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Compliance and Satisfaction for 16
months of Adapted Tango vs. Supervised
Walking for People with Parkinson’s
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The present study is an exploratory secondary analysis examining associations between Parkinson’s
disease (PD) characteristics and compliance and satisfaction with exercise programs as part of ongoing
clinical trial research. 36 participants with PD engaged in either adapted tango (AT; n = 20) or supervised
walking (WALK; n = 16) classes for 16 months. This trial was registered at ClinicalTrials.gov
(NCT04122690) onOctober 10, 2019. PD-relatedmetrics, dyskinesia frequency and duration, OFF-time,
freezing of gait (FOG), disease duration, Hoehn-Yahr stage, and motor and cognitive function were
collected. Linear regressionmodels assessedassociationswithattendanceandsatisfaction.Attendance
variedwidely (range: 1–76;mean ±SD: 39.1 ± 26.0 sessions), with overall satisfaction favorable (4.0 ± 0.8
on a 5-point scale). Dyskinesia metrics showed negative correlations with compliance: percentage of
dyskinesia (β = –0.381, R2 = 0.145, p = 0.055) and total dyskinesia duration (β = –0.377, R2 = 0.142,
p = 0.058). Compliance positively predicted satisfaction (β = 0.378, R2 = 0.143, p = 0.063). Montreal
Cognitive Assessment (MoCA)was the strongest satisfaction predictor (β = 0.396,R2 = 0.157, p = 0.050),
followed by the Movement Disorder Society-sponsored revision of the Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) scores (β = –0.343, R2 = 0.118, p = 0.093). FOG had no significant effect on
attendance or satisfaction. Findings indicate dyskinesia limits compliance, while cognitive function
enhances satisfaction, emphasizing the need for tailored exercise.

Parkinson’s disease (PD) is a long-term neurodegenerative disorder.
PD profoundly hampers both motor and cognitive abilities, greatly
diminishing quality of life (QOL) and general well-being1,2. PD ranks as
the second most prevalent neurodegenerative condition worldwide,
impacting around 2% of individuals over the age of 65 years. The
occurrence of PD is steadily rising due to the aging global population3.
PD is caused by the degeneration of dopaminergic neurons in the basal
ganglia and is characterized by the cardinal signs: tremor, bradykine-
sia, muscle rigidity, and postural instability. PD also has non-motor
symptoms (NMS), such as depression, dysphagia, and urinary
dysfunction4.

Themanifestation ofOFF episodes, defined as periodswhen the effects
ofmedicationwear off andmotor symptomsworsen, greatly diminishes the
individual’s QOL. The onset ofOFF episodes represents a significant hurdle
in the therapeutic management of PD5. Moreover, dyskinesias are

involuntary motions triggered by prolonged use of levodopa. Both OFF
episodes and dyskinesias lead to unpredictable fluctuations throughout the
day, greatly hindering individuals’ ability to carry out everyday tasks and
adversely impacting levels of physical activity6. Medications such as Levo-
dopa can temporarily relieve symptoms, especially in the early stages of PD.
The treatmentplan can result indrug-resistant complications and the return
of symptoms of motor cognitive decline as the condition progresses.
Therapeutic strategies must be broadened to incorporate supportive inter-
ventions and lifestyle adjustments7.

Regular physical activity has emerged as a promising supportive
approach to address PD symptoms and potentially slow the progression of
the disorder7. Moderate aerobic exercise could improve motor skills,
movement, and balance stability7–9. However, observational evidence sug-
gests that greater levels of regular physical activity may be associated with a
decline in motor and cognitive abilities10. Also, many current studies are
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constrainedbybrief interventionperiods, typically lastingunder sixmonths,
and a lack of extended follow-up assessments11.

Exercise has increasingly been recognized as an indispensable com-
ponent of thorough PD treatment. Numerous investigations have demon-
strated that routine physical activity alleviates both motor-related and non-
motor-related issues. Routine physical activity also enhances overall QOL
and could potentially slow the progression of the condition12. Despite the
expanding body of evidence emphasizing these advantages, including par-
ticipation in intervention programs, remains insufficiently addressed. This
lack of uptake has led researchers to examine the fundamental motivational
and structural aspects of influencing involvement.

Movement-related challenges, such as dyskinesia, Freezing of Gait
(FOG), and OFF-time, can pose significant barriers to maintaining con-
sistent physical activity. As reduced treatment efficacy during these intervals
often worsens mobility impairments and diminishes motivation13,14. Addi-
tionally, logistical obstacles obstruct participation in exercise programs.
These obstacles include transportation challenges, time limitations, and
restricted access to exercise facilities, which also reduce the perceived value
of fitness-focused programs12.

In a comprehensive review, Schootemeijer et al. (2020) identified four
categories of enablers and obstacles to exercise engagement. These cate-
gories are followed by the framework of the International Classification of
Functioning, Disability, and Health (ICF). The categories included bodily
functions, tasks and involvement, individual traits, and environmental
influences. Among the most notable physiological difficulties were
exhaustion,muscle rigidity, involuntary shaking, indifference, and unease12.
Ellis et al. (2013) conducted a studywith 260 individuals diagnosedwith PD.
The research study determined three key deterrents to participating in
physical activity. The list comprised low perceived advantages of exercise
(OR = 3.93), insufficient time (OR = 3.36), and fear of losing balance

(OR = 2.35), which were markedly more common among those who
refrained from engaging in physical movement15.

Similarly, Hunter et al. (2019) conducted a qualitative systematic
analysis. The researchers discovered that numerous individuals with PD
worried that physical activity might exacerbate their symptoms or cause
harm. However, such misconceptions were frequently addressed through
targeted education. Supporting group settings also played a role since they
emphasized the value of structured and safe exercise routines16.

This study considered the substantial evidence demonstrating the
beneficial impact of physical activity on improving motor abilities and
physical performance in individuals with PD. We recognized that OFF
periods frequently disrupt daily routines and hinder participation in
structured exercise programs13,14. As such, this research explores how
condition-specific factors, particularly dyskinesia andOFF episodes, impact
compliance with and satisfaction with exercise intervention programs for
individuals with PD. Throughout a 16-month intervention, participants
engaged in either a partner-supported, adapted tango (AT) or a structured
and supervisedwalking regimen (WALK).Wehypothesized that dyskinesia
and severe OFF episodes would increase the disease burden on patients,
possibly through increased stigma leading to withdrawal from social
activities or decreased capacity for gainful participation in exercise. We
therefore predicted that a greater burden of dyskinesias and increased
duration or severity of OFF episodes would result in reduced compliance
and satisfactionwith exercise intervention programs. Thefindings from this
investigation may contribute to the development of more inclusive, perso-
nalized recovery strategies that efficiently tackle both condition-specific
restrictions and practical challenges. The results could improve PDpatients’
well-being and overall life quality within this expanding medical
community.

Results
Descriptive demographic and clinical characteristics are summarized in
Table 1. There were no statistically significant differences between AT and
WALK groups in age, sex, race, disease duration, Hoehn and Yahr stage, or
PD-related motor complications, including OFF-time and dyskinesia at
baseline (P > 0.05). Compliance and satisfaction scores were also compar-
able at baseline. These findings confirm that randomization produced
equivalent groups, allowing for an unbiased evaluation of intervention
effects.

PD-related clinical variables and program compliance
Dyskinesia percentage (R2 = 0.145, slope =−0.695, p = 0.055) and dyski-
nesia duration (R2 = 0.142, slope =−0.075, p = 0.058) exhibited the stron-
gest negative trends with compliance. These trends suggest that individuals
experiencing more severe or prolonged dyskinesias were less likely to be
compliant with the program. The linear regression lines superimposed on
the scatter plots underscore a strong negative relationship between dyski-
nesia severity and compliance (Fig. 1).

Conversely, other clinical variables demonstrated notably weaker
associations.Duration of disease (R2 = 0.015, slope =−0.656, p = 0.473) and
Hoehn-Yahr stage (R2 = 0.004, slope = 2.631, p = 0.731) showed negligible
relationships with compliance. Similarly, both OFF-time percentage
(R2 = 0.043, slope = 0.382, p = 0.312) and OFF-time duration (R2 = 0.037,
slope = 0.036, p = 0.347) were minimally predictive of compliance (Fig. 1).

PD-related clinical variables and program satisfaction
Dyskinesia duration (R2 = 0.120, slope = 0.003, p = 0.134) exhibited the
strongest positive trend with satisfaction. This trend suggests that indivi-
duals who experience more severe or prolonged dyskinesias are more likely
to report higher program satisfaction. The linear regression lines super-
imposed on the scatter plots underscore a weak positive relationship
between dyskinesia duration and satisfaction. Conversely, other clinical
variables demonstrated notably weaker associations. Duration of disease
(R2 = 0.086, slope =−0.045, p = 0.155) and Hoehn-Yahr stage (R2 = 0.006,
slope = 0.103, p = 0.712) showed negligible relationships with satisfaction.

Table. 1 | Demographic and Parkinson’s disease
characteristics of participants in the WALK and AT groups

AT (N = 20) WALK (N = 16) p

Age (y) Mean (SD): 70.3 (7.7)
Range: 49.0–83.0

Mean (SD): 71.1 (7.7)
Range: 57.0–82.0

0.78

Sex (F/M) Female: 6 (30%)
Male: 14 (70%)

Female: 3 (19%)
Male: 13 (81%)

0.44

Race Asian: 1 (5%)
Black/African
American: 5 (25%)
Hispanic or Latino: 1
(5%)
Other: 1 (5%)
White/Caucasian:
12 (60%)

Asian: 0 (0%)
Black/African
American: 4 (25%)
Multicultural: 1 (6%)
White/Caucasian:
11 (69%)

0.58

OFF (%)◊ Mean (SD): 12.4 (15.2)
Range: 0.0–42.2

Mean (SD): 15.4 (17.6)
Range: 0.0–46.5

0.69

Off duration◊ Mean (SD): 118.0
(143.7)
Range: 0.0–380.0

Mean (SD): 150.0
(177.1)
Range:0.0–470.0

0.66

Dyskinesia (%) ◊ Mean (SD): 4.4 (5.9)
Range: 0.0–18.7

Mean (SD): 5.5 (8.9)
Range: 0.0–27.0

0.75

Dyskin.
duration◊

Mean (SD): 42.0 (61.2)
Range: 0.0–200.0

Mean (SD): 51.0 (80.2)
Range: 0.0–240.0

0.78

Hoehn-
Yahr Stage

Mean (SD): 2.3 (0.5)
Range: 1.5-3.0

Mean (SD): 2.1 (0.7)
Range: 1.0–3.0

0.35

Years w/PD (y) Mean (SD): 6.4 (4.8)
Range: 0.0–15.0

Mean (SD): 8.5 (5.2)
Range: 2.0–17.0

0.32

Compliance Mean (SD): 61.1 (19.9)
Range:21.0–85.0

Mean (SD): 57.0 (19.9)
Range: 12.0–81.0

0.61

Satisfaction Mean (SD): 4.0 (0.9)
Range: 1.6–5.0

Mean (SD): 4.1 (0.6)
Range: 3.0–5.0

0.85

Values are presented asmean (SD) or frequency (percentage). No statistically significant differences
were observed between groups at baseline (all p > 0.05). ◊N-Miss: 3 for AT andN-Miss: 2 forWALK.
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Similarly, both OFF-time percentage (R2 = 0.055, slope = 0.009, p = 0.318)
and OFF-time duration (R2 = 0.058, slope = 0.001, p = 0.305) were mini-
mally predictive of satisfaction (Fig. 2).

Association between satisfaction and compliance with motor
and cognitive performance
Linear regression analyses were conducted to examine the relationship
between cognitive and motor performance indicators and program

outcomes. The Montreal Cognitive Assessment (MoCA), a measure of
global cognition, was a significant predictor of perceived program
satisfaction (R2 = 0.157, slope = 0.096, p = 0.050) (Fig. 3a). This indi-
cates that a participant’s ability to cognitively process and appreciate a
program’s benefits could be a crucial factor in their overall positive
experience. Conversely, MoCA scores had a negligible relationship
with program compliance (R2 = 0.008, slope = 0.840, p = 0.601)
(Fig. 3b).

Fig. 1 | Relationship between Parkinson's disease characteristics and program
compliance. Scatter plots show individual participant data with linear regression
lines. a Dyskinesia duration vs compliance (R² = 0.142, p = 0.058); b Dyskinesia
percentage vs compliance (R² = 0.145, p = 0.055); c Disease duration vs compliance

(R² = 0.015, p = 0.473); d Hoehn–Yahr stage vs compliance (R² = 0.004, p = 0.731);
eOFF-time percentage vs compliance (R² = 0.043, p= 0.312); fOFF-time duration vs
compliance (R² =0.037, p = 0.347).
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In contrast, FOG showed no significant relationship with either
satisfaction (R2 = 0.022, slope = 0.018, p = 0.514) (Fig. 4a) nor com-
pliance (R2 = 0.007, slope = 0.393, p = 0.665) (Fig. 4b). These findings
suggest that FOG was not a meaningful predictor for either outcome.
Overall, the trends indicate that program satisfaction is more closely
tied to a participant’s cognitive state, while compliance is likely influ-
enced by other factors.

Association between participant satisfaction and compliance
A positive linear relationship is apparent in Fig. 5, indicating that
increased satisfaction is typically correlated with better attendance

(R2 = 0.143, slope = 9.62, p = 0.063). While the p value (0.063) is just
above the conventional threshold for statistical significance, it
represents a strong, meaningful trend, suggesting that participants
who perceived the program as more beneficial were more engaged
(Fig. 5).

Participant satisfaction profiles across different compliance and
dyskinesias subgroups
In our study, all participants (100%) reported enjoying the program, and
most (84%) indicated they would continue if given the opportunity. Parti-
cipants expressed strong positive feedback regarding mental stimulation

Fig. 2 | Relationship between Parkinson's disease characteristics and program
satisfaction. a Dyskinesia duration vs satisfaction (R² = 0.120, p = 0.134);
b Dyskinesia percentage vs satisfaction; c Disease duration vs satisfaction (R² =

0.086, p =0.155); dHoehn–Yahr stage vs satisfaction (R² = 0.006, p = 0.712); eOFF-
time percentage vs satisfaction (R² = 0.055, p = 0.318); f OFF-time duration vs
satisfaction (R² = 0.058, p = 0.305).
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and mood improvement, with 84% affirming benefits in these aspects.
However, perceptions of physical gains varied more widely. 64% agreed or
strongly agreed they noted improved walking, whereas 24% disagreed or
strongly disagreed that they noted improved walking (Fig. 6a). This finding
highlights individual variability in perceived physical outcomes.

A subgroup of highly compliant participants with minimal motor
complications reported consistently high satisfaction across all domains. All
participants within this cluster endorsed enjoyment and willingness to
continue the program.High ratingswere also observed for improvements in
mood, mental engagement, balance, and endurance. Figure 6b illustrates a
generally favorable response pattern among highly compliant individuals
with low dyskinesia (Fig. 6b).

Participant satisfaction data from participants characterized by both
moderate dyskinesia and moderate compliance is illustrated in Fig. 6c. In
this group, 100% of participants strongly agreed that the program

contributed positively to various aspects of well-being, including walking
ability, balance, mood, endurance, and overall physical and mental activity.
While themajority (67%) strongly agreed that their strength had improved,
33% selected “neither agreed nor disagreed,” indicating slightly more var-
iation in that perceived strength gains (Fig. 6c).

Participant satisfaction data from participants characterized by
both low dyskinesia and low compliance is illustrated in Fig. 6d.While
all participants in this group (100%) strongly agreed that they enjoyed
the program, responses were more mixed regarding specific physical
improvements. Only 67% of participants neither agreed nor disagreed
that their balance had improved, with similar neutral or negative
responses for walking, coordination, strength, and endurance (Fig.
6d). This suggests that enjoyment of the program may persist even in
the absence of perceived physical benefit, particularly among less
engaged participants.

Fig. 3 | The relationship between satisfaction and compliance with MoCA. aMoCA vs satisfaction (R2 = 0.157, slope = 0.096, p = 0.050); bMoCA vs Compliance
(R2 = 0.008, slope = 0.840, p = 0.601).

Fig. 4 | The relationship between satisfaction and compliance with FOG. a FOG vs satisfaction (R2 = 0.022, slope = 0.018, p = 0.514); b FOG vs compliance (R2 = 0.007,
slope = 0.393, p = 0.665). Higher dyskinesia duration showed a weak positive trend with satisfaction.
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Discussion
The preliminary findings of this exploratory study examined the influence
of PD-related clinical factors, including dyskinesia and OFF episodes, on
participants’ engagement and satisfaction with two 16-month moderate-
intensity cardiovascular programs: AT and WALK.

Ourhypothesis andprediction that a greater burden of dyskinesias and
increased duration or severity of OFF episodes would adversely impact
compliance and satisfaction were supported by our findings. Our results
showed that participants were highly satisfiedwith the activity program and
reported positive experiences throughout its duration. Compliance was also
strong, with the majority consistently attending sessions and following the
prescribed exercises. Also, our findings highlighted the important role of
PD-related characteristics, particularly motor and cognitive factors, in
shaping both engagement and satisfaction. These disease-specific features
appear to influence how participants experience and benefit from the pro-
gram, underscoring the need to consider individual motor and cognitive
profiles when evaluating compliance and satisfaction.

The study revealed that the severity of dyskinesiawas a strongpredictor
of both program participation. On the other hand, the same PD-related
factors as time since symptomonset,Hoehn andYahr stage, andOFF status
were found to be associated with participation and a weaker level of parti-
cipation. Our initial hypothesis was confirmed: dyskinesias significantly
limit physical activity participation. We found a negative correlation
between dyskinesia severity and participation in the AT and WALK pro-
grams. This trend was the strongest association observed with compliance,
approaching statistical significance for both dyskinesia percentage
(R2 = 0.145, p = 0.055) and dyskinesia duration (R2 = 0.142, p = 0.058).

These results are consistent with a study by Hackney and Earhart that
investigated the impact of motor symptoms, including dyskinesia, on
exercise participation in people with PD21. Their study found that people
with more severe motor symptoms, such as dyskinesia, had significant
difficulties in adhering to exercise routines. Hackney and Earhart high-
lighted the need for tailored interventions, including flexible scheduling,

Fig. 5 | Association between program satisfaction and compliance. Scatter plot
demonstrates a positive linear relationship (R² = 0.143, slope = 9.62, p = 0.063)
between participant satisfaction ratings (x axis, scale 1–5) and total number of
sessions attended (y axis). While the p value approaches significance, the trend
suggests participants with higher satisfaction maintained better attendance
throughout the 16-month program.

Fig. 6 | Participant satisfaction profiles across subgroups. a Overall satisfaction
across all participants. b High compliance participants with low dyskinesia.
cModerate compliance participants with moderate dyskinesia. d Low compliance

participants with low dyskinesia. Response distributions are shown as percentages
for each questionnaire item across all panels.
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tailored support, and alternative exercise-based therapies, to effectively
engage people with PD who frequently experience long-term dyskinesia.
From a mechanistic perspective, movement fluctuations, particularly dys-
kinesias, may interfere with participation by interfering with movement
planning and increasing fall risk5. Our findings support the “dual-task
interference” hypothesis, in which movement complications exacerbate
cognitive-motor trade-offs, particularly in complex activities such as
dancing3.

This observation aligns with previous research indicating that dyski-
nesia and functionalmobility have a strong impact on daily physical activity
engagement28,29. Participants with more pronounced dyskinesia showed
lower attendance rates, whereas those withmilder symptoms demonstrated
a range of participation patterns, from regular involvement to occasional
attendance. The variability in attendance emphasizes the subtle influence of
symptom severity on compliance. These results reinforce prior research
indicating that non-motor factors, particularly motivation, significantly
influence compliance to exercise programs for individuals with PD13.
Addressing these barriers is critical to improving participation rates, as low
expectations of outcomes, fear of falling, and time constraints remain per-
sistent challenges13.

In line with the findings of Politis et al. (2010), dyskinesia emerged as a
significant obstacle to participation and was associated with reduced QOL
and functional abilities5. These results provide additional evidence of rein-
forcing earlier studies, such as those by Politis et al. (2010), which associate
dyskinesia with diminished QOL and reduced functional capabilities. The
erratic nature of dyskinesia can prompt patients to experience involuntary
movements during exercise, potentially disrupting their workout routines.
Interestingly, our results are consistent with those of Mantri et al. (2021),
who identified challenges in sustaining exercise routines, rather than lack of
access, as the primary obstacle to participation. The extended duration of
our intervention could account for the differences in outcomes observed
between the studies30.

Although dyskinesia may be a barrier to participation, FOG does not
significantly affect exercise participation. In addition, our results show that
the severity of FOG cannot predict compliance or satisfaction with mod-
erate aerobic exercise. Contrary to hypotheses, Hoehn and Yahr stage and
disease duration did not significantly correlatewith participation levels. Our
results suggest that movement complications, particularly dyskinesias, may
play a more important role than overall disease severity in predicting
compliance.

While dyskinesia presents an intrinsic barrier, extrinsic motivators
such as peer support and group camaraderie may help offset its negative
emotional impact, fostering a more inclusive exercise environment. For
instance, Schootemeijer et al. (2020) showed that group camaraderie
enhanced compliance by alleviating the distress associated with motor
fluctuations, indicating that social support can help cushion the emotional
challenges of dyskinesia12.

The exit survey results indicated that participants in both inter-
vention groups reported high levels of satisfaction and had overall
positive experiences. The AT group, characterized by its interactive
and social aspects, appeared to foster stronger mental engagement and
emotional fulfillment, especially among individuals with moderate
dyskinesia. The intricate nature of the dance, coupled with the social
connections inherent in the activity, likely enhanced enjoyment and
cognitive stimulation. This observation aligns with previous studies
emphasizing the advantages of comprehensive exercise programs for
people with PD31. In contrast, the WALK group offered a straightfor-
ward and predictable exercise alternative, appealing to those who
preferred less strenuous activity. While walking ensured steady
attendance, participants with milder dyskinesia displayed varied pro-
gress, particularly in areas like balance and stamina. These differences
underscore the critical need for a variety of therapeutic options tailored
to individual preferences and requirements, taking into account the
motor function difficulties associated with PD.

Our findings here align with those of Hackney and Bennett22, who
highlighted the significance of aerobic exercise programs for individuals
with PD. Their work suggested that incorporating both social and physical
components into therapeutic approaches enhances patient commitment
and involvement. Moreover, McKay et al. (2016) identified that intricate
activities like dance can boost cognitive engagement, potentially explaining
the heightened satisfaction andmental stimulation reported by participants
in our AT cohort31. The interactive aspect of AT, which required coopera-
tion between partners, likely played a crucial role, delivering not only
physical exercise but also opportunities for social connection. Social inter-
action alone may have positively impacted mood and overall participation,
as evidenced by our findings. Studies have demonstrated that the social
element of physical activity, particularly in group environments, is a sig-
nificant driver of sustained involvement over the long term. Interactionwith
peers, the sense of community, and the formation of social bonds are
essential for maintaining engagement in physical activities32. These insights

Fig. 7 | Consort diagram at the time of data ana-
lysis for this report. Flow diagram illustrating
article allocation to the intervention adapted tango
(AT) vs. supervised walking (WALK) over
16 months.
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underline the importance of weaving these components into exercise
interventions for individuals with PD, promoting lasting commitment and
participation.

Cognitive abilities (assessed via MoCA scores) showed the most
notable factors associated with satisfaction. The findings suggest that, in
addition to motor fluctuations, cognitive difficulties play a crucial role in
shaping how participants perceive the advantage of the exercise interven-
tions. However, MoCA scores were not significantly associated with com-
pliance, indicating that cognitive capacity alone does not strongly influence
compliance with the exercise program. Although dyskinesia severity con-
sistently emerged as the strongest predictor of compliance and satisfaction,
the influence of cognitive capacity and the burden of NMSs underscores the
complex andmultifaceted nature of exercise outcomes inPD.These insights
point to the importance of designing exercise interventions that address
motor challenges while also incorporating cognitive engagement and
adaptable structures tomeet the diverse symptoms and progression levels of
participants.

This study investigated the association between satisfaction and com-
pliance within both intervention groups. The results are consistent with
previous research by Hauser et al. (2004), which found that satisfaction was
closely related to thepatient’s perceived interventioneffectiveness throughout
the day, making it an important measure for assessing outcomes24. The
evaluation uncovered a favorable association between contentment and
compliance, suggesting that higher satisfaction could be linked to increased
participation.However, this relationship did not reach statistical significance,
implying that other influences, such as external challenges or individual drive,
may affect commitment. Furthermore, Hunter (2019) highlighted that
negative experiences or observing patientswith severe symptomsmay lead to
a reluctance to continue exercise16. This highlights the importance of sup-
portive and social environments, consistent with previous research33,34. Our
intervention, comprising the AT program and WALK, incorporated these
principles by providing social interaction, instructor guidance, and an
enjoyable atmosphere. These observations suggest that a positive exercise
environment can enhance motivation and satisfaction.

Participants with high compliance and low dyskinesia reported com-
prehensive improvements across balance, gait, coordination, strength, sta-
mina, moods, and overall mental engagement. These outcomes align with
previous research conducted by Rafferty in 201735, emphasizing the holistic
benefits of structured physical activity in PDpopulations. Also, Carmo et al.
(2024) have previously highlighted that exercise programs tailored to an
individual’s symptoms, fitness level, and preferences are particularly effec-
tive for patients with PD, as they can enhance both participation and
satisfaction36.

The elevated satisfaction levels highlight the program’s efficacy in
delivering substantial motor and cognitive improvements for individuals
with PD. Additionally, our data demonstrate that participants with greater
compliance reported higher satisfaction, emphasizing the critical role of
regular involvement in achieving better outcomes17. Aligning with previous
research, our results indicate that individuals with less frequent dyskinesia
were more likely to comply with the program, highlighting the necessity for
personalized support to encourage participation among those experiencing
more severe dyskinesia9.

Participants with moderate dyskinesia reported high levels of satis-
faction, with all respondents strongly agreeing that they enjoyed the pro-
gram. These positive feelings extended across a range of domains, including
agreement with the statements that participants noted improved balance,
walking ability, mood, endurance, and mental performance. However,
opinions regarding improvements in coordination and strength were more
mixed, with 67% strongly agreeing. These results are consistent with
Cavanaugh (2015), who demonstrated that exercise programs for indivi-
duals with PD generally yield beneficial outcomes, although the degree of
benefit may vary with disease severity6. For those managing moderate
dyskinesia, this program seemed to provide meaningful support for both
physical and mental well-being. These results highlight the importance of
sustaining and expanding exercise programs for people with PD, while

tailoring interventions to individual needs. Adjusting for varying motor
functions and disease stages ensures that programs remain effective, enga-
ging, and accessible for participants with diverse symptom profiles6.

Although all participants (100%) with low compliance and low dys-
kinesia unanimously agreed that they enjoyed the program, opinions on
specific improvements were more divided. 67% strongly affirmed, and 33%
expressed neutrality, that their level of physical activity had increased. This
response suggests that limited participationmay have reduced the perceived
impact of the program, even in the absence of severemotor symptoms. The
low attendance and diverse perspectives on program benefits highlight the
critical need for individualized support strategies. Such approaches should
aim to address specific challenges encountered by participants, tailoring the
exercise program to accommodate each individual’s distinct motor and
cognitive capabilities to enhance the program’s overall effectiveness.

Previous research has shown that non-clinical factors also play a
substantial role in limiting participation12. Additionally, Ellis (2013) high-
lighted deterrents such as a “fear of falling,” “insufficient time,” and “low
expectations regarding the effectiveness of exercise,”whichare similar toour
findings. These barriers underscore the importance of therapists addressing
patients’perceptions and convictions about the advantages of exercisewhen
developing tailored interventions15.

This study identifies key factors influencing participation in exercise
programs among individuals with PD. Notably, it highlights dyskinesia as a
critical determinant of exercise compliance. In addition, our findings
underscore the importance of developing more impactful and personalized
exercise interventions that can enhance well-being and alleviate disease-
related symptoms.

Because this was an exploratory study, the findings should be con-
sidered preliminary. Future studies with larger cohorts, including sub-
groups, such as patients with severe dyskinesia, may provide deeper insight
into these complexities. The high reported level of participant satisfaction in
the current study, while encouraging for the quality of the intervention,may
be influenced by clinical and psychological factors, as well as other differ-
ences such as cultural, racial, ethnic, and socioeconomic.

While our study focused primarily on motor-related compliance and
satisfactionmeasures, it is important to acknowledge thatNMSsuchas sleep
disorders, depression, anxiety, and cognitive impairment are prevalent in
PD and may also influence exercise participation and perceived benefits.
Future research should systematically evaluate how these often-overlooked
symptoms affect compliance and satisfaction with structured exercise
programs.

We evaluated symptoms of apathy using the Unified Parkinson's
Disease Rating Scale (MDS-UPDRS) Part I. This method is supported
by recent research from our group37, which found that apathy-related
symptoms can emerge early in PD, with over 40% of individuals dis-
playing apathy-related characteristics even in the mild stages of the
condition. Given the high prevalence of both depression and apathy in
PD, which can impact participation in exercise, future analyses can
consider more specifically the impact of both apathy and depression
on compliance and satisfaction.

Despite documented gender differences in the clinicalmanifestation of
PD, the current study did not perform a specific analysis of differences in
compliance or satisfaction betweenmen and women.We acknowledge this
omission. However, our prior work on a similar cohort from the south-
eastern United States, who have cultural, sociological, and racial/ethnic
differences from other regions of the country38, found that men with PD
experience significantly greater PD-related motor and non-motor burden
compared to women. Given this established clinical context, we strongly
recommend that future research explicitly investigate gender-based dis-
parities as potential modulators of exercise compliance and satisfaction.

In the present study, caregivers were not directly enrolled in the
intervention; thus, we lack outcome measures related to caregiver burden.
We believe that this program could have benefits for caregivers. Our work
shows that an AT program can benefit those who care for people with
dementia, with promise in positively influencing aspects of the caregiving
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experience39. Future studies could specifically examine the effects of such
exercise interventions on caregivers' well-being and caregiving burden.

These findings collectively highlight a complex relationship between
PD medication-related motor fluctuations and freezing of gait and parti-
cipant engagement in moderate-intensity aerobic programs. While parti-
cipants reported high satisfaction with approaches like AT and WALK,
program compliance varied significantly, primarily due to motor compli-
cations, especially dyskinesia. In contrast, cognitive function, as assessed by
MoCA scores, showed a strong correlation with higher satisfaction levels.
Importantly, FOG did not significantly impact program satisfaction or
compliance, suggesting it may not hinder engagement in these moderate-
intensity aerobic programs for PD. These findings underscore the critical
need for tailored exercise programs that address both cognitive and motor
symptoms to enhance compliance and maximize therapeutic outcomes for
individuals with PD.

Future work should compare walking, dancing, and other evidence-
based non-pharmacological interventions such as yoga, tai-chi, and music
therapy to determine their relative effectiveness for motor and NMS in PD.
Additionally, future research should investigate the potential effects of these
interventions on commonNMS, including sleep disorders,mood disorders,
pain, and cognitive function, as these symptoms significantly impact QOL
in individuals with PD.

Methods
Participants and recruitment
Participants were recruited through the Atlanta VAMC Movement Dis-
orders Clinic using the VA Informatics and Computing Infrastructure
(VINCI) database to identify eligible individuals within the Atlanta VA
Health Care System. Additional participants were enrolled from the Emory
UniversityMovement Disorders Clinic, as well as through local PD support
groups, educational events, and community outreach programs. At
enrollment, participants underwent baseline assessments including general
health screening, fall risk evaluation, demographic data (age, education),
functional independence (activities of daily living), and global cognitive
status using the MoCA. Participants were asked to continue their usual
medical care and medications throughout the study.

Inclusion and exclusion criteria
To be included, potential participants needed to present with a diagnosis of
idiopathic PD, which was confirmed by a board-certified neurologist spe-
cializing in movement disorders, according to established diagnostic
criteria18. To participate, they must be over 40 years of age and belong to
Hoehn and Yahr stages I to III, which represent the severity of PD. The key
requirement is anOFFperiodwith a score of 1 or higher on section4.3 of the
MDS-UPDRS-IV. This score represents the period during which the drug’s
effectiveness decreases17.

The diagnosis of PDwas confirmed using the ICD-10 code “G20” and
further supported by clinical signs, such as unilateral onset and the presence
of at least three key symptoms: rigidity, bradykinesia, tremor, or postural
instability. A documented favorable response to antiparkinsonian treat-
ments was also an inclusion criterion that needed to be fulfilled to validate
the diagnosis19. Individuals who received aMontreal Cognitive Assessment
(MoCA) score at intake below 18, indicating moderate to severe cognitive
dysfunction, were excluded20.

Informed consent and participant flow
All participants provided written informed consent prior to study enroll-
ment. Participant flow through the ongoing study is illustrated in Fig. 7
(CONSORT diagram).

Randomization and intervention assignment
Thirty-six participants who met all inclusion and exclusion criteria were
enrolled and randomly assigned to one of two intervention groups: the AT
Group (n = 20), which participated in partnered dance-aerobic exercise
sessions, or the WALK Group (n = 16), which participated in a supervised,

structuredwalking program. Participants engaged in their assigned exercise
interventions over 16 months. Both interventions were delivered over
16 months and consisted of two distinct phases. Participants attended bi-
weekly sessions for the initial 3-month Training Phase, for a total of 24
lessons, each lasting 90minutes, resulting in approximately 180minutes of
moderate aerobic activity per week. For the remaining 13 months, during a
Maintenance Phase, participants came less often and engaged in weekly
sessions. During the maintenance, the target of all participants was to
participate in at least three sessions permonth, amounting to 39 classes over
the course of 13 months, with eachmeeting lasting 90minutes. In total, the
participantswere to attendat least 63 sessions over the16months, but if they
attended ~4 weekly sessions during Maintenance months, they would
attend as many as 76 sessions.

The intervention was based on an adapted Argentine tango “AT”
program that has been previously shown to improve motor function, bal-
ance, gait, mobility21, endurance, and QOL in individuals with PD22. Par-
ticipants with PD were paired with non-PD partners such as trained
caregivers, university students, or friends. Partners rotatedevery 15minutes,
and group sizes were capped at six pairs to prioritize safety and indivi-
dualized attention. Sessions centered on exploring movement objectives
through physical interaction, examining the connection between motion
and rhythm, introducing fresh dance techniques, and integrating mastered
and creative components. The instructional approach generally had mini-
mal focus onmemorization of fixed routines. Instead, each class introduced
new steps to foster motor skill development and sustained engagement.

The supervised outdoor walking group received an equivalent dura-
tion, frequency, level of intensity, degree of oversight, and access to the same
facility and trainers as the AT group. EachWALK session consisted of a 25-
minute warm-up, 45minutes of continuouswalking (with breaks as needed
“ad libitum” on a per participant basis), and a 10-minute cooldown, with
brief, integrated pauses for transitions between phases. WALK treatment
was most often conducted outside on level ground, with indoor hallways
used occasionally during unfavorable weather conditions. Both interven-
tions (AT andWALK) took place in a group format andwere supervised by
skilled researchers and volunteers to maintain safety and foster social
engagement.

Assessment and measures
Disease severity and motor fluctuations were evaluated using the MDS-
UPDRS I–IV by an MDS-certified rater blinded to participant allocation23.
TheMDS-UPDRS is composed of four sections: Part I examinesnon-motor
experiences of daily living, Part II concerns motor-related experiences in
daily living, Part III evaluates motor performance through a rated physical
assessment, and Part IV concentrates on medication-related motor com-
plications such as dyskinesia and OFF episodes. In this study, item 3 of
MDS-UPDRSPart IV (time spent in theOFF state) was used as the primary
outcome measure to quantify the severity of OFF time. Each item is scored
on a scale from 0 to 4, with higher values indicating greater disability. Scores
were recorded at each evaluation point and were used to analyze the rela-
tionship between compliance and disease progression.

To complement clinician-rated assessments, a three-day OFF state
diary24was administeredmonthly. Participantswere instructed to categorize
their motor state (OFF, ON, ON with disruptive dyskinesia, or sleep) and
record every 30minutes for 3 consecutive days. To measure off-time, we
determined the ratio of waking hours spent in the OFF and ON states
accompanied by disruptive movement disorders. This self-reported
approach reduces bias and accurately captures symptom fluctuations
throughout the day. However, challenges such as compliance and memory
limitations persist25,26. Integrating the MDS-UPDRS Part IV with the diary
was intended to provide a comprehensive, peer-reviewed assessment of the
intensity and complexity of OFF time.

Cognitive status was assessed using the MoCA, a widely validated
screening tool for detecting mild cognitive impairment in individuals with
PD. Motor symptoms, including dyskinesia and FOG, were assessed using
the full MDS-UPDRS I–IV. Dyskinesia burden was evaluated both as a
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percentage of waking hours and total daily duration, informed by both
clinician scoring and diary data. FOG severity was measured using the
Freezing ofGaitQuestionnaire27, a six-item instrument scoredon a24-point
scale, with higher scores reflectingmore frequent or disabling episodes. The
disease stage was classified via the Hoehn and Yahr scale, which categorizes
PD severity from stage 1 (mild symptoms) to stage 5 (severe symptoms
requiring a wheelchair or resulting in being bedridden). These reliable
assessments allowed for the measurement of both motor and NMS load
pertinent to engagement in the intervention.

Gait and falls risk were assessed through the Gait and Falls Ques-
tionnaire, a 16-item tool evaluated on a 64-point scale (each item assigned a
score from 0 to 4), with higher values reflecting an increased likelihood of
falls. This assessment provided furtherunderstandingofmobility challenges
linked to the progression of the disease.

At the conclusion of the intervention phase, participants engaged with
a satisfaction questionnaire devised to evaluate subjective effects of program
compliance. This instrument explored multiple dimensions, including
perceived advancements in motor function and cognitive improvements,
emotional resilience, andpsychosocial benefits. Responseswere gatheredvia
a 5-tier Likert scale (1 = strongly agree to 5 = strongly disagree). This
instrument was developed to evaluate self-reported outcomes that extend
beyond clinician-led assessments or performance-based metrics. The
resulting data provided valuable insights into the program’s acceptability,
feasibility, and perceived significance from the participants’ perspective.

Statistical analysis
All analyses were conducted in RStudio 4.4.1. Descriptive statistics sum-
marized baseline and outcome variables. Between-group comparisons for
continuous variables were performed using independent t tests, and cate-
gorical variables were assessed via chi-square or Fisher’s exact tests, as
appropriate.

Associations betweenclinical variables (e.g.,OFF-time, dyskinesia) and
outcomes (compliance, satisfaction) were analyzed using Pearson correla-
tion coefficients. For exploratory analyses, we identified associations that
approached statistical significance (e.g., proportion and duration of dyski-
nesia). In addition, we utilized linear mixed-effects models to assess change
over time, incorporating fixed effects for time, group, and group × time
interactions, and a random intercept to allow participants to account for
within-person variability.We provided the coefficient of determination (R2)
for each model to measure explanatory power. Statistical significance was
defined as 0.05, and marginal results (e.g., p = 0.055) were recognized as
having potential clinical significance. The data analyst who performed the
statistical analyses was blinded to group allocation.

Ethical approval and trial registration
This studywas conducted as an exploratory investigation andwas approved
by the InstitutionalReviewBoardofEmoryUniversity and theResearchand
Development Committee of the Atlanta Veterans Affairs Medical Center
(VAMC). The trial was registered at ClinicalTrials.gov (NCT04122690) on
October 10, 2019, with full protocol details previously published17. As of the
drafting of this report, this study has not been completed for all enrolled
patients; therefore, this manuscript presents preliminary results from our
investigation, and any interpretationof results should bemadewith caution.

Data availability
The data supporting this study's findings are available upon request.

Received: 13 June 2025; Accepted: 17 November 2025;

References
1. Kowal, S. L., Dall, T. M., Chakrabarti, R., Storm, M. V. & Jain, A. The

current and projected economic burden of Parkinson’s disease in the
United States.Mov. Disord. 28, 311–318 (2013).

2. Muslimovic, D., Post, B., Speelman, J. D., Schmand, B. & de Haan, R.
J. Determinants of disability and quality of life in mild to moderate
Parkinson disease. Neurology 70, 2241–2247 (2008).

3. Samii, A.,Nutt, J.G.&Ransom,B.R.Parkinson’sdisease.Lancet363,
1783–1793 (2004).

4. Sveinbjornsdottir, S. The clinical symptomsof Parkinson’s disease. J.
Neurochem. 139, 318–324 (2016).

5. Politis, M. et al. Serotonergic neuronsmediate dyskinesia side effects
in Parkinson’s patients with neural transplants. Sci. Transl. Med. 2,
38ra46–38ra46 (2010).

6. Cavanaugh, J. T. et al. Toward understanding ambulatory activity
decline in Parkinson disease. Phys. Ther. 95, 1142–1150
(2015).

7. Tsukita, K., Sakamaki-Tsukita, H. & Takahashi, R. Long-term effect of
regular physical activity and exercise habits in patients with early
Parkinson disease. Neurology 98, e859–e871 (2022).

8. Li, J. A. et al. Does exercise attenuate disease progression in people
with Parkinson’s disease? A systematic review with meta-analyses.
Neurorehabil. Neural Repair 37, 328–352 (2023).

9. Schenkman, M. et al. Effect of high-intensity treadmill exercise on
motor symptoms in patients with de novo Parkinson disease: a phase
2 randomized clinical trial. JAMA Neurol. 75, 219–226 (2018).

10. Rafferty, M. R. et al. Regular exercise, quality of life, and mobility in
Parkinson’s disease: a longitudinal analysis of national Parkinson
foundation quality improvement initiative data. J. Parkinsons Dis. 7,
193–202 (2017).

11. Crotty,G. F. &Schwarzschild,M.A.Chasingprotection inParkinson’s
disease: does exercise reduce risk and progression? Front. Aging
Neurosci. 12, 186 (2020).

12. Schootemeijer, S. et al. Barriers and motivators to engage in exercise
for persons with Parkinson’s disease. J. Parkinsons Dis. 10,
1293–1299 (2020).

13. Ellis, T. et al. Factors associatedwith exercise behavior in people with
Parkinson disease. Phys. Ther. 91, 1838–1848 (2011).

14. Horstink, M. et al. Review of the therapeutic management of
Parkinson’s disease. Report of a joint task force of the European
Federation of Neurological Societies (EFNS) and the Movement
Disorder Society-European Section (MDS-ES). Part II: late
(complicated) Parkinson’s disease. Eur. J. Neurol. 13, 1186–1202
(2006).

15. Ellis, T. et al. Barriers to exercise in people with Parkinson disease.
Phys. Ther. 93, 628–636 (2013).

16. Hunter, H., Lovegrove, C., Haas, B., Freeman, J. & Gunn, H.
Experiences of people with Parkinson’s disease and their views on
physical activity interventions: a qualitative systematic review. JBI
Evid. Synth. 17, 548–613 (2019).

17. Hackney, M. E. et al. Rationale and design of the PAIRED trial:
partnered dance aerobic exercise as a neuroprotective, motor, and
cognitive intervention in Parkinson’s disease. Front. Neurol. 11, 943
(2020).

18. Hughes, A. J., Daniel, S. E., Kilford, L. & Lees, A. J. Accuracy of clinical
diagnosis of idiopathic Parkinson’s disease: a clinico-pathological
study of 100 cases. J. Neurol. Neurosurg. psychiatry 55, 181–184
(1992).

19. Kempster, P. A. et al. Patterns of levodopa response in Parkinson’s
disease: a clinico-pathological study. Brain 130, 2123–2128
(2007).

20. Nasreddine, Z. S. et al. TheMontreal Cognitive Assessment, MoCA: a
brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc.
53, 695–699 (2005).

21. Hackney,M. E. &Earhart,G.M. Effects of danceongait andbalance in
Parkinson’s disease: a comparison of partnered and nonpartnered
dance movement. Neurorehabil. Neural Repair 24, 384–392
(2010).

https://doi.org/10.1038/s41531-025-01220-8 Article

npj Parkinson’s Disease |           (2026) 12:13 10

www.nature.com/npjparkd


22. Hackney, M. E. & Bennett, C. G. Dance therapy for individuals with
Parkinson’s disease: improving quality of life.Res. Rev. Parkinsonism
4, 17–25 (2014).

23. Goetz, C. G. et al. Movement Disorder Society-sponsored revision of
the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS): scale
presentation and clinimetric testing results.Mov. Disord. 23,
2129–2170 (2008).

24. Hauser, R. A., Deckers, F. & Lehert, P. Parkinson’s disease home
diary: further validation and implications for clinical trials.Mov.Disord.
19, 1409–1413 (2004).

25. Löhle, M. et al. Validation of the PD home diary for assessment of
motor fluctuations in advanced Parkinson’s disease. npj Parkinsons
Dis. 8, 69 (2022).

26. Papapetropoulos, S. Patient diaries as a clinical endpoint in
Parkinson’s disease clinical trials. CNS Neurosci. Ther. 18, 380–387
(2012).

27. Giladi, N. et al. Validation of the freezing of gait questionnaire in
patients with Parkinson’s disease.Mov. Disord. 24, 655–661
(2009).

28. Kalniunas, A., James, K. & Pappa, S. Prevalence of spontaneous
movement disorders (dyskinesia, parkinsonism, akathisia and
dystonia) in never-treated patients with chronic and first-episode
psychosis: a systematic review andmeta-analysis.BMJMent. Health
27, e301184 (2024).

29. Mollà-Casanova, S. et al. Impact of Parkinson’s disease on functional
mobility at different stages. Front. Aging Neurosci. 14, 935841 (2022).

30. Mantri, S. et al. The experience of OFFperiods in Parkinson’s disease:
descriptions, triggers, and alleviating factors. J. PatientCenteredRes.
Rev. 8, 232 (2021).

31. McKay, J. L., Ting, L. H. & Hackney, M. E. Balance, body motion, and
muscle activity after high-volume short-term dance-based
rehabilitation in persons with Parkinson disease: a pilot study. J.
Neurol Phys. Ther. 40, 257–268 (2016).

32. Rossi, A., Torres-Panchame, R., Gallo, P. M., Marcus, A. R. & States,
R. A.Whatmakes a group fitness program for peoplewith Parkinson’s
disease endure? A mixed-methods study of multiple stakeholders.
Complement. Ther. Med. 41, 320–327 (2018).

33. Larson, D., Yeh, C., Rafferty, M. & Bega, D. High satisfaction and
improved quality of life with Rock Steady Boxing in Parkinson’s
disease: Results of a large-scale survey. Disabil. Rehabil. 44,
6034–6041 (2022).

34. Li, F. et al. A randomized controlled trial of patient-reported outcomes
with tai chi exercise in Parkinson’s disease.Mov. Disord. 29, 539–545
(2014).

35. Rafferty, R. A randomised controlled trial of leadership coaching
training, Southern Cross University, (2017).

36. Carmo, R. F. S. d. Enhancing engagement in a mHealth Solution to
Improve Exercise Adherence for Parkinson’s Disease Self-
Management (2024).

37. Cohen, E., Bay, A. A., Ni, L. &Hackney,M. E. InHealthcare, 91 (MDPI).
38. Abraham, A. et al. Gender differences in motor and non-motor

symptoms in individuals with mild-moderate Parkinson’s disease.
PLoS One 18, e0272952 (2023).

39. Wharton, W. et al. A Pilot randomized clinical trial of adapted tango to
improve cognition and psychosocial function in African American
women with family history of Alzheimer’s disease (ACT trial). Cereb.
Circ.-Cognit. Behav. 2, 100018 (2021).

Acknowledgements
This study was funded by the United States Department of Veterans Affairs
Merit Award, 1 I01 RX002967, and an Atlanta VA Center for Visual and
Neurocognitive Rehabilitation pilot grant. Haneul Kim was supported by a
student fellowship from the Atlanta VACenter for Visual and Neurocognitive
Rehabilitation. We acknowledge our participants and the many student
volunteers who devoted many hours to this project.

Author contributions
H.K.: substantial contributions to conception and design, data acquisition,
data analysis, data interpretation, manuscript drafting, and critical revision.
F.R.: substantial contributions to critical revision. A.H.N., M.K.: formal
analysis, data curation, data interpretation, and methodology. M.E.H.:
investigation, validation, and critical revision. The final manuscript was read
and approved by all authors.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41531-025-01220-8.

Correspondence and requests for materials should be addressed to
Forouzan Rafie or Madeleine E. Hackney.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’sCreativeCommons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

This is aU.S.Governmentwork andnot under copyright protection in theUS;
foreign copyright protection may apply 2025

https://doi.org/10.1038/s41531-025-01220-8 Article

npj Parkinson’s Disease |           (2026) 12:13 11

https://doi.org/10.1038/s41531-025-01220-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
www.nature.com/npjparkd

	Compliance and Satisfaction for 16 months of Adapted Tango vs. Supervised Walking for People with Parkinson&#x02019;s
	Results
	PD-related clinical variables and program compliance
	PD-related clinical variables and program satisfaction
	Association between satisfaction and compliance with motor and cognitive performance
	Association between participant satisfaction and compliance
	Participant satisfaction profiles across different compliance and dyskinesias subgroups

	Discussion
	Methods
	Participants and recruitment
	Inclusion and exclusion criteria
	Informed consent and participant flow
	Randomization and intervention assignment
	Assessment and measures
	Statistical analysis
	Ethical approval and trial registration

	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




