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Abstract

Background and purpose: Exercise is an adjunctive treatment in the management of

Parkinson’s disease (PD), but barriers such as health status, fear of overexertion, and

lack of transportation to the location prevent regular exercise participation. Disease-

inclusive exercise classes may offer an opportunity to make exercise more accessible

for older adultswith andwithout diseases. However, the efficacy of such heterogenous

exercise classes is still widely unknown. Therefore, it was the aim of this study to ana-

lyze the feasibility of disease-inclusive exercise classes in older adultswith andwithout

PD.

Methods: Twenty-one older adults (healthy older adults (HOA): n = 13; PD: n = 8)

completed an 8-week multimodal exercise intervention in supervised group sessions.

Exercise classes lasted 60min with the goal of two participations a week.We assessed

physical fitness (timed up and go test [TUG], 6-minute walking test [6MWT], single

leg stance), depressive symptoms and cognitive functions, and we determined growth

factors (BDNF & IGF-1) before and after the intervention to determine the effects

and by that, the feasibility of a disease-inclusive exercise program. Repeatedmeasures

ANOVAwere used to establish changes.

Results: TUG and 6MWT improved significantly after the training in both HOA

(p = .008; p < .001) and individuals with PD (p = .024; p < .001). Furthermore, individ-

uals with PD increased single leg stance left (p= .003). HOA (p= .003) and individuals

with PD (p = .001) decreased their depressive symptoms between pre- and post-test

significantly. Whereas growth factors tended to improve, no differences in cognitive

functions were revealed.

Conclusion: Disease-inclusive multicomponent exercise improved physical func-

tions and reduced depressive symptoms independent of health status. This should

encourage exercise providers, researchers, and clinicians to further investigate

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2021 The Authors. Brain and Behavior published byWiley Periodicals LLC

Brain Behav. 2021;11:e2352. wileyonlinelibrary.com/journal/brb3 1 of 11

https://doi.org/10.1002/brb3.2352

https://orcid.org/0000-0002-0972-4377
mailto:tim.stuckenschneider@uni-oldenburg.de
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/brb3
https://doi.org/10.1002/brb3.2352


2 of 11 STUCKENSCHNEIDER ET AL.

disease-inclusive exercise, because they may have an important social impact and rep-

resent amore inclusive society.

KEYWORDS

cognition, depression, disease-inclusive exercise, insulin-like growth factor I, Parkinson’s disease,
physical fitness

1 INTRODUCTION

Cognitive and physical functions follow a similar pattern throughout

a person’s lifespan: they are developed during childhood, maintained

during maturity, and slowly decline during old age (Craik & Bialystok,

2006). Therefore, a generally aged population, in which one-third will

be 65 years or older by 2100 (Lutz et al., 2008), presents a chal-

lenge for healthcare systems worldwide. Besides the “normal” age-

related decline, age is a dominant risk factor for a number of dis-

eases that affect cognitive and physical functions. The two most com-

mon neurodegenerative diseases are Alzheimer’s disease (AD), whose

key symptom is a progressive cognitive decline, and Parkinson’s dis-

ease (PD), which causes motor (e.g., bradykinesia, tremor, rigor, pos-

tural instability) and non-motor symptoms (e.g., cognitive dysfunction,

depression, anxiety; Aarsland et al., 2017).

A physically active lifestyle and exercise are important factors to

maintain physical and cognitive functions during old age, as well as to

prevent aging-associated diseases (Northey et al., 2018; Pahor et al.,

2014). Regular physical exercise promotes angiogenesis, neurogene-

sis and synaptic plasticity (Churchill et al., 2002; Isaacs et al., 1992;

Vaynman & Gomez-Pinilla, 2006) and has the potential to protect cog-

nitive function with ageing (Gomes-Osman et al., 2018; Norton et al.,

2014; Tolppanen et al., 2015). Furthermore, exercise is recommended

asapromising treatmentapproach to slowdownand/or alleviate symp-

toms of diseases like AD, its prodromal stage mild cognitive impair-

ment, and PD (Erickson et al., 2019; Fox et al., 2018; Petersen et al.,

2018; Salgado et al., 2013; Schenkman et al., 2018). As such, exercise

needs to be accessible to older adults whether they live with or with-

out disease.

Previous studies reported that older adults often quote health sta-

tus as themajor barrier for exercise participation,with lackof adequate

information about exercise classes, fear of overexertion, and lack of

transportation to the location cited as additional reasons (Bethancourt

et al., 2014; Moschny et al., 2011). These and more barriers have also

been named in another article, in which the authors concluded that

raising awareness of the beneficial effects of exercise ismost important

to engage individuals with PD in exercise and that experts specifically

trained for patients suffering from PD are needed for these classes

(Schootemeijer et al., 2020). Even though it may be argued that spe-

cific disease characteristics such as gait disturbances or a poor balance

could be better addressed in target exercise classes, it may limit acces-

sibility, especially in rural settings where fewer PD specific exercise

classes may be available.

In a recent article, Bechard et al. (2020) discuss the possibility of

dementia-inclusive exercise classes and conclude that willingness for

such classes exists among exercise providers. Disease-inclusive exer-

cise classes may offer an opportunity to make exercise more accessi-

ble for older adults with and without diseases, and may further act as

an example for an open and inclusive society. However, the efficacy of

such heterogenous exercise classes is still widely unknown, as previous

research has often targeted only specific populations such as healthy

older adults, individuals with cognitive impairment or with PD. Espe-

cially, Parkinson’s disease-inclusive exercise classes appear challenging

due to rather severe motor symptoms experienced by some individu-

als throughout the course of PD. Therefore, the aim of this pilot study

was to analyze the feasibility of an 8-week multimodal exercise inter-

vention in individuals with andwithout PD.We hypothesized that indi-

vidualswith andwithoutPDwould reach target exercise frequency and

that the occurrence of adverse events would be similar between these

two groups. Further, we hypothesized that all individuals, independent

of health status, would improve physical and cognitive functions.

2 METHODS

2.1 Trial overview

This non-randomized pilot feasibility study included an 8-week mul-

timodal supervised exercise intervention, which was conducted at

the German Sport University, Cologne, Germany. Participants were

recruited through leaflets, local support groups, advertisement on the

homepage as well as through a research newsletter of the German

SportUniversity. Theethics committeeof theGermanSportUniversity,

Cologne, Germany, approved the study (reference number: 172/2019).

All participants provided written informed consent to participate in

accordance with the provisions of the Declaration of Helsinki. Partic-

ipants were recruited between February 2020 and August 2020.

2.2 Participants and study procedure

Adults aged 60 years or older, either diagnosedwith PD orwithout any

major disorder (healthy older adults = HOA), were recruited. Partic-

ipants were initially interviewed via telephone and were required to

meet the following eligibility criteria: (1) an age of 60 years or above,

(2) the absence of any other major comorbidity such as dementia or
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TABLE 1 Group demographics (means & 95% confidence interval)

PD HOA p-value

N 8 13

Females/males (n) 5/3 8/5 (χ2) .584

Age (years) 71.38 [66.89–75.86] 69.00 [65.32–72.68] .301

Education (years) 15.8 [12.9–18.6] 18.0 [16.3–19.7] .113

Height (cm) 169.9 [164.5–175.3] 171.4 [166.3–176.5] .670

Weight (kg) 76.88 [60.7–93.0] 81.62 [68.8–94.4] .613

MoCA 25.6 [23.8–27.5] 26.3 [25.1–27.5] .320

No. of medications used 4.88 [2.07–7.68] 1.46 [0.46–2.47] .006

Disease severity (mod. Hoehn and Yahr) 2.2 [1.4–2.9] /

Stage 1.5, n 3 /

Stage 2, n 3 /

Stage 3, n 1 /

Stage 4, n 1 /

Exercise sessionsa 2.3 [1.7–2.8] 3.0 [2.5–3.4] .045

CES-D 17.3 [12.9–21.6] 15.0 [11.7–18.3] .362

Abbreviations: PD, Parkinson’s disease; HOA, healthy older adults; MoCA,Montreal Cognitive Assessment; mod, modified; CES-D, Center for Epidemiologic

Studies Depression Scale.
aAverage number of exercise sessions per week.

depression, (3) sufficient physical ability andmedical clearance to allow

performance of exercise training, (4) aMontreal Cognitive Assessment

(MoCA) score above 18, (5) adequate visual and auditory acuity to

complete neuropsychological testing, (6) capacity to provide written

and dated informed consent. Additionally, for participants with PD, the

diagnosis of idiopathic PD and its severity were established by the clin-

ical neurologist treating the patient under routine care. The neurolo-

gist provided written consent of the diagnosis of idiopathic PD and its

severity to the study team. Participants with PD were able to partici-

pate in the projectwith a disease severity between 1 and 4 on themod-

ified Hoehn and Yahr disease rating scale (Goetz et al., 2004).

Exclusion criteria were: (1) a diagnosis of AD or any other type

of dementia, (2) engagement in moderate-intensity exercise training

for more than 30 min, three times per week, during the past 2 years,

(3) enrollment in any investigational drug study, any major psychiatric

disorder (a clinical diagnosis of major depressive disorder, bipolar, or

schizophrenia), (4) past history of brain damage, including significant

trauma, stroke, hydrocephalus, mental retardation, (5) carotid stent or

severe stenosis, (6) history of myocardial infarction within previous

year, (7) congestive heart failure (New York Heart Association Class II,

III or IV), (8) unstable cardiac, renal, lung, liver, or other severe chronic

disease, (9) type 2 diabetes mellitus with hypoglycemia in the last 3

months, (10) significant history of alcoholism or drug abuse within last

10 years.

Individuals with PD participated in this study while on medication.

Twenty-one participants completed the study. Participant characteris-

tics at baseline including age, sex, education, height, weight, number of

medications used, and disease severity are presented in Table 1.

2.3 Intervention

Participants attended supervised instructor-led exercise classes con-

ducted at an indoor gym at the German Sport University. Eight exer-

cise sessions lasting 60 min each were offered from Monday to Fri-

day over the course of 8 weeks. The multicomponent exercise train-

ing consisted of 20 min of coordination exercises (e.g., balance or

dual-task exercises), followed by 20 min of resistance training (using

one’s own body weight and small equipment such as medicine balls)

and 20 min of aerobic exercise training (e.g., walking or running exer-

cises). Coordination exercises included, for example, standing on even

or uneven ground with eyes open or closed (balance), sitting on a

chair while lifting one’s toes or heels and throwing and catching a ball

at the same time (dual task). Resistance exercises were, for example,

wall pushups, holding medicine balls with outstretched arms, squats,

or crunches. Exercise intensity was monitored using Borg’s Rating of

Perceived Exertion Scale (RPE), which is a scale from 6 (“no exer-

tion”) to 20 (“maximal exertion”) (Borg, 1998). Participants had a tar-

get RPE of at least 13 while performing resistance and aerobic exer-

cises. Participants were asked to participate in at least two exercise

classes per week and class attendance and adherence were monitored

by class instructors. If needed, participantswere allowed to use awalk-

ing stick during the exercise classes or perform exercises while holding

on to wall bars. Exercise classes were led and designed by sports sci-

entists experienced in working with individuals with PD before. Dur-

ing the exercise classes, chairs were distributed throughout the indoor

gym to allow participants to sit down if they were feeling tired or

shaky.
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2.4 Primary outcome measures

Primary outcome measures included adherence (average number of

participations a week) and adverse events, which were recorded in

study-specific adverse event forms. Further, participants were asked

if they generally liked to continue with the disease-inclusive exercise

training after completion of the follow-upmeasurements.

2.5 Secondary exploratory outcome measures

All secondary outcomes were measured at baseline and after 8 weeks

of exercise training. Outcome assessors were not blinded. The partici-

pants underwent a brief neuropsychological assessment battery, com-

prising six different tests using German-language versions: the Mon-

treal Cognitive Assessment (Nasreddine et al., 2005), the Trail Making

Test (TMT) parts A and B (Tombaugh, 2004), letter and semantic verbal

fluency (Lezak et al., 2012), digit span forward and backward (Wech-

sler, 2008) as well as the verbal learning and memory test (VLMT)

(Helmstaedter et al., 2001).

The MoCA is a screening tool for global cognitive function. Besides

its total score, MoCA memory index score was calculated and used as

another outcome measure (Julayanont et al., 2014; Nasreddine et al.,

2005). TMTA andB assess speed of processing and executive function,

and the time taken to complete each testwasmeasured as theoutcome

(Tombaugh, 2004). To determine letter and semantic verbal fluency,

participantswere given 1min to produce asmany uniquewords as pos-

sible either starting with a given letter or unique words within a cate-

gory. A participant’s score was the number of unique correct words in

each task (Lezak et al., 2012). Digit span was used to quantify working

memory. We used digit span forwards and backwards and calculated

the correct responses given in each of the tasks (Lezak et al., 2012).

VLMT served as a measure of verbal memory. Outcomes of the VLMT

included total learning over five trials and delayed free recall as well as

recognition (measured 30min after the learning phase) (Helmstaedter

et al., 2001).

TheCenter for Epidemiologic StudiesDepression Scale (CES-D)was

used tomeasure depressive symptoms. TheCES-D consists of 20 ques-

tions and is a self-report measure about symptoms experienced over

the previous week. Items are scored from 0 to 3, with 3 indicating the

highest frequency of symptoms experienced in the past week. Total

scores range from 0 to 60, with lower scores indicating less symptoms

(Radloff, 1977). A score of ≥16 has frequently been named as a cut-off

for the detection of depressive symptoms; however, a score of≥20may

provide a better trade-off between sensitivity and specificity (Schrag

et al., 2007; Vilagut et al., 2016).

Physical fitness was assessed using a 6 min walking test (6MWT)

(Falvo & Earhart, 2009), 30 s chair stand test (Jones et al., 1999), hand

grip strength test measured in kilograms (Roberts et al., 2011), the

timed up and go test (TUG; 3-meter distance) (Podsiadlo & Richardson,

1991) and the balance tests from the Short Physical Performance Bat-

tery (Guralnik et al., 1995), as well as a single leg stance test (Springer

et al., 2007). During the 6MWT, participants were asked to walk as far

as they could for 6min on a 100-meter track. Participantswere advised

to slow down, stop, or usewalking aids if needed. Total distancewalked

wasmeasured inmeters.

The 30 s chair stand determined lower limb strength. Participants

were asked to stand up and sit down as often as possible over 30

s. Hand support was not allowed. TUG was applied to quantify func-

tional mobility and walking speed. Mean time of three trials needed to

walk back and forth was measured. Hand-grip strength for right and

left hand was measured using a Jamar Digital Dynamometer. Balance

was assessed using three different positions (side-by-side stand, semi-

tandem stand, and tandem stand), which participants were asked to

hold for 10 s. For the first two positions, the scorewas 0 or 1, reflecting

the ability to either hold (1) or not hold (0) the position for 10 s. For the

tandem stand, the score was 0-1-2 depending on the time the individ-

ual was able to be in this position (0= less than 3 s; 1= between 3 and

9.99 s; 2 = 10 s). Furthermore, participants were asked to stand on a

single leg for 30 s with the time holding this position being recorded.

Ten milliliters of venous blood was collected at baseline and then

after the end of the intervention before the cognitive testing ses-

sion. Subjects were not fasted, but were asked to avoid any caffeine

before blood collection and fill out breakfast protocols to ensure they

ate a similar breakfast at pre- and post-test. Further, subjects were

asked to avoid any kind of exercise before blood collection. Blood was

drawn between 08:30 am and 10:00 am. Blood samples were kept at

room temperature for an hour to allow clotting before they were cen-

trifuged at 3000 rpm at 4◦C for 10 min. Serum was then harvested,

aliquoted, and storedat−80◦Cuntil analysis. Serum levels of IGF-1 and

serum levels of BDNF were quantified per manufacturer instructions

using human ELISA kits (Bio-Techne GmbH, Quantikine® Human IGF-

1 Immunoassay [Catalognr.: DG100B]/Human free BDNF immunoas-

say [Catalognr.:DBNT00], R&D Systems Inc., USA). A standard curve of

recombinantBDNFand IGF-1was runoneachplate. Samples and stan-

dards were run in duplicate.

2.6 COVID-19 pandemic

Recruitment started in February 2020 with a recruitment aim of 30

participants (PD: n= 15; HOA: n= 15). Exercise classes for individuals

with PD are not allowed to exceed 15 participants to be supported

by public healthcare. Therefore, a total of 30 participants, combined

with exercise classes every day of the week, allowed us to follow

recommendations of exercise providers and healthcare officials.

Twenty-seven participants (PD: n = 13; HOA: n = 14) had successfully

been recruited at the start ofMarch. Due to the outbreak of COVID-19

and associated local restrictions, the study had to pause from March

14 and was restarted in August 2020. All participants started a new

cycle of 8weeks of training and repeated baselinemeasures regardless

of their training at the start of March. Due to the then ongoing restric-

tions, capacity of the exercise classes had to be limited to a maximum

of 12 participants. Therefore, no new participants were recruited. At

the restart of the study, 3 participants with PD and 1 participant of

the HOA group dropped out due to fear of higher infection in indoor
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F IGURE 1 Participant flow chart

exercise classes. Two more participants with PD dropped out after

completing 4 weeks of training due to the diagnosis of skin cancer and

suffering from a stroke. Therefore, 13 HOA and 8 individuals with PD

completed the intervention and all assessments (Figure 1). Post-tests

were conducted inOctober 2020before another nationwide lockdown

due to the COVID-19 pandemic.

2.7 Statistical analysis

IBM SPSS Statistics version 27 was used for all analyses with α set

at 0.05. Two-tailed independent samples t-tests or Mann–Whitney U-

test for non-normally distributed data (age, number of medications

used, average number of exercise sessions per week) were employed

to assess group (HOA, PD) differences in baseline characteristics. A

repeated measures of variance analysis (ANOVA) was carried out with

the within-subjects factor time (pre- and post-test) and the between-

subjects factor group (HOA and PD). Variables pertaining to cognitive

function, physical fitness assessment, blood analyses, and quality of life

were compared using the aforementioned analysis. In case of signifi-

cant time, group, or interaction effects, post hoc pairwise comparisons

were conductedusingBonferroni correction formultiplepairwise com-

parisons.

Due to the lack of an equivalent non-parametric analysis and due to

ANOVA being relatively robust to violations of the normal distribution

assumption (Schmider et al., 2010), this analysis approachwas used for

all outcomes. Data are presented as means and 95% confidence inter-

vals within brackets.

3 RESULTS

3.1 Baseline demographics

Age, cognitive function assessed with MoCA, education, height, and

weight did not differ between HOA and PD at baseline. Furthermore,

theproportionofmenandwomenwas similar in the twogroups. Partic-

ipants with PD had an average disease severity of 2.2 according to the
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TABLE 2 Results of repeatedmeasures ANOVA for neuropsychological tests and depressive symptoms (means & 95% confidence interval)

PD HOA p-value

Pre Post Pre Post Time Group Time*Group

MoCA (score) 25.38 [25.09–27.53] 25.00 [23.05–26.95] 26.31 [25.09–27.53] 26.08 [24.72–27.44] .354 .287 .823

MoCA-MIS (score) 9.88 [7.33–12.42] 9.63 [6.28–12.97] 10.92 [9.19–12.66] 10.92 [9.12–12.73] .857 .360 .857

TMTA (time in s) 42.2 [31.4–53.0] 43.6 [20.6–66.7] 39.72 [32.3–47.1] 38.37 [32.2–44.5] .991 .527 .714

TMTB (time in s) 128.6 [94.4–162.7] 131.3 [64.2–198.4] 105.4 [54.1–156.7] 100.4 [67.6–133.2] .925 .355 .742

Digit span – FW

(correct responses)

8.00 [6.52–9.48] 7.88 [6.58–9.17] 8.54 [7.34–9.74] 8.92 [7.98–9.86] .613 .297 .325

Digit span – BW

(correct responses)

4.88 [3.74–6.01] 5.38 [4.04–6.71] 6.38 [5.51–7.26] 6.69 [5.66–7.72] .174 .038 .740

VLMT – immediate

(number of words)

37.00 [28.51–45.49] 38.50 [31.78–45.22] 39.46 [32.44–46.49] 41.77 [34.74–48.80] .398 .515 .856

VLMT – delayed

(number of words)

5.88 [3.21–8.54] 5.00 [2.51–7.49] 7.54 [5.14–9.94] 7.46 [5.53–9.40] .398 .167 .477

VLMT – recognition

(number of words)

11.75 [9.44–14.06] 11.88 [8.61–15.14] 13.08 [11.51–14.65] 13.08 [11.72–14.44] .920 .269 .920

Verbal fluency – letter

(number of words)

12.88 [9.62–16.13] 13.00 [10.52–15.48] 14.31 [11.30–17.32] 14.74 [11.50–17.98] .648 .433 .800

Verbal fluency –

category (number of

words)

22.63 [16.09–29.16] 20.88 [16.67–25.08] 21.69 [17.77–25.62] 23.08 [17.81–28.34] .887 .836 .234

CES-D (score) 17.3 [12.9–21.6] 10.1 [6.2–14.1] 15.0 [11.7–18.3] 9.9 [7.5–12.4] <.001 .508 .409

Abbreviations: PD, Parkinson’s disease; HOA, healthy older adults; MoCA, Montreal Cognitive Assessment; MIS, Memory Index Score; TMT, Trail Making

Test; FW, forward; BW, backward; VLMT, Verbal Learning andMemory Test; CES-D, Center for Epidemiologic Studies Depression Scale; s, seconds.

HY scale and used significantly more medication (p = .006) than HOA

(Table 1).

3.2 Primary outcome

Whereas both groups reached the mean target exercise frequency

of two exercise sessions a week, HOA participated significantly more

often in the exercise classes than participants with PD (p = .045).

No serious adverse events associated with the study and its training

program occurred. No adverse events such as falls or overexertion

occurred during the training program; however, one individual with PD

and two HOA persons had to pause during respective single exercise

sessions due to vertigo. All participants completing the intervention

responded that they would like to continue with the disease-inclusive

exercise training.

3.3 Cognitive function and depressive symptoms

Besides a group difference for digit span backwards (p = .038),

repeated measures ANOVA did not reveal changes over time

or between the groups for the other neuropsychological tests.

Bonferroni-corrected post hoc pairwise comparisons showed that

individuals with PD performed significantly worse in digit span back-

wards at pre-test (p = .028) but not post-test (p = .094) compared to

HOA. Symptoms of depression were significantly reduced between

pre- and post-test (F1, 19 = 25.297; p < .001) with no differences

between the groups (F1, 19 = 0.454; p = .508) or an interaction of

group*time (F1, 19 = 0.713; p = .409). Bonferroni-corrected post hoc

pairwise comparisons revealed statistically relevant reductions in

depressive symptoms in both HOA (p = .003) and individuals with PD

(p= .001) between pre- and post-test. Full results (mean+ 95%CI) are

presented in Table 2.

3.4 Physical fitness

Significant time effects were found for 6MWT distance

(F1, 19 = 14.025; p = .001), TUG test (F1, 19 = 102.851; p < .001),

as well as 30 s chair stand (F1, 19 = 290.466; p< .001). Further, ANOVA

showed a significant group effect in 6MWT distance (F1, 19 = 6.588;

p = .019). Post hoc pairwise comparisons revealed that both individ-

uals with PD (p = .024) and HOA (p = .008) improved their walking

distance between pre- and post-test significantly. Compared to HOA,

individuals with PD had a significantly lower walking distance at

pre-test (p= .013), but not at post-test (p= .078). Both HOA (p< .001)

and individuals with PD (p< .001) improved their walking speed (TUG)

between pre- and post-test with no differences between the groups.

In line with walking speed, number of repetitions during the 30 s chair

stand test were increased according to Bonferroni-corrected post

hoc tests (HOA: p = .008; PD = 0.001). Additionally, ANOVA revealed
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TABLE 3 Results of repeatedmeasures ANOVA for physical fitness measures (means & 95% confidence interval)

PD HOA p-value

Pre Post Pre Post Time Group Time*Group

Single leg stance –

right (time in s)

9.0 [−1.6–19.6] 14.4 [4.4–24.5] 25.7 [20.2–31.3] 23.2 [17.4–29.1] .461 .008 .057

Single leg stance –

left (time in s)

2.4 [0.2–4.6] 13.9 [4.8–23.1] 23.5 [17.5–29.5] 21.1 [14.4–27.8] .045 .004 .001

Distance 6MWT (in

meter)

480.6 [375.2–586.0] 570.0 [493.8–646.2] 572.5 [536.7–608.2] 655.2 [578.2–732.1] .001 .019 .917

Hand grip strength –

right (kg)

32.0 [24.4–39.6] 32.1 [23.6–40.7] 34.1 [27.8–40.4] 33.9 [ 27.8–40.1] .979 .505 .803

Hand grip strength –

left (kg)

30.7 [22.6–38.8] 31.3 [23.6–39.0] 30.1 [24.1–36.1] 31.7 [26.0–37.4] .169 .760 .752

30 s chair stand

(number of

repetitions)

10.5 [8.1–12.9] 13.8 [11.8–15.7] 13.0 [10.9–15.1] 14.9 [12.1–17.6] <.001 .254 .179

TUG (time in s) 9.6 [8.3–10.9] 6.8 [6.3–7.2] 8.7 [8.0–9.4] 6.6 [6.1–7.1] <.001 .197 .268

Abbreviations: PD, Parkinson’s disease; HOA, healthy older adults; 6MWT, 6-minute walking test; s, second; TUG, TimedUp andGo.

F IGURE 2 Serum levels of IGF-1 and BDNF at pre- and post-test. HOA, healthy older adults; PD, Parkinson’s disease

significant group effects in single leg stance left (F1, 19 = 10.683;

p = .004) and right (F1, 19 = 8.637; p = .008) as well as a significant

interaction effect group*time for single leg stance left (F1, 19 = 10.683;

p = .004). Individuals with PD had a significantly worse balance than

HOA on the left (p = .002) and right leg (p < .001) at pre-test, but

no differences between the groups were found at post-test. Further,

individuals with PD significantly improved their balance for single leg

stance left (p = .003) between pre- and post-test. Hand grip strength

did not change in or between the groups (Table 3).

3.5 Growth factors

Both groups slightly increased serum levels of IGF-1 and BDNF after

the multicomponent exercise intervention (Figure 2). Repeated

measures ANOVA revealed a significant time effect for IGF-

1(F1, 19 = 4.826; p = .044), but no group (F1, 19 = 7.384; p = .797)

or interaction effect (F1, 19 = 0.069; p = .797). Post hoc pairwise

comparisons revealed no further differences. No time (F1, 19 = 0.788;

p = .386), group (F1, 19 = 0.504; p = .486) or interaction effect

(F1, 19 < 0.000; p= .985) was detected for BDNF.

4 DISCUSSION

This pilot study analyzed the feasibility of a disease-inclusive 8-week

multimodal exercise intervention. Bothgroups reached the target exer-

cise frequency with no serious adverse events reported. Furthermore,

we identified an intervention effect on physical fitness and depres-

sive symptoms in healthy older adults and individuals with Parkinson’s
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disease. Growth factors tended to improve, whereas no effect was

identified for cognitive function.

Both individuals with PD and HOA reached the target exercise fre-

quency of two exercise sessions a week. Even though this exercise fre-

quency is below current exercise recommendations for older adults

(Bull et al., 2020), it appeared more manageable for older adults with

little to no previous experience in exercise training andwas in line with

the average exercise frequency reported in previous studies (Stuck-

enschneider et al., 2019). In comparison, HOA exercised significantly

more often than individuals with PD. This was possible as training ses-

sions were offered on all days of the week and participants were not

limited to two sessions a week. We speculate that individuals with PD

either needed more time to recover between exercise sessions or had

more additional appointments such as physiotherapy or speech ther-

apy, which kept them from participating more often. As the best inten-

sity and frequency of exercise training is still unknown, future research

needs to compare different exercise prescriptions to define the most

effective ways (Ellis & Rochester, 2018). No differences in adverse

events between individuals with and without PD, and all participants

responding at follow-up that they would have liked to continue the

disease-inclusive exercise training, support that disease-inclusive exer-

cise training was not only feasible, but enjoyable for all individuals.

Physical fitness quantified by 6MWT, 30 s chair stand (lower limb

strength), andwalking speed quantified by TUG increased significantly

after the 8-week training period. Whereas this result is in line with

existing literature, as standardized exercise training increases walk-

ing speed and distance (Rafferty et al., 2017; Stuckenschneider et al.,

2015), it is encouraging that this result was achieved in the study’s

heterogenous sample. Therefore, the primary aim of exercise classes,

which is to maintain and improve physical fitness, was met by the

disease-inclusive exercise training in our study. Besides the aforemen-

tioned physical improvements, participants with PD had a better bal-

ance after the multimodal exercise training. This emphasizes the effi-

cacy of combined modes of exercise training, that is, multicomponent

exercise training, as endurance (6MWT), strength (30 second chair

stand) and coordination (balance) all improved (Stuckenschneider et al.,

2019). Initial differences between the groups are due to PD affect-

ing balance, which led to a significantly lower baseline score and thus,

more room for improvement in comparison to HOA, who performed in

line with reference scores at pre- and post-test (Springer et al., 2007).

Our results should strongly encourage exercise providers, clinicians,

and researchers to design disease-inclusive exercise classes and inter-

ventions as 8 weeks of regular exercise led to statistically relevant

improvements in physical fitness independent of health status.

Cognitive function did not change after 8 weeks of training. Even

thoughexercise trainingwithHOAandwith individualswithPD is asso-

ciatedwith an improved cognitive function (Gomes-Osmanet al., 2018;

Northey et al., 2018; Stuckenschneider et al., 2019), 8 weeks of train-

ing may not be enough to result in meaningful changes. Previous stud-

ies found relevant changes in cognition in individuals with PD after 12

weeks of training (Silva-Batista et al., 2016; Silveira et al., 2018) and

Gomes-Osman et al. (2018) reported that 52 h of exercise are associ-

ated with improved cognitive performance in healthy older adults and

those with cognitive impairment. Therefore, an extension of the inter-

vention period is warranted in future studies as our trial showed its

feasibility. Even though we did not identify any changes in cognitive

function, BDNF and IGF-1 tended to increase after 8weeks of training.

As exercise induces the expression of growth factors throughout the

nervous system and as an increased bioavailability of growth factors

such as BDNF and IGF-1might stimulate neurogenesis and angiogene-

sis (Knaepen et al., 2010;Maass et al., 2016; Vaynman et al., 2004), the

preliminary findings of our study are in linewith previous research. The

increased bioavailability of growth factors may present a physiological

explanation forwhy exercise has a neuroprotective effect and is widely

recognized as an adjunct therapy in PD (Palasz et al., 2020). Szymura

et al. (2020) have previously demonstrated that similar balance train-

ing induces neuroprotective mechanisms in both HOA and individuals

with PD. The lack of differences betweenHOA and individuals with PD

in our study extends these findings and suggests that disease-inclusive

exercise trainingmay be equally effective for both groups and thusmay

maintain physical and cognitive functions in older adults with or with-

out PD. The limited number of participants included in this pilot-trial,

as well as the short observation period warrant bigger studies with

longer intervention periods to fully investigate the role of exercise and

a potentially following increase of growth factors on cognitive function

and overall brain health.

Physical inactivity increases the risk of depression in both HOA and

individuals with PD (Gustafsson et al., 2015; Lee et al., 2014), who, in

general, have a higher risk of suffering from depression than HOA (Wu

et al., 2017). Therefore, the reduction of depressive symptoms in both

inactive HOA and individuals with PD is an important outcome of our

study. Schootemeijer et al. (2020) list the discomfort of seeing advanc-

ing symptoms of peers as a barrier to participate in exercise, whichmay

notonly apply for theheterogenousgroupof individualswithPD (range

of 1–4 on the modified HY scale), but also for HOA. The reduction

in depressive symptoms may indicate that a disease-inclusive exercise

training helps to overcome this barrier. However, more specific ques-

tionnaires (e.g., acceptance + meeting individual’s needs) and quali-

tative evaluations are needed to verify this hypothesis. Additionally,

overexertion and also the lack of an adequate exercise intensity have

frequently been named as barriers to exercise (Bethancourt et al.,

2014) and may present another major challenge of disease-inclusive

exercise classes that could increase dissatisfaction of participants and

affect long-term adherence. However, the lownumber of dropouts, the

reduced number of depressive symptoms, and the improved physical

functions of both HOA and individuals with PD in the present study do

not support this notion. Again, further evaluation is needed to analyze

facilitators and barriers of disease-inclusive exercise classes.

Disease-related stigma affects quality of life, increases the risk of

depression, social isolation, and is common in PD (Hermanns, 2013;

Ma et al., 2016; Salazar et al., 2019). Thus, felt (e.g., shame, embarrass-

ment) and enacted stigma (e.g., staring, avoiding) present an important,

yet often underrepresented symptom in individuals with PD. Integrat-

ing individuals with PD into formal exercise classes could have a signif-

icant social impact and reduce the stigma surrounding PD. While this

improves exercise inclusivity, it could further act as an example of an
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open and inclusive society. Based on the reduction of depressive symp-

toms, it can only be speculated that disease-inclusive exercise classes

reduced stigma in participants within this trial and specific measure-

ments on quality of life, and self-experienced stigma are needed to pro-

vide further insight into the efficacy of disease-inclusive exercise.

4.1 Limitations

The small sample-size presents a limitation of this study and may have

made it difficult to obtain significant changes for more outcomes (e.g.,

growth factors). Nevertheless, we identified significant changes in rel-

evant areaswhich justify the need for bigger follow-up studies andwas

the aim of this feasibility study. Further, the sample size did not allow

the analysis of men and women separately, which limits further analy-

sis of sex-related differences (Rigby & Davis, 2018). However, women

and men were equally distributed in HOA and individuals with PD, so

that distribution within each of the groups was not different and did

not further affect our results. Due to the ongoingCOVID-19 pandemic,

we decided to include a smaller number of participants as more than

12 individuals were not allowed to exercise at the same time due to

local restrictions. This modification enabled us to conduct our study

during the pandemic, however, itmay have facilitated running the exer-

cise classes as more than 12 participants per exercise class—and with

that an even more heterogeneous group—may present bigger chal-

lenges. Therefore, the ideal number of participants per class, especially

in disease-inclusive classes, warrants further evaluation in future stud-

ies. The COVID-19 pandemic did not only affect the sample size, but

also caused us to pause and delay our study. However, all participants

included in the analyses engaged in8weeksof exercise training. As pre-

vious research has demonstrated a negative impact of the COVID-19

pandemic on PD symptoms, depressive symptoms, and physical activ-

ity in individuals with PD (van der Heide et al., 2020), the increases

in physical fitness and especially reduced depressive symptoms fol-

lowing the intervention emphasize the importance of exercise. As the

post-testswere conducted inOctober 2020with increasingCOVID-19

numbers and another lockdown looming, it is possible that these cir-

cumstancesmay have influenced our results.We did not include a non-

exercising control group, which would have provided further insight

into the role of exercise classes, especially during the pandemic. Addi-

tionally, indication-specific exercise classes, that is, only HOA or only

individuals with PD, should be considered in future studies to evalu-

ate if they are as, or more, or less effective as/than disease-inclusive

exercise classes. These future studies should further aim to increase

the intervention period. This is of particular importance as the progres-

sive course of PD may complicate long-term participation in exercise

andmay presentmore challenges for disease-inclusive exercise classes

over time. In this pilot trial, we included a rather heterogenous sample

with individuals with PD ranging in disease severity from 1 to 4 on the

modified HY scale. Therefore, our results support that a broad spec-

trum of symptoms can be addressed adequately in disease-inclusive

exercise classes.

5 CONCLUSION

This pilot trial shows that 8 weeks of disease-inclusive multicom-

ponent exercise training improved physical functions and reduced

depressive symptoms in both healthy older adults and individuals with

Parkinson’s disease. This should be encouraging for exercise providers,

researchers, and clinicians to further investigate the possibilities of

disease-inclusive exercise training.Notonly the individual independent

of health status benefits from such training, but disease-inclusive exer-

cise classes may also have an important social impact and represent

an open, diverse, and inclusive society. In the context of the demo-

graphic change and increasing numbers of older adults with and with-

out disease, an open and supportive society is of particular importance.

Future trials need to address methodological limitations (i.e., sample

size, intervention period, and lack of control group) of this pilot trial to

verify our findings.

ACKNOWLEDGMENTS

This work was supported by an internal research fund of the German

Sport University awarded to Tim Stuckenschneider. The authorswould

like to thank all the participantswho have been involved and have dedi-

cated their precious time to this study.Wewould further like to express

our gratitude toward Anika Voss from theGerman Sport University for

her technical assistance during BDNF and IGF-1 analyses. We would

like to thank two unknown reviewers for their valuable feedback on a

previous version of themanuscript.

CONFLICT OF INTEREST

The authors havedeclared that there are no conflicts of interest in rela-

tion to the subject of this study.

DATA AVAILABILITY STATEMENT

Data can be obtained upon reasonable request from the corresponding

author.

PEER REVIEW

The peer review history for this article is available at https://publons.

com/publon/10.1002/brb3.2352.

ORCID

TimStuckenschneider https://orcid.org/0000-0002-0972-4377

REFERENCES

Aarsland, D., Creese, B., Politis, M., Chaudhuri, K. R., Ffytche, D. H.,

Weintraub, D., & Ballard, C. (2017). Cognitive decline in Parkinson

disease. Nature Reviews Neurology, 13(4), 217–231. https://doi.org/10.
1038/nrneurol.2017.27

Bechard, L. E., McDougall, A., Mitchell, C., Regan, K., Bergelt, M., Dupuis, S.,

Giangregorio, L., Freeman, S., & Middleton, L. E. (2020). Dementia- and

mild cognitive impairment-inclusive exercise: Perceptions, experiences,

and needs of community exercise providers. PLOSOne, 15(9), e0238187.
https://doi.org/10.1371/journal.pone.0238187

Bethancourt, H. J., Rosenberg, D. E., Beatty, T., & Arterburn, D. E. (2014).

Barriers to and facilitators of physical activity program use among older

https://publons.com/publon/10.1002/brb3.2352
https://publons.com/publon/10.1002/brb3.2352
https://orcid.org/0000-0002-0972-4377
https://orcid.org/0000-0002-0972-4377
https://doi.org/10.1038/nrneurol.2017.27
https://doi.org/10.1038/nrneurol.2017.27
https://doi.org/10.1371/journal.pone.0238187


10 of 11 STUCKENSCHNEIDER ET AL.

adults. Clinical Medicine & Research, 12(1–2), 10–20. https://doi.org/10.
3121/cmr.2013.1171

Borg, G. (1998). Borg’s perceived exertion and pain scales. Human Kinetics.

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon,

G., Carty, C., Chaput, J.-P., Chastin, S., Chou, R., Dempsey, P. C., Dipietro,

L., Ekelund, U., Firth, J., Friedenreich, C. M., Garcia, L., Gichu, M., Jago,

R., Katzmarzyk, P. T., . . . Willumsen, J. F. (2020). World Health Organiza-

tion2020guidelines onphysical activity and sedentary behaviour.British
Journal of Sports Medicine, 54(24), 1451–1462. https://doi.org/10.1136/
bjsports-2020-102955

Churchill, J. D., Galvez, R., Colcombe, S., Swain, R. A., Kramer, A. F., & Gree-

nough, W. T. (2002). Exercise, experience, and the aging brain. Neuro-
biology of Aging, 23(5), 941–955. https://www.ncbi.nlm.nih.gov/pubmed/

12392797

Craik, F. I., & Bialystok, E. (2006). Cognition through the lifespan: Mecha-

nisms of change. Trends in Cognitive Sciences, 10(3), 131–138. https://doi.
org/10.1016/j.tics.2006.01.007

Ellis, T., & Rochester, L. (2018).Mobilizing Parkinson’s disease: The future of

exercise. Journal of Parkinson’s Disease, 8(s1), S95–S100. https://doi.org/
10.3233/JPD-181489

Erickson, K. I., Hillman, C., Stillman, C.M., Ballard, R.M., Bloodgood, B., Con-

roy, D. E., Macko, R., Marquez, D. X., Petruzzello, S. J., & Powell, K. E.;

For2018PhysicalActivityGuidelinesAdvisoryCommittee.(2019). Phys-

ical activity, cognition, and brain outcomes: A review of the 2018 Physi-

cal Activity Guidelines.Medicine and Science in Sports and Exercise, 51(6),
1242–1251. https://doi.org/10.1249/MSS.0000000000001936

Falvo, M. J., & Earhart, G. M. (2009). Six-minute walk distance in persons

withParkinsondisease: A hierarchical regressionmodel.Archives of Phys-
ical Medicine and Rehabilitation, 90(6), 1004–1008. https://doi.org/10.
1016/j.apmr.2008.12.018

Fox, S. H., Katzenschlager, R., Lim, S.-Y., Barton, B., De Bie, R. M. A., Seppi, K.,

Coelho, M., Sampaio, C., & Movement Disorder Society Evidence-Based

Medicine Committee. (2018). International Parkinson and movement

disorder society evidence-basedmedicine review:Updateon treatments

for the motor symptoms of Parkinson’s disease. Movement Disorders,
33(8), 1248–1266. https://doi.org/10.1002/mds.27372

Goetz, C. G., Poewe,W., Rascol, O., Sampaio, C., Stebbins, G. T., Counsell, C.,

Giladi, N., Holloway, R. G., Moore, C. G.,Wenning, G. K., Yahr,M. D., Seidl,

L., &Movement Disorder Society Task Force on Rating Scales for Parkin-

son’s Disease. (2004). Movement disorder society task force report on

the Hoehn and Yahr staging scale: Status and recommendations. Move-
ment Disorders, 19(9), 1020–1028. https://doi.org/10.1002/mds.20213

Gomes-Osman, J., Cabral, D. F., Morris, T. P., Mcinerney, K., Cahalin, L. P.,

Rundek, T., Oliveira, A., & Pascual-Leone, A. (2018). Exercise for cogni-

tive brain health in aging: A systematic review for an evaluation of dose.

Neurology: Clinical Practice, 8(3), 257–265. https://doi.org/10.1212/CPJ.
0000000000000460

Guralnik, J. M., Ferrucci, L., Simonsick, E. M., Salive, M. E., & Wallace, R. B.

(1995). Lower-extremity function in persons over the age of 70 years

as a predictor of subsequent disability. New England Journal of Medicine,
332(9), 556–561. https://doi.org/10.1056/NEJM199503023320902

Gustafsson, H., Nordstrom, A., & Nordstrom, P. (2015). Depression

and subsequent risk of Parkinson disease: A nationwide cohort

study. Neurology, 84(24), 2422–2429. https://doi.org/10.1212/WNL.

0000000000001684

Helmstaedter, C., Lendt,M., & Lux, S. (2001).VLMT : Verbaler Lern- undMerk-
fähigkeitstest. Beltz Test.

Hermanns,M. (2013). The invisible and visible stigmatization of Parkinson’s

disease. Journal of the American Association of Nurse Practitioners, 25(10),
563–566. https://doi.org/10.1111/1745-7599.12008

Isaacs, K. R., Anderson, B. J., Alcantara, A. A., Black, J. E., & Greenough,W. T.

(1992). Exercise and the brain: Angiogenesis in the adult rat cerebellum

after vigorous physical activity and motor skill learning. Journal of Cere-
bral Blood FlowandMetabolism,12(1), 110–119. https://doi.org/10.1038/
jcbfm.1992.14

Jones, C. J., Rikli, R. E., & Beam, W. C. (1999). A 30-s chair-stand test as

a measure of lower body strength in community-residing older adults.

Research Quarterly for Exercise and Sport, 70(2), 113–119. https://doi.org/
10.1080/02701367.1999.10608028

Julayanont, P., Brousseau, M., Chertkow, H., Phillips, N., & Nasreddine, Z.

S. (2014). Montreal cognitive assessment memory index score (MoCA-

MIS) as a predictor of conversion from mild cognitive impairment to

Alzheimer’s disease. Journal of the AmericanGeriatrics Society,62(4), 679–
684. https://doi.org/10.1111/jgs.12742

Knaepen, K., Goekint, M., Heyman, E. M., & Meeusen, R. (2010).

Neuroplasticity—Exercise-induced response of peripheral brain-derived

neurotrophic factor: A systematic review of experimental studies

in human subjects. Sports Medicine (Auckland, N.Z.), 40(9), 765–801.
https://doi.org/10.2165/11534530-000000000-00000

Lee, H., Lee, J. A., Brar, J. S., Rush, E. B., & Jolley, C. J. (2014). Physical activity

and depressive symptoms in older adults.Geriatric Nursing, 35(1), 37–41.
https://doi.org/10.1016/j.gerinurse.2013.09.005

Lezak, M. D., Howieson, D., Bigler, E., & Tranel, D. (2012).Neuropsychological
assessment. Oxford University Press.

Lutz, W., Sanderson, W., & Scherbov, S. (2008). The coming acceleration of

global population ageing. Nature, 451(7179), 716–719. https://doi.org/
10.1038/nature06516

Ma, H. I., Saint-Hilaire,M., Thomas, C. A., & Tickle-Degnen, L. (2016). Stigma

as a key determinant of health-related quality of life in Parkinson’s dis-

ease. Quality of Life Research, 25(12), 3037–3045. https://doi.org/10.
1007/s11136-016-1329-z

Maass, A., Düzel, S., Brigadski, T., Goerke, M., Becke, A., Sobieray, U., Neu-

mann, K., Lövdén, M., Lindenberger, U., Bäckman, L., Braun-Dullaeus, R.,

Ahrens, D., Heinze, H.-J., Müller, N. G., Lessmann, V., Sendtner, M., &

Düzel, E. (2016). Relationships of peripheral IGF-1, VEGF and BDNF lev-

els to exercise-related changes in memory, hippocampal perfusion, and

volumes in older adults. Neuroimage, 131, 142–154. https://doi.org/10.
1016/j.neuroimage.2015.10.084

Moschny, A., Platen, P., Klaassen-Mielke, R., Trampisch, U., & Hinrichs, T.

(2011). Barriers to physical activity in older adults in Germany: A cross-

sectional study. International Journal of Behavioral Nutrition and Physical
Activity, 8, 121. https://doi.org/10.1186/1479-5868-8-121

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S.,Whitehead, V.,

Collin, I., Cummings, J. L., & Chertkow, H. (2005). TheMontreal cognitive

assessment,MoCA: A brief screening tool formild cognitive impairment.

Journal of the American Geriatrics Society, 53(4), 695–699. https://doi.org/
10.1111/j.1532-5415.2005.53221.x

Northey, J. M., Cherbuin, N., Pumpa, K. L., Smee, D. J., & Rattray, B. (2018).

Exercise interventions for cognitive function in adults older than 50: A

systematic review with meta-analysis. British Journal of Sports Medicine,
52(3), 154–160. https://doi.org/10.1136/bjsports-2016-096587

Norton, S., Matthews, F. E., Barnes, D. E., Yaffe, K., & Brayne, C. (2014).

Potential for primary prevention of Alzheimer’s disease: An analysis

of population-based data. Lancet Neurology, 13(8), 788–794. https://doi.
org/10.1016/S1474-4422(14)70136-X

Pahor, M., Guralnik, J. M., Ambrosius, W. T., Blair, S., Bonds, D. E., Church,

T. S., Espeland, M. A., Fielding, R. A., Gill, T. M., Groessl, E. J., King, A. C.,

Kritchevsky, S. B., Manini, T. M., Mcdermott, M. M., Miller, M. E., New-

man, A. B., Rejeski, W. J., Sink, K. M., & Williamson, J. D. (2014). Effect

of structured physical activity on prevention of major mobility disability

in older adults: The LIFE study randomized clinical trial. JAMA, 311(23),
2387–2396. https://doi.org/10.1001/jama.2014.5616

Palasz, E., Wysocka, A., Gasiorowska, A., Chalimoniuk, M., Niewiadomski,

W., & Niewiadomska, G. (2020). BDNF as a promising therapeutic agent

in Parkinson’s disease. International Journal of Molecular Sciences, 21(3),
1170. https://doi.org/10.3390/ijms21031170

Petersen, R. C., Lopez, O., Armstrong, M. J., Getchius, T. S. D., Gan-

guli, M., Gloss, D., Gronseth, G. S., Marson, D., Pringsheim, T., Day, G.

S., Sager, M., Stevens, J., & Rae-Grant, A. (2018). Practice guideline

update summary: Mild cognitive impairment: Report of the Guideline

https://doi.org/10.3121/cmr.2013.1171
https://doi.org/10.3121/cmr.2013.1171
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://www.ncbi.nlm.nih.gov/pubmed/12392797
https://www.ncbi.nlm.nih.gov/pubmed/12392797
https://doi.org/10.1016/j.tics.2006.01.007
https://doi.org/10.1016/j.tics.2006.01.007
https://doi.org/10.3233/JPD-181489
https://doi.org/10.3233/JPD-181489
https://doi.org/10.1249/MSS.0000000000001936
https://doi.org/10.1016/j.apmr.2008.12.018
https://doi.org/10.1016/j.apmr.2008.12.018
https://doi.org/10.1002/mds.27372
https://doi.org/10.1002/mds.20213
https://doi.org/10.1212/CPJ.0000000000000460
https://doi.org/10.1212/CPJ.0000000000000460
https://doi.org/10.1056/NEJM199503023320902
https://doi.org/10.1212/WNL.0000000000001684
https://doi.org/10.1212/WNL.0000000000001684
https://doi.org/10.1111/1745-7599.12008
https://doi.org/10.1038/jcbfm.1992.14
https://doi.org/10.1038/jcbfm.1992.14
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1111/jgs.12742
https://doi.org/10.2165/11534530-000000000-00000
https://doi.org/10.1016/j.gerinurse.2013.09.005
https://doi.org/10.1038/nature06516
https://doi.org/10.1038/nature06516
https://doi.org/10.1007/s11136-016-1329-z
https://doi.org/10.1007/s11136-016-1329-z
https://doi.org/10.1016/j.neuroimage.2015.10.084
https://doi.org/10.1016/j.neuroimage.2015.10.084
https://doi.org/10.1186/1479-5868-8-121
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1136/bjsports-2016-096587
https://doi.org/10.1016/S1474-4422(14)70136-X
https://doi.org/10.1016/S1474-4422(14)70136-X
https://doi.org/10.1001/jama.2014.5616
https://doi.org/10.3390/ijms21031170


STUCKENSCHNEIDER ET AL. 11 of 11

Development, Dissemination, and Implementation Subcommittee of the

AmericanAcademyofNeurology.Neurology, 90(3), 126–135. https://doi.
org/10.1212/WNL.0000000000004826

Podsiadlo, D., & Richardson, S. (1991). The timed “Up & Go”: A test of basic

functional mobility for frail elderly persons. Journal of the American Geri-
atrics Society, 39(2), 142–148. https://www.ncbi.nlm.nih.gov/pubmed/

1991946

Radloff, L. S. (1977). The CES-D scale: A self-report depression scale for

research in the general population. Applied Psychological Measurement, 1,
385–401. https://doi.org/10.1177/014662167700100306

Rafferty, M. R., Schmidt, P. N., Luo, S. T., Li, K., Marras, C., Davis, T. L.,

Guttman, M., Cubillos, F., Simuni, T., & all NPF-QII Investigators. (2017).

Regular exercise, quality of life, and mobility in Parkinson’s disease: A

longitudinal analysis of national Parkinson foundation quality improve-

ment initiative data. Journal of Parkinson’s Disease, 7(1), 193–202. https:
//doi.org/10.3233/JPD-160912

Rigby, B. R., & Davis, R. W. (2018). Should exercise be prescribed differ-

ently betweenwomen andmen? An emphasis onwomen diagnosedwith

Parkinson’s disease. Frontiers in Physiology, 9, 1040. https://doi.org/10.
3389/fphys.2018.01040

Roberts, H. C., Denison, H. J., Martin, H. J., Patel, H. P., Syddall, H., Cooper,

C., & Sayer, A. A. (2011). A review of themeasurement of grip strength in

clinical and epidemiological studies: Towards a standardised approach.

Age and Ageing, 40(4), 423–429. https://doi.org/10.1093/ageing/afr051
Salazar, R. D., Weizenbaum, E., Ellis, T. D., Earhart, G. M., Ford, M. P., Dibble,

L. E., & Cronin-Golomb, A. (2019). Predictors of self-perceived stigma in

Parkinson’s disease. Parkinsonism & Related Disorders, 60, 76–80. https:
//doi.org/10.1016/j.parkreldis.2018.09.028

Salgado, S.,Williams,N., Kotian, R., & Salgado,M. (2013). An evidence-based

exercise regimen for patientswithmild tomoderate Parkinson’s disease.

Brain Sciences, 3(1), 87–100. https://doi.org/10.3390/brainsci3010087
Schenkman, M., Moore, C. G., Kohrt, W. M., Hall, D. A., Delitto, A., Comella,

C. L., Josbeno, D. A., Christiansen, C. L., Berman, B. D., Kluger, B. M.,

Melanson, E. L., Jain, S., Robichaud, J. A., Poon, C., & Corcos, D.M. (2018).

Effect of high-intensity treadmill exerciseonmotor symptoms inpatients

with de novo Parkinson disease: A phase 2 randomized clinical trial.

JAMA Neurology, 75(2), 219–226. https://doi.org/10.1001/jamaneurol.

2017.3517

Schmider, E., Ziegler, M., Danay, E., Beyer, L., & Bühner, M. (2010). Is

it really robust? Methodology, 6(4), 147–151. https://doi.org/10.1027/
1614-2241/a000016

Schootemeijer, S., Van Der Kolk, N. M., Ellis, T., Mirelman, A., Nieuwboer, A.,

Nieuwhof, F., Schwarzschild,M. A., De Vries, N.M., & Bloem, B. R. (2020).

Barriers and motivators to engage in exercise for persons with Parkin-

son’s disease. Journal of Parkinson’s Disease, 10(4), 1293–1299. https://
doi.org/10.3233/JPD-202247

Schrag, A., Barone, P., Brown, R. G., Leentjens, A. F. G., Mcdonald, W. M.,

Starkstein, S.,Weintraub,D., Poewe,W., Rascol,O., Sampaio, C., Stebbins,

G. T., & Goetz, C. G. (2007). Depression rating scales in Parkinson’s dis-

ease: Critique and recommendations.Movement Disorders, 22(8), 1077–
1092. https://doi.org/10.1002/mds.21333

Silva-Batista, C., Corcos, D. M., Roschel, H., Kanegusuku, H., Gobbi, L.

T. B., Piemonte, M. E. P., Mattos, E. C. T., De Mello, M. T., Forjaz, C.

L. M., Tricoli, V., & Ugrinowitsch, C. (2016). Resistance training with

instability for patients with Parkinson’s disease. Medicine and Science
in Sports and Exercise, 48(9), 1678–1687. https://doi.org/10.1249/MSS.

0000000000000945

Silveira, C. R. A., Roy, E. A., Intzandt, B. N., & Almeida, Q. J. (2018). Aerobic

exercise is more effective than goal-based exercise for the treatment of

cognition in Parkinson’s disease. Brain and Cognition, 122, 1–8. https://
doi.org/10.1016/j.bandc.2018.01.002

Springer, B. A., Marin, R., Cyhan, T., Roberts, H., & Gill, N.W. (2007). Norma-

tive values for the unipedal stance test with eyes open and closed. Jour-
nal of Geriatric Physical Therapy, 30(1), 8–15. https://doi.org/10.1519/
00139143-200704000-00003

Stuckenschneider, T., Askew, C. D., Meneses, A. L., Baake, R., Weber, J., &

Schneider, S. (2019). The effect of different exercise modes on domain-

specific cognitive function in patients suffering fromParkinson’s disease:

A systematic review of randomized controlled trials. Journal of Parkin-
son’s Disease, 9(1), 73–95. https://doi.org/10.3233/JPD-181484

Stuckenschneider, T., Helmich, I., Raabe-Oetker, A., Frobose, I., & Feodoroff,

B. (2015). Active assistive forced exercise provides long-term improve-

ment to gait velocity and stride length in patients bilaterally affected by

Parkinson’s disease. Gait & Posture, 42(4), 485–490. https://doi.org/10.
1016/j.gaitpost.2015.08.001

Szymura, J., Kubica, J., Wiecek, M., & Pera, J. (2020). The immunomodulary

effects of systematic exercise in older adults and peoplewith Parkinson’s

disease. Journal of Clinical Medicine, 9(1), 184. https://doi.org/10.3390/
jcm9010184

Tolppanen, A.-M., Solomon, A., Kulmala, J., Kåreholt, I., Ngandu, T., Rusa-

nen, M., Laatikainen, T., Soininen, H., & Kivipelto, M. (2015). Leisure-

time physical activity from mid- to late life, body mass index, and risk of

dementia.Alzheimer’s & Dementia, 11(4), 434–443.e6. https://doi.org/10.
1016/j.jalz.2014.01.008

Tombaugh, T. N. (2004). Trail making test A and B: Normative data stratified

by age and education. Archives of Clinical Neuropsychology, 19(2), 203–
214. https://doi.org/10.1016/S0887-6177(03)00039-8

van der Heide, A., Meinders, M. J., Bloem, B. R., & Helmich, R. C. (2020). The

impact of the COVID-19 pandemic on psychological distress, physical

activity, and symptom severity in Parkinson’s disease. Journal of Parkin-
son’s Disease, 10(4), 1355–1364. https://doi.org/10.3233/JPD-202251

Vaynman, S., & Gomez-Pinilla, F. (2006). Revenge of the “sit”: How lifestyle

impacts neuronal and cognitive health through molecular systems that

interface energy metabolism with neuronal plasticity. Journal of Neuro-
science Research, 84(4), 699–715. https://doi.org/10.1002/jnr.20979

Vaynman, S., Ying, Z., & Gomez-Pinilla, F. (2004). Hippocampal BDNFmedi-

ates the efficacy of exercise on synaptic plasticity and cognition. Euro-
pean Journal of Neuroscience, 20(10), 2580–2590. https://doi.org/10.
1111/j.1460-9568.2004.03720.x

Vilagut, G., Forero, C. G., Barbaglia, G., & Alonso, J. (2016). Screening

for depression in the general population with the center for epidemi-

ologic studies depression (CES-D): A systematic review with meta-

analysis. PLOS One, 11(5), e0155431. https://doi.org/10.1371/journal.
pone.0155431

Wechsler, D. (2008).Wechsler adult intelligence scale-fourth. The Psychologi-
cal Corporation Google Scholar.

Wu, P. L., Lee, M., & Huang, T. T. (2017). Effectiveness of physical activ-

ity on patients with depression and Parkinson’s disease: A systematic

review. PLOS One, 12(7), e0181515. https://doi.org/10.1371/journal.
pone.0181515

How to cite this article: Stuckenschneider, T., Abeln, V.,

Foitschik, T., Abel, T., Polidori, M. C., & Strüder, H. K. (2021).

Disease-inclusive exercise classes improve physical fitness and

reduce depressive symptoms in individuals with andwithout

Parkinson’s disease—A feasibility study. Brain and Behavior, 11,

e2352. https://doi.org/10.1002/brb3.2352

https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1212/WNL.0000000000004826
https://www.ncbi.nlm.nih.gov/pubmed/1991946
https://www.ncbi.nlm.nih.gov/pubmed/1991946
https://doi.org/10.1177/014662167700100306
https://doi.org/10.3233/JPD-160912
https://doi.org/10.3233/JPD-160912
https://doi.org/10.3389/fphys.2018.01040
https://doi.org/10.3389/fphys.2018.01040
https://doi.org/10.1093/ageing/afr051
https://doi.org/10.1016/j.parkreldis.2018.09.028
https://doi.org/10.1016/j.parkreldis.2018.09.028
https://doi.org/10.3390/brainsci3010087
https://doi.org/10.1001/jamaneurol.2017.3517
https://doi.org/10.1001/jamaneurol.2017.3517
https://doi.org/10.1027/1614-2241/a000016
https://doi.org/10.1027/1614-2241/a000016
https://doi.org/10.3233/JPD-202247
https://doi.org/10.3233/JPD-202247
https://doi.org/10.1002/mds.21333
https://doi.org/10.1249/MSS.0000000000000945
https://doi.org/10.1249/MSS.0000000000000945
https://doi.org/10.1016/j.bandc.2018.01.002
https://doi.org/10.1016/j.bandc.2018.01.002
https://doi.org/10.1519/00139143-200704000-00003
https://doi.org/10.1519/00139143-200704000-00003
https://doi.org/10.3233/JPD-181484
https://doi.org/10.1016/j.gaitpost.2015.08.001
https://doi.org/10.1016/j.gaitpost.2015.08.001
https://doi.org/10.3390/jcm9010184
https://doi.org/10.3390/jcm9010184
https://doi.org/10.1016/j.jalz.2014.01.008
https://doi.org/10.1016/j.jalz.2014.01.008
https://doi.org/10.1016/S0887-6177(03)00039-8
https://doi.org/10.3233/JPD-202251
https://doi.org/10.1002/jnr.20979
https://doi.org/10.1111/j.1460-9568.2004.03720.x
https://doi.org/10.1111/j.1460-9568.2004.03720.x
https://doi.org/10.1371/journal.pone.0155431
https://doi.org/10.1371/journal.pone.0155431
https://doi.org/10.1371/journal.pone.0181515
https://doi.org/10.1371/journal.pone.0181515
https://doi.org/10.1002/brb3.2352

	Disease-inclusive exercise classes improve physical fitness and reduce depressive symptoms in individuals with and without Parkinson’s disease-A feasibility study
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Trial overview
	2.2 | Participants and study procedure
	2.3 | Intervention
	2.4 | Primary outcome measures
	2.5 | Secondary exploratory outcome measures
	2.6 | COVID-19 pandemic
	2.7 | Statistical analysis

	3 | RESULTS
	3.1 | Baseline demographics
	3.2 | Primary outcome
	3.3 | Cognitive function and depressive symptoms
	3.4 | Physical fitness
	3.5 | Growth factors

	4 | DISCUSSION
	4.1 | Limitations

	5 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT
	PEER REVIEW

	ORCID
	REFERENCES


