
RESEARCH ARTICLE

Effectiveness of physical activity on patients

with depression and Parkinson’s disease: A

systematic review

Pei-Ling Wu1☯, Megan Lee2☯, Tzu-Ting Huang3,4☯*

1 Graduate Institute of Clinical Medical Sciences, Nursing, Chang Gung University, Tao-Yuan, Taiwan,

2 Department of biochemistry, University of Washington, Seattle, WA, United States of America, 3 Healthy

Aging Research Center School of Nursing, College of Medicine, Chang Gung University, Tao-Yuan, Taiwan,

4 Department of Neurology (Dementia Center), Chang Gung Memorial Hospital Linkou Medical Center, Tao-

Yuan, Taiwan

☯ These authors contributed equally to this work.

* thuang@mail.cgu.edu.tw

Abstract

Aim

In this paper we aimed to systematically review the literature on physical activity’s effect on

depressive symptoms in Parkinson disease.

Background

Depression is a common symptom of Parkinson’s disease and is associated with increased

disability, rapid progression of motor symptoms, mortality, and adverse effects on Quality of

Life.

Design

A systematic review of primary research was undertaken and conducted according to the

Preferred Reporting Items for Systematic Reviews.

Data sources

Databases Scopus, Psycho-info, CINAHL, PubMed, and ProQuest Cochrance were

searched from January 2006 to June 2017. The language was restricted to English.

Review methods

Abstracts were screened and reviewed against the eligibility criteria (participants’ mean age

were� 60 with PD, PA interventions, depression as one of outcome variables, and Ran-

domized Control Trail or quasi-experimental design). Two reviewers appraised the quality of

the data extracted. The modified Jadad scale assessed the quality of the methodology of

the published papers.
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Results

The database search yielded 769 abstracts, 11 of which were included in this review and

awarded scores ranging from 3 to 8 (Scale scores range from 0 to 8 points, higher scores

indicated better quality) by the raters. These 11 studies included 342 patients and executed

17 kinds of physical activity programs. Results of this review show empirical evidence to

support the efficacy of physical activity for the population with Parkinson’s disease. Aerobic

training exercise significantly improved the participants’ scores on the Unified Parkinson’s

Disease Rating Scale, the Beck Depression Inventory, and the Quality of Life of the patients.

Qigong improved scores in UPDRS-III and decreased incidences of multiple non-motor

symptoms and depression. Furthermore, a balance-training program, such as Tai Chi, can

improve postural stability and Quality of Life.

Conclusions

Physical activity may assuage the degeneration of motor skills and depression as well as

increase the Quality of Life of Parkinson’s disease patients, with aerobic training producing

the best results. These findings suggest that physical activity, notably aerobic training, could

be a good exercise strategy for patients with Parkinson’s disease.

Introduction

Depression symptoms in Parkinson’s (PD) disease

PD is a chronic, progressive, and neurodegenerative disease associated with major issues of

disability and increased mortality.[1] Non-motor symptoms in PD, such as depression, affects

44%~51.7% of all PD patients.[2, 3] Depression and PD share overlapping symptoms such as

reduced facial expression, problems with sleeping, fatigue, psychomotor retardation, and

reduced appetite. These similar symptoms may contribute to the underdiagnosis of depression

in patients with PD.[4, 5] Moreover, mild depression is an especially common symptom in the

early stages of PD and is associated with increased disabilities, rapid progression of motor

symptoms, and increased mortality. Furthermore, depression is the main factor affecting Qual-

ity of Life (QOL) in PD. Huang et al.[6] suggested that non-pharmacological interventions,

such as physical activity, should be the treatment of choice for mild depression.

Definition of physical activity (PA)

PA is defined as any bodily movement produced by skeletal muscles that result in energy

expenditure, which can be measured in kilocalories.[7] PA in daily life can be categorized into

occupational, sports, conditioning, household, or other activities.[7–9] The term "exercise" has

been used interchangeably with "PA" since the two share many of common elements. Both

terms involve bodily movement produced by skeletal muscles that expends energy, are mea-

sured by kilocalories ranging continuously from low to high, are positively correlated with

physical fitness as the intensity, duration, and increases the frequency of movements.[9, 10]

Exercise is PA that is planned, structured, repetitive, and purposeful in the sense that the objec-

tive is to improve or to maintain one or more components of physical fitness; examples include

swimming, running, and working out at the gym. Tasks regularly performed in the manner

described are considered exercise.[7] The PA Guidelines for ACSM recommends that most
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adults engage in moderate-intensity cardiorespiratory exercise training for�30 min, on�5

day/week for a total of�150 min/wk, vigorous-intensity cardiorespiratory exercise training

for�20 min/day on�3 day/ week (�75 min/wk1), or a combination of both.[10].

The effects of PA on depression in Parkinson’s disease (PD)

PD is among the list of chronic pathological conditions that may benefit from regular PA. In

recent years, empirical evidence has shown PA to be an effective strategy to delay or reverse

the decline of physical functions and decrease depression in PD affected patients.[11] PA or

exercise may have a central effect on depression through an increase in the release of ß-endor-

phins, in the availability of brain neurotransmitters (such as serotonin, dopamine, and nor-

adrenaline), or in brain-derived neurotropic factors.[12] PA can lead to improvements in self-

esteem, self-evaluation, and a sense of achievement.[13] Wipfli et al.[14] found a positive asso-

ciation between PA and self-efficacy. In addition, the increased social interaction experienced

during group PA treatments may have positive effects on the patients’ mood.[6].

Research evidence shows that PA can reduce depressive symptoms and improve QOL[6,

15] and also improve the self-esteem[15] of older people. Bridle et al.[16] reviewed nine RCTs

and discovered that the 3–12 months of PA treatment had an effect on the severity of depres-

sive symptoms in older people overall. However, among PD patients, PA needs to last at least

12 weeks to decrease depressive symptoms.[17] This systematic review adds to the existing

body of knowledge by including PA intervention among PD patients studies collected was

from an online literature search, and published up to June 2017. Guided by the Preferred

Reporting Items for Systematic Reviews and Meta-Analysis Guidelines[18] (S1 Table), the

aims of this systematic review were to summarize and critically assess the effect of the physi-

cal activity intervention on depressive symptoms amongst PD patients with the evidence

collected.

Materials and methods

Study eligibility and data extraction

We searched clinical trial studies regarding PA interventions customized to decrease depres-

sive symptoms in PD patients. A systematic literature search for articles published from Janu-

ary 2006 to June 2017 was performed. Studies searched five electronic databases: Scopus,

Psycho-info, CINAHL, Pub Med, and ProQuest Cochrance. The keywords used were “PD”,

“PA or exercise”, and “Depression” for a total of 769 articles. The inclusion criteria: (i) partici-

pants’ mean age were� 60 with PD; (ii) PA interventions; (iii) Randomized Control Trail or

quasi-experimental design. The exclusion criteria is as follows: (i) non-English literature; (ii)

no full text; (iii) not only Parkinson’s disease patients participation in the studies; (iv) outcome

variables without depression; (v) non-experimental research; (vi) literature review. After the

removal of duplicate articles, 11 articles total were included in the final analysis (Fig 1).

Quality assessment

The selected studies in this review used the modified Jadad scale, the most widely used scale in

the world, to assess the studies’ methodological quality.[19] The modified Jadad scale for

assessment standards was developed by Greenhalgh[20] and Oremus[21]. The 3-item Jadad

scale was developed to measure the quality of clinical trial reports: (i) was the study described

as randomized? “yes or no”; award a bonus point if the method of randomization is appropri-

ate (e.g. computer generated, score 2), deduct one point if the method of randomization is

inappropriate (score 1)–no randomization score was 0; (ii) was the study described as double-
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blind? “yes or no”; award a bonus point if the method of double-blinding is appropriate (e.g.

identical placebo, score 2), deduct one point if the method of double-blinding is inappropriate

(score 1)–no double-blinding score was 0; (iii) Was there a description of withdrawals and

dropouts? “yes (score 1) or no (score 0)”. Scale scores can range from 0 to 5 points, with higher

scores indicating better quality.[22] Studies with a score of 3 or more were considered high-

quality trials and those below 3 were low-quality trials.[22].

A modified version of the Jadad scale consists of six items, the three additional questions

for the 6-item Jadad scale: (iv) was there a clear description of the inclusion/exclusion criteria?

“yes or no” (scored 1 point); (v) was the method used to assess adverse effects described? “yes

or no” (scored 1 point); (vi) were the methods of statistical analysis described? “yes or no”

(scored 1 point); one point is awarded for each affirmative response. No points are awarded

for a negative response. There are six items in the modified version of the Jadad scale, the six

items are (i) randomization (“yes” scored 2 points, “no” scored 0); (ii) blinding (“yes” scored 2,

“no” scored 0); (iii) description of withdrawals and dropouts (“yes” scored 1 point, “no” scored

0 points); (iv) inclusion/exc1usion criteria (“yes” scored 1 point, “no” scored 0 points); (v)

adverse effects (“yes” scored 1, “no” scored 0); (vi) statistical analysis (“yes” scored 1, “no”

scored 0).[21] Scale scores range from 0 to 8 points, with higher scores indicating better qual-

ity. 1–3 signified low-quality while 4–8 signified high-quality.[21].

Fig 1. Flowchart of studies.

https://doi.org/10.1371/journal.pone.0181515.g001
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Measurement outcome

The outcome variable indicators included physical ability, levels of depression, levels of anxi-

ety, and QOL. The primary outcome was depression.

Data extraction

Two reviewers extracted data from the chosen papers using structured extraction forms and a

third reviewer mediated discussions to resolve any discrepancies. The data analysis included

specific details about the populations, interventions, study methods, and outcomes of signifi-

cance to the review question. When studies are reported to have found significant effects, sta-

tistical analyses were run and each study reported required at least a p-value of p<0.05.

Results

Classification of study quality

Six among the 11 articles selected earned scores of�5 for quality on the modified Jadad scale.

Three articles scored 3, two articles scored 4, two articles scored 5, three articles scored 6 and

one article scored 1. Two studies were published in 2006, one in 2009, two in 2010, one in

2011, one in 2013, two in 2015, and one in 2016 and 2017. Three studies were randomized

(they had described such as envelopes and Computer-generated random allocation table) and

three are randomly assigned. There are two double blind studies, two single-blinded, and the

other seven studies are non-blinded. Seven of them are I b level of evidence and the other four

are II a. The data demonstrates that our systematic review articles are of high quality. Table 1.

General study characteristics

The database search yielded 769 abstracts, 11 of the 769 are included in this review. These

include 5 RCTs and 6 quasi-experimental studies, one of which had no mention of criteria.

[23] (Fig 1). A summary of the included studies is detailed in Tables 2 and 3, and 4. The 11

studies include a total of 342 patients. The mean age is 65.02 years old and the ages range from

Table 1. Level of evidence and Jadad quality score.

First author

(Year)

Level of

evidence

modified Jadad scale

Randomization

(2)

Blinding

(2)

Withdrawals and

dropouts (1)

Inclusion/

Exc1usion

criteria (1)

adverseeffects

(1)

statisticalanalysis

(1)

Total

Burini (2006) Ib 2 2 1 1 1 1 8

Schmitz-

Hübsch (2006)

Ib 2 0 1 1 1 1 5

Tanaka (2009) IIa 0 0 0 1 1 1 3

Dereli (2010) IIa 0 0 1 1 1 1 4

Smania (2010) Ib 0 0 1 1 1 1 6

Khallaf (2011) IIa 0 0 0 1 0 1 3

Cheon (2013) IIa 0 0 1 1 1 1 4

Dashtipour

(2015)

Ib 2 2 0 1 0 1 6

Lee (2015) Ib 2 0 0 0 0 1 3

Altmann (2016) Ib 2 0 1 1 0 1 5

Sajatovic

(2017)

Ib 2 1 1 1 0 1 6

https://doi.org/10.1371/journal.pone.0181515.t001
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30~90. There are a total of 138 males and 124 females, among these studies three (N = 71, 9

participants are loss follow up) did not differentiate between genders.[24–26] The sample size

in these studies range from 11 to 64, 72.72% (n = 8) studies have� 30 or less subjects. Three

studies took place in Europe, three in Asia, three in the United States, one in North Africa, and

one in South America. Two studies did not mention the setting in which the intervention was

performed[23, 25]; 7 studies took place in a hospital with one home-base exercise in the con-

trol group of Dereli’s[27] study, two at exercise facilities and exercise centers.[24, 28] Table 3.

Intervention, duration and intensity

Types of PA. Within the 11 studies, PA types included: (i) Aerobic Training (AT) and

Qigong (Q) (Group1: AT1+QG2, Group2: QG1+AT2) (Burini et al., 2006); (ii) Training

Table 2. Summary of general study characteristics.

Study/country Study population

Setting Sample

size

Age Inclusion criteria Exclusion criteria

Burini/Italy Neurorehabilitation

facility

n = 26 62.7 ~

65.7

Hoehn & Yahr stage II-III Severe cognitive impairment, severe

neurologic, cardiopulmonary or

orthopaedic disorders.

Schmitz-

Hübschy/

German

Outpatient movement

disorder clinic

n = 56 63.8 Any stage of disease 1. Recent 1month or planned change

medication

2. Central nervous system disease.

Tanaka/Brazil Laboratory of Physical

Activity

n = 20 64.6 ~

64.8

Hoehn & Yahr stage I–III Patients in advanced stage of the

disease.

Dereli/Turkey Outpatient unit n = 32 61.3 ~

66.5

Hoehn & Yahr stage I–III Change medications used or dosage.

Smania/Italy Rehabilitative gym n = 64 67.26 ~

67.64

No other neurological conditions Mental deterioration and severe

dyskinesias.

Khallaf/Egypt Outpatient clinic n = 30 49 ~ 70 1. Able to walk independently for 6 min. Neuro musculoskeletal disorder, severe

cardiovascular disorders, and cognitive

impairment.
2. Mild-to-moderate disability according to

the UPDRS.

Cheon/Korea Hospital n = 23 62.3 ~

65.6

Mild-to-moderate PD. Severe motor complications, dementia,

and psychiatric symptoms.

Dashtipour/USA Outpatient clinic n = 11 30 ~ 90 1. On a stable dose for the last 28 days. 1. Progression of Parkinsonian features.

2. No medication changes for the next four

months.

2. Severe depression or mental

Disorders

Lee/Korea n = 20 68.4 ~

70.1

1. No cognitive impairment.

2. Ambulate independently.

Altmann/USA Center for Exercise

Science

N = 30 62.8 ~

67.8

1. Diagnosed with idiopathic PD. 1. Participants with secondary or atypical

Parkinsonism.2. Modified Hoehn and Yahr scale scores

ranged between 1 and 3 in the “on”

medication state.

3. Had a stable response to anti-

parkinsonian and/or psychotropic

medication.

2. Severe, unpredictable episodes of

motor fluctuation.

Sajatovic/USA local exercise facility N = 30 70 1. Idiopathic PD with Hoehn and Yahr

stage III.

1. Mini-Mental State Examination

(MMSE) score of 24.

2. Diagnosis of unipolar major depression

with a MADRS score�14.

2. Unstable cardiovascular disease.

3. Stable dose of PD medication for 2

weeks and antidepressant medication (if

applicable) for 4 weeks

3. High fall risk, or other uncontrolled

chronic conditions.

https://doi.org/10.1371/journal.pone.0181515.t002
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Group (TG): Qigong and Control Group (CG): no additional intervention[29]; (iii) TG: Aero-

bic exercise (multimode exercise program: Coordination, Muscular Resistance, and Balance)

and CG daily[30]; (iv) Physiotherapist-supervised vs. Self-supervised groups for an exercise

program that includes Stretching, Range of Motion, Mobility, Relaxation, Balance Gait and

Coordination Training, and Breathing[27]; (v) Experimental Group (EG): balance training

exercise and CG: general physical exercises[31]; (vi) Group (G) 1: aerobic exercise (treadmill)

+ conventional physiotherapy program, G2: conventional physiotherapy program only[26];

(vii); G1: The stretching-strengthening exercise, G2: Tai Chi and CG: nonintervention[32];

(viii) EG: general exercise and CG: Lee Silverman Voice Therapy BIG (LSVT BIG therapy

(Dashtipour et al., 2015); (ix) EG: Virtual reality dance exercise and CG: no exercise[23]; (x)

G1:aerobic exercise and G2:stretch-balance (Altmann, 2016). (xi) G1: combined chronic dis-

ease self-management (CDSM) with Enhanced EXerCisE thErapy (EXCEED), EXCEED

Table 3. Physical activity intervention, duration and intensity.

First author Research Design

Intervention Duration Intensity Instructor

Burini Aerobic training and Qigong 50 mins 3 times per week over 7

weeks

Physical therapist

Schmitz-

Hübsch

TG: Qigong Intervention consisted of

weekly 60-minute lessons

of Qigong

In two courses of 8

weeks with an 8-week

pause in-between

An experienced

teacherGC: no additional intervention

Tanaka TG: Aerobic exercise (Coordination, Muscular

Resistance, and Balance)

60 mins 3times a week, for 6

months

Physical education

professionals

CG: keep their same daily routine

Dereli Stretching, range of motion, mobility exercises,

relaxation exercises, balance, coordination training,

gait exercises and breathing exercises

45 mins 10 weeks, three times

/week

Physiotherapist

Smania EG: balance training exercise 50 mins 3 days a week for 7

weeks

Therapists

CG: active joint mobilization, muscle stretching, and

motor coordination exercises

Khallaf G1: aerobic exercise (treadmill) + balance training,

weight shifting exercises and muscle strength training

treadmill was increased

gradually from 6 to 20 min

At the end of 6 weeks of

training

No description

G2: balance training, weight shifting exercises and

muscle strength training

Cheon G1: The combined stretching-strengthening exercise

group

40–50 mins 3 times a week for 8

weeks

Certified instructors

G2: Tai Chi

CG: nonintervention

Dashtipour G1: General exercise program (combined treadmill

plus seated trunk and limb exercises)

60 mins 4 times a week for 4

weeks

Physical therapist

G2: Lee Silverman Voice Therapy BIG (LSVT BIG

therapy)

Lee EG: virtual reality dance exercise 30 minutes 5 times per week for 6

weeksCG: no exercise

Altmann G1: aerobic exercise 45 minutes 3 times a week for 16

weeks

certified, fitness

specialistG2: stretch-balance

G3: control (continued their regular daily activities)

Sajatovic G1: Enhanced EXerCisE thErapy for PD (EXCEED),

Group Chronic disease self-management (CDSM),

peer support, small group exercise

40 minutes 3 times a week for 12

weeks.

nurse educator

certified personal

trainer

G2: self-guided exercise and self-management (SGE),

Self-guided CDSM and exercise Assessed

https://doi.org/10.1371/journal.pone.0181515.t003
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included weekly group CDSM sessions with peer support and guided group exercise, and G2:

Self-guided CDSM, exercise and self-management (SGE). A total of 18 different types of PA

programs were implemented. Table 3.

Duration and intensity. AT for 50 minutes, 3 times per week over a period of 7 weeks for

a total of 20 sessions, patients performed Qigong for 20 sessions at the same frequency and

intensity as AT[33]; the intervention consisted of weekly 60-minute lessons of Qigong, in two

courses of 8 weeks with an 8-week break between the two sessions[29]; aerobic exercise (Coor-

dination, Muscular Resistance, and Balance) for 60 minutes, three times a week, for 6 months

[30]; an exercise program (Stretching, Range of motion, Mobility, Relaxation, Balance, Gait

and coordination training, Breathing) for 45 minutes, three times a week, for 10 weeks[27];

balance training and general physical exercises (active joint mobilization, muscle stretching,

and motor coordination) for 50 minutes, 3 days a week (Monday, Wednesday, Friday) for 7

weeks[31]; increasing an individual’s treadmill walking time gradually from 6 to 20 min, for 6

weeks[26]; stretching and strengthening exercises and Tai Chi, 40–50 minutes, three times a

week for 8 weeks[32]; over 4 weeks Dashtipour’s[25], the General Exercise protocol consisted

of three parts: a thirty-minute treadmill exercise, a 30-minute seated upper extremity exercise,

and the LSVT BIG therapy protocol were encouraged to perform a variety of large amplitude

functional movements for 60 minutes with supervision[25]); In Lee’s study, all participants

received 30 minutes of neurodevelopment treatment and 15 minutes of functional electrical

stimulation 5 times per week for 6 weeks. Additionally, the EG performed 30 minutes of dance

[23]; in Altmann’s study, the exercise duration progressed from an initial 20 min per session to

the maximum 45 min by increasing exercise time by 5 min each week[24]. In Sajatovic’s study,

exercise consisted of 3 times/week sessions, the 1-hour-long group sessions, exercise consisted

of fast-paced, low-resistance cycling for 20 minutes followed by strength training for 20 min-

utes using a progressive sequence of resistance bands. After 12 weeks, individuals continued to

exercise on their own. Group 2 was asked to exercise at least 3 times per week and received

weekly phone calls during the first 12 weeks to self-report on their exercise.[28] The range of

exercise durations is 30–60 minutes, three times a week for 4~12 weeks for PA intervention in

these 11 articles. Table 3.

Instructor. An instructor did not lead treadmill training and virtual reality dancing. Expe-

rienced and certified instructors carried out Qigong and Tai Chi exercises. One study had

physical education professionals assist in the aerobic exercise implemented, and the other four

studies had physiotherapists aid in the PA treatment. The LSVT BIG therapy was delivered by

an LSVT BIG certified physical & fitness therapist, nurse educator and certified personal

trainer. Table 3.

Effect of PA

The following will focus on outcome indicators and variables.

Outcome variables. Indicators of outcome variables in the study include UPDRS, symp-

toms of depression, levels of anxiety, and QOL. Nine of the eleven studies used the UPDRS to

measure the physical capabilities of PD patients. All studies measured symptoms of depression,

however, their measurement tools varied. Six of the studies used The Beck Depression Inven-

tory (BDI); 2 used the Hospital Anxiety and Depression Scale (HADS) as well as The Hamilton

Rating Scale of Depression (HDRS); and two of the studies used the Montgomery-Asperg

Depression Rating Scale (MADRS), The Geriatric Depression Scale (GDS-30), and the Beck

Anxiety Inventory (BAI). Five studies assessed anxiety symptoms【using HADS, State-Trait

Anxiety Inventory, The BAI and Covi Anxiety Scale】. Four studies evaluated QOL as an out-

come variable (2 studies used the 39 Item Parkinson’s Disease Questionnaire (PDQ-39), one
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study used the Nottingham health profile and Parkinson’s Disease Quality of Life Question-

naire (PDQLQ); and one study used De Bore’s Parkinson’s disease quality of life scale (De

Bore’s PD QOL scale). Table 4.

Primary Outcome–depressive symptoms. There are five aerobic exercise programs,

two caused no significant changes over time on the BDI[33]; nor on the HADS[30]; another

AT (treadmill)[26], Qigong[29], and a combination program Dereli[27], could decrease the

symptoms of depression (HDRS, MADRS and BDI, respectively). Balance training, however,

did not decrease the score on GDS-30.[31] Cheon[32] found that the combined stretching-

strengthening exercise and Tai Chi did not have an effect on BDI.[32] The general exercise

program demonstrated positive effects by decreasing BDI[25]. The virtual reality dance had a

positive effect on BDI.[23] Lastly, Aerobic exercise and Stretch-balances are a viable interven-

tion for PD that can be protective against worsening depressive symptoms (Altman, 2016;

Sajatovic, 2017). Table 4.

Secondary outcome–Physical symptoms, anxiety and QOL. The physical aspect aimed

to explore motor symptoms and motor disability. Burini et al.[33] found no significant

changes on the UPDRS or Brown’s Disability Scale in the AT group; however, a significant

increase on the Six-Minute Walking Test (6MWT) and a decrease on the Borg score. In the

Qigong group, breathlessness and breathing difficulties decreased significantly. On the con-

trary, Schmitz-Hübsch et al.[29] found an improvement in UPDRS-III and activities of daily

life at 3 months in the Qigong group. Dereli’s exercise program[27] showed a significant

improvement on the UPDRS, PA, energy, and functions of daily life. Balance training allowed

for dramatic improvements in the Activities-Specific Balance Confidence Scale and the Berg

Balance Scale, however, not the UPDRS.[31] The patients in the treadmill and the conven-

tional physiotherapy program showed a significant improvement in walking distance, walking

speed, and UPDRS.[26] The combined program of stretching-strengthening and Tai Chi

improved physical function and basal cardiovascular endurance more effectively than the

intervention with only Tai Chi. Participants in both groups made improvements in their

UPDRS score.[32] The effects of the combined treadmill with the seated trunk and limb exer-

cises made improvements on the UPDRS total.[25] The virtual reality dance had a positive

effect on balance[23], and aerobic exercise consisted of fast-paced, low-resistance cycling

(Sajatovic,2017). Four of the studies reviewed measured anxiety. Tanaka et al.[30] used AT but

found no significant changes in levels of anxiety. Dashtipour[25] evinced the effectiveness the

general exercise programs had on decreasing anxiety. Aerobic exercise and stretch-balance can

Table 4. Outcome variable.

First author Outcome variable

Depression Anxiety Quality of Life Physical aspect

Burini BDI PDQ-39 UPDRS-III

Schmitz-Hübsch MADRS PDQ-39 UPDRS-III

Tanaka HADS STAI

Dereli BDI PDQLQ & NHP UPDRS

Smania GDS-30 UPDRS

Khallaf HDRS UPDRS

Cheon BDI De Bore’s PD QoL scale UPDRS

Dashtipour BDI BAI UPDRS

Lee BDI

Altmann BDI BAI UPDRS Total

Sajatovic MADRS Covi Anxiety Scale MDS-UPDRS-III

https://doi.org/10.1371/journal.pone.0181515.t004
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decrease anxiety.[24] Burini et al.[33] discovered that AT and Qigong caused no significant

changes on QOL (PDQ-39)[29, 33] or on self-efficacy.[33] However, Dereli’s exercise program

[27] significantly improved the PDQLQ score, (PDLQ total score, Parkinson’s symptoms, and

emotional function). The combined stretching-strengthening exercise performed better in the

social domain of QOL, and the Tai Chi fared better in the emotional domain (De Bore’s PD

QoL scale).[32] Table 5.

Discussion

PD is a chronic, progressive, and neurodegenerative disorder. It is common amongst older

adults and increases progressively with age. The prevalence of the disease for those over 60

years is 1%, the numbers increase to 4 to 5% for those 85 years or older.[34] In this study, most

of the subjects were over 60 years of age. Four studies are RCT and seven are experimental or

Table 5. Outcome.

First author Main outcome measures Outcome and Conclusion

Burini UPDRS, B’DS, 6MWT, Borg

scale, BDI, PDQ-39

1. Significant increase in 6MWT.

2. Larger decrease in Borg score.

3. UPDRS, B’DS, BDI and PDQ-39 scores had no

significant changes.

Schmitz

-Hübsch

UPDRS-III, MADRS, PDQ-39 1. Improved in UPDRS-III and activities of daily living.

2. Depression scores and the incidence of several

nonmotor symptoms decreased in the treatment group.

3. No significant in QOL.

Tanaka STAI, HADS 1.No depressive symptoms (HADS = 8 or higher)

2. No significant changes in anxiety.

Dereli UPDRS, BDI, PDQLQ, NHP-

total

1. Improved in PDQLQ, NHP-total, BDI and activities of

daily living.

Smania UPDRS, GDS 1. No significant improvements in UPDRS.

2. Significant improvements in the GDS.

Khallaf UPDRS, HDRS 1. More effectiveness in activities of daily living and

depressive symptoms.

Cheon UPDRS, BDI, De Bore’s PD

QoL scale

1. No improvement in parkinsonian symptoms and

depression.

2. Better in the social domain and the emotional domain of

QOL.

Dashtipour UPDRS, BDI, BAI, MFIS 1. Significance improvements in UPDRS total, motor, BDI,

and MFIS.

2. Positive effects of general exercise and LSVT BIG

therapy on motor and non-motor symptoms.

Lee BBS, MBI, BDI 1. Positive effect on balance, activities of daily living, and

depressive disorder status.

Altmann UPDRS Total, BDI, BAI 1. Aerobic exercise can be protective against increased

depressive symptoms, and can improve several non-

motor domains. Improved significantly more in the aerobic

group than in the stretch-balance group

Sajatovic MADRS 1. Showed significant improvement in MADRS.

BAI (Beck Anxiety Inventory), BDI (Beck Depression Inventory), MFIS (Modified Fatigue Impact Scale), BBS

(Berg Balance Scale), MADRS (Montgomery–Asberg Depression, Rating Scale), MBI (Modified Barthel

Index).

https://doi.org/10.1371/journal.pone.0181515.t005
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quasi-experimental researches. The level of evidence is between Ib-IIa. This study used com-

plete development measurement tools that had high reliability and validity. The MADRS and

HDRS have a high degree of validity and internal consistency.[26, 28, 33] Duration and inten-

sity of the PA had an average of 40–60 minutes; the intervals are three times a week, from 4 to

12 weeks.

Depression is the greatest factor affecting the QOL of patients.[35] The effectiveness of PA,

such as AT, qigong, general exercise, and balance training on the outcome variable decreases

depressive symptoms. Stretching and Tai Chi have no effect on depressive symptoms but can

improve physical function and QOL. PA can improve the patients’ clinical status in areas such

as PA function, fatigue, depressive symptoms, sleep disorders, and their QOL.[32, 36–40] Our

review is consistent with those references; therefore, the PA interventions can be used in clini-

cal practice.

PA interventions can decrease the presence of depressive symptoms in patients with PD,

particularly with the implementation of aerobic exercise. This article focuses primarily on

recent evidence on the positive effects of exercise on physical function, psychological symp-

toms, and QOL while highlighting the importance of targeted exercise intervention to maxi-

mize the benefits of exercise. Exercise has the potential to lessen both motor (gait, balance,

and muscle strength) and non-motor (fatigue, constipation, apathy, depression, and anxiety)

symptoms of PD. Effective physical activities such as aerobic exercise (treadmill), exercise pro-

grams (stretching, range of motion, movement, relaxation, balance, coordination, gait training

exercises, and breathing exercises), physical therapy programs (passive prolonged stretch tech-

niques, balance training, and weight shifting exercises), Qigong, and Tai Chi.[26, 27, 29, 31–

33] Aerobic exercise (muscle resistance, coordination, and balance training) can decrease

depressive symptoms[24], but has no effect on anxiety.[28, 30]

This review article can be utilized when making clinical care decisions. Health benefits of

the exercise program are obtained only when 90 minutes of moderate-intensity, weekly exer-

cise is achieved.[41] ACSM guidelines can be applied to patients with PD. The guidelines com-

bined with aerobic exercise, strengthening, and balance training flexion is recommended three

times a week for at least 30 minutes.[11] With the requirements met, the PA training program

can prevent physical and psychological symptoms. This improvement includes correcting

existing pain and loss of energy, preventing recurrence or worsening of symptoms, relieving

spasms induced by motor function disability: allowing for normal joint mobility, muscle

strength and gait, etc., and re-training when the limb functions can’t be recovered: by teaching

and training patients to use its remaining functions. Increased ability to partake in activities in

daily life, decrease in depressive symptoms, and better QOL can also be seen if requirements

are met.

The comorbidity of anxiety and depression are common clinical symptoms that the PA

intervention effectively assuaged. However, in our searching process, only one study included

the primary outcome as anxiety. Therefore, we suggested anxiety in patients with PD as the

main outcome variable for further research to explore the effectiveness of PA intervention in

PD patients with anxiety.

Conclusion

In this review, we identified that clinicians can be involved in the PA intervention with PD

patients, providing evidence for the effectiveness of the Aerobic training (stretching-strength-

ening exercise, walking, stepping movement, a week 2~3 times, 45–60 minutes every time and

lasting for over eight weeks) to help patients minimize physical symptoms and mental symp-

toms and improve their QOL: all with the main objective of decreasing depressive symptoms.
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24. Altmann LJ, Stegemöller E, Hazamy AA, Wilson JP, Bowers D, Okun MS, et al. Aerobic exercise

improves mood, cognition, and language function in parkinson’s disease: results of a controlled study.

Journal of the International Neuropsychological Society. 2016; 22(9):878–89. https://doi.org/10.1017/

S135561771600076X PMID: 27655232

25. Dashtipour K, Johnson E, Kani C, Kani K, Hadi E, Ghamsary M, et al. Effect of exercise on motor and

nonmotor symptoms of Parkinson’s disease. Parkinson’s disease. 2015; 2015(586378):1–5. https://doi.

org/10.1155/2015/586378 PMID: 25722915

26. Khallaf M, Fathy H. Effect of treadmill training on activities of daily living and depression in patients with

Parkinson’s disease. Middle East Current Psychiatry. 2011; 18(3):144–8. https://doi.org/10.1097/01.

XME.0000398454.71337.40

27. Dereli EE, Yaliman A. Comparison of the effects of a physiotherapist-supervised exercise programme

and a self-supervised exercise programme on quality of life in patients with Parkinson’s disease. Clinical

rehabilitation. 2010; 24(4):352–62. https://doi.org/10.1177/0269215509358933 PMID: 20360152

28. Sajatovic M, Ridgel AL, Walter EM, Tatsuoka CM, Colón-Zimmermann K, Ramsey RK, et al. A random-

ized trial of individual versus group-format exercise and self-management in individuals with Parkin-

son’s disease and comorbid depression. Patient preference and adherence. 2017; 11:965–73. https://

doi.org/10.2147/PPA.S135551 PMID: 28579759
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