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Abstract.13

Background: Despite the benefits of medications and surgical interventions for Parkinson’s disease (PD), these treatments are
not without complications and neuroprotective strategies are still lacking. Therefore, there is a need for effective alternative
approaches to treat motor and non-motor symptoms in PD. During the last decade, several studies have investigated endurance
exercise training as a potential treatment for individuals with PD.
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Objective: This paper reviews the therapeutically beneficial effects of endurance exercise training on motor and non-motor
symptoms in PD.
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Methods: First, we performed a systematic review of the literature on the effects of endurance exercise training on motor and
non-motor signs of parkinsonism, functional outcomes including gait, balance and mobility, depression and fatigue, quality of
life and perceived patient improvement, cardiorespiratory function, neurophysiological measures, and motor control measures
in PD. Second we performed a meta-analysis on the motor section of the UPDRS. Then, we focused on several important factors
to consider when prescribing endurance exercise training in PD such as intensity, duration, frequency, specificity and type of
exercise. In addition, we identified current knowledge gaps regarding endurance exercise training in PD and made suggestions
for future research.
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Results: A total of eight randomized controlled trials met the inclusion criteria and were reviewed. This systematic review syn-
thesizes evidence that endurance exercise training at a sufficiently high level enhances cardiorespiratory capacity and endurance
by improving VO2 max and gait in moderately to mildly affected individuals with PD. However, there is not yet a proven effect
of endurance exercise training on specific features of PD such as motor signs of parkinsonism.
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Conclusion: Endurance exercise training improves physical conditioning in PD patients; however, to date, there is insufficient
evidence to include endurance exercise training as a specific treatment for PD. There is a need for well-designed large-scale
randomized controlled trials to confirm benefits and safety of endurance exercise training in PD and to explore potential benefits
on the motor and non-motor signs of PD.
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INTRODUCTION36

Parkinson’s disease (PD) is a clinical syndrome37

characterized by the gradual onset of motor symptoms38

such as bradykinesia, rigidity, tremor, gait dysfunc-39

tion and postural instability, as well as non-motor40

symptoms such as cognitive impairment and mood41

disorders among others. PD is related to progressive42

nigrostriatal dopaminergic pathway degeneration and43

symptoms tend to worsen with time, leading to a gen-44

eral decrease in activity and an altered quality of life45

with increased risk of falling, immobility, and cognitive46

impairment [1, 2]. To date, there is no neuroprotec-47

tive strategy available in PD. There is a need for new48

therapies that can reduce the functional and cognitive49

declines seen with advancing disease, and slow disease50

progression. Epidemiological studies have supported51

a link between moderate to vigorous exercise habits52

in midlife and the reduced risk of later developing53

PD [3, 4]. In a large population of American older54

adults, a higher level of moderate to vigorous physi-55

cal activity between ages 35 to 39 or in the past 1056

years was associated with a lower risk of developing57

PD [3]. The same authors demonstrated an associa-58

tion between higher moderate to vigorous physical59

activity and a lower risk of PD in both men and60

women in a meta-analysis of prospective studies [3].61

There is also increasing evidence, from animal mod-62

els of PD to clinical trials, supporting exercise-induced63

improvement for motor and non-motor function in PD64

[5–8]. The underlying mechanisms for these potential65

effects are not fully understood yet. Exercise could be66

beneficial for the brain through several hypothetical67

mechanisms. In healthy young and older adults, it has68

been proposed than exercise could increase angiogen-69

esis, neuroplasticity, neurogenesis, neuroprotection,70

anti-inflammatory effect, improve mitochondrial func-71

tion and oxidative stress, increase brain connectivity72

and increase level of neurotrophic factors such as brain-73

derived neurotrophic factor [5, 9, 10]. There is no74

clinical evidence that patients with PD would benefit75

more from exercise than healthy older adults. Exer-76

cise may have the same beneficial effects in PD as in77

healthy people, and a recent review suggested that exer-78

cise may have the potential to improve motor learning79

and behavioral performance in PD by promoting neu-80

roplasticity and restoring basal ganglia circuitry [5].81

Several modes of exercise have been investigated82

in PD including resistance exercise, balance and gait83

training, and endurance exercise. Recent reviews have84

suggested that resistance exercise can be effective and85

worthwhile in people with mild to moderate PD in86

order to improve strength, functional outcomes such 87

as walking capacity and potentially non-motor symp- 88

toms of the disease [8, 11]. Interventions that target 89

balance and gait such as Tai chi or dance training have 90

been found to reduce balance impairments, improve 91

functional capacity and reduce falls in patients with 92

mild-to-moderate PD [12–14]. Several studies have 93

investigated the effects of endurance training on the 94

motor and non-motor features of PD [15–22]. How- 95

ever, results have not been consistent across studies, 96

and it is unclear if improving endurance capacity in 97

individuals with PD can also improve the clinical 98

hallmarks of PD such as the motor signs of parkinson- 99

ism, functional performance, non-motor symptoms or 100

quality of life. Thus, this review will synthesize the lit- 101

erature that has examined the effect of endurance (i.e. 102

aerobic) exercise on the motor and non-motor signs of 103

PD, as well as functional performance and quality of 104

life of individuals with PD. 105

Endurance exercise training can be defined as an 106

exercise that improves cardiorespiratory power and 107

cardiorespiratory endurance [23, 24]. Cardiorespira- 108

tory power is measured in terms of maximal oxygen 109

uptake or VO2 max (the gold standard objective phys- 110

iological measure of aerobic power determined during 111

a cardiovascular endurance test). Cardiorespiratory 112

endurance is a function of how long an individual 113

can perform an activity using large muscle groups 114

and is correlated with VO2 max. Endurance training 115

is expected to improve cardiorespiratory endurance if 116

the person is training at 40% to 85% of VO2 max 117

[25]. Endurance is associated with exercise intensity, 118

which is frequently measured with absolute heart rate 119

(HR), relative HR expressed as a % of maximum 120

(%HRmax), or metabolic equivalents (METs). Based 121

on a linear relationship between VO2 and HR, the 122

American College of Sports Medicine recommends 123

that training for improved cardiorespiratory endurance 124

should be performed at a minimum of 55% to 65% 125

HRmax, depending on the initial fitness of the individ- 126

ual, and can be performed up to 90% HRmax [25, 26]. 127

A linear relationship between VO2 and HR has also 128

been shown in individuals with PD during treadmill 129

walking between speeds of 1.0 to 3.5 miles per hour 130

(Fig. 1) [27]. Although HR and VO2 were higher in 131

PD patients than age-matched healthy controls at all 132

walking speeds (Fig. 1) [27], VO2 max of PD patients 133

has been shown to be no different from that of controls 134

[27, 28]. In clinical trials, moderate intensity endurance 135

activities are frequently defined as 60 to 75% HRmax 136

and high-intensity endurance activities are frequently 137

defined as 75 to 90% HRmax [24, 29]. In contrast, 138
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Fig. 1. Relation between VO2 and HR during treadmill walking at speeds ranging from 1.0 to 3.5 miles per hour in patients with Parkinson’s
disease and in age- and sex-matched healthy controls. Adapted from: Christiansen et al. [29].

light-intensity activities have a relative intensity less139

than 60% HRmax and do not typically generate a mea-140

surable improvement in cardiorespiratory endurance141

[24, 29]. Thus, this review will focus on studies that uti-142

lized endurance exercise intensities greater than 60%143

HRmax.144

In this paper, we will first conduct a systematic145

literature review of the current clinical evidence for146

endurance exercise-induced changes in PD, restrict-147

ing the review to class I and II studies according to148

the classification of level of evidence of the Ameri-149

can Academy of Neurology [30]. We will focus on150

seven types of outcomes: motor signs of parkinsonism,151

functional outcomes, depression and fatigue, quality of152

life and patient perceived improvement, physiological153

measures (cardiorespiratory function, neurophysiolog-154

ical measures, and motor control measures), as well as155

adverse events and patient safety. We will then conduct156

a meta-analysis on the effect of endurance exercise157

training on motor disability in PD assessed by the158

UPDRS motor subscale. We will discuss the results of159

our review, and consider factors that are important in160

prescribing exercise for individuals with PD. Finally,161

we will identify knowledge gaps for endurance exer-162

cise training prescription in PD and make suggestions163

for future research.164

METHODS165

Search strategy166

The following electronic databases were searched:167

Pubmed (1990 to August 1st 2014), Cochrane Library168

(1990 to August 1st 2014), Embase (1990 to August 1st169

2014) and Google Scholar (1990 to August 1st 2014). 170

In addition, citation tracking was used to identify ref- 171

erence lists from included studies. 172

A study was included in the present review if it 173

met the following criteria: 1. The target population 174

was patients with idiopathic PD according to the UK 175

Parkinson’s Disease Society Brain Bank criteria [31]; 176

2. Endurance exercise training as previously defined 177

was the intervention evaluated for at least one of the 178

groups tested; 3. The effects of treatment intervention 179

were tested as the primary outcome; 4. The effects 180

of endurance training were compared with control or 181

comparison groups, including other forms of physi- 182

cal activity or exercise; 5. The paper was available 183

in English; 6. The study was a class I or II level of 184

evidence according to the American Academy of Neu- 185

rology classification of level of evidence [30]; and 186

7. The study was available as of August 1, 2014. A 187

study was excluded if: 1. Endurance exercise training 188

as defined previously was used as an assessment tool 189

rather than as a therapeutic intervention tool; 2. The 190

study had a class III or IV level of evidence accord- 191

ing to the classification of level of evidence [30]; 3. 192

Animals were studied. 193

We also conducted a meta-analysis on the effect 194

of endurance exercise training on motor disabil- 195

ity in PD assessed by the UPDRS motor subscale. 196

We first included studies that provided baseline and 197

post-intervention UPRDS motor scores to assess 198

within group differences (class IV level of evidence). 199

Then we included studies that compared endurance 200

exercise training to a control group (normal activ- 201

ity level or other type of exercise training) (class 202

II level of evidence). The meta-analysis was con- 203
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ducted using Review Manager (RevMan) (Version 5.0,204

Copenhagen, Denmark) [32]. When the change-from-205

baseline standard deviation was not available, we used206

a correlation coefficient from another study that pro-207

vided change-from-baseline standard deviation [33].208

Because of the high variability and the lack of con-209

sistency in the choice of outcomes between studies,210

we chose not to perform a meta-analysis for the other211

outcomes.212

RESULTS213

A total of eight randomized controlled trials met the214

inclusion criteria and were reviewed [15–22]. Table 1215

summarizes the principal characteristics and the main216

results of these eight studies.217

Intervention218

All studies investigated endurance exercise train-219

ing with a target HR >60% HRmax for at least220

one group, with the target exercise intensity between221

60% and 85% HRmax. Three studies evaluated an222

endurance exercise intervention against a no-exercise223

control group [19, 21, 22], two studies compared three224

different types of intervention, one of which was a non-225

endurance exercise intervention [15, 16], two studies226

compared two different endurance exercise interven-227

tions [15, 17], and two studies compared endurance228

exercise training with another exercise intervention229

and a control group with a normal activity level [18,230

20]. Across all of the studies, the interventions were231

clinically heterogeneous with regards to the frequency232

and duration of exercise being undertaken and duration233

of intervention: between 60 and 180 minutes per week234

for 6 to 64 weeks. The studies were also heterogeneous235

with regards to the exercise interventions: one study236

used body weight-supported treadmill walking [20],237

two studies used non-body weight-supported treadmill238

training [15, 19], one study used treadmill walking and239

cycling [21], one study used walking activities accom-240

panied by music [22], one study used treadmill, bicycle241

or elliptical trainer [16], one study used a stationary242

tandem bicycle [17], and one study used a semi-243

recumbent elliptical device [18]. All studies reported244

supervision for the exercise intervention although one245

study did not report details of who delivered the inter-246

vention or the setting [21]. Patients trained under direct247

supervision of exercise physiologists or physicians for248

each exercise session in seven studies [15, 17–22].249

In the eighth study, endurance exercise training was250

supervised by an exercise trainer for each session for251

4 months, and then monthly for 16 months total [16]. 252

All endurance interventions took place within an out- 253

patient setting, except for one study in which it was not 254

defined [21]. All endurance interventions used an indi- 255

vidual approach except for one study that used groups 256

of four participants [18]. All studies included in this 257

review except the study by Ridgel et al. examined the 258

exercise-induced changes on individuals with PD in 259

the on-medicated state. Exercise progression was also 260

heterogeneous across studies. The duration of the exer- 261

cise sessions was progressively increased in one study 262

[21] and remained constant in seven studies [15–20, 263

22]. A period of training adaptation with progressive 264

exercise intensity (increased target HR) occurred in 265

three studies [15, 17, 22], while the target HR remained 266

constant during the duration of the intervention in five 267

studies [16, 18–21]. In studies with constant target HR 268

throughout the duration of the intervention, parame- 269

ters such as treadmill speed and incline or cycling 270

device resistance were progressively increased in order 271

to maintain the target HR within the prescribed range. 272

Participants 273

A total of 338 patients were included in the eight 274

studies reported in this review and 307 patients 275

completed their allocated intervention protocol. The 276

number of screened patients was reported in two 277

studies: 811 volunteers were contacted to select 121 278

patients for participation in one study [16] and 945 279

volunteers were contacted to select 67 patients for par- 280

ticipation in the second [15]. The minimum number 281

of participants with PD in a study was 8 [21], and 282

the maximum was 121 divided across three exercise 283

groups [16]. PD status was described using Hoehn and 284

Yahr’s (HY) measure of disease severity in 6 studies, 285

and using the Unified Parkinson’s Disease Rating Scale 286

(UPDRS) motor score in 2 studies [17, 18]. Studies 287

included PD patients at HY stages 1, 2 and 3. For the 288

two studies that did not use the HY scale, all patients 289

had a on medication UPDRS motor score lower than 35 290

in one study [18], and the mean off medication UPDRS 291

motor score was 48.4 ± 12.7 for the forced endurance 292

exercise group and 49.0 ± 15.4 for the voluntary 293

endurance exercise group in the other study [17]. 294

Outcomes 295

Motor signs of parkinsonism 296

Six studies examined the effects of endurance exer- 297

cise training on motor functions in individuals with 298

PD across several outcomes including the UPDRS total 299
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Table 1
Class I and II studies that examined the effects of endurance exercise in Parkinson’s disease

Trial Design Intervention Sample Outcomes Results Limitations

Shulman et al.
2013 [15]

RCT 3 arms
(1) High-intensity treadmill (HIT),

30 min, 70–80% HRreserve
(approximately 75–85%
HRmax), 3/w

(2) Low intensity treadmill (LIT),
50 min, 40–50% HRreserve
(approximately 55–65%
HRmax), 3/w

(3) Stretching and resistance
exercises (SR), 3/w
Duration of intervention: 12 w

67 PD, HY1-3, mild to moderate gait
or balance impairment, MMSE
>23

HIT: allocated 26, analyzed 23
LIT: allocated 26, analyzed 22
SR: allocated 28, analyzed 22

(a) Motor disability: UPDRS total,
UPDRS-III. On-medication
(b) Function: 10mWT, 6MWT – VO2

max: HIT and LIT >SR
(c) Depression and fatigue: BDI,
16-item Parkinson Fatigue Scale
(d) QOL and self perceived
improvement: PDQ-39, Falls
Efficacy Scale, Schwab and England
Activities of Daily Living Scale
(e) Physiological measures: VO2

max, 1-repetition maximum strength

Between-group differences:
– VO2 max: HIT and LIT >SR
– Strength SR > HIT and LIT
Within-group differences:
– 6MWT: LIT (.001), SR (.019),
HIT (.07)
– VO2 max: HIT (.003), LIT
(.004), SR (.92)
– UPDRS total: no change in any
group; UPDRS-III SR (–3.5 pts.
p < 0.05), LIT and HIT (p > 0.05)
– No changes for any non motor
outcomes, disability or home
ambulatory

Design: lack of a non-exercise
PD control group. Difference
in duration of exercise
between LIT and HIT so that it
was not clear whether the
difference between conditions
was intensity or duration

Schenkman et
al. 2012 [16]

RCT 3 arms
(1) Flexibility/balance/ function

(FBF), 5–7/w
(2) Aerobic exercise (AE) using

treadmill, bike, or elliptical
trainer (65–80% HRmax for
30 min), 5–7/w

(3) Home-based exercise (fitness
counts = control) (C), 5–7/w
Duration of intervention: 4, 10,
and 16 mo

121 PD, HY1-3, MMSE>23.
Allocated C 41, FBF 39 and AE 41
Completed the 16 mo follow-up: C
32, FBF 33, AE 31

(a) Motor disability: UPDRS total
score, UPDRS-III. On-medication
(b) Function: CS-PFP, FRT
(c) Depression and fatigue: NA(d)
QOL and self perceived
improvement: PDQ-39
(e) Physiological measures: VO2 max

Between-group differences:
– 4mo: CS-PFP: FBF > C (.006);
UPDRS-ADL: FBF > C (.029);
VO2 max: AE > C (.002) and AE >
FBF (.001); no group difference in
other outcomes
– 10mo: VO2 max: AE > FBF
(.001); no group difference in
other outcomes
– 16mo: VO2 max: AE > FBF
(<.0001) et C (.0001);
UPDRS-ADL: FBF > C (.041); no
group difference in other outcomes
Within-group differences: no
significant differences for
measured outcomes

Design: lack of no-exercise
control group, data collected
only ON medication

Ridgel et al.
2009 [17]

RCT 2 arms
(1) Forced aerobic exercise (FE)
with a trainer on a stationary
tandem bicycle (pedaling rate 30%
> preferred voluntary rate),
60–80% HRmax, 1h/sessions, 3/w,
8 w
(2) Voluntary exercise (VE) group
pedaled at their preferred rate,
60–80% HRmax, 1h/sessions, 3/w,
8 w
Duration of intervention: 8 w,
follow-up at 12 w

10 PD
UPDRS-III (mean ± SD)
FE=48.4 ± 12.7;
VE = 49.0 ± 15.4
5FE, 5VE

(a) Motor disability: UPDRS-III.
Off-medication
(b) Function: bimanual dexterity task
performances
(c) Depression and fatigue: NA
(d) QOL and self perceived
improvement: NA
(e) Physiological measures: VO2 max

Between-group differences:
– Cadence: FE > VE (.002)
Within-group differences:
– VO2 max +17% and +11% for
VE and FE-UPDRS-III +35% at
4w (.002) and similar to baseline at
8w (.09) for FE, no improvement
for VE (>.17)
– Bimanual dexterity task
performances improved for FE
(<.05) but not for VE (>.05)

Design: Small sample size, proof
of concept study, no
between-group statistical
analysis for UPDRS and upper
extremity functional
outcomes; lack of no-exercise
control group
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Table 1
(Continued)

Trial Design Intervention Sample Outcomes Results Limitations

Sage et al. 2009
[18]

RCT 3 arms
(1) SAFEx program: sensory

attention focused exercise,
40–60 min, 3/w, 12w

(2) Lower limb aerobic program
(AE), 20 min, semi-recumbent
elliptical device, 60–75%
HRmax, 3/w, 12w

(3) Controls (C): normal activity
level
Duration of intervention: 12 w

46 PD, UPDRS-III < 35
SAFEx 18, AE 13, C 15

(a) Motor disability: UPDRS-III.
On-medication
(b) Function: posture and gait (PG)
score (total of UPDRS items
27–31), TUG, gait velocity, step
length, and cadence
(c) Depression and fatigue: NA
(d) QOL and self perceived
improvement: NA
(e) Physiological measures: HR

Between-group differences:
– UPDRS-III: SAFEx > C (<.001)
– PG: SAFEx > C (<.054);
– Step length: AE > SAFEx and C
(<.03)
Within-group differences:
– SAFEx improved UPDRS-III
(<.001), PG scores (<.01) and
tended to improve TUG (.06) and
double time support (.068)
– AE improved step length (.019)
and tended to improve gait
velocity (.07) and TUG (.095);
– Step length variability increased
in C (.02)

Design: Small sample size

Kurtais et al.
2008 [19]

RCT 2 arms
(1) Treadmill training (AE), 40

min/session, 3/w, 6 w, 70–80%
HRmax

(2) Control group (C): not further
described
Duration of intervention: 6 w

30 PD, without severe cognitive
impairment.

HY (mean ± SD)
AE: HY 2.5 ± 0.7
C: HY 2.2 ± 0.8
Analyzed AE 12, C 12

(a) Motor disability: NA
(b) Function: 20-m walking time,
timed U-turn task, turning around a
chair, climbing up and down a flight
of stairs, arising from an armless
chair, standing on one foot
(c) Depression and fatigue: NA
(d) QOL and self perceived
improvement: NA
(e) Physiological measures: VO2

max, MET

Between-group differences: NA
Within-group differences:
– Improvement in all functional
tests for AE (<.05), except
standing on one foot for the left
foot (.182)
– AE improved in VO2 max
(.015) and MET (.008)
– No changes for C (>.05) except
for standing on one the right foot
(.041)

Design: method of
randomization not described,
short follow-up time and
small sample size, no analysis
for between-group differences

Fisher et al.
2008 [20]

RCT 3 arms
(1) High-intensity (HI): body

weight supported treadmill
walking (10% of the patient’s
body weight, and increased if
necessary), up to 45 min/day,
for 24 supervised sessions in
8 w, 75% HRmax

(2) Low-intensity (LI): general or
traditional physiotherapy, for
24 sessions in 8 w, 50%
HRmax

(3) No exercise (C): 6h education
class over 8 w
Duration of intervention: 8 w

30 PD, <3 y of evolution, HY1-2
HI 10, LI 10, C 10

(a) Motor disability: UPDRS total
score, UPDRS-III. On-medication
(b) Function: walking velocity, step
length, stride length, step width,
cadence, double-limb support time,
hip, knee and ankle range of motion
(c) Depression and fatigue: NA
(d) QOL and self perceived
improvement: NA
(e) Physiological measures: VO2

max, MET, CSP with TMS

Between-group differences: NA
Within-group differences:
– UPDRS total and motor:
slightly improved for HI, LI, C
– Gait measures improved for HI,
LI and C but HI showed
consistent improvement in most
gait parameters
– TMS: average increase in
maximal CSP duration for the
more and less affected
hemisphere for HI but not for LI
(decrease) or C (no change)

Design: small sample size, no
statistical analysis for
between-group differences
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Table 1
(Continued)

Trial Design Intervention Sample Outcomes Results Limitations

Bergen et al.
2002 [21]

RCT 3 arms
(1) Aerobic exercise (AE):

cycling (up to 20 min and
walking on the treadmill (up to
20 min), 60 to 70% HRmax,
3/w, 16 w

(2) PD control group (PC):
normal activity level

(3) Healthy control group
(HC): normal activity level
Duration of intervention: 16 w

8 PD, HY2, and 6 HC
AE 4, PC 4, HC 6

(a) Motor disability: NA
(b) Function: MI, responses to
visual and proprioceptive cues;
simple flexion, simple extension,
and a choice condition (flexion or
extension)
(c) Depression and fatigue: NA
(d) QOL and self perceived
improvement: NA
(e) Physiological measures: VO2

max

Between-group differences:
– VO2 max: AE > PC (.013)
Within-group differences:
– AE improved choice MI (.003)
and simple MI (<.05)
– MI times was faster for
proprioceptive cues vs visual cues
(.048) and for simple vs choice
conditions (.003)
– Simple and choice MI: pre-AE
vs PC (.89), post-AE vs HC (.38)

Design: small sample size,
randomization procedure not
clear, effect of medication not
discussed

Bridgewater et
al. 1996 [22]

RCT 2 arms
(1) Aerobic exercise (AE)

(30 min of walking activities
accompanied by music),
65–85% HRmax, 2/w for 12 w

(2) Control group (C): normal
activity level
Duration of intervention: 12 w,
follow-up at 16 w for 3 AE
subjects

26 PD, HY1-3
AE 13, C 13

(a) Motor disability: WRS.
On-medication
(b) Function: NA
(c) Depression and fatigue: LPDQ
(d) QOL and self perceived
improvement: HAP, NUDS
(e) Physiological measures: HR,
stress test duration

Between-group differences:
– Stress test duration:
AE > C (<.05)
– WRS: AE vs C (<.05)
– HAP: AE > C (<.05)
– NUDS: AE > C (.023)
– LPDQ: AE vs C (>.05)
Within-group differences:
– NUDS increased in AE (.051)
an decreased in C (<.05)
– LPDQ increased in AE (<.05)

Design: small sample size,
randomization procedure not
clear, only 3 AE subjects at
16w

AE: aerobic exercise group, BDI: Beck Depression Inventory, C: control, CSP: cortical silent period, CS-PFP: Continuous Scale—Physical Functional Performance Test, FRT: Functional Reach
Test, HAP: Human Activity Profile, HIT: high intensity treadmill exercise, HR: heart rate, HY: Hoehn and Yahr scale, LIT: low intensity treadmill exercise, LPDQ: Levine-Pilowsky Depression
Questionnaire, FE: forced exercise, MMSE: Mini Mental State Examination, mo: months, y: years, PG: posture and gait score (total of UPDRS items 27–31), PD: Parkinson’s disease, PDQ-39:
Parkinson Disease Questionnaire, RCT: randomized controlled trial, MET: metabolic equivalent task, MI: movement initiation, NA: not assessed, NUDS: Northwestern University Disability Scale,
TUG: Timed Up and Go test, UPDRS: Unified Parkinson Disease Severity Rating Scale, VE: voluntary exercise, VO2 max: maximum oxygen uptake, we: weeks, WRS: Webster Rating Scale,
6MWT: 6-minute walk test, 10mWT: 10-meter walk test.
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score [15, 16, 20], the UPDRS motor score [15, 18, 20],300

and the Webster Rating Scale (WRS) [22]. Each of the301

tools was specific for PD. In one study, UPDRS motor302

score was completed while patients were off anti-303

parkinsonian medication [17]. PD patients were tested304

on medication in the other studies [15, 16, 18–22]. Five305

studies did not find any significant changes in UPDRS306

total or motor score or in WRS with endurance exer-307

cise training [15, 16, 18, 20, 22]. Ridgel et al. found308

a statistically significant 35% (–12 points) improve-309

ment of the off medication UPDRS motor score in the310

forced endurance exercise group after 8 weeks of train-311

ing (p = 0.002) (patients exercised with a trainer on a312

stationary tandem bicycle and pedaled at a rate 30%313

greater than their preferred voluntary rate) [17]. How-314

ever, they argued that this improvement was due to the315

forced nature of exercise rather than to its aerobic com-316

ponent. Indeed, with the same intensity of 60 to 80%317

HRmax, the comparison exercise group, who pedaled318

at their preferred voluntary rate, did not show a sig-319

nificant improvement in the off medication UPDRS320

motor score (p > 0.17). Improvement in off medication321

UPDRS motor score in the forced exercise group was322

not statistically significant 4 weeks after training ended323

(p = 0.09) [17]. The meta-analysis comparing pre- and324

post-endurance exercise training UPDRS motor scores325

included 5 studies [15–18, 20]. This meta-analysis326

found no statistically significant improvement in motor327

disability following endurance exercise training (mean328

difference 1.85 [−0.20. 3.90]) (Fig. 2). When com-329

pared to a control group, there was no evidence that330

endurance exercise training improved motor disability331

in PD (mean difference: 0.85 [−1.11. 2.80]) (Fig. 2).332

Physical performance: Gait, balance, and333

functional mobility334

Four studies assessed gait velocity: one study335

involved training on a semi-recumbent elliptical device336

[18] and three studies of treadmill training [15, 19,337

20]. Within group comparisons in all four studies338

supported trends or significant improvement in com-339

fortable gait velocity (mean change 0.02–0.13 m/s,340

p = 0.012–0.16). Two of these studies also supported341

significant improvements in fast walking velocity fol-342

lowing moderate to high intensity treadmill training343

(mean change 0.07 – 0.10 m/s, p = 0.025–0.049) [15,344

20]. Two studies documented improvement in comfort-345

able step length following endurance exercise training346

(mean change 4 – 4.65 cm, p = 0.019) [18, 20]. Sec-347

ondary gait variables such as cadence, double support348

time, base of support, and step length variability did349

not significantly change following endurance exercise350

training on the semi-recumbent elliptical [18]. Cadence 351

also did not appear to change following treadmill train- 352

ing [20]. In contrast, double support time and lower 353

limb range of motion during gait tended to improve 354

following treadmill training [20]. Shulman et al. 355

compared higher-intensity treadmill exercise (30 min, 356

70%–80% HRreserve ≈ 75%–85% HRmax) with 357

lower-intensity treadmill exercise (50 min, 40%–50% 358

HRreserve ≈ 55%–65% HRmax) and with stretching 359

and resistance exercises in PD [15, 34]. Walking dis- 360

tance, assessed using the 6-minute walk test (6MWT), 361

improved following longer duration, lower-intensity 362

treadmill training (p = 0.001). However, 6MWT did 363

not improve following the shorter duration, higher- 364

intensity exercise (p = 0.07) [15]. 365

Balance was assessed in two studies [16, 19]. Single 366

limb stance improved significantly (7.3 sec, p = 0.05) 367

on the right foot, but not the left, in response to tread- 368

mill training [19]. The functional reach test (FRT) 369

improved approximately 1.0 cm (0.4 in) following 4 370

months of endurance exercise training when partici- 371

pants had the option of training on a treadmill, bike, 372

or elliptical trainer [16]. This was not significantly dif- 373

ferent from a flexibility and balance trained group or a 374

home based group. 375

General functional mobility was assessed using a 376

variety of measures in 3 studies [16, 18, 19]. Improve- 377

ments in functional mobility were not detected with the 378

Timed Up and Go test (TUG) [18] or the Continuous 379

Scale-Physical Functional Performance test (CS-PFP) 380

[16]. In contrast, Kurtais et al. (2008) measured signif- 381

icant improvements (p < 0.01) in functional mobility 382

with a variety of timed measures including U-turns, 383

turning around a chair, stair climbing, and arising from 384

a chair [19]. 385

Depression and fatigue 386

Two studies investigated depression. Shulman et al. 387

investigated depression with the Beck Depression 388

Inventory (BDI) [15], whereas Bridgewater et al. 389

used the Levine-Pilowsky Depression Questionnaire 390

(LPDQ) [22]. Through post-hoc analysis, a com- 391

parison of baseline and final assessment showed a 392

significant improvement in the LPDQ in the endurance 393

exercise group (p < 0.05) [22]. However, there was no 394

significant group-by-time session interaction across 395

LPDQ assessments compared to PD patients in the 396

normal activity level group [22]. Shulman et al. did not 397

find any significant change for depression [15]. Only 398

one study assessed fatigue using the 16-item Parkinson 399

Fatigue Scale, and endurance exercise training did not 400

decrease patient reported fatigue in PD [15].
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Fig. 2. Meta-analysis on the effect of endurance exercise training on motor disability in PD assessed by the UPDRS motor subscale. A. Meta-
analysis comparing baseline and post-intervention UPRDS motor scores (within group difference). B. Meta-analysis comparing endurance
exercise training with a control group. The control group did not exercise in two studies (Fisher et al. [20], Sage et al. [18]), the control group
exercised using the National Parkinson Foundation Fitness Counts program in one study (Schenkman et al. [16]), and a combined resistance
and stretching program in another study (Shulman et al. [15]). Squares indicate the individual mean difference in each study. The size of each
square is proportional to the percent weight of that individual study in the meta-analysis, and the horizontal line represents the 95% confidence
interval (CI). Pooled mean differences and 95% CIs are indicated by the solid diamond. C: control group, Ex: endurance exercise training group,
FE: forced exercise, HIT: higher intensity training, LIT: lower intensity training, VE: voluntary exercise.

Quality of life and patient perceived improvement401

Two studies assessed quality of life using the Parkin-402

son’s Disease Questionnaire (PDQ-39) [15, 16]. In403

these two studies there was no statistically signifi-404

cant improvement in quality of life following 3 and405

16 months of endurance exercise training [15, 16].406

Activities of daily living (ADL) were assessed by ques-407

tionnaire, using the Northwestern University Disability408

Scale (NUDS) in one study [22], the UPDRS ADL409

subsection in two studies [16, 20], and the Schwab410

and England ADL scale in one study [15]. Patient-411

perceived improvement was also reported using the412

Falls Efficacy Scale (FES) and the Human Activity413

Profile (HAP) [15, 22]. One study reported a statis-414

tically significant improvement of the HAP and the415

NUDS in favor of the endurance exercise intervention416

compared to the control group [22]. Self perceived417

rating of independence based on ADL (Schwab and418

England ADL scale), self perceived confidence to419

prevent falls (FES), and ADL did not improve with420

endurance exercise training in other studies [15, 16,421

20].422

Improved physiological measures423

a. Cardiorespiratory function: Five studies inves-424

tigated VO2 max changes with endurance425

intervention [15–17, 19, 21] and one study inves-426

tigated stress test duration changes [22]. All 427

of these studies reported statistically significant 428

improvement of cardiorespiratory capacity with 429

endurance training (between-group and within- 430

group comparisons). 431

b. Neurophysiological measures: One study exam- 432

ined the effect of endurance exercise training 433

on corticomotor excitability measured through 434

transcranial magnetic stimulation (TMS) [20]. 435

In the high intensity group, increases in corti- 436

cal silent period duration were seen for the five 437

patients tested with TMS in both hemispheres 438

[20]. The high-intensity group (target HR of 75% 439

HRmax) demonstrated an average 32-ms increase 440

in the maximal cortical silent period duration for 441

the more affected hemisphere compared with an 442

average 17 ms decrease in cortical silent period 443

duration for the low-intensity group (target HR of 444

50% HR max). There was no change in cortical 445

silent period duration in the no exercise control 446

group [20]. 447

c. Motor control measures: Two studies assessed 448

upper limb motor control [17, 21]. Of these, one 449

found an improvement in movement initiation 450

time for elbow flexion and extension under both 451

simple and choice reaction time conditions with 452

endurance exercise training [21]. In the other 453
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study, an upper limb bimanual dexterity task454

improved in the forced high pace exercise group455

but not in the voluntarily paced exercise group456

indicating that the forced nature of exercise, and457

not the endurance component, was responsible458

for the improvement [17].459

Attrition, adverse events and safety460

Endurance exercise training was well tolerated. Not461

unexpectedly, the attrition rate was higher in the pro-462

grams that lasted a longer period of time. The highest463

attrition rate was reported in a 16 month randomized464

controlled trial in which 75.6% of the PD patients allo-465

cated to the endurance exercise group completed the466

study [16]. All patients completed the exercise proto-467

col in 3 studies [17, 20, 21]. Attendance rate (total468

sessions attended/absolute number of sessions) was469

high for the endurance exercise group with 95% in470

the study of Bridgewater et al. [22], and 86.8% in the471

study of Sage et al. [18]. Adverse events were not men-472

tioned in 5 studies [17–19, 21, 22]. One study reported473

no exercise-related adverse events [20], and two other474

studies reported only a few non-serious adverse events475

including soreness, pain, and orthostatic hypotension476

[15, 16].477

DISCUSSION478

Lessons from randomized controlled trials that479

examined endurance exercise training in PD480

Motor signs of parkinsonism481

The UPDRS is the gold standard assessment tool for482

characterizing impairments in persons with PD [35].483

Considering the studies reviewed here, there is no evi-484

dence to support an improvement in the motor signs of485

parkinsonism in PD with endurance exercise training.486

The heterogeneity between the control groups in the487

studies included in the meta-analysis could have influ-488

enced the result. Indeed, a combined resistance and489

stretching program was used as the control group in one490

study [15]. This group had significantly lower UPDRS491

motor scores post-intervention compared to baseline,492

which was not the case for the two other groups fol-493

lowing an endurance exercise training program [15].494

Thus, as discussed by the authors, this could sug-495

gest that UPDRS items are more responsive to muscle496

strengthening than endurance exercise training. One497

recent study found a significant improvement in the on498

medication UPDRS motor score with endurance exer-499

cise training [36]. In this study, all the completers were500

pooled (n = 49) for data analysis according to an a pri-501

ori analysis plan. Therefore, this interventional study 502

provides only Class IV level of evidence that a mod- 503

erate to vigorous endurance exercise program (mean 504

HR = 79.7% HRmax) improves motor function in mild 505

to moderate PD [36]. This result is encouraging, but 506

the lack of a control group for the main analysis pre- 507

vents the authors from proving efficacy of the walking 508

program on motor symptoms in PD patients. More ran- 509

domized controlled clinical trials are needed to assess 510

if endurance exercise has a positive effect on motor 511

disability in PD. 512

This lack of effect of endurance exercise training 513

on motor disability is in contrast to Tai Chi, another 514

intervention program that has been associated with 515

significant improvement in the UPDRS-III in a recent 516

meta-analysis [37]. One recent study with class II level 517

of evidence found that progressive resistance exer- 518

cise significantly improved off medication UPDRS 519

motor score at 24 months compared with a stretching, 520

balance, and strengthening exercise program (mean 521

difference −7.3 points, p < 0.001) [38]. However, other 522

studies did not find any significant improvement in the 523

on medication UPDRS-III using progressive resistance 524

exercise [39, 40]. 525

In this review on endurance exercise training, the 526

small sample size in some studies and the fact that 527

evaluations were conducted in the on medicated state 528

without withdrawal from anti-parkinsonian medication 529

may have influenced the results of the studies. There 530

is a need for a well-designed controlled clinical trial 531

that is powered to detect differences in the motor signs 532

of parkinsonism that includes both on and off medica- 533

tion testing to truly assess motor signs of PD changes 534

without any confounding effect of medication. 535

Physical performance: Gait, balance, and 536

functional mobility 537

The results of these studies suggest that endurance 538

exercise training can be beneficial for a variety of phys- 539

ical performance measures, including gait. A recent 540

meta-analysis concluded that treadmill training can 541

improve gait speed and stride length [41], but the 542

effect of training intensity, duration, and modality is 543

unknown. Two of the eight studies included in their 544

meta-analysis were included in our review [19, 20], 545

but the other six treadmill training studies in their 546

meta-analysis [41] did not define the aerobic inten- 547

sity achieved during training. The three studies in 548

our review that reported improved gait parameters in 549

response to endurance exercise training used long dura- 550

tion training sessions on a treadmill (40–50 minutes) at 551

low to moderate [15] or high intensity levels [19, 20]. 552
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In contrast, two studies with shorter duration training553

sessions (20–30 minutes) on a recumbent elliptical and554

treadmill did not show improvements in gait parame-555

ters [15, 18].556

Reduced balance is associated with falls, poor557

mobility, disability and reduced quality of life in PD558

and balance is poorly responsive to levodopa [42,559

43]. A recent meta-analysis concluded that exercise560

and motor training can improve the performance of561

balance-related activities in people with PD and rec-562

ommended that highly challenging balance exercises563

be part of a rehabilitation program for patients with564

PD [44]. Our review indicates that endurance exer-565

cise training alone is not sufficient to improve balance566

measures [18, 19]. This finding may be due to a lack567

of training specificity for balance in many endurance568

exercise interventions or the lack of sensitive balance569

testing. Endurance studies in this meta-analysis and in570

our review did not explore balance with the Berg Bal-571

ance Scale (BBS), the Mini-BESTest, or the functional572

gait assessment (FGA), which have high reliability and573

validity for assessing balance in individuals with PD574

[45–47].575

Results of improved functional mobility were pos-576

itive in one study of high intensity treadmill training577

with long duration (40 min) training sessions [19]. The578

measures included by Kurtais and colleague were less579

common timed mobility tests, including timed U-turn,580

turning around a chair, time to ascend/descend one581

flight of stairs, and time to arise from an armless chair582

[19]. Functional mobility assessed by the TUG and583

the CS-PFP did not improve in two other studies with584

shorter duration training sessions (20 min on a semi-585

recumbent elliptical in one study and 30 min using586

varied exercise equipment in the other study) [16, 18].587

The variability in these findings could be due to differ-588

ences in exercise session duration, exercise modality,589

or outcome measure used.590

Depression and fatigue591

Depression is a common neuropsychiatric feature592

of PD and a meta-analysis found a prevalence of 31%593

among patients with PD [48]. The relationship between594

exercise and depression has been studied in healthy595

individuals, and a systematic review of 11 randomized596

controlled trials that investigated endurance, resistance597

and balance training concluded that exercise in general598

is an effective treatment for depression [49]. Given599

the studies reviewed here, there is no clear evidence600

that endurance exercise training can improve depres-601

sion in PD. However, patients with PD who enrolled in602

these studies were mild to moderate PD patients and603

may have had less depression at baseline and, there- 604

fore, exercise may have been less likely to improve 605

this specific outcome. Indeed, in the study by Shulman 606

et al., baseline mean BDI scores in each group were 607

lower than 11, which indicates that patients were not 608

depressed and had ups and downs that could be consid- 609

ered normal [15, 50]. In a recent randomized clinical 610

trial with a delayed start design, Park et al. suggested 611

that exercise could improve depression in PD patients 612

[51]. In this study, the exercise program was based 613

on two, 12-week fitness cycles that mixed endurance 614

and resistance training [51], thus making it impossi- 615

ble to delineate which specific intervention accounted 616

for improvement. Another interventional study pro- 617

vided class IV level of evidence that brisk walking was 618

associated with improvement in depression assessed 619

by the Geriatric Depression Scale (p = 0.041) and the 620

UPDRS part I (p = 0.025) in PD patients [36]. In studies 621

that investigated exercise in PD, depression has been 622

included as an exploratory outcome and not as a pri- 623

mary outcome. Additional clinical trials that include 624

depression as a primary outcome variable are needed to 625

explore the potential benefit of exercise on depression 626

in PD patients. 627

Fatigue is a common symptom in PD and in a 628

community-based study, 44.2% of PD patients self- 629

reported experiencing fatigue [52]. In the general 630

population, fatigue has been shown to be inversely 631

correlated with physical activity and physically active 632

people have about a 40% reduced risk of experienc- 633

ing feelings of low-energy and fatigue compared with 634

sedentary comparison groups [53]. The current review 635

provides no evidence that endurance exercise training 636

is associated with improvement of self-reported fatigue 637

in PD. However, endurance exercise training was asso- 638

ciated with improved feeling of energy and lower 639

fatigue in two other studies not included in this review 640

[54, 55]. Exercise is well tolerated in individuals with 641

PD [15, 56], and a paradoxical effect with increased 642

exercise-induced fatigue seems unlikely. Given the het- 643

erogeneity in clinical presentation and severity of the 644

disease, further clinical trials are needed to understand 645

the relationship between exercise and fatigue in PD. 646

Quality of life and patient perceived improvement 647

Quality of life is impacted by several factors in 648

PD including impairment of motor function, gait dis- 649

turbances and depression [57]. The PDQ-39 assesses 650

different domains such as mobility, activity of daily 651

life, emotional well-being, stigma, social support, 652

cognition, communication and bodily discomfort. 653

This self-administered questionnaire is a reliable and 654
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validated scale to assess quality of life in PD [58].655

The mean baseline PDQ-39 summary index was rel-656

atively low in the endurance exercise group in two657

studies we included, indicating that patients enrolled658

had a good quality of life at baseline and, therefore,659

the endurance exercise intervention would have been660

less likely to improve this outcome [15, 16]. Further661

research is needed to explore the effect of endurance662

exercise training on quality of life in PD. Furthermore,663

other factors such as pain and fatigue, cognitive deteri-664

oration, sleep problems, detrimental social functioning665

and economic impact of the disease contribute to the666

negative impact of quality of life in PD and the effect667

of exercise on counter balancing these factors is not668

clear [57, 59, 60].669

With regards to patient self-perceived improvement,670

endurance exercise training seems to have a positive671

effect in PD. The HAP is a self-report measure of phys-672

ical activity levels. It is a 94-item questionnaire that673

investigates activities from very easy (getting in and674

out of chairs or bed) to very strenuous (running or jog-675

ging 3 miles (5 km) in 30 min or less) [61]. Because676

this questionnaire focuses on physical activity, it is not677

surprising that endurance exercise training improved678

the HAP score in one study [22]. Given the current679

review, it is unclear if endurance exercise training can680

improve ADL. One possible explanation is that PD681

patients included in these studies had mild to moderate682

disease severity (HY1-3) and were independent in most683

activities and, therefore, the endurance exercise inter-684

vention may be less likely to improve this outcome. In685

one study, at baseline, all patients had a mean score on686

the Schwab and England ADL scale higher than 80%,687

which indicates that they were independent in most688

ADL [15]. The same study failed to show a significant689

reduction in the risk of falls assessed by the FES [15]. It690

was unclear if endurance exercise training was insuffi-691

cient to reduce perceived risk of falls in PD or whether692

the FES was insensitive to the exercise changes for mild693

to moderate disease severity patients with a low risk of694

falls. In addition, no endurance exercise training study695

in PD has looked at actual falls prevention. Endurance696

exercise training has been shown to reduce number of697

falls in the healthy general older population [62, 63].698

For these reasons, further research is required to deter-699

mine if endurance exercise training in individuals with700

PD reduce or prevent falls or fear of falling.701

Improved physiological measures702

a. Cardiorespiratory function: The benefits of703

endurance exercise training for cardiovascular704

function are well established for several dis-705

eases including heart disease, diabetes and obesity 706

[64–66]. The precise incidence of cardiovascu- 707

lar events in individuals with PD is unknown. 708

A recent review suggested that patients with 709

PD might have an increased risk of devel- 710

oping comorbid cerebrovascular complications 711

[67]. Our review suggests that regular endurance 712

exercise training increased VO2 max, which is 713

the gold standard objective physiological mea- 714

sure of cardiorespiratory fitness, in PD patients. 715

By increasing cardiovascular fitness, endurance 716

exercise training clearly benefits cardiovascular 717

function in the PD population and may have 718

an even greater benefit for people with PD 719

with comorbid complications. Walking economy, 720

defined as the steady-state aerobic demand for 721

a given submaximal speed of walking, has been 722

found to be impaired in patients with PD com- 723

pared to aged healthy adults [27]. Endurance 724

exercise training could improve walking econ- 725

omy and decrease fatigue during daily activity, 726

which may make the accomplishments of day-to- 727

day tasks easier for individuals with PD. 728

b. Neurophysiological measures: TMS is one non- 729

invasive measure that can provide indirect insight 730

into human neurophysiology [68]. Compared to 731

healthy controls, people with PD have been 732

found to have shortened cortical silent period 733

durations, which can be restored with dopamin- 734

ergic medication [69]. Fisher et al. demonstrated 735

that eight-weeks of high-intensity endurance 736

exercise also lengthened cortical silent period 737

duration in people with PD [20]. They attribute 738

the exercise-induced changes in cortical silent 739

period to increased dopaminergic activity in the 740

basal ganglia affecting GABA-B receptor medi- 741

ated intracortical inhibition or BDNF mediated 742

increases in the number of GABAergic interneu- 743

rons [20]. Another recent study, using PET 744

imaging with the radioligand [18F] fallypride, 745

found that endurance exercise training increased 746

the dopamine D2 receptor binding potential in 747

patients with early-stage PD [70]. This study 748

supports an endurance exercise-induced increase 749

in dopaminergic D2 receptor expression in the 750

basal ganglia of patients with early-stage PD, 751

and according to the authors this could reflect 752

a beneficial compensatory mechanism to boost 753

dopaminergic signaling within the indirect stri- 754

atopallidal pathway [70]. The increase in D2 755

receptors appeared specific to PD patients [70]. 756

Unfortunately, neither TMS nor D2 receptor bind- 757
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ing potential can provide precise information758

about subcortical dopamine. TMS does not pen-759

etrate beyond cortical structures and increased760

D2 receptor binding potential could be due to761

increased number of D2 receptors, or reduced762

dopamine. Additional research with more par-763

ticipants and combinations of neurophysiological764

measures are needed to confirm and extend these765

findings.766

c. Motor control measures: Both studies that767

assessed upper limb motor control demonstrated768

improvement in tasks that were distinct from769

the endurance exercise training interventions,770

which focused on lower limb movements [17,771

21]. Improvement in elbow movement initiation772

time for simple and choice reaction tests [21]773

and bimanual coordination [17] may represent774

global improvement in neuromuscular function as775

a result of endurance exercise training.776

Factors to consider in prescribing endurance777

exercise training in PD778

Intensity and duration of exercise training session779

The optimal intensity of exercise for individuals780

with PD is not known, and cannot yet be inferred781

from the animal literature. Intensity is not reported782

in terms of HR demand in animal models of PD, nor783

can it be discerned how HR demands in the animal784

model relate to humans. In healthy individuals, Kohrt785

et al. showed that VO2 max increased in individuals786

aged 60–71 with an endurance exercise program in787

which the intensity averaged 80 ± 5% HRmax, and that788

this adaptation was independent of sex, age, and ini-789

tial level of fitness [71]. The executive summary of790

the Physical Activity Guidelines Advisory Commit-791

tee Report indicated that there is strong evidence that792

vigorous-intensity exercise is associated with greater793

improvements for some health outcomes compared to794

those observed with moderate-intensity exercise [29].795

High-intensity training has been demonstrated to be796

feasible in individuals with PD and there is some evi-797

dence that high-intensity endurance exercise training is798

beneficial for PD patients with a dose-response effect799

of exercise in this population. Fisher et al. compared800

high-intensity activity (75% HRmax with a range from801

50% to 75%) with low-intensity activity (50% HRmax802

or less) on several measures including the UPDRS and803

altered cortical excitability in patients with PD. They804

found that the cortical silent period was lengthened in805

the high-intensity group suggesting exercise-induced806

neuroplasticity with high-intensity endurance exer-807

cise training [20]. Shulman et al. found a significant 808

improvement on the 6MWT for the lower intensity 809

treadmill group and the stretching and resistance group 810

but not for the high-intensity treadmill group. They 811

concluded that the lower intensity treadmill exercise 812

was the single most effective training exercise for 813

improving gait and fitness [15]. However, there was a 814

difference in duration of exercise sessions between the 815

lower intensity treadmill and high-intensity treadmill 816

group so that it is not clear whether it was intensity 817

or duration of exercise that accounted for the differ- 818

ences. As such, the best dose of endurance exercise 819

training is still an open question. An ongoing RCT 820

study has been designed to address this specific ques- 821

tion in never-medicated patients and may establish if 822

there are differences in potential symptom modify- 823

ing responses to moderate (60–65% HRmax) and high 824

(80–85% HRmax) intensity exercise in PD [72]. 825

This current review shows that endurance exercise 826

is feasible and safe in people with mild to moderate 827

PD with very few adverse events related to the exercise 828

intervention. Attrition rate of more than 20% can affect 829

the validity and overall outcome of a study and typi- 830

cally downgrades an otherwise level 1 study to a level 2 831

study [30]. The drop-out rate in the studies included in 832

the current review did not exceed 20%, except in a 16 833

month randomized controlled trial, in which a 25.5% 834

drop-out rate was observed for the endurance exercise 835

group at the end of the program [15, 16]. Several fac- 836

tors may explain the attrition in exercise studies, such 837

as the necessity to commute to an exercise center, the 838

inferior perception of the exercise program as a non- 839

traditional treatment by the patient and/or his family, 840

and the time commitment required to adhere to the 841

exercise program given the fact that people with mild 842

to moderate PD still have an active work and family 843

life. 844

Specificity, duration and mode of exercise program 845

Treadmill training is the most used endurance exer- 846

cise training modality. Three of the eight endurance 847

training programs solely trained on the treadmill [15, 848

19, 20], one included treadmill training for some par- 849

ticipants [16], and one included treadmill training as 850

a part of a larger endurance training program [21]. In 851

2010, Mehrholz et al. conducted a meta-analysis of 852

exercise interventions in patients with PD and con- 853

cluded that: “Patients with Parkinson’s disease who 854

receive treadmill training are more likely to improve 855

their impaired gait hypokinesia. However, the results 856

must be interpreted with caution because there were 857

variations between the trials in patient characteristics, 858
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the duration and amount of training, and types of treat-859

ment. Additionally, it is not known how long these860

improvements may last” [41]. Our review is consis-861

tent with this meta-analysis and supports the positive862

effects of endurance treadmill training on physical per-863

formance in PD.864

Using an animal model of PD, Gerecke et al. have865

suggested that duration of a program intervention is866

crucial to protect dopaminergic neurons against death867

caused by acute MPTP-intoxication [73]. In humans,868

the necessary duration of an endurance exercise pro-869

gram intervention to improve functional outcomes in870

PD is unknown and most of the studies have investi-871

gated exercise-induced changes with only short-term872

duration and follow-up (Table 1).873

The best mode of physical activity for PD patients874

is also a question that needs further exploration. In875

addition to endurance exercise, resistance exercise and876

balance training programs have also been evaluated for877

individuals with PD [8, 44]. One single study included878

in this review suggests that UPDRS items could be879

more responsive to muscle strengthening than moder-880

ate intensity endurance training [15] (Fig. 2). However,881

there is no clear evidence than one mode of exercise882

intervention is superior to another, and the mecha-883

nisms underlying exercise-induced changes for each884

program are not fully understood. Moreover, PD is a885

variable and progressive disease and it is possible that886

only some patients can benefit from a specific exercise887

regimen according to disease severity, clinical presen-888

tation, or even lifestyle or genetics. The most effective889

exercise intervention for patients with PD has yet to be890

elucidated and there is a real need for well-designed891

controlled clinical trials that would compare and/or892

combine different modes of exercise.893

Knowledge gaps894

Endurance exercise training, neurophysiology and895

neuroprotection896

Studies using animal models of PD have shown that897

endurance exercise training promotes neuroplasticity898

through several mechanisms such as preservation of899

dopamine neurons in the striatum and the substantia900

nigra, increased expression of dopamine D2 recep-901

tors and downregulation of the dopamine transporter902

protein, or increased dendritic spines and arboriza-903

tion in both D1-receptor medium spiny neurons of the904

direct pathway and D2-receptor medium spiny neurons905

of the indirect pathway [5, 74–77]. Exercise-induced906

neuroplasticity is not restricted to the dopaminergic907

system. Exercise has also been shown to modulate908

glutamatergic neurotransmission [78, 79]. These spe- 909

cific examples of neuroplasticity are difficult to study 910

in humans. Non-invasive human neurophysiology 911

techniques, such as TMS, PET imaging, electroen- 912

cephalography, and functional magnetic resonance 913

imaging each present with limitations, such as inter- 914

individual variability, lack of spatial and/or temporal 915

resolution, cost, lack of knowledge regarding spe- 916

cific mechanisms, and lack of specificity for neuronal 917

populations. For example the neurons that are stim- 918

ulated or imaged could be excitatory, inhibitory, or 919

state dependent. Future research is needed to confirm 920

the repeatability of the findings in this review, and 921

should employ combinations of human neurophysiol- 922

ogy techniques to provide additional information about 923

neuroplasticity. 924

Animal studies have also suggested a possible 925

neuroprotective effect of exercise in experimentally 926

induced parkinsonism [73, 80]. Similar to the gen- 927

eral neuroplasticity research, these findings have yet to 928

be translated in humans. The time course of exercise- 929

induced changes in the human brain and how it varies 930

as a function of age, and disease duration is not known. 931

To date, no study has suggested a disease modify- 932

ing effect of endurance exercise training in PD. A 933

recent study using a delayed start design found that 934

the Beck Depression Index score decreased more in the 935

early-start group than in the delayed-start group, which 936

could suggest a disease modifying effect of exercise 937

for symptoms like depression in individuals with PD. 938

However, there was no significant difference between 939

the two groups regarding other outcomes including 940

gait and balance, UPDRS or the PDQ-39 [51], and 941

because of the mixed nature of the exercise program, 942

the specific role of endurance exercise training cannot 943

be inferred from the results. 944

Role of stage of disease progression 945

Most of the studies that have investigated the effects 946

of endurance exercise training in PD have included 947

a limited number of participants with mild to moder- 948

ate disease severity and were highly supervised with 949

a short duration. Another gap in our knowledge is 950

whether exercise would be still beneficial to patients 951

in the later stages of PD or with cognitive impair- 952

ment. One should keep in mind the potential limitations 953

of doing exercise therapy in these sub-populations. 954

With the progression of the disease, PD patients 955

develop several motor and non-motor complications, 956

such as motor fluctuations, dyskinesia, unpredictable 957

response to medications, increased fall risk, dysau- 958

tonomia, dementia, hallucinations, depression, and 959
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psychosis [81]. Therefore, patients at late stage of960

PD with severe motor disability or motor complica-961

tions associated with levodopa therapy may not be962

able to follow an endurance exercise protocol. Safety is963

another important issue. In later stages of PD, postural964

instability is a common complaint and has been associ-965

ated with falls and fear of future falls in PD [82]. Thus,966

endurance exercise on a treadmill or over-ground could967

be associated with severe side effects such as falls and968

increased morbidity, and endurance exercise training969

using cycling devices or supervised treadmill training970

with safety harnesses may be safer in patients advanced971

PD and postural instability. Cognitive impairment,972

which is common in advanced PD, could also be seen973

as an exclusion criterion for endurance exercise. How-974

ever, endurance exercise has been shown to be safe and975

feasible in patients with dementia [83], and endurance976

exercise may have a positive effect on cognition in PD977

(i.e. discussion on cognition). Studies with longer dura-978

tion with an appropriate follow-up and an evaluation of979

pharmacologic therapy would be essential to confirm980

the probable neuroplastic action of endurance exercise981

training and to explore if exercise-induced changes in982

PD are maintained over time. Such studies will be chal-983

lenging and expensive unless biomarkers of disease984

progression are validated and used as secondary out-985

come measures. Future studies need to consider the986

stage of disease progression, as the goal of the interven-987

tion may be different at different stages of the disease.988

Effect of endurance exercise training on cognition989

and sleep in PD990

Cognition is affected early in PD and progresses with991

disease severity [50]. Impaired executive function is992

frequent in PD and is related to alterations in frontos-993

triatal connectivity [84, 85]. Exercise in general has994

been shown to improve executive function and pre-995

vent cognitive decline in healthy individuals [86–88].996

A meta-analysis that included different types of inter-997

ventions including endurance exercise training found a998

possible exercise-induced improvement for executive999

functioning in elderly persons with cognitive impair-1000

ment [89]. Four studies that were below a class II level1001

of evidence investigated endurance exercise-induced1002

cognitive changes in individuals with PD were not1003

included in this review. These studies used multiple1004

intervention methods with a combination of endurance1005

and resistance exercise in two of the studies [90, 91].1006

The effect of endurance exercise training alone on cog-1007

nitive function in PD has been investigated only in case1008

series or case report format [92, 93], which creates an1009

important selection bias. There were also differences1010

in the cognitive tests used and definition of cognitive 1011

impairment between the studies. Moreover, most of 1012

these studies have included patients with no cognitive 1013

impairment [90, 91, 93] and only one study included 2 1014

PD patients with cognitive impairment [92]. However, 1015

the results are promising and exercise was associated 1016

with improvement in cognitive functions such as work- 1017

ing memory, verbal fluency and dual task performances 1018

[90, 93]. Therefore, endurance exercise training might 1019

improve cognitive functions, and especially execu- 1020

tive functions in individuals with PD. Further study 1021

is needed to confirm this association and to understand 1022

central mechanisms that may be responsible for these 1023

improvements. 1024

Sleep disorders have a high prevalence in PD, and 1025

can be due to various causes including bladder dysfunc- 1026

tion, periodic limb movements of sleep, depression and 1027

anxiety, dreams and nightmares induced by dopamin- 1028

ergic medications, or rapid eye movement sleep 1029

behavior disorder [94]. A randomized controlled trial 1030

found that in the general population, sedentary elderly 1031

individuals with sleep dysfunction showed improve- 1032

ment in quality of sleep (sleep duration, sleep-onset 1033

latency) after moderate-intensity endurance exercise 1034

training [95]. No study included in this review assessed 1035

sleep disturbances in PD. One non-controlled study 1036

not included in this review reported some indication 1037

of sleep improvement in PD patients who participated 1038

in 36 supervised group sessions of endurance exer- 1039

cise training and muscular strengthening, although the 1040

results did not reach the level of significance (p = 0.06) 1041

[96]. Another recent study that did not meet the inclu- 1042

sion criteria for this review did not find any sleep 1043

improvement (assessed by the Pittsburgh Sleep Qual- 1044

ity Index) with exercise in PD patients involving in 1045

a 16 weeks high intensity exercise training challeng- 1046

ing strength, power, endurance, balance, and functional 1047

mobility [54]. More studies are needed to explore the 1048

effect of endurance exercise training on the various 1049

sleep dysfunctions in this population. 1050

Endurance exercise training and autonomic 1051

dysfunction in PD 1052

There is evidence of autonomic nervous dysfunction 1053

in PD. Impairment of the cardiac autonomic nervous 1054

system is a characteristic feature of PD [97] and an 1055

early noradrenergic post-ganglionic cardiac denerva- 1056

tion in PD is supported by postmortem findings as well 1057

as imaging with heart 123I-metaiodobenzylguanidine 1058

scintigraphy studies [98, 99]. The impairment of car- 1059

diac function might be present early in the disease 1060

during the premotor phase of PD. A recent study 1061
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showed that individuals with premotor PD exhibit1062

chronotrophic insufficiency, or an inability of the HR1063

to increase appropriately as intensity increases, dur-1064

ing exercise stress testing [100]. Endurance exercise1065

training can lead to autonomic cardiovascular adapta-1066

tions with reduced sympathetic autonomic drive and1067

increased vagal autonomic drive [101, 102]. These1068

changes lead to an improvement of the heart rate vari-1069

ability in patients after myocardial infarction [103,1070

104]. In addition, endurance exercise training has1071

been associated with increased cardiac �-adrenergic1072

responsiveness [105, 106]. Orthostatic hypotension is1073

a common symptom in PD and a reduced baroreflex1074

response plays a role in its pathophysiology [107].1075

Endurance exercise training has been associated with1076

improvement of the baroreflex function in healthy1077

seniors [108]. Although the benefits of endurance exer-1078

cise training on autonomic cardiovascular adaptations1079

have been well demonstrated in various populations,1080

no study has examined this relation in PD.1081

Constipation is another frequent manifestation of1082

autonomic nervous system dysfunction in PD. Kaye1083

et al. used questionnaires to assess the impact of con-1084

stipation in 156 patients with PD compared to 1481085

controls, and the authors found that constipation was1086

nearly three times more prevalent in PD patients (59%1087

versus 21%) [109]. Constipation has been attributed1088

to drug therapy, poor diet, and inadequate fluid intake,1089

but it may be due to the disease process itself [110]. In1090

a recent meta-analysis, a history of constipation was1091

one of the strongest risk factors associated with later1092

PD diagnosis [111], and Lewy body pathology is found1093

within the enteric nervous system of PD patients [112].1094

In healthy individuals, physical activity is associated1095

with a decreased risk of constipation through sev-1096

eral possible mechanisms including increased colonic1097

mobility and biomechanical stimulation of the gut or1098

the colon during exercise [113]. There is no evidence1099

of a positive effect of endurance exercise training on1100

constipation in PD patients, but we think that patients1101

with PD would experience a similar benefit. Simi-1102

larly, endurance exercise may improve urinary and1103

sexual dysfunctions, which are common symptoms1104

of autonomic dysfunction in PD [114]. More studies1105

are needed to explore the effect of endurance exercise1106

training on autonomic dysfunctions in PD patients.1107

Genetic influences1108

Over the past decade, the identification of risk1109

loci, genes and mutations in PD has provided new1110

insights into disease etiology [115]. There is evi-1111

dence from animal models and human research that1112

the neurogenic response to exercise is influenced by 1113

genetic background [23]. Several genes that have 1114

been associated with the clinical presentation in PD 1115

may have an impact on exercise-induced changes. 1116

Brain-derived neurotrophic factor (BDNF) is a major 1117

regulator of synaptic plasticity, neuronal survival and 1118

differentiation and may contribute significantly to PD 1119

pathogenesis and dementia development in the course 1120

of the disease [116]. Catechol-O-Methyltransferase 1121

(COMT) is a ubiquitous enzyme that mediates 1122

biodegradation of catecholamines including dopamine 1123

and L-dopa. Although studies have shown contradic- 1124

tory results, COMT polymorphism has been found to 1125

interact with dopaminergic medication and could influ- 1126

ence cognition in PD [117]. Apolipoprotein (APOE) 1127

e4 allele has been linked to clinical presentation and 1128

progression in Alzheimer’s disease [118]. However, 1129

recent studies support a link between APOE e4 allele 1130

status and disease symptoms, especially cognitive 1131

impairment in PD patients [119]. COMT and BDNF 1132

polymorphisms have been shown to influence the 1133

effects of endurance exercise training in healthy indi- 1134

viduals and APOE polymorphism has been shown to 1135

influence the interaction between cognitive decline and 1136

physical activity [120–123]. However, the influence 1137

of such genetic and epigenetic factors on exercise- 1138

induced changes in PD has still to be fully explored 1139

and future studies need to take in consideration genetic 1140

issues to understand the complex interaction between 1141

genetics and exercise in individuals with PD. 1142

Limitations 1143

There were several limitations to this review. We 1144

limited our search strategy and subsequent review to 1145

evidence ranked as level I or II in articles that were 1146

published in English-language, peer-reviewed publica- 1147

tions. We included randomized controlled studies that 1148

investigated endurance exercise training as a therapeu- 1149

tic intervention tool and endurance exercise training 1150

was defined by an intervention performed with a tar- 1151

get HR >60% HRmax. Therefore, studies with positive 1152

results but lower intensity of exercise or lower level of 1153

evidence were not analyzed. As noted previously, par- 1154

ticipants included were moderately to mildly affected 1155

by PD and, therefore, the results of the study are not 1156

fully generalizable to the PD population at large. 1157

Conclusion and implications and directions for 1158

future research 1159

This systematic review synthesizes evidence that 1160

endurance exercise training at a sufficiently high level 1161



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

G. Lamotte et al. / Endurance Exercise in Parkinson’s Disease 17

can have positive effects on different outcomes that1162

are not specific to PD. Endurance exercise training1163

enhances cardiorespiratory capacity and endurance by1164

improving VO2 max and gait in moderately to mildly1165

affected individuals with PD. However, there is not1166

yet a proven effect of endurance exercise training1167

on specific features of PD such as motor signs of1168

parkinsonism. Further research is needed to explore1169

the effects of endurance exercise training on motor1170

signs of parkinsonism and non-motor symptoms such1171

as fatigue, depression, cognition, sleep disturbances,1172

autonomic nervous system dysfunction, and quality1173

of life in individuals with PD. We conclude that1174

endurance exercise training improves physical con-1175

ditioning in PD patients; however, to date, there is1176

insufficient evidence to include endurance exercise1177

training as a specific treatment for PD. There is a need1178

for well-designed large-scale randomized controlled1179

trials to confirm benefits and safety of endurance exer-1180

cise training in PD and to explore potential benefits on1181

the motor and non-motor signs of PD. Further research1182

on exercise in PD should address specific questions1183

about the optimal exercise mode, intensity and dura-1184

tion to target specific improvements in the motor and1185

non-motor features of PD.1186
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