking test compared to 

stationary circuit training. Another form of walking test utilized in one study was the 7-m 

walking test which showed significant improvements post training in both HIIT and CMIT 

groups, but no differences between groups.226 The final study identified similar immediate 

treadmill training effects and improvements in stride length, gate speed, and double-stance 

duration in both interval and continuous training when compared to conventional gait training 

and a non-exercising group.225 The combined results suggest HIIT may provide significant 

improvements in mobility and gait, however, it is unclear if these improvements are superior to 

CMIT. In healthy older adults, HIIT may provide larger improvements to balance228 functional 

mobility (timed up and go tasks) and walking endurance compared to CMIT and resistance 

training.229 
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1.6.3.4.4 Effects of interval training on motor function and quality of life 

In terms of motor function, significant improvements in bimanual motor control, rigidity 

(UPDRS item 22), motor control (UPDRS items 18-31) post-training have been identified.221,223 

Interestingly, these studies utilized moderate intensity interval training. Other studies utilizing 

HIIT also suggest improvements in UPDRS part III motor scores, however, these improvements 

also occurred during CMIT and were not different between groups.226 Interval training seems to 

provide benefits to motor function which are at minimum similar to CMIT but more work is 

necessary. In healthy adults, motor function may be improved more from HIIT compared to 

CMIT however, it is not more effective in terms of postural control.230 

 There is controversial evidence about the role of HIIT for eliciting cognitive 

improvements. In one study, no significant improvements in the Montreal cognitive assessment 

were noted after HIIT.24 In another, HIIT improved immediate memory, attention, and sustained 

attention but, CMIT was superior in terms of immediate auditory memory, late auditory memory, 

and sustained attention.222 Improvements in executive function are also noted after HIIT.221 

Endogenous brain-derived neurotrophic factor is increased by HIIT and is noted to potentially 

provide superior increases compared to CMIT.215,223,224 Increases in endogenous brain-derived 

neurotrophic factor is associated with decreases in rigidity and myometric measurements and 

may also allow for increased protection of neurodegeneration in PD.215,223 In healthy adults, HIIT 

may provide greater improvements to executive function compared to CMIT, and brain-derived 

neurotrophic factor is also predicted to increase due to both regimes.231 

Quality of life improvements due to HIIT were noted by significant decreases in the 

fatigue severity scale, however, this decrease was not significantly different when compared to a 

CMIT group.226 Significant decreases in the geriatric depression scale and Parkinson’s disease 
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quality of life scale were also identified in both HIIT and CMIT groups with HIIT providing 

greater decreases.226 These results suggest HIIT may provide greater improvements in depression 

and quality of life but that more studies should be completed to confirm results. In healthy 

ageing adults (especially males), HIIT may improve the perception of health-related quality of 

life and increase motivation to exercise.232
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Table 1. Summary of the protocol and results from previous interval training trials involving PD 

individuals 

Study Methods Measurements and Outcomes 

Fernandes et al. 

2020 

Protocol: 12 weeks (3x 

per week) of 21-minute 

jogging/running, 

alternating 1-minute 

(fast interval) and 2-

minutes of walking 

(slow interval) 

Intensity: 15-17 

perceived exertion (6- 

20 RPE scale; fast 

interval), and 9-11 

perceived exertion 

(slow interval) 

Control group(s): 

CMIT PD group, 26 

minutes of 

walking/jogging at 11-

14 perceived exertion 

VO2max (ml.kg-1.min-1):  

• Not measured 

6-minute walking test:  

• Increase (pre vs. post) in distance 

traveled in HIIT; no change in CMIT 

Hemodynamics: 

• No difference in resting blood pressure, 

heart rate, or heart rate variability post-

training in HIIT and CMIT  

Arterial stiffness: 

• No difference in pulse wave velocity 

post-training in HIIT and CMIT 

Functional mobility: 

• No difference (pre vs. post) in timed up 

and go test in HIIT or CMIT 

Improvements (pre vs. post) in 5-time 

sit to stand test in HIIT and CMIT; no 

difference between groups 

Harvey et al. 

2019 

Protocol: 12-week 

exercise circuit 

consisting of 4-6 sets of 

4-minute high-intensity 

exercise repetitions, 

with 3.5 minutes 

recovery (intervals 

consisted of 45 seconds, 

then 15 second 

recovery) 

Intensity: ≥85% HRmax 

(fast phase) 

Control group (s): 

Non-exercise PD group 

VO2max (ml.kg-1.min-1):  

• Increase (pre vs. post) in HIIT (large 

effect size); not significantly different 

from control (HIIT;3.1 ± 2.539, 

Control; 0.7 ± 3.555) 

6-minute walking test:  

• No differences between groups  

PDQ-39 total score:  

• No differences between groups   

Marusiak et al. 

2019 

Protocol: 8 weeks (3x 

per week) of 40-minute 

cycling; 8 sets of 5-

minute intervals; 3 

minutes ≥ 60 rpm, 2 

minutes ≤ 60 rpm 

Intensity: 60-75% 

HRmax (moderate 

intensity) 

VO2max (ml.kg-1.min-1):  

• Not measured 

Psychomotor behavior: 

• Improvements (pre vs. post) in 

bimanual motor control, executive 

function, and neurological signs in 

HIIT; no change in control group 
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Control group(s): 

Non-exercise, usual 

care PD group 

Fiorelli et al. 

2019 

Protocol: 3 days of 21-

minute cycling, 1-

minute fast intervals 

alternated with 2-

minute slow intervals 

Intensity: 15-17 

perceived exertion (6- 

20 RPE scale; fast 

interval), and 9-11 

perceived exertion 

(slow interval) 

Control group(s): 

Non-exercise group, 

and CMIT group, 26 

minutes of continuous 

cycling at 11-13 

perceived exertion 

VO2max (ml.kg-1.min-1):  

• Not measured 

Cognition: 

Improvements (pre vs. post) in 

immediate memory, attention, and 

sustained attention in HIIT; 

improvements (pre vs. post) in 

sustained attention were greater in 

CMIT compared to HIIT 

• Improvements (pre vs. post) in 

immediate and late auditory memory in 

CMIT  

O’callaghan et 

al. 2019 

 

Protocol: 12-week 

exercise circuit: 4-6 sets 

of 4-min high-intensity 

exercise repetitions, 

with 3.5 min recovery 

(intervals consisted of 

45 sec, then 15 sec 

recovery) 

Intensity: ≥85% HRmax 

(fast phase) 

Control group(s): non-

exercising group, and 

CMIT group, 36 min 

(12 min resistance 

exercise, 24 minaerobic 

exercise) at 60–80% 

HRmax 

VO2max (ml.kg-1.min-1):  

• Post-training differences not recorded 

Serum brain-derived neurotrophic factor: 

• Increase (pre vs. post) in mean brain-

derived neurotrophic factor in HIIT; no 

change in CMIT 

 

Ridgel et al. 

2016 

Protocol: 12 weeks (3x 

per week) of 30-minute 

cycling; 1-minute 

interval (80 rpm), 

followed by 2–3 

minutes of easy 

spinning 

Intensity: 60–80% 

HRmax 

VO2max (ml.kg-1.min-1): 

• No differences (pre vs. post) in HIIT 

Resting heart rate: 

• No differences (pre vs. post) in HIIT 

Blood pressure: 

• No differences (pre vs. post) in HIIT 

• Decrease (pre vs. post) in orthostatic 

hypotension symptoms in HIIT 

Self-reported physical activity: 
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Control group(s): Self-

guided exercise PD 

group 

• Increase (pre vs. post) of 34% in the 

intervention group, decrease (pre vs. 

post) of 32% in the control group  

Marusiak et al. 

2015 

Protocol: 8 weeks (3x 

per week) of 40-minute 

cycling; 8 sets of 5-

minute intervals; 3 

minutes ≥ 60 rpm, 2 

minutes ≤ 60 rpm 

Intensity: Moderate 

intensity (HRmax not 

stated) 

Control group(s): 

Healthy controls 

VO2max (ml.kg-1.min-1):  

• Not measured 

Rigidity: 

• Decrease of 24% (pre vs. post) in 

UPDRS item 22 in PD HIIT 

Motor Control: 

• Decrease of 25% (pre vs. post) in Sum 

of UPDRS items 18-31 in PD HIIT 

Serum brain-derived neurotrophic factor: 

• Increase of 34% (pre vs. post) in PD; 

positively correlated with decreases in 

rigidity and myometric measurements; 

no change in healthy controls  

Uc et al. 

2014 

Protocol: 6 months (3x 

per week) of 15-45-

minute walking, time 

increased gradually 

over 6 Weeks, 3-minute 

fast and slow intervals 

Intensity: 80-90% 

HRmax (fast), 60-70% 

HRmax (slow) 

Control group(s): 

Continuous moderate 

intensity training 

(CMIT) PD group (15-

45 minute of walking at 

70-80% HRmax) 

VO2max (ml.kg-1.min-1):  

• Increase (pre vs. post) in HIIT (1.1 ± 

2.7); increase in CMIT (2.0 ± 3.5); no 

differences between groups  

• CMIT had better retention and 

adherence 

UPDRS score: 

• Decrease (pre vs. post) in UPDRS part 

III motor score (total mean of 2.8) no 

differences between groups  

Gait Outcomes: 

• Decrease (pre vs. post) in 7-m walk test 

time in HIIT (9.4 ± 1.4); decrease in 

CMIT (9.5 ± 1.6); no differences 

between groups 

Quality of life: 

• Decrease (pre vs. post) in fatigue 

severity scale in HIIT (4.1 ± 1.4); 

decrease in CMIT (3.8 ± 0.9), no 

differences between groups 

• Decrease (pre vs. post) in geriatric 

depression scale in HIIT (6.1 ± 3.0); 

decrease in CMIT (3.7 ± 3.1); HIIT 

provided greater decreases 

• Decrease (pre vs. post) in the 

Parkinson’s disease quality of life scale 

in HIIT (47.1 ± 8.7); decrease in CMIT 
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(38.7 ± 9.9), HIIT provided greater 

decreases 

Zoladz et al. 

2014 

Protocol: 8 weeks (3x 

per week) of 40-minute 

cycling; 8 sets of 5-

minute intervals; 3 

minutes ≥ 60 rpm, 2 

minutes ≤ 60 rpm 

Intensity: 60-75% 

HRmax (moderate 

intensity) 

Control group(s): 

None 

VO2max (ml.kg-1.min-1):  

• Not measured 

UPDRS total score: 

• Decreased from 48.9 ± 4.3 to 38.1 ± 

3.9 (P = 0.01) 

Serum brain-derived neurotrophic factor: 

• Increase (pre vs. post) of 34% in HIIT 

(P = 0.03) 

Pohl et al. 

2003 

Protocol: 4 days of 1-2-

minute walking, gradual 

increase in treadmill 

speed until maximum 

walking speed was 

reached followed by 10 

seconds at max speed. 

Recovery period based 

on resting pulse 

Intensity: Not reported 

Control group(s): 

Non-training group, 

Conventional gait 

training group, and 

Continuous (2 rest 

intervals) walking 

group  

VO2max (ml.kg-1.min-1):  

• Not measured 

 

Gait Outcomes:  

• Improvements (pre vs. post) in stride 

length and gate speed in HIIT; 

improvements in CMIT; no 

improvements in conventional gait 

training and non-training 

• Reduction (pre vs. post) in double-

stance duration in HIIT; reduction in 

CMIT; difference in reduction 

compared to conventional gait training 

and non-training  

• Similar immediate treadmill training 

effects between HIIT and CMIT 
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1.7 Statistical differences compared to clinically meaningful differences in clinical 

populations 

PD is considered a progressive disease, meaning the quality of life in individuals 

becomes increasingly impaired as disease symptoms worsen.1 Due to this, treatments that may 

halt disease progression should be considered as relevant as treatments that alleviate or reduce 

symptoms. This idea becomes important when interpreting results in clinical trials, where the 

lack of statistical significance in a small sample size may not fully represent the patients benefits. 

An example of this was observed in a clinical trial by Schenkman and colleagues, who examined 

motor symptom changes (UPDRS motor score) after 26-weeks of moderate or high-intensity 

aerobic training in PD patients.197 Participants in the moderate intensity group showed increases 

(symptoms progressed and worsened) in mean UPDRS motor score (+2.0) that were similar to 

the increases in a usual care control group (+3.2).197 The high-intensity group experienced no 

change in mean UPDRS motor scores (+0.3), which was considered clinically meaningful even 

though no improvements were identified.197  

 

 

 

 

 

 

 



 
 

31 
 

Chapter 2. Purpose and Hypothesis 

2.1 Research objectives 

Primary research objective:  

1) To investigate the effects of high intensity interval training (HIIT) on VO2max; and  

2) To compare the effects elicited by HIIT to continuous moderate intensity training 

(CMIT). 

Secondary research objective: 

1) To investigate the effects of HIIT on cardiovascular markers (blood pressure, heart rate, 

carotid-femoral arterial stiffness), clinical motor symptoms (UPDRS part III motor 

score), fatigue symptoms (PFS-16), and depression symptoms (BDI-II); and  

2) To compare the effects elicited by HIIT to CMIT. 

 

2.2 Hypothesis 

1) Both HIIT and CMIT will produce clinically significant improvements in VO2max 

(approximately 3.5 ml.kg-1.min-1 or greater).  

2) The improvements in VO2max due to HIIT will be greater when compared to CMIT. 

3) Both HIIT and CMIT will produce clinically significant improvements in cardiovascular 

markers (decreased resting blood pressure, heart rate, carotid-femoral arterial stiffness) 

and clinical symptoms (decrease in PFS-16 scores, UPDRS motor score improvements of 

at least -2.5 to -5.2, BDI-II score improvements of at least -5). 

4) The improvements in cardiovascular markers and clinical symptoms due to HIIT will be 

greater when compared to CMIT. 
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2.3 Individual contributions 

I was responsible for ethics approval, participant recruitment, screening, consenting, 

randomization, and training, data collection, analysis, and interpretation, and writing the 

abstracts and manuscripts related to this thesis project. The progressive maximal exercise 

tests were performed by Alexandra Coates, Jeremy Cohen, and Joshua Sylsz. 

 

2.4 Sources of Funding 

This research was supported by a Parkinson Canada Pilot Project Grant. The funding source 

did not have a role in study design; data collection, analysis or interpretation; or writing and 

reviewing the manuscript prior to submission. Canadian Institutes of Health Research (CIHR) 

Canada Graduate Scholarships-Master’s (CGS M) award supported S.D. 
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This chapter is presented in manuscript format  
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Chapter 3. Manuscript 

Abstract 

Purpose: To identify if high intensity interval training (HIIT) is superior to continuous moderate 

intensity training (CMIT) for improving maximal oxygen consumption (VO2max), cardiovascular 

markers, and clinical Parkinson’s disease (PD) related symptoms, such as motor symptoms 

(Unified Parkinson’s disease rating scale part III; UPDRS part III), fatigue (Parkinson’s fatigue 

scale; PFS-16), and depression symptoms (Beck depression inventory; BDI-II). 

Methods: Eighteen participants (10m/8f) with mild-moderate PD completed two testing visits 

before and after exercise training. Clinical PD-related symptoms were measured at the first visit 

through questionnaires, and VO2max through a progressive exercise test to volitional exhaustion. 

During the second visit arterial stiffness, wave reflection characteristics, and continuous 

measurements of blood pressure and heart rate during a 2-min of isometric handgrip contraction 

(30% maximal volitional contraction) and 3-min of post exercise circulatory occlusion (PECO) 

were measured. Participants were recruited into two cohorts and randomized to either HIIT (n=9; 

average HRmax of 92%±1) or CMIT (n=9; average HRmax of 78%±7) and completed 10-weeks 

(3x/week; 1 hour/session) of training. 

Results: VO2max increased in all participants (P=0.004) following both CMIT (∆1.8±1.5 ml.kg-

1.min-1) and HIIT (∆4.7±1.4 ml.kg-1.min-1) but were not different between groups (∆2.9 ml.kg-

1.min-1; P=0.19). A main effect of time was found for improvements in UPDRS Part III 

(P<0.001), with a trend (P=0.078) for larger improvements following HIIT. HIIT and CMIT 

both did not improve PFS-16 scores or resting and exercise cardiovascular measures (all 

P>0.05). 
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Conclusion: HIIT produces similar, if not greater improvements, in VO2max and UPDRS Part III 

scores compared to CMIT.  
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3.1 Introduction 

Parkinson’s disease (PD) is a neurodegenerative condition associated with motor and 

non-motor symptoms that reduce functional capacity and quality of life.1 Patients with PD 

frequently demonstrate a reduced exercise capacity or lower peak oxygen consumption (VO2max), 

which may be caused by increased sedentary levels resulting due to fatigue related motor 

symptoms.79,95,105,233 Lower VO2max is a risk factor for cardiovascular disease, a major cause of 

mortality in PD.85,166 Exercise training is a recommended lifestyle intervention for patients with 

PD, with current guidelines advising  ≥150 minutes of moderate-to-vigorous aerobic exercise per 

week coupled with resistance and stretching exercises. 167,168 However, current evidence suggests 

that aerobic exercise may only provide moderate improvements in VO2max in PD.22,166 Aerobic 

training has also provided evidence towards improvements in PD related symptoms207 but, there 

is debate on the most effective training method.226 This has raised awareness that the duration, 

modality of training, and intensity of aerobic exercise to maximize improvements in VO2max and 

PD-related symptoms remains unknown.22,36,197,234  

 An emerging observation is the need for higher intensity exercise during training due to 

its feasibility and non-futility in PD patients.197 High intensity exercise was found to improve 

motor function, leg power, balance, fatigue, gait speed, stride length, non-motor symptoms, and 

general quality of life in PD populations.23,78,169,170,170,235 High-intensity interval training (HIIT) 

is feasible as a form of aerobic training that consists of very short bouts of high intensity exercise 

(30 seconds to multiple minutes) separated by low intensity recovery (or full rest periods).24,219 

Previous studies have suggested HIIT may be more effective than continuous moderate intensity 

training (CMIT) at improving VO2max in both healthy and clinical populations. 218,219,236 Three 

HIIT trials involving PD participants directly measured post-training changes in VO2max.
24,117
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Two out of three trials that recorded VO2max identified significant increases24,117 however, there 

is no current evidence for the superiority of HIIT in regards to VO2max.
226 Only one study 

compared changes in VO2max due to HIIT with CMIT and found no differences however, the 

quality of this trial is questionable due to potential risks of bias towards CMIT and poor quality 

of training sessions.226   

HIIT may be more beneficial than CMIT in PD as a result of three fundamental factors. 

First, increases in fatiguability occur commonly in PD populations and combined with lowered 

extremity force, the potential for long periods of exercise may be impacted.25–30 Second, changes 

in neuromuscular activation impact motor unit recruitment, causing bradykinesia and increased 

demand required for movement.31–35 Finally, a lowered intensity is required to counteract longer 

exercise bouts.19–21 Implementing a modality of exercise that utilizes short bursts of high 

intensity work followed by a rest period may combat these issues. 

Due to the dearth and quality of existing literature comparing HIIT to CMIT in PD, the 

present study sought to compare the efficacy of HIIT vs. CMIT exercise training to elicit changes 

in maximal oxygen uptake (VO2max). Secondary measures included assessments of 

cardiovascular markers (blood pressure, heart rate, carotid-femoral arterial stiffness), clinical 

motor symptoms (UPDRS part III motor score), fatigue symptoms (PFS-16), and depression 

symptoms (BDI-II).6,99,102 First, we hypothesize that both CMIT and HIIT will produce 

improvements in VO2max in PD patients. Second, we hypothesize that compared to CMIT, the 

improvements from HIIT will be greater. Third, we hypothesize that both CMIT and HIIT will 

produce improvements in the aforementioned clinical and cardiovascular measures. Finally, we 

hypothesize that HIIT will provide greater improvements to these measures when compared to 

CMIT. 
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3.2 Methods 

3.2.1 Participants 

 Forty-eight men (n=28) and women (n=20) with PD were screened using local 

advertisements in the form of posters, flyers, the clinicaltrials.gov website, and emails from 

Parkinson Canada and the Guelph YMCA. To be eligible for the study, participants had to be 

able to stand unsupported for 1 min, walk 18 m without use of an aid, and mount a stationary 

bike. Exclusion criteria consisted of a history of dementia, stroke, diabetes, or autonomic 

neuropathy. All participants continued regular use of their PD medication and exercise was 

performed during their “on” periods of medication. Participants received consent from their 

physician prior to study participation and all procedures were approved by the University of 

Guelph Research Ethics Board REB# 18-08-001.  

 

3.2.2 Study Design  

The present study was a prospective randomized clinical trial comparing the efficacy of 

10 weeks of continuous moderate intensity training (CMIT) or high intensity interval training 

(HIIT) on exercise capacity, cardiovascular, and clinical measures of PD and depression. This 

study was registered at clinicaltrials.gov with the identifier NCT03940261. Note, additional data 

on muscle strength, fatigue, gait, and balance were collected through collaborations but not 

presented in this thesis. The certified physiotherapist conducting the UPDRS part III 

questionnaire was blinded to assigned training programs, however, other researchers and trainers 

were not. 
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Experimental Protocol 

 Participants completed two pre-exercise training visits in a light and temperature-

controlled laboratory at the University of Guelph; each on separate days at the same time of day 

(±2h). Researchers ensured participants abstained from caffeine, alcohol, and intense physical 

activity for 12 hours prior to each testing visit. After the completion of the two pre-exercise 

testing days, block randomization was used to allocate participants to complete 10 weeks of 

either CMIT or HIIT exercise training. The same two pre-exercise training visits were utilized to 

gather post-training results however, the Montreal Cognitive Assessment was not done during 

the second visit as it was used for baseline characteristics only. 

During the first testing visit, participants were first familiarized in order to understand the 

protocols. Anthropometric data and medical histories were also collected. Next, participants 

participants were administered the Montreal Cognitive Assessment to assess baseline 

characteristics.237 Following confirmation of their continued eligibility, participants completed 

the Canadian Society for Exercise Physiology – Physical Activity Training for Health (CSEP-

PATH) Physical Activity, the Sedentary Behaviour Questionnaire (PASB-Q), and the 

Parkinson’s Disease Fatigue Scale (PFS-16).102,238 Participants next completed two clinical 

assessments; the Beck Depression Inventory II, and part III (motor score) of the UPDRS under 

the supervision of a registered physiotherapist.6,239 They then completed some walking and 

balance trials (findings not reported here). Finally, participants completed a progressive cycling 

ergometer exercise test to volitional exhaustion to determine peak power output and VO2max; see 

Section 3.2.3.1 Maximal exercise test for details. 

During the second testing visit, participants were asked to rest in the supine position on a 

comfortable bed for 10 minutes to acclimatize. Discrete measurements of left brachial artery 
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blood pressure were recorded using an automated oscillometric device (BPTru Medical Devices, 

Coquitlam, BC, Canada). Six total measurements were collected and an average of the final five 

measurements was used for analysis. Central arterial stiffness was then determined using the 

non-invasive gold standard of carotid-femoral pulse wave velocity.240,241 After this, radial artery 

pulse wave analysis was performed to determine wave reflection characteristics and estimate 

central pressure waveforms using a transfer function. Participants were then asked to complete 

three maximal handgrip contractions (Model 78010, Hand Dynamometer, Lafayette Instrument, 

Lafayette, LA) separated by 30 seconds in their left hand. Contractions lasted 1 -2s until the 

investigator identified a peak in force output on the device. The highest force recorded was used 

as each participant’s maximal volitional contraction (MVC). 242 

Following a 10-minute rest, continuous measures of beat-to-beat blood pressure using 

finger photoplethysmography from the right middle finger (Finometer MIDI, Finapress Medical 

Systems, The Netherlands), beat-to-beat heart rate from a single lead (lead II) of the 

electrocardiogram (ADInstruments Pty Ltd, Australia), and respiratory excursions using a 

piezoelectric transducer belt (Pneumotrace II, UFA, Morro Bay, CA) were recorded using 

LabChart (PowerLab, ADInstruments, Colorado Springs, CO, United States) over a 5-minute 

baseline period. Stroke volume, cardiac output, and total peripheral resistance were estimated via 

the Finapress. Next, participants completed a 2-minute resting baseline, a 2-minute isometric 

handgrip (IHG) contraction at 30% of MVC in their left hand, 3 minutes of post exercise 

circulatory occlusion (PECO; inflation of a manual sphygmomanometer to 220 mmHg on the left 

upper arm), and a 2-minute recovery period. PECO was utilized to isolate the cardiovascular 

responses to muscle metaboreflex activation.137,138 Participants were instructed to breathe 
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normally and avoid the Valsalva maneuver throughout the submaximal contraction; see Section 

3.2.3.2 Pulse wave velocity and analysis for additional details. 

 

3.2.3 Measurements 

3.2.3.1 Maximal exercise test 

The VO2max test was completed on a cycle ergometer (Velotron Inc., Seattle, WA, 

United States).243 The test used three protocols; very low (starting resistance 75W; increasing 1 

watt every 6 seconds), low (starting resistance 75; increasing 1 watt every 4 seconds) and 

medium (starting resistance 100; increasing 1 watt every 3 seconds) depending on the 

participants reported exercise history. Each exercise test continued until cadence dropped below 

50 revolutions/min and participants completed the same protocol for the pre and post exercise 

test to isolate the effects of training. These protocols were created to ensure participants fatigued 

between 8 and 12 minutes of exercise (total test lasts 10-14 minutes including a 2-minute warm-

up). Subjects were also motivated via verbal encouragement to exercise until volitional 

fatigue.244 A face mask and optical turbine connected to a gas analyzer via a sampling line 

(Cosmed Quark CPET, Rome, Italy) was utilized to collect oxygen consumption through indirect 

calorimetry.243 This was measured one-minute before starting and throughout the exercise test. 

243 Rating of perceived exertion was collected throughout the exercise test.245 In order to 

determine VO2max, a rolling 30-second average was used to smooth measurements. 243 VO2max 

was then identified as the largest value in the data set. 243 Confirmation of VO2max was made by 

observing a plateau in oxygen consumption (≤50 mL/min increase in oxygen consumption with 

increased workload) and/or a respiratory exchange ratio (RER) ≥ 1.15. 243,244,246 
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3.2.3.2 Pulse wave velocity and analysis 

Central aortic stiffness of the descending aorta was assessed by carotid-femoral 

pulse wave velocity (PWV), the non-invasive gold standard. 240,241 A pressure cuff was placed 

around the proximal thigh and a high sensitivity applanation Millar tonometer was placed over 

the left carotid artery to simultaneously record pulse wave arrival, allowing calculation of central 

pulse transit time (SphygmoCor; Model EM4C; AtCor Medical Pty Ltd, West Ryde, 

Australia).240  The pulse travel distance was calculated using the subtraction method: distance 

(mm) between the suprasternal notch and femoral recording site subtracted by the distance 

between the suprasternal notch and carotid recording site.247  Recordings for pulse wave velocity 

were made over 1 minute and repeated twice; with the average velocity of 10 wave forms used 

for analysis.245,248  To ensure accuracy, a third pulse wave velocity value was recorded if the 

values differed by >0.2 m/s. 249 

An analysis of recorded pulse wave forms (PWA) was completed to compute wave 

reflection characteristics and blood pressure waveforms and determine measures of augmentation 

pressure (AP), augmentation index (AIx), heart rate-corrected augmentation index (AIx75). AP 

represents the highest systolic blood pressure recording minus the pressure recorded at the point 

of inflection and represents the pressure wave reflection from the periphery.250,251 AIx is 

calculated by dividing AP by pulse pressure to identify the relative magnitude of wave reflection; 

a larger AIx value represents increased wave reflection in the periphery, which is positively 

correlated to arterial stiffness.250 Although AIx provides information on arterial stiffness, heart 

rate can effect this reading so the AIx75 is utilized to standardize recordings by correcting the AIx 

to a heart rate of 75 bpm.250,252 To collect the required data for analysis, a pen-like applanation 

tonometer was placed over the left radial artery recording site (SphygmoCor CvMS; AtCor 
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Medical Pty Ltd, West Ryde, Australia).253 Recordings for pulse wave analysis required a quality 

control value of at least 90%. 

 

3.2.4 Exercise Training 

Exercise training was completed 3x/week for 10 weeks. All training was performed at the 

Guelph YMCA and consisted of thirty, 1-hr classes held on Monday, Wednesday, and Friday 

between 11am-12pm each week. Each group (CMIT or HIIT) class was led by a certified YMCA 

instructor and consisted of a 5-minute warm up, the programed exercise, and a 5-minute 

cooldown. Participants in the CMIT and HIIT group completed exercise in the same room with a 

divider between the groups. This ensured that both groups experienced the same ambient room 

conditions for each training session (e.g. air flow, humidity, temperature etc.) and listened to the 

same music. Training protocols were monitored by certified class instructors, and trained 

graduate and undergraduate students during each class. Individual data was determined to be 

eligible for analyses if participants completed at least 80% (24 sessions) of the total sessions. 

Logbooks were created to track attendance, daily performance, changes in medication, general 

wellness, and ratings of perceived exertion. 

The HIIT group completed ten 1-minute cycling intervals at 88% of peak power output 

(range, 80-99%; average HRmax of 92% ± 1), each separated by 1-minute intervals at 10% peak 

power output. Peak power output was increased over the study to maintain similar increases in 

heart rate. The CMIT group followed standard guidelines for exercise by the Canadian Society 

for Exercise Physiology168 such that they began with 30 minutes of continuous exercise at 60% 

of peak power output (range 55-65%; average HRmax of 78% ± 7) for weeks 1-4. The duration 
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was increased to 40 minutes during weeks 5-7 and 50-minutes during weeks 8-10. Individual 

cards with the participant’s wattage and ranges were attached to the bikes to help guide 

participants. The stationary bikes (Keiser M3, Keiser Corporation, Fresno CA, United States) 

used for the exercise provided visual display of the power output in Watts to ensure correct 

intensity. Additionally, participants were asked to use a modified 1-10 Borg Rating of Perceived 

Exertion scale at the end of each exercise session to determine the intensity of their exercise 

training session and ensure participants are working at comparable levels between training 

visits.245 

 

3.2.5 Data Analyses 

Resting hemodynamics were averaged over the two-minute resting baseline, the two-

minutes of ischemic handgrip, and the 3-minutes of PECO. To complete statistical analyses, the 

baseline data was used to calculate the change in hemodynamics during the first and second 

minute of handgrip, and the final minute of PECO. 

 

3.2.6 Statistical Analysis 

 All statistical analyses were completed using IBM SPSS Statistics (version 26; SPSS 

Chicago, IL, United States) and GraphPad Prism (version 8; GraphPad Software Inc, San Diego, 

CA, United States). A P-value of ≤0.05 was deemed statistically significant. An unpaired 

Student’s t-test was performed to analyze baseline participant characteristics. Two-way repeated 

measures analysis of variance (ANOVA; time x group) were used to examine the effects of 

training on resting hemodynamic variables, clinical scores, and exercise test results before (PRE) 
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and after exercise training (POST) in HIIT and CMIT groups. Two-way repeated measures 

ANOVAs were also utilized to examine the changes in hemodynamic variables from baseline 

during the second minute of isometric handgrip contraction and PECO. A one-way analysis of 

covariance (ANCOVA) which adjusted for baseline values was performed to compare changes in 

hemodynamic variables at rest, clinical scores, and exercise test results between the HIIT and 

CMIT exercise groups.254 The ANCOVA analysis is the gold standard when assessing changes 

from baseline in clinical trials due to its ability to remove inter-individual variability and more 

correctly estimate the effect of each treatment.255,256 Therefore, it was used as the primary 

method of between-group analysis. 

 

3.3 Results 

Forty-eight patients with PD were assessed for eligibility. Thirty were excluded; 23 

declined to participate and 7 did not meet study inclusion criteria. Eighteen participants (men 

n=10; women n=8) were included in the study, with one participant dropping out due to reasons 

unrelated to the study. Figure 3 explains the recruitment and enrollment process of the 

participants.  
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Figure 3. Participant recruitment, allocation, and analysis flow chart 
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Study Population 

Participant characteristics are presented in Table 2. Groups were matched for age (P = 

0.5), height (P = 0.7), weight (P = 0.4), body mass index (P = 0.3), handgrip MVC (P = 0.98), 

diastolic blood pressure (P = 0.6), and number of training sessions completed (P = 0.2). A higher 

systolic blood pressure (P = 0.05) was found in CMIT participants. This suggests the CMIT 

participants may be more likely to demonstrate positive changes in SBP compared to HIIT.119 No 

adverse outcomes associated with the exercise training intervention were reported by 

participants. 

 

Effects of exercise training on exercise capacity 

The results from the progressive maximal exercise tests are presented in Table 3. No 

interaction effects were detected for peak power (F[1,14] = 0.28, P  = 0.60), peak heart rate 

[F(1,11) = 2.06, P = 0.18), total exercise time (F[1,14] = 0.29, P = 0.60), relative VO2max 

(F[1,15] = 1.13, P = 0.30), and absolute VO2max (F[1,15] = 1.80, P = 0.20) . There were 

significant main effects for time (pre vs. post) for peak power (F[1,14] = 7.34, P = 0.02), peak 

heart rate (F[1,11] = 10.99, P = 0.007), total exercise time (F[1,14] = 14.47, P = 0.002), relative 

VO2max (F[1,15] = 11.70, P = 0.004), and absolute VO2max (F[1,15] = 12.13, P = 0.003). 

ANCOVA analysis showed that the pre-post changes in peak power (F[1,13] = 0.23, P = 0.64), 

peak heart rate (F[1,10] = 0.015, P = 0.90), exercise time (F[1,13] = 0.054, P = 0.82), RER 

(F[1,13] = 0. 54, P = 0.47), relative VO2max (F[1,14] = 1.91, P = 0.19), and absolute VO2max 

(F[1,14] = 2.09, P = 0.17) were not different between CMIT and HIIT groups when adjusting for 
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baseline values. Figure 4 shows the estimated mean change in VO2max following CMIT (1.8 ± 1.5 

ml.kg-1.min-1) and HIIT (4.7 ± 1.4 ml.kg-1.min-1) after adjusting for baseline measurements. 
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Table 2. Participant characteristics 

Variable CMIT HIIT P 

Number, n 5m/3f 5m/4f  

Age, years 70 ± 7 67 ± 10 0.54 

Height, cm 169 ± 10 171 ± 13 0.72 

Weight, kg 86 ± 21 79 ± 7 0.39 

Body mass index, kg/m2 30 ± 4 27 ± 4 0.32 

Handgrip MVC, kg 29 ± 12 29 ± 12 0.98 

Systolic blood pressure, mmHg 129 ± 16 115 ± 10 0.05 

Diastolic blood pressure, mmHg 70 ± 6 68 ± 8 0.60 

Training sessions completed, n 29 ± 2 27 ± 2 0.23 

Mean ± SD. CMIT; continuous moderate intensity training; HIIT, high intensity interval training; 

MVC, maximal volitional contraction. 

 

Table 3. Peak power, peak heart rate, exercise time, RER, and Relative VO2max before (PRE) and after (POST) exercise training 

Variable CMIT HIIT CMIT vs. HIIT  
 PRE POST PRE POST Intergroup adjusted 

differences (95% CI)a 

P 

Peak power, watts 130 ± 44 141 ± 63† 173 ± 54  188 ± 55† 4.4 (-15.4, 24) 0.64 

Peak heart rate, bpm 104 ± 23 120 ± 17† 137 ± 27 144 ± 23† 0.9 (-15.3, 17.0) 0.90 

Total exercise time, seconds 208 ± 116 253 ± 152† 355 ± 191 415 ± 170† -7.5 (-77.2, 62.2) 0.82 

RER 1.07 ± 0.17 1.1 ± 0.1 1.11 ± 0.06 1.09 ± 0.06 0.025 (-0.05, 0.1) 0.47 

Relative VO2max, ml.kg-1.min-1 18.0 ± 6.0 20.2 ± 4.1† 23.6 ± 7.4 27.9 ± 8.6† -2.9 (-7.4, 1.6) 0.19 

Absolute VO2max, ml/min 1592 ± 800 1748 ± 688† 1869 ± 628 2222 ± 743† -219 (-544, 106) 0.17 

Mean ± SD. CMIT; continuous moderate intensity training; HIIT, high intensity interval training, a, adjusted for baseline values using 

ANCOVA analysis; †, main effect of time (P < 0.05 POST vs. PRE); P, comparison of the change (Δ) between CMIT and HIIT; 

positive values for CMIT vs. HIIT comparison are in favor of CMIT, negative values are in favor of HIIT. 
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Figure 4. Change (Δ) in VO2max after 10-weeks of continuous moderate intensity training 

(CMIT) or high intensity interval training (HIIT). Mean ± SEM values are adjusted (ANCOVA) 

for the different starting baseline VO2max measurement of each participant. Positive differences 

represent improved changes in VO2max, whereas negative differences represent reductions to 

VO2max. 
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Effects of exercise training on resting hemodynamic and vascular measures 

Table 4 presents the effects of exercise training on resting hemodynamics, PWV, and 

PWA measurements. No interaction effects were detected for systolic blood pressure (F[1,15] = 

2.16, P = 0.16), diastolic blood pressure (F[1,15] = 0.23, P = 0.64), mean arterial pressure 

(F[1,15] = 1.01, P = 0.33), PWV (F[1,10] = 0.06, P = 0.81), AIx (F[1,11] = 0.31, P = 0.59), AIx75 

(F[1,11] = 1.06, P = 0.32), central systolic blood pressure (F[1,10] = 1.24, P = 0.29), central 

diastolic blood pressure (F[1,10] = 0.12, P = 0.73), and central mean arterial pressure (F[1,10] = 

0.13, P = 0.72). A significant interaction effect was found for resting heart rate (F[1,15] = 6.41, 

P = 0.02).  

Pre-post recordings of PWV were completed in 12 of 17 participants (5 excluded; 3 due 

to improper attire to obtain signals and 2 due to an inability to find a recording site) and 12 of 17 

participant recordings were completed for PWA (5 excluded due to poor quality recording during 

visit; < 90% quality control). There were no significant main effects for time (pre vs. post) for 

systolic blood pressure (F[1,15] = 0.65, P = 0.43), diastolic blood pressure (F[1,15] = 0.23, P = 

0.64), mean arterial pressure (F[1,15] = 0.02, P = 0.88), heart rate (F[1,15] = 0.33, P = 0.57), 

central systolic blood pressure (F[1,10] = 0.06, P = 0.81), and central mean arterial pressure 

(F[1,10] = 4.2, P = 0.07). A significant effect of time occurred for central diastolic pressure 

(F[1,10] = 5.6, P = 0.04).  

ANCOVA analysis identified no pre-post changes in systolic blood pressure (F[1,14] = 

0.67, P = 0.43), diastolic blood pressure (F[1,14] = 0.069, P = 0.80), mean arterial pressure 

(F[1,14] = 0.067, P = 0.80), central systolic blood pressure (F[1,9] = 0.37, P = 0.56), central 
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diastolic blood pressure (F[1,9] = 0.20, P = 0.66), and central mean arterial pressure (F[1,9] = 

0.001, P = 0.98) between CMIT and HIIT groups after adjusting for baseline measurements. 

ANCOVA analysis did identify a significant difference in heart rate between groups (CMIT = 5 

± 7 vs. HIIT = -3 ± 6; F[1,14] = 4.9, P = 0.045). Like the hemodynamic variables, no ANOVA 

time effects (pre vs. post) were identified for PWV (F[1,10] = 2.72, P = 0.13) and ANCOVA 

analysis did not identify a pre-post change (F[1,10] = 0.28, P = 0.61) between groups after 

adjusting for baseline measurements. Similar results occurred for AIx and AIx75 ANOVA time 

effects (F[1,10] = 1.43, P = 0.26; F[1,11] = 3.02, P = 0.11) and ANCOVA analyses (F[1,10] = 

2.17, P = 0.17; F[1,10] = 2.23, P = 0.17). 

 

Effects of exercise training on hemodynamic responses to exercise 

Mean changes in hemodynamics during the second minute of isometric handgrip and 

final minute of PECO are presented in Table 5. No interaction effects were detected during 

minute 2 of isometric handgrip or final minute of PECO for systolic blood pressure (F[1,15] = 

2.50, P = 0.13; (F[1,15] = 2.78, P = 0.12), diastolic blood pressure (F[1,15] = 0.36, P = 0.56; 

(F[1,15] = 1.59, P = 0.23), mean arterial pressure (F[1,15] = 0.06, P = 0.80; (F[1,15] = 1.59, P = 

0.23), heart rate (F[1,15] = 0.64, P = 0.44; (F[1,15] = 0.12, P = 0.73), stroke volume (F[1,15] = 

2.39, P = 0.14; (F[1,15] = 0.85, P = 0.37), cardiac output (F[1,15] = 1.88, P = 0.19; (F[1,15] = 

0.21, P = 0.66), and total peripheral resistance (F[1,15] = 0.38, P = 0.54; (F[1,15] = 0.90, P = 

0.36).  

There were no significant ANOVA time effects (pre vs. post) during both minute 2 of 

isometric handgrip and PECO for systolic blood pressure (F[1,15] = 1.31, P = 0.27; F[1,15] = 
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2.04, P = 0.17), diastolic blood pressure (F[1,15] = 0.003, P = 0.96; F[1,15] = 1.61, P = 0.22), 

mean arterial pressure (F[1,15] = 0.56, P = 0.46; F[1,15] = 2.31, P = 0.15), heart rate (F[1,15] = 

0.03, P = 0.86; F[1,15] = 1.68, P = 0.22), stroke volume (F[1,15] =0.006, P = 0.94; F[1,15] 

=0.17, P = 0.69), cardiac output (F[1,15] = 0.04, P = 0.85; F[1,15] = 0.21, P =0.66), and total 

peripheral resistance (F[1,15] = 1.02, P = 0.33; F[1,15] = 0.28, P = 0.60).
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Table 4. Resting and central hemodynamics, pulse wave velocity, and pulse wave analysis before (PRE) and after (POST) CMIT and 

HIIT training 

Variable CMIT HIIT CMIT vs. HIIT  

 PRE POST PRE POST Intergroup adjusted 

differences (95% CI)a 

P 

SBP, mmHg 129 ± 16 121 ± 20 115 ± 10 118 ± 14 -6.6 (-23.8, 10.7) 0.43 

DBP, mmHg 70 ± 6 70 ± 6 68 ± 8 70 ± 9 -0.9 (-8.4, 6.5) 0.80 

MAP, mmHg 90 ± 8 87 ± 10 84 ± 6 86 ± 8 -1.2 (-11.2, 8.8) 0.80 

Heart rate, bpm 62 ± 7 67 ± 11 67 ± 10 63 ± 8 7.7 (0.2, 15.1) 0.045 

Pulse wave velocity, m/s 10.2 ± 1.6 9.6 ± 2.0 8.1 ± 1.4 7.6 ± 1.1 0.4 (-1.4, 2.3) 0.61 

PWA; Aortic AI (AP/PP), % 31.0 ± 14.4 25.1 ± 10.1 26.8 ± 11.9 19.2 ± 10.6 -6.7 (-2.6, 15.9) 0.14 

PWA; Aortic AI (AP/PP)  

at HR of 75, % 

28.0 ± 8.6 27.2 ± 9.5 24.6 ± 12.7 18.6 ± 10.0 -7.3 (-3.1, 17.8) 0.15 

Central SBP, mmHg 126 ± 13 123 ± 17.7 108 ± 11 113 ± 14 -5.2 (-24.6, 14.2) 0.56 

Central DBP, mmHg 69 ± 5 74 ± 6† 68 ± 8 71 ± 9† 1.7 (-6.9, 10.4) 0.66 

Central MAP, mmHg 91 ± 6 94 ± 10 84 ± 6 88 ± 7 -0.1 (-11.1, 10.9) 0.98 

Mean ± SD. SBP; systolic blood pressure, DBP; diastolic blood pressure, MAP; mean arterial pressure, PWA; pulse wave analysis, 

CMIT; continuous moderate intensity training; HIIT, high intensity interval training, a, adjusted for baseline values using ANCOVA 

analysis; †, main effect of time (P < 0.05 POST vs. PRE); P, comparison of the change (Δ) between CMIT and HIIT; positive values 

for CMIT vs. HIIT comparison are in favor of HIIT, negative values are in favor of CMIT. 
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Table 5. Mean change in hemodynamic variables during the first and second minute of isometric contraction, and final minute of 

PECO before (PRE) and after (POST) exercise training 

Variable  

Minute 2 (CMIT) 

 

Minute 2 (HIIT) 

 

PECO (CMIT) 

 

PECO (HIIT) 

 PRE POST PRE POST PRE POST PRE POST 

Systolic blood pressure, 

mmHg 

14 ± 12 15 ± 13 25 ± 18 20 ± 14 19 ± 20 20 ± 15 31 ± 23 22 ± 17 

Diastolic blood pressure, 

mmHg 

7 ± 5 6 ± 7 10 ± 6 12 ± 7 8 ± 7 8 ± 4 13 ± 7 9 ± 5 

Mean arterial pressure, 

mmHg 

11 ± 8 11 ± 9 18 ± 9 16 ± 10 13 ± 13 13 ± 8 21 ± 13 15 ± 10 

Heart rate, bpm 6 ± 2 5 ± 3 8 ± 5  9 ± 5 3 ± 4† 2 ± 2† 4 ± 3‡ 3 ± 3‡ 
Stroke volume, mL -2 ± 5 6 ± 30 2 ± 9 -6 ± 8 -1 ± 6 2 ± 12 2 ± 8 0.4 ± 4 

Cardiac output, L/min 0.4 ± 0.3 0.8 ± 2 0.8 ± 0.6 0.2 ± 0.6 0.2 ± 0.3 0.3 ± 0.8 0.4 ± 0.6 0.2 ± 0.3 
Total peripheral resistance,  

mmHg/L per min 

0.02 ± 0.1 0.04 ± 0.2 0.03 ± 0.2 0.1 ± 0.2 0.09 ± 0.1 0.1 ± 0.1 0.2 ± 0.2 0.09 ± 0.08 

Mean ± SD. CMIT; continuous moderate intensity training; HIIT, high intensity interval training; PECO, post-exercise circulatory 

occlusion; †P < 0.05 PECO (CMIT) vs. Minute 2 (CMIT); ‡P < 0.05 PECO (HIIT) vs. Minute 2 (HIIT).
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Table 6 represents the pooled data (CMIT + HIIT; n = 17) and compares the mean 

change in hemodynamics between the second minute of isometric contraction and the final 

minute of PECO. No interaction effects were detected for systolic blood pressure (F[1,32] = 

0.22, P = 0.64), diastolic blood pressure (F[1,32] = 0.69, P = 0.41), mean arterial pressure 

(F[1,32] = 0.56, P = 0.46), heart rate (F[1,32] = 0.52, P = 0.48), stroke volume (F[1,32] = 0.08, P 

= 0.77), cardiac output (F[1,32] = 0.001, P = 0.97), and total peripheral resistance (F[1,32] = 

1.42, P = 0.24). Like the results in Table 5, no significant ANOVA time effects (pre vs. post) 

were identified during both minute 2 of isometric handgrip and PECO for systolic blood pressure 

(F[1,32] = 3.50, P = 0.07), diastolic blood pressure (F[1,32] = 0.69, P = 0.40), mean arterial 

pressure (F[1,32] = 2.97, P = 0.09), heart rate (F[1,32] = 0.86, P = 0.36), stroke volume (F[1,32] 

= 0.0002, P = 0.99), cardiac output (F[1,32] = 0.21, P = 0.65), and total peripheral resistance 

(F[1,32] = 0.18, P = 0.68).  

 

Effects of exercise training on clinical measures 

Table 7 presents the effects of exercise training on clinical scores. No interaction effects 

were detected for UPDRS part III motor score (F[1,15] = 0.35, P = 0.56), BDI-II (F[1,15] = 0.28, 

P = 0.61), PFS-16 (F[1,15] = 0.002, P = 0.96), and Hoehn and Yahr stage (F[1,15] = 1.13, P = 

0.30). There were significant ANOVA time effects (pre vs. post) for UPDRS part III motor score 

(F[1,15] = 41.67, P < 0.001) and BDI-II (F[1,15] = 11.06, P = 0.005). There was no significant 

ANOVA time effects for the PFS-16 (F[1,15] = 0.65, P = 0.43) and Hoehn and Yahr stage 

(F[1,15] = 1.13, P = 0.30). ANCOVA analysis showed that the pre-post changes in PFS-16 score 

(F[1,14] = 0.16, P = 0.70), UPDRS part III motor score (F[1,14] = 3.61, P = 0.078), BDI-II 

(F[1,14] = 1.08, P = 0.32), and Hoehn and Yahr stage (F[1,15] = 1.13, P = 0.30) were not 
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different between CMIT and HIIT groups when adjusting for baseline measurements. Figure 5 

shows the estimated mean change in PFS-16 scores CMIT (-1.6 ± 4.8) and HIIT (-4.3 ± 4.6) after 

adjusting for baseline score measurements. Figure 6 shows the estimated mean change in 

UPDRS part III motor score CMIT (-8.2 ± 1.7) and HIIT (-12.8 ± 1.6) after adjusting for 

baseline score measurements. 
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Table 6. Mean change in hemodynamic variables during the second minute of isometric 

contraction and final minute of PECO before (PRE) and after (POST) exercise training 

 

Variable Minute 2 (ALL) PECO (ALL) 

 PRE POST PRE POST 

Systolic blood pressure, mmHg 20 ± 16 17 ± 14 26 ± 20 21 ± 15 

Diastolic blood pressure, mmHg 9 ± 5  9 ± 7 10 ± 7 8 ± 5 

Mean arterial pressure, mmHg 15 ± 9 14 ± 10 17 ± 13 14 ± 9 

Heart rate, bpm 7 ± 4 7 ± 5 4 ± 3* 2 ± 3* 

Stroke volume, mL 0.2 ± 8 - 0.7 ± 21 0.4 ± 7 1 ± 8 

Cardiac output, L/min 0.6 ± 0.5 0.5 ± 1.3 0.3 ± 0.5 0.2 ± 0.6 

Total peripheral resistance,  

mmHg/L per min 

0.03 ± 0.1 0.09 ± 0.2 0.1 ± 0.2 0.1 ± 0.1 

Mean ± SD. CMIT, continuous moderate intensity training; HIIT, high intensity interval training;  

PECO, post-exercise circulatory occlusion; ALL, entire cohort (both CMIT and HIIT); 

*P <0.05 PECO vs. Minute 2. 

 

Table 7. Clinical Scores before (PRE) and after (POST) exercise training 

Variable CMIT HIIT CMIT vs. HIIT  

 PRE POST PRE POST Intergroup adjusted 

differences (95% CI)a 

P 

Fatigue score, n/80 47 ± 16 44 ± 15 42 ± 18 39 ± 16 2.7 (-11.8, 17.2) 0.70 

UPDRS part III, n/132 40 ± 6 30 ± 6† 37 ± 7 25 ± 3† 4.6 (-0.59, 9.7) 0.078 

Beck depression inventory-II, n/63 12 ± 6 8 ± 6† 11 ± 9  5 ± 5† 2.2 (-2.3, 6.6) 0.32 

Hoehn and Yahr stage, n 2 ± 0 2 ± 0.4 2 ± 0 2 ± 0  0.12 ( -0.12, 0.38) 0.30 

Mean ± SD. CMIT; continuous moderate intensity training; HIIT, high intensity interval training, UPDRS; Unified Parkinson Disease 

Rating Scale, a, adjusted for baseline values using ANCOVA analysis; †, main effect of time (P < 0.05 POST vs. PRE); P, comparison 

of the change (Δ) between CMIT and HIIT; positive values for CMIT vs. HIIT comparison are in favor of HIIT, negative values are in 

favor of CMIT.



 
 

59 
 

 

 

Figure 5. Change (Δ) in Parkinson’s Disease fatigue scale (PFS-16) scores after 10 weeks of 

continuous moderate intensity training (CMIT) or high intensity interval training (HIIT). Mean ± 

SEM values are adjusted (ANCOVA) for the different starting baseline scores of each 

participant. Positive differences represent worsening of PFS-16 scores whereas negative 

differences represent an improvement in PFS-16 scores. 
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Figure 6. Change (Δ) in Unified Parkinson Disease Rating Scale (UPDRS) part III motor scores 

after 10-weeks of continuous moderate intensity training (CMIT) or high intensity interval 

training (HIIT). Mean ± SEM values are adjusted (ANOCVA) for the different starting baseline 

scores of each participant. Positive differences represent a worsening of UPRDRS part III scores 

whereas negative differences represent an improvement in UPDRS part III scores. 
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3.4 Discussion 

 The present study is the first to utilize a HIIT protocol above 90% HRmax versus CMIT in 

terms of their effects on exercise capacity, power, clinical scores and cardiovascular outcomes. 

Time-related improvements in VO2max were identified in CMIT and HIIT groups, without any 

difference between groups. The primary novel finding was the larger, clinically relevant, yet 

statistically insignificant VO2max changes after HIIT compared to CMIT. Although these changes 

in VO2max were not statistically significant, the magnitude of change should still be considered. 

The HIIT group had a +2.9 ml.kg-1.min-1 in VO2max which equates to an approximate ~8-21% 

reduction in mortality risk.85,257 The secondary novel finding was the greater improvements in 

UPDRS part III motor score with HIIT when considering the clinical differences scale created by 

Shulman and colleagues.258 There was a large clinical difference found in the HIIT group versus 

only a moderate clinical difference found in the CMIT group.258 Importantly, the HIIT protocol 

was more time efficient when compared to CMIT (ie. 20 min vs 30-50 min). Identifying 

equivalent or greater improvements with decreased volume of exercise and increased time 

efficiency provides a positive argument in favor of HIIT.259 These observations provide 

additional support that although both HIIT and CMIT may provide benefits, HIIT may be more 

favorable or efficient for inducing beneficial adaptations in PD. 

 

3.4.1 Effects of exercise training on exercise capacity 

  Meta-analyses suggest the superiority of HIIT versus CMIT for increasing VO2max in 

healthy adults.219 This also seems to be the case in other clinical populations, such as heart 

failure with reduced ejection fraction.218 HIIT is feasible in PD populations, however, its 
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superiority does not seem to fully translate compared to other clinical populations.24,117,121,226 For 

example, HIIT walking has shown no significant difference in VO2max gains when compared to 

CMIT walking.226 However, HIIT cycling has provided greater improvements compared to 

CMIT in the 6-minute walk test, a measurement that can be utilized as a predictor for 

VO2max.
121,227 The 6-minute walk test can also be used as a measure for balance and walking 

capacity, which suggests further superiority of HIIT.260 Greater improvements in cognitive 

function, neurodegenerative protection (increases in endogenous brain-derived neurotrophic 

factor) in PD participants were identified with HIIT versus CMIT. Conversely, other studies 

have not found a significant difference in VO2max following HIIT and CMIT.226  

The present study found no significant difference in relative VO2max between CMIT and 

HIIT however, both groups had beneficial improvements. Although statistically insignificant, in 

the present study the HIIT group did have a larger mean increase in relative VO2max (4.7 ± 1.4 

ml.kg-1.min-1) compared to CMIT (1.8 ± 1.5 ml.kg-1.min-1). The difference in VO2max 

improvements between groups is approximately 2.9 ml.kg-1.min-1. Prior work has found that an 

increase of 3.5 ml.kg-1.min-1 is associated with a decrease in all-cause mortality rates of 10-

25%.257 An increase in 2.9 ml.kg-1.min-1, therefore equates to a reduction of 8-21%, making this 

difference between groups clinically meaningful. Furthermore, it is important to consider the 

magnitude of change from baseline values between groups. A 4.7 ± 1.4 ml.kg-1.min-1 in the HIIT 

group exceeds the 3.5 ml.kg-1.min-1 that is known to significantly reduce all-cause mortality rates. 

The 1.8 ± 1.5 ml.kg-1.min-1 change in the CMIT group does not exceed the threshold of 3.5 ml.kg-

1.min-1. Therefore, in terms of the magnitude of change, HIIT may promote greater reductions in 

all-cause mortality rates in PD patients. 
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There were time-related differences for total exercise time and peak power, meaning 

participants were able to exercise for longer periods. Significant time-related increases in peak 

heart rate did occur within both exercise groups (Table 5). An increase in peak heart rate is not 

an expected physiological adaptation regarding exercise training.261 As individuals become more 

trained, peak heart rate tends to lower.261 The present study may have seen increases in peak 

heart rate in both groups due to and altered ability to push themselves further. This alteration 

may have arisen due to familiarization to cycling, psychological factors, and habituation to the 

feeling of being under strenuous work during exercise.  

 

3.4.2 Effects of exercise training on resting hemodynamic and vascular measures 

Increases in resting heart rate and greater blood pressure variability are prevalent in 

PD.123,262,263 Based on results from the current study, we cannot make any definitive conclusions 

about whether HIIT or CMIT provide similar benefits in terms of resting hemodynamics in PD 

populations. Sixty minutes of cardiovascular training combined with strength exercises reduced 

blood pressure in PD patients after 3-6 months.120 Twelve weeks of high-cadence interval 

cycling (60-80% of heart rate max) coupled with resistance training has also shown 

improvements in resting blood pressure however, these improvements were not statistically 

significant.117 In the present study, there was no statistically significant main effect for time-

related change in resting blood pressure however, the baseline BP values in our study were lower 

when compared to the two trials, providing an explanation as to why no significant changes 

occured.117,120 In regards to central pressures, there was no significant main effect of time in 

systolic and mean arterial pressure however, there was a significant effect of time in central 

diastolic blood pressure. Central diastolic blood pressure increased by 5 ± 6 in the CMIT group 
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and 4 ± 7 in the HIIT group. Although this occurred, the mean central diastolic blood pressures 

were in the normal reference ranges before and after the exercise intervention.264 Therefore, our 

results suggest CMIT and HIIT do not seem to decrease central pressures in PD individuals. 

Resting heart rate was the only hemodynamic variable which differed between groups 

during ANCOVA analysis (Table 2). Resting heart rate decreased in the HIIT group and 

increased in the CMIT, however, the time-related changes (pre vs. post) are insignificant. No 

change in resting heart rate was reported in a 12-week high-cadence interval cycling plus 

resistance training program in PD populations.117 Notably, the intensity differences were very 

different between exercise trials (mean of 70% HRmax vs. mean of 92% ± 1 HRmax),
117 which 

provides evidence that increased training intensity may not improve resting heart rate in PD. 

Furthermore, a 12-week training study comparing HIIT and CMIT cycling found no between 

group or time-related differences in resting heart rate.121 Reductions in resting heart rate 

represent a classic adaptation of exercise training, however, this adaptation may not occur in PD 

due to the presence of cardiovascular autonomic dysfunction.123,265 Therefore, HIIT and CMIT 

training do not seem to decrease resting heart rates but may halt increases in resting heart rate 

cause by autonomic dysfunction in PD. 

In PD, increased arterial stiffness is associated with autonomic dysfunction, orthostatic 

hypotension, supine hypertension, and nocturnal hypertension and nondipping.266 Our study 

identified no significant changes within or between groups in PWV (Table 2). This is similar to a 

previous study which compared HIIT and CMIT in PD populations.121 The present study 

suggests no difference between HIIT and CMIT modalities and that both modalities do not 

improve central aortic arterial stiffness. Although significant improvements in arterial stiffness 
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did not occur, the mean PWV values of both the CMIT group and HIIT group lie within a normal 

range,241 which may explain the lack of significant changes.  

 

3.4.3 Effects of exercise training on hemodynamic responses to exercise 

Blunted cardiovascular responses to exercise have been noted in patients with 

PD.90,106,139,139–141,267 Recently, Sabino-Carvalho and colleagues reported attenuated mean arterial 

blood pressure (MAP) responses during IHG and PECO compared to a matched control, 

suggestive of reduced metaboreflex activation.106 Furthermore, they also identified augmented 

pressure and total peripheral resistance (TPR) responses during the onset of IHG in PD, however, 

after 20 seconds of exercise, the blood pressure increase was blunted comparable to the older 

group.268 In both studies, the PD groups maintained elevated and similar responses for MAP, 

SBP, DBP, and TPR and no changes in stroke volume throughout IHG and PECO.106 In the 

present study, both PD groups also had increases in heart rates during IHG which decreased 

significantly towards baseline during PECO.106 These cardiovascular responses to exercise were 

not significantly different after 10-weeks of CMIT or HIIT. In both studies, stroke volume did 

not change throughout IHG and PECO. No changes from baseline in cardiac output were 

reported by Sabino-Carvalho and colleagues, however, we noted a significant change during pre-

testing during both IHG and PECO.106 These changes were not seen after 10 weeks of HIIT and 

CMIT training. Therefore, the present study presents similar responses in PD participants to IHG 

and PECO. We cannot add to the notion that these cardiovascular responses are blunted due to 

the lack of an aged matched healthy control group.  
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3.4.4 Effects of exercise training on clinical measures 

There were no significant between group differences in clinical scores. This matches 

previous studies that compared continuous versus high intensity interval walking.226 Two out of 

the four clinical scores measured (UPDRS part III motor score and BDI-II) showed significant 

time-related improvements in both groups after 10-weeks of training, providing evidence that 

both training modalities may be useful in alleviating motor and depression symptoms. Most trials 

have found improvements in UPDRS part III motor scores, however, almost all consisted of 

continuous forms of aerobic exercise training with decreases in score ranging between 3.0 to 

7.1.23,208,235,269–277 The UPDRS part III motor score results presented in our study show decreases 

of 8.2 ± 1.7 (CMIT) and 12.8 ± 1.6 (HIIT) after adjusting for baseline scores, which trended 

towards a significant difference between CMIT and HIIT, (P = 0.078).  

The present study identified insignificant decreases in the PFS-16 scores, providing 

insight that HIIT or CMIT may not improve fatigue in PD populations. These findings are not in 

line with a systematic review of seven studies, six of which, identified improvements in 

fatigue.278 Due to the chronic and gradual progression of fatigue in PD, the insignificant 

decreases in PFS-16 scores in both CMIT and HIIT groups may still be clinically relevant in 

halting fatigue progression.96,97  It is also important to note that the results of one individual may 

have acted as an outlier. If this individual is removed from analysis, there is a significant pre vs. 

post ANOVA time effect (P = 0.02) however, ANCOVA analysis identified no between group 

mean differences (4.6 [-6.0,15.2], P = 0.36).  

The improvements in fatigue identified in studies might also vary depending on the 

questionnaire utilized. Only one of the seven studies in the review utilized the PFS-16 scale and 

significant improvements were identified after 12-weeks of Nordic walking.279 Uc and 
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colleagues identified improvements in fatigue in both CMIT and HIIT (no differences between 

groups) yet, it was noted that this improvement was not associated with increased aerobic 

fitness.226 Shulman and colleagues examined fatigue with the PFS-16 and identified no changes 

in either high-intensity or low-intensity treadmill training.174 

3.4.4.1 Minimal clinically important differences 

Although our results are statistically insignificant, minimal clinically important 

differences in clinical interventions may provide additional insight to the efficacy of trials. A 

minimal clinically important difference is a score derived from patients which represents  

clinically meaningful changes due to an intervention.280 Shulman and colleagues suggest a 

clinically important difference of 8.2 points (CMIT) would be considered moderate whereas a 

12.8 points (HIIT) would be considered large.258 Uc and colleagues compared CMIT vs. HIIT 

walking and found a minimal clinical difference in UPDRS part III of -2.88 ± 7.12, whereas the 

present study found a moderate clinical difference of -10.65 ± 6.61.226,258 These differences in 

scores may vary due to the exercise modality (cycling vs. walking) as well as the different 

protocols for the continuous and interval training (e.g. intensity, exercise time, differences in 

intervals: 1-minute intervals vs. 3-minute intervals, and number of total intervals).226 

Furthermore, the training regime Uc and colleagues utilized is questionable since the majority of 

participants were only monitored bi-weekly which may impact the validity of their results.226 

A systematic review reported that three out of five aerobic exercise training studies 

reported significant improvements in BDI score281 and our results add to the growing body of 

evidence that suggests aerobic exercise (both CMIT and HIIT) improve depressive symptoms. 

However, we suggest there are no between group statistical differences in BDI improvements. 

Similar to the UPDRS part III motor score, a clinically important difference assessment 
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exists.282,283 Changes of 5 points is considered minimal, 10-19 points is considered moderate, and 

≥20 is considered large. In terms of clinically important differences, the HIIT group achieved a 

minimal clinical important difference (5 ± 7) and the CMIT group did not meet the 5 point cutoff 

for a minimal clinical important difference (4 ± 3).282–284 This difference is small but warrants 

further study.  

 

 3.4.5 Limitations 

We acknowledge several limitations. The number of participants in this study was only 

17 meaning the sample size was limited and requires further study for definitive conclusions. 

Therefore, this study should be considered preliminary. Post hoc analysis of sample sizes 

suggests increasing the sample size to 60 total participants (30 in each group) may unveil the 

greater efficacy of HIIT versus CMIT with respect to VO2max. The participants who participated 

in this study were high functioning patients with mild-moderate PD. Therefore, we cannot make 

assumptions about the entire PD population. The potential for self-reporting bias and 

underreporting bias due to the lack of researcher interference during the BDI and PFS-16 

questionnaires should be noted.285,286 It is also important to note we based the training protocol 

off peak power and therefore, cadence was not fully controlled for. Previous literature suggests 

higher cadence exercise may provide more benefits in PD populations and therefore, not 

controlling for cadence may provide limitations to the interpretation of results.197,198 
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3.4.6 Conclusion 

In conclusion, our first hypothesis was confirmed. Statistically significant improvements 

in VO2max occurred due to both CMIT and HIIT. However, there was no difference between 

exercise modalities, meaning our second hypothesis was rejected. Both programs provided time-

related benefits to motor and depressions symptoms (UPDRS part III and BDI respectively) but, 

no time-related improvements were found in PFS-16 scores, and cardiovascular markers. As a 

result, we can partially confirm our third hypothesis. The between-group differences in UPDRS 

part III motor scores, BDI-II scores, PFS-16, and cardiovascular markers were not statistically 

significant, meaning our fourth hypothesis is rejected.  

Although statistically insignificant, the between-group differences identified are 

clinically meaningful due to the impact small changes in VO2max may have on all-cause 

mortality, and the difference in magnitude of clinical differences (UPDRS part III motor score 

and BDI-II).257,258,282,283 The greater clinical significances compared to the gold standard CMIT 

suggest that HIIT is at least as useful (if not more efficient) of a paradigm for prescribing 

exercise in PD.167,168 Furthermore, the reduction of all-cause mortality rates, depression 

symptoms, and motor symptoms identified in this study may have the ability to positively impact 

the quality of life of PD patients. Irrespective of which program is more effective, increasing the 

number of modalities for aerobic exercise in a clinical population, such as PD, may enhance the 

incentive to exercise by offering more diversity and thus improve the lives of more patients. 
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Chapter 4. Extended discussion 

4.1 Summary of Findings 

          Prior studies and meta-analyses provide evidence of the equal, or greater, and more time 

efficient benefits HIIT may have over CMIT regarding increases in VO2max in healthy adults and 

clinical populations.219,287–290 A review of 41 clinical trials involving endurance training 

identified an average VO2max increase of 3.78 ml.kg-1.min-1 in healthy older adults.176 In PD 

individuals, there is controversy if the same increases in VO2max can be achieved with the current 

gold standard of aerobic training (CMIT).120,197,291 Smaller increases in VO2max in PD participants 

may be due to a combination of greater increases in anerobic capacity compared to aerobic 

capacity, allowing for increased exercise duration but smaller/no changes in VO2max, and 

abnormalities in mitochondrial function, which may change the supply of oxygen during 

exercise.120 These abnormalities do not seem to be altered after CMIT.120 

This led to our original hypothesis that utilizing a different training modality such as 

HIIT would have greater increases in clinical scores, and VO2max versus CMIT in PD 

populations. HIIT training did provide significant increases in VO2max, however, these increases 

were not significantly greater compared to the increases CMIT provided. Importantly, the HIIT 

group had a ∆2.9 ml.kg-1.min-1 larger change when compared to CMIT. A 3.5 ml.kg-1.min-1 

increase in VO2max is known to have large positive ramifications on all-cause mortality.257 Our 

current study suggests that HIIT may excel more at improving UPDRS part III motor scores. 

Although the differences in UPDRS part III motor scores trended towards significance (P = 

0.078), the HIIT group achieved a large clinical difference of -12.8 ± 1.6 points whereas CMIT 

only achieved a moderate clinical difference of -8.2 ± 1.7 points.258 Furthermore, both exercise 

programs achieved time-effect differences (PRE vs. POST exercise training), in BDI scores, 



 
 

71 
 

peak heart rate, and exercise time. In a progressive disease such as PD, it is important to take 

clinical relevance and significance into account regardless of the statistical significance. For 

example, the absence of worsening symptoms can be considered beneficial. These clinically 

meaningful results will be discussed further in the following sections. 

 

4.2 Effects of exercise training on exercise capacity 

 HIIT has shown greater improvements in cardiorespiratory fitness gains when compared 

to CMIT in multiple populations.219,289,290 In healthy adults, both programs have presented 

impactful changes in VO2max, however, there is a small beneficial effect in favor of HIIT (overall 

greater mean difference of 1.2 ± 0.9 ml.kg-1.min-1 in HIIT).219  In addition, results seem to be 

impacted further in favor of HIIT if participants were older, sedentary, or less fit prior to 

training.219 Further investigations on manipulations to HIIT protocols is required to identify the 

most efficacious regime.219 Recently, these manipulations were examined through a meta-

analysis and results suggest intervals of ≥2 minutes, higher volumes of ≥15 minutes, and long-

term training of ≥4-12 weeks may maximize VO2max gains.292 HIIT has also presented a potential 

superiority in clinical populations such as heart failure, cardiac rehabilitation patients, and 

overweight or obese individuals, however in obese and overweight individuals, intervals needed 

to be ≥ 2 minutes to provide greater improvements.218,289,290 Notably, the majority of HIIT 

programs included or suggested intervals of ≥ 2 minutes.218,289,290 

The present study did not find significant differences between HIIT and CMIT regarding 

VO2max. This may be a result of the HIIT protocol. Although we incorporated long-term training 

(10-weeks) and high volumes of training (~20 minutes not including warm up and cool down), 
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we utilized ten 1-minute cycling intervals at 88% of peak power output (range, 80-99%), each 

separated by 1-minute intervals at 10% peak power output. These shorter bouts of exercise are 

not considered to be the most optimal for causing adaptations to VO2max.
292 A study comparing 

ten 1-minute intervals versus four 4-minute intervals of HIIT identified larger increases in 

VO2max from the 4-minute interval group.293 Maintaining a heart rate at a very high intensity for a 

longer period compared to rapid fluctuations was a main reason as to why the 4-minute intervals 

were more efficient.293 This may be a reason as to why results were not significant when 

compared to CMIT. Additionally, a post hoc sample size calculation estimated a population of 60 

(30 per group) participants would be required to reach significance. 

 

4.3 Effects of exercise training on resting hemodynamic and vascular measures 

Meta-analyses suggest the increased efficacy of HIIT versus CMIT on improvements in 

night-time and daytime blood pressures in healthy adults294 which may be beneficial in PD 

populations due to altered night-time and morning blood pressures.295,296 Short term effects of 

aerobic exercise are also noted to improve resting blood pressure and vascular resistance in 

adults.297 Other meta-analyses identified similar reductions between HIIT and CMIT in resting 

BP in prehypertensive and hypertensive adults.298 In regards to heart rate, a study comparing the 

effects of HIIT and CMIT on resting heart rate in elderly women identified superior reductions 

with HIIT.19   

Cornelissen and Fagard suggest aerobic endurance training and contributions from the 

sympathetic nervous system and renin-angiotensin system reduces total peripheral resistance in 

order to create reductions in BP.119 In chronic heart failure patients, HIIT significantly reduced 
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total peripheral resistance while CMIT appears to have no significant impact.299 Notably, 

abnormalities in the brain renin-angiotensin system and sympathetic nervous system (total 

peripheral resistance blunted due to abnormal muscle sympathetic nerve activity) have been 

noted in PD populations.106,124,300 These pathologies suggest PD patients may have abnormal 

control of total peripheral resistance. In fact, PD individuals with orthostatic hypotension 

(autonomic dysfunction) appear to have lower leg vascular resistance.301 Therefore, abnormal 

blood pressure variations noted in PD may be due to the inability to properly control total 

peripheral resistance.106,123,124,262,300 PD related drugs such as levodopa may also alter blood 

pressure by causing hypotension which may mask or eliminate the possibility of potential 

training adaptations.302 This can be problematic to PD individuals with orthostatic 

hypotension.302 

Recent meta-analyses suggest no significant differences between HIIT and CMIT in 

reducing central arterial stiffness.294 Other studies suggest the superiority of higher intensity and 

HIIT in terms of improvements in wave reflection in adult healthy and clinical populations 

(Type-2 diabetes).122,303,304 In addition, hypertensive populations experience accelerated 

progression in arterial stiffness which is strongly related to uncontrolled blood pressure, and 

higher heart rates (both occur in PD patients).123,262,266,305,306 Therefore, the use of aerobic 

exercise to reduce these factors may cause associated improvements in arterial stiffness in 

patients with PD.19,262,294,295 
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4.4 Effects of exercise training on hemodynamic responses to exercise 

Four-weeks of handgrip training in healthy men can reduce metabolite productions 

during ischemic exercise and thus also reduce the increases in BP caused by the metaboreflex.307 

In the present study, we tested the hemodynamic responses to an isometric handgrip contraction 

and subsequent PECO in the arm, however, the exercise incorporated utilized the lower limbs. A 

previous study using young, healthy adults found vascular adaptations in the forearm such as 

increased reactive hyperemic blood flow and decreased minimum vascular resistance after 

training the lower limb on a cycle ergometer for at least 2 weeks.308 However, In clinical 

populations such as multiple sclerosis, lower limb training does not seem to impact abnormal 

hemodynamic responses cause by the metaboreflex activation in the forearm.309  

The exercise conducted in the present study was unable to alter the metaboreflex 

response during PECO in PD participants. Similar to PD, in multiple sclerosis patients, irregular 

responses during PECO also occur; however, unlike PD, total peripheral resistance appears to be 

exaggerated instead of blunted.106,309 Magnani and colleagues created a 6-month training 

protocol involving continuous aerobic and resistance training for multiple sclerosis participants 

and it did not correct the irregular metaboreflex responses.309 Similarly, our 10-week exercise 

trial had no significant time-effect alterations on hemodynamic responses during PECO. 

 

4.5 Effects of exercise training on clinical measures 

4.5.1 UPDRS part III motor score 

Schenkman and colleagues suggested CMIT and usual care do not provide benefits to 

UPDRS part III motor score (scores increased, suggesting futility) while higher intensity 



 
 

75 
 

continuous training was beneficial (scores did not increase, suggesting non-futility).310 In the 

present study, both CMIT and HIIT had time-related improvements in UPDRS part III motor 

scores, proposing that both programs provide benefits to motor symptoms. No clinical scores, 

including UPDRS part III, had statistically significant between group differences. A post hoc 

analysis for UPDRS part III motor score sample size determined 33 total participants would be 

required to reach statistical difference between groups.  

If clinical meaningfulness is considered, three out of four clinical measures observed 

significant improvements. Shulman and colleagues created a method in assessing the minimal 

clinically important differences of decreased UPDRS part III scores post intervention.258 This 

difference is defined as the amount of change patients can recognize and value.258,311 The 

estimated scores for a clinically important UPDRS part III difference are 2.5 (minimal; range of 

2.3-2.7), 5.2 (moderate; range of 4.1-4.5), and 10.8 (large; range of 10.7-10.8).258 These 

estimates are consistent with clinical trial effect sizes and can therefore be considered reliable 

and useful in determining clinical importance.258 Once considered, both CMIT (8.2 ± 1.7) and 

HIIT (12.8 ± 1.6) groups not only provided time-related statistically significant results but also 

clinically meaningful benefits. These clinical benefits also differ between groups; CMIT resulted 

in a moderate clinically important difference whereas HIIT resulted in a large clinically 

important difference. 

One factor to consider is the low-moderate severity of PD in the present study. Clinically 

important differences may be larger during earlier stages of PD and thus provide reasoning to the 

results produced by both exercise groups.258,312 Conversely, Shulman and colleagues believe 

their analyses do not suggest larger differences in earlier PD stages.258 Both groups also had 
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similar Hoehn & Yahr stages meaning the difference between groups was not impacted by 

severity.  

 

4.5.2 The Parkinson’s Disease fatigue scale (PFS-16) 

The changes in PFS-16 scores were not statistically significant within or between groups. 

This may not fully represent the clinical meaningfulness of the results. Due to the possible 

progression of fatigue over time in PD, no increases in PFS-16 scores after 10-weeks of training 

may be clinically relevant due to the halting of fatigue progression.96,97 A problem associated 

with determining fatigue is the confounding effect of depression and sleep disturbances.28 

However, Kostić and colleagues suggest fatigue is distinguishable from depression and 

sleepiness.28 The PFS-16 also excludes emotional and cognitive features that may arise from 

depression.102  

 

4.5.3 Beck depression inventory II 

The BDI-II is one of the few tools utilized in assessing depression symptoms in PD. 239,313 

In PD patients, the BDI-II is considered reliable, appropriate for screening purposes, and suitable 

for assessing depression symptoms and their severity.314 Importantly, changes in depression 

symptoms during treatment can be monitored with this assessment.314 Our study presented 

significant time-related improvements in both groups and no between group differences. A post 

hoc sample size calculation estimated a total sample size of 104 (52 per group) to reach between 

group significance. Due to the underpowered calculation, it may be reasonable to assume that 

both CMIT and HIIT improve depression symptoms similarly. These results contradict literature 
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that suggests endurance exercise cannot improve depression.22 Lamotte and colleagues suggested 

most participants were considered normal (BDI scores <11) thus limiting the amount of 

improvement exercise could apply to BDI scores.22,174,282 In the present study, both the CMIT 

and HIIT groups had mean BDI scores which were greater than the normal range (<11). This 

may provide a potential explanation as to why a decrease in score occurred compared to previous 

literature. Additionally, the social components of this study should not be undermined when 

assessing depression symptoms. In older adults, poor social participation is related to 

depression.315 Therefore, including a group setting during the exercise training may have also 

aided in improvements in BDI-II scores.  

 

4.5.4 Hoehn and Yahr scale 

The Hoehn and Yahr scale is used to assess the severity of PD.4 In the present study, 

there were no time-related effects and no between group differences. It is difficult to identify 

increases and decreases in Hoehn and Yahr stages due to the potential for long temporal 

transition periods.4 For example, PD patients diagnosed at an earlier age will have a slower 

progression versus patients who were diagnosed at an older age.4 In order to assess 

improvements in Hoehn and Yahr progression, long term exercise programs may prove useful. 

Therefore, utilizing methods such as the UPDRS part III motor score and the PFS-16 may 

provide more acute insight on PD symptoms and progression.  
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4.6 Limitations 

 4.6.1 Sample size and population 

 The present study included 17 PD participants (n = 9 [HIIT]; n = 8 [CMIT]). A third cohort 

was planned which included another 10-15 participants and age-matched healthy controls. This 

cohort was cancelled and delayed for an unknown period due to the health concerns of the COVID-

19 pandemic. Due to the small sample size, definitive information regarding HIIT versus CMIT in 

PD populations cannot be gathered therefore, this study should be considered preliminary and used 

to inform the samples of future larger trials. An increased sample size would allow for more 

population-based conclusions and comparisons. Additionally, the present study only included PD 

participants with Hoehn & Yahr scores of 1-3 (mild-moderate PD). This inherently limits our 

findings to this group of PD individuals; and we cannot make conclusions for severe PD (Hoehn 

& Yahr scores of 4-5). 

The present study did not include a non-exercising PD group due to the known benefits of 

aerobic exercise training across all populations. The addition of age-matched healthy controls 

would enable comparisons. Data from healthy age-matched display a VO2max of 24.3 ± 4.6 ml.kg-

1.min-1 in women and 32.9 ± 6.4 ml.kg-1.min-1 in men.316 The present study reported mean pre-

training VO2max values of 17.0 ± 7.4 ml.kg-1.min-1 in women and 23.6 ± 5.80 ml.kg-1.min-1 in men 

with PD. Mean post-training VO2max values in women were 20.6 ± 6.8 ml.kg-1.min-1 and 26.9 ± 7.5 

ml.kg-1.min-1 in men. The addition of healthy age and sex matched control participants would allow 

us to identify if PD VO2max measurements (baseline and post-training) are different compared to 

baseline VO2max levels of healthy aged-matched adults. 
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 4.6.2 Bias and underreporting 

 The BDI and PFS-16 questionnaires were completed by the participants without researcher 

interference. This could inherently cause self-reporting bias or underreporting due to the sensitivity 

of the questions and recall periods (PFS-16; requires participants to recall experiences over the 

past two weeks).285,286 Furthermore, the Hawthorne effect may be present since participants were 

aware they are being studied.317 In terms of the UPDRS Part III motor score and rater bias, the 

questionnaire was completed under the supervision of a registered physiotherapist (Taylor 

Campbell). Only one physiotherapist conducted the UPDRS questionnaires, and they were blinded 

to group allocations; eliminating the possibility of bias against one of the exercise programs during 

the scoring.318 However, she was still aware of the pre-post nature of the study which could 

influence the scoring.  

 

4.7 Future directions 

 Future directions in aerobic exercise training are required to provide conclusive evidence 

of its benefits in PD; specifically, further investigation into HIIT, and expansion of trials to 

include severe PD. The difficulty in providing safe clinical trials to PD individuals who cannot 

walk or balance unassisted is large, however, implementing methods of exercise such seated 

hand cycling or bodyweight assisted treadmill training with trainers moving the legs as necessary 

may prove beneficial. Incorporating larger clinical exercise trials with PD participants would 

also allow increased generalizability. The influence of specific drugs on outcomes should be 

studied as well. Complimentary effects are noted to appear if exercise and PD related drugs 

(dopamine replacement therapy) are incorporated together.319  
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The present study consisted of 10-weeks of training. Although benefits were identified, it 

is unknown whether these benefits remain, improve, or dissipate due to no follow-up testing. 

Studying the long-term benefits of the two exercise modalities can provide further information. 

Currently, it is known that aerobic training interventions may produce long-term benefits if 

programs last ≥12 weeks.320 Long-term exercise appears to be feasible and beneficial in PD 

populations as well.321 Recent findings involving heart transplant patients suggest that moderate 

intensity training after a HIIT program will not maintain the VO2max gains and intermittent HIIT 

is recommended instead.322 Identifying if VO2max gains dissipate in PD populations using CMIT 

versus HIIT after training interventions may provide further evidence to the superiority of HIIT. 

 The HIIT program investigated in this study utilized 1-minute bouts of high intensity 

followed by 1-minute bouts of very low intensity exercise, however many variations of intervals 

exist, for example, shorter intervals (≤ 30 seconds) or longer intervals (≥ 2 minutes).292 Altering 

the volume of training (e.g. ≤ 5 minutes vs. ≥ 15 minutes) is another consideration.292 Creating 

an exercise trial that incorporates multiple HIIT variations may lead to identifying a more 

efficient program in PD populations. Furthermore, some trials suggest HIIT participants report 

higher adherence and enjoyment; although this is dependent on the interval and rest periods 

utilized in the program.323 In the present study, HIIT participants seemed to enjoy the exercise 

more and reported it as more stimulating due to the alternating intensities. Participants in both 

HIIT and CMIT groups noted to enjoy exercising in a group setting more than exercising alone. 

Therefore, the social aspect of exercise should be considered important when conducting future 

studies in terms of compliance. 
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4.8 Conclusion 

The present study sought to determine if HIIT would elicit greater improvements in 

VO2max, clinical scores, and cardiovascular markers compared to CMIT in patients with PD. Our 

first hypothesis was confirmed. Both CMIT and HIIT had statistically significant improvements 

in VO2max however, HIIT did not provide larger gains, meaning our second hypothesis was 

rejected. Statistically significant time-related improvements in the UPDRS part III motor score 

occurred in both groups, with trending differences towards greater improvements following 

HIIT. Beneficial changes in both groups were also noted in BDI-II scores, peak heart rate 

(altered ability to push further), and exercise test duration. Although we noted these 

improvements, there were no significant changes to the PFS-16, and cardiovascular markers. 

Therefore, we cannot fully confirm our third hypothesis. Finally, the improvements in clinical 

symptoms and cardiovascular markers were not significantly different between groups. As a 

result, our fourth hypothesis was rejected.  

In contrast, a number of clinically meaningful differences were observed. The greater 

changes in VO2max in the HIIT group may have larger benefits on all-cause mortality. 

Additionally, the larger clinical differences identified within the HIIT group regarding UPDRS 

part III motor score and BDI-II provides evidence of increased efficacy due to HIIT training in 

PD populations when compared to CMIT. Our results suggest that HIIT is, at minimum, equally 

effective as CMIT in producing cardiorespiratory and clinical improvements, with future larger 

trials still needed to determine whether HIIT can produce greater adaptations in PD individuals.  
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