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Non-motor symptoms in Parkinson’s disease (PD) can reduce quality of life and increase disability.
This historical cohort study investigated how rehabilitation intensity influences non-motor symptoms.
The primary outcomes were changes in non-motor symptoms in the short and medium term.
Secondary outcomes were changes in disability burden, motor symptom severity, and freezing of gait
after treatment. Measurements were taken before (T0) and after treatment (T1) and 6 + 1 months after
T1 (T2). According to total training duration, 24 patients with PD were assigned to High-Intensity
Training group (HIT, 1800 min) and 24 to Low-Intensity Training (LIT, less than 900 minutes). At T1, only
the HIT group showed clinically significant improvements in non-motor symptoms, which were
maintained at T2. In contrast, the LIT group experienced worsening disability at follow-up. Multivariate
analysis revealed training intensity and baseline disability as predictors of improvement. These
findings support the benefits of high intensity exercise in PD management.

Parkinson’s Disease (PD) is a chronic progressive neurodegenerative disease
characterised by motor and non-motor symptoms. The latter include cog-
nitive, behavioural, and autonomic disorders. It has been observed that the
prevalence of certain domains has increased over time. These domains
include sleep quality, gastrointestinal symptoms, cognition, and skin issues
such as hyperhidrosis and seborrhea. Non-motor symptoms strongly affect
psychological, physical, and social functions, largely leading to a reduction in
the patient’s quality of life and an increase in disability'. However, effective
treatments are still a long way off. The National Institute for Health and Care
Excellence (NICE) has published guidelines on managing Parkinson’s disease
in adults, including recommendations for treating non-motor symptoms
such as sleep disorders. Levodopa or a dopamine agonist can be used to treat
sleep disorders, with moderate supporting evidence. Clonazepam and mel-
atonin can help to control REM behavioural disorders. For psychosis-related
symptoms, NICE guidelines recommend medications such as quetiapine and
clozapine, despite the low level of evidence’. The Movement Disorders
Society reviewed level I studies and found clinically useful interventions for
depressive symptoms, such as pramipexole or venlafaxine; dementia, such as
rivastigmine; sexual dysfunction, such as sildenafil; and drooling, such as
botulinum toxin type A and B injections”. However, significant progress is

still needed before effective pharmacological treatments become available for
the full spectrum of non-motor symptoms. Therefore, non-pharmacological
treatments might be successful in reducing their impact. The road ahead is
still challenging, with most treatments still in the investigational phase,
despite none of them reaching a high level of recommendation. However,
promising findings are emerging from the use of transcranial magnetic sti-
mulation to manage depression or mild cognitive impairment, and acu-
puncture to deal with fatigue’. A higher level of evidence was found for
cognitive behavioral treatment for depression and impulse control disorder’.
Over the years, attention to this topic has grown, and several studies have
investigated the role of exercise in PD. One of the first aspects to be explored
was its possible neuroprotective effect. Mechanisms activated by the exercise
include angiogenesis, neuroplasticity, neuroprotection, neurogenesis, anti-
inflammatory effects, improvement of mitochondrial function and reduced
oxidative stress, increase in neurotrophic factors, and restoration of the basal
ganglia circuits” . The beneficial effects of most types of exercise on Par-
kinson’s disease have been demonstrated in the literature. For instance, aqua-
based exercises have shown a large beneficial effect on quality of life and a
moderate effect on the severity of motor symptoms. Furthermore, dance, gait/
balance/functional training, and multidomain interventions demonstrate

"Department of Experimental and Clinical Medicine, Politecnica delle Marche University, Ancona, Italy. 2Neurorehabilitation Clinic, Marche

University Hospital, Ancona, Italy. e-mail: nicolo.baldini@pm.univpm.it

) Parkinson's
Foundation

npj Parkinson’s Disease | (2025)11:178


http://crossmark.crossref.org/dialog/?doi=10.1038/s41531-025-01035-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41531-025-01035-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41531-025-01035-7&domain=pdf
mailto:nicolo.baldini@pm.univpm.it
www.nature.com/npjparkd

https://doi.org/10.1038/s41531-025-01035-7

Article

moderate effects on motor symptom severity, while endurance training has
shown a moderate impact on quality of life''. Progressive resistance exercises
improve muscle strength, functional outcomes, and non-motor symptoms'’;
aerobic exercises can not only impact non-motor domains (e.g, attention,
problem-solving abilities, and verbal fluency) but also reduce depression®.
Several studies investigated the role of exercise intensity. A phase II rando-
mised clinical trial (RCT) found that high-intensity training is feasible and
safe in PD and has a positive outcome on more motor domains than low-
intensity training', in line with the meta-analysis by Uhrbrand et al.”
Another phase II RCT hypothesized that a high-intensity exercise slowed
down PD progression and provided the rationale for the phase III clinical trial
- SPARX3 that is still ongoing'®"'*. Few other authors focused on the benefits
of exercise training on non-motor symptoms”. Evidence of efficacy is
emerging but is limited by the small study samples, the heterogeneity of the
rehabilitation approaches, and the diversity of outcomes selected (ie.,
depression, anxiety, sleep disorders, or cognitive disorders)".

Considering the acknowledged superiority of high-intensity task-
oriented exercise on motor symptoms®'****', we sought to investigate
whether and to what extent this approach would also improve non-motor
patient-reported outcomes, more than low-intensity exercise.

The study aims to evaluate the impact of different intensity rehabili-
tation protocols on the short and medium-term severity of non-motor
disorders in patients with PD.

Results
Out of 686 cases consecutively referred to our rehabilitation facilities, 96 met
the inclusion criteria, but only 52 had complete documentation of the main

outcome measure at all time points. Based on the training modality, 28 were
assigned to the HIT group and 24 to the LIT. Four patients were excluded
from the HIT group following the propensity score matching. The complete
flow of patients through the study conforms to the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology) requirements™,
and is displayed in Fig. 1.

Baseline demographic and clinical characteristics

As described in Table 1, there were no statistically significant group dif-
ferences in demographic and clinical features at baseline. The average
training intensity for the LIT group was 612 minutes (range:
450-900 minutes), whereas the HIT group received 1800 min of total
training. No changes in the pharmacological or non-pharmacological
treatments were observed across the study in any subject. Antidepressants,
with or without benzodiazepines, to improve sleep quality, were used by
45% of participants in the HIT group and 55% in the LIT group. Drug
regimens remained stable during the six-month study period.

Impact of exercise intensity on clinical and functional outcomes
over time

Table 2 shows the pre-post-treatment evolution of all the outcome measures
and the within and between-group comparisons. NMSS and MDS-UPDRS1
scores improved at T1, only in the HIT group. A statistically significant
within-group change was observed for MDS-UPDRS I only. The average
change exceeded the Minimal Clinically Important Difference (MCID) for
the MDS-UPDRS 1 [33,34]. At T2, the MDS-UPDRS I worsened in all
subjects more than the MCID, whereas the NMSS score significantly

Assessed cases for eligibility ( n= 686 cases)

Excluded (n=634):

- Diagnosis of Parkinsonism (n=8)

- Severe comorbidities (n=87)

- Patients with an unstable condition
and who changed therapy during
the follow-up period ( n= 352)

- subjects underwent at least one

v

v

further course of physiotherapy or
structured physical activity guided
by a specialist (n=143) during the
follow-up period
- did not present NMMS as an

outcome measure monitored post-
rehabilitation at both the T1 and T2
follow-up (n=44)

Confirmed eligibility (n=52)

l

l

Assigned to LIT: 24 PD patients

Assigned to HIT: 28 PD patients

Excluded from Analysis
(n=4)

v

v
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LIT: 24 PD patients

HIT: 24 PD patients

Fig. 1 | Study flowchart. The complete flow of patients through the study conforms to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)

requirements. HIT High Intensity Training, LIT Low Intensity Training.
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Table 1 | Demographic and clinical data at baseline

Parameter HITn.24(11 LITn.24 (13 Group
3;139) 3511 9) comparison
atto
AGE (years) Mean 67.3 (6.7) 69.6 (6.3) 0.278
(SD)
Min-max 55-78 56-81
Disease duration Mean 8.5(6.4) 11.5(7) 0.114
(SD)
Min-max  3-26 3-23
Hoehn and Yahr Median 2(2;9) 2 (2;4) 0.04
stage (modified) (Q1; Q3)
Min-max 2-4 1-4
Rehabilitation Mean 1800 612.5(182) <0.001
intensity (minutes) (SD)
Min-max 1800 450-900
NMSS Mean 38.75(15.1)  43.3(29.4) 0.749
(SD)
Min-max  17-79 5-101
MDS-UPDRS | Mean 12.9 (3.6) 12.2 (6.0) 0.513
(SD)
Min-max  7-19 3-23
MDS-UPDRS I Mean 13.1(5.9) 14.9 (6.7) 0.226
(SD)
Min-max  7-29 2-28
MDS-UPDRS I Mean 21.3(11.5) 20.0 (8.4) 0.885
(SD)
Min-max  4-47 7-37
MDS-UPDRS IV Mean 3.9(3.4) 3.8(4.1) 0.723
(SD)
Min-max  0-11 0-17
HITn.24 LITn.18
FOG-Q Mean 10.3 (5.6) 10.1(7.3) 0.909
(SD)
Min-max 0-17 0-22

HIT High Intensive Training, LIT Low Intensive Training, NMSS Non-Motor Symptoms Scale, MDS -
MDS-UPDRS Movement Disorder Society - Unified PD Rating Scale; | = Non-motor symptoms; Il =
Motor Experiences of Daily Living; Ill = Motor Examination; IV = Motor Complications, FOG-Q
Freezing of Gait- questionnaire. Statistically significant values (p <0.07) are presented in bold.

worsened only in the LIT group. We did not find significant trends in the
subitem scores of the NMSS or any subgroup. The MDS-UPDRS II and III
subscores and the FoGQ score improved at T1 in both groups, though only
at a significant level in the HIT subgroup, where the changes exceeded the
MCID. At T2, the improvement in secondary outcome measures was
maintained in the HIT group despite a slight trend to baseline values. The
MDS-UPDRS II score at T2 was significantly better in HIT than LIT sub-
jects, who exhibited a clinically meaningful worsening.

NMSS and MDS-UPDRS part-I A values were significantly higher in
HIT than LIT subjects at T1 and, concerning NMSS only, at T2 approached
statistical significance (Table 3). The T1 A value was directly related to the
total training time, both for NMSS (R%:17%; Std.Coeff0.14; F:9.3; :0.004)
and MDS-UPDRS I (R%:17%; Std.Coeff.: 13.8; F:9.3; :0.004). Conversely, we
did not find any role played by age or disease duration at impacting NMSS or
MDS-UPDRS I change after treatment. The T2 NMSS A value was also
directly influenced by total training time (R%16%; Std. Coeff.:63.5;
F:8.4; p:0.006).

Identification of independent modulating factors

The multivariate analysis (Table 4) indicated total training duration and
baseline MDS-UPDRS 1I score as independent factors of NMSS A value at
T1 (R2:29%; F:3.4; p = 0.01): the higher the treatment intensity, the greater

the improvement of non-motor symptoms. Conversely, the greater the
activity limitation at baseline, the lower the impact of treatment on non-
motor symptoms. Training intensity also directly influenced the MDS-
UPDRS part I A value at T1. Analysis of the individual NMSS sub-items did
not reveal any correlation with the examined dependent variable.

Discussion

The results of our single-centre historical cohort study provide insights into
the potential benefits of exercise in improving non-motor symptoms in PD
patients. The findings are relevant as few options exist for treating such
symptoms, significantly impacting quality of life”. In this study, a multi-
modal and intensive approach effectively reduced the disease burden due to
non-motor symptoms.

According to existing literature, regular exercise and physical activity of
any type are essential to lower the severity of motor symptoms and prevent
disability progression'". Studies and guidelines agree that people with Par-
kinson’s Disease (pwPD) should be encouraged to adhere to an active
lifestyle and carry on personalized physical training. Aerobic exercise of
different intensities is recommended to impact the performance of pwPD,
increase BDNF production®**, and improve cognition. Training protocols
should consider the diversification of tasks and the repetition of gestures to
enhance motor learning™ and the tailoring of exercises to pwPD capacities
to ensure patients’ adherence”.

Exercise also positively affects non-motor symptoms'*"*. Our findings
are consistent and expand such evidence, looking into the components of
training that most impact non-motor symptoms. By dividing the study
sample into two subgroups based on exposure to different training sche-
dules, we sought to investigate the role of exercise intensity. We found a
positive impact of high-intensity training on non-motor symptoms in the
short and medium term.

Few studies compare the effect of low to high-intensity training in
pwPD and mainly investigate the outcome in terms of motor
symptoms'***. Our results indicate that high-intensity exercise training is
safe and feasible and leads to overall improvement in patients’ condition:
motor and non-motor symptoms, disability burden, and related PD com-
plications such as FOG. At variance with previous investigations of the
relationship between exercise and non-motor symptoms'****’, we studied a
heterogeneous sample of people with PD, also including those in advanced
phase (the Hoehn and Yahr stage ranged from 1 to 4), evenly distributed
across the two subgroups. This is a turning point, as even if non-motor
symptoms occur in all disease stages, they become more disabling in the later
ones’'. We observed an improvement in non-motor symptoms, exceeding
the minimum clinically important difference for MDS-UPDRS I, only in the
HIT group, which maintained such benefit at T2. Conversely, non-motor
symptoms significantly worsened in the LIT group at T2. The total training
duration was the main independent factor of a positive change in non-
motor symptom scale scores at any time point. Hence, modulating the
exercise intensity by increasing the single session duration impacts patients’
health not only in the short term, as suggested by Abruzzese et al.”, but also
in the medium term. i.e., up to six months after the end of training.

The biological rationale underlying the effects of exercise is ascribed to
the release of monoamines™* and endorphins™*. While these molecules
are indicated as the main factors of the positive effects of exercise on mood”,
the exercise-driven release of brain-derived growth factor (BDNF) not only
affects mood™ but also triggers neuroplasticity, making the brain more
receptive to learning and consolidating new information™. All the quoted
mechanisms may lead to an improvement in non-motor symptom scale
scores that rate both mood and cognition.

Intensive training in the HIT group was also the main factor in
improving secondary endpoints (i.e., independence in ADL, motor symp-
toms, and freezing of gait). Independence in ADL can be directly impacted
by longer exposure to occupational therapy and, indirectly, by increased
endurance (targeted by aerobic training). Among motor symptoms, exercise
is expected to impact axial functions (trunk posture, transfer and walking
capacity) more than segmental aspects (tremor, rigidity and hypokinesia),
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Table 2 | Pre-post treatment outcomes’ evolution and the within and between-group comparisons

HIT LIT Group effect;
Z-value; p-value
Parameters Time Mean(SD) Range Time effect (vs T0); Mean (SD) Range Time effect (vs TO);
(Min-Max) Z-value; p-value (Min-Max) Z-value; p-value
NMSS TO 38.8(15.1) 17-79 43.3(29.4) 5-101 0.32;0.74
T1 344(17.2) 3-70 2.2;0.03 455(32.8) 7-130 1.1;0.28 0.82; 0.41
T2 422 (22.5) 18-105 1.1.;0.27 52.6(36.2) 12-134 2.9; 0.003 0.54; 0.58
MDS-UPDRS | TO 12.9 (3.6) 7-19 12.2 (6.0) 3-23 0.65; 0.52
T 10.2 (3.9) 2-18 3.7; 0.0003 12.3 (6.8) 2-24 0.38; 0.7 1.1;0.26
T2 12.6 (3.6) 7-19 0.21;0.83 15.1 (12.2) 4-66 1.5;0.12 0.16; 0.88
MDS-UPDRS I TO 13.1(5.9) 7-29 14.9 (6.7) 2-28 1.2;0.23
T1 10.1 (6.1) 2-27 3.2;0.0012 13.6 (6.7) 5-23 1.4,0.16 1.5;0.13
T2 10.3 (6.7) 1-29 3.2;0.0014 15.6 (6.5) 5-26 1.2;0.23 2.7;0.007
MDS-UPDRS Il TO 21.3(11.5) 4-47 20.0 (8.4) 7-37 0.08; 0.94
T1 16.2 (9.8) 2-34 3.0; 0.003 16.1 (7.3) 6-30 0.65;0.51 0.08; 0.94
T2 17.1(9.9) 3-44 2.3;0.02 18.9 (8.8) 6-35 0.53;0.59 0.78; 0.43
MDS-UPDRS IV TO 3.9(3.4) 0-11 3.8(4.1) 0-17 0.35; 0.72
T1 2.8(2.5) 0-8 2.2;0.03 1.8(1.8) 0-5 2.0;0.04 0.31;1.03
T2 3.6 (2.6) 0-9 0.57;0.57 2.6 (2.8) 0-9 1.6;0.1 1.5;0.13
MDS-UPDRS TOT TO 41.6(16.5) 23-89 423(17.7) 11-74 0.31;0.75
T 31.5(16.2) 6-67 3.6; 0.0003 34.2(14.7) 12-56 1.5;0.11 0.5; 0.61
T2 31.9(18.4) 2-80 3.4; 0.0006 404 (16.3) 12-67 0.88;0.37 1.7;0.1
FOG-Q TO 10.3 (5.6) 0-17 10.1(7.3) 0-22 0.11;0.9
T1 8.2(5.1) 0-15 2.6; 0.0075 9.5(6.9) 0-21 0.59;0.56 0.41;0.68
T2 7.5(5.3) 0-15 3.2; 0.001 10.0 (7.4) 0-22 0.17;0.86 0.1;0.24

HIT High-Intensity Training, LIT Low-Intensity Training, NMSS Non-Motor Symptoms Scale, MDS - MDS-UPDRS Movement Disorder Society - Unified PD Rating Scale; | Non-Motor symptoms; Il Motor
Experiences of Daily Living; Ill Motor Examination; IV Motor Complications, FOG-Q Freezing of Gait- questionnaire. Statistically significant values (p < 0.07) are presented in bold.

Table 3 | Delta (A) values between T1 or T2 versus TO and intergroup comparison

Effectiveness(A) GROUP Comparison VS TO A Mean (SD) Min; Max Inter group comparison (Z and p- value)
NMSS HIT T1 —0.22 (0.22) —0.75; 0.08 —3.04; 0.002

LIT T1 0.01(0.33) —-0.71; 0.67

HIT T2 9.66 (32.79) —60.42; 66.67 —2.1;0.04

LIT T2 43.82 (53.10) —27.03; 180
MDS-UPDRS PART | HIT T —21.45(21.69) -75;8.33 —3.1;0.002

LIT T1 0.73 (33.23) —71.43; 66.67

HIT T2 1.39 (45.01) —-114.12; 100 —0.5; 0.61

LIT T2 3.05 (40.40) —100; 80

HIT High-Intensity Training, LIT Low-Intensity Training; NMSS Non-Motor Symptoms Scale, MDS - MDS-UPDRS Movement Disorder Society - Unified PD Rating Scale; | = Non-Motor symptoms.

Statistically significant values (p < 0.07) are presented in bold.

which are better addressed by antiparkinsonian drugs. In particular, FOG is
a tricky and challenging feature that is adversely influenced by non-motor
functions, like attention, impulsivity, and anxiety, and positively affected by
cueing strategies and dual-task practice. Our findings show that high-
intensity training has a statistically significant impact on FOG in the short
and medium term. The role of FOG-directed training is endorsed by the
current literature, with inconsistent data regarding the carry-over effects
after the end of the training'*'.

In summary, designing a high-intensity multimodal treatment com-
bining aerobic exercise with occupational therapy and dual-task training
may be the key to success in the rehabilitation of people with PD.

In this study, the multivariate analysis also pointed to the indepen-
dence of ADL as a modifier of the relationship between exercise and non-

motor symptoms. This finding underscores the role of a timely start of
high-intensity training">* that should be offered to pwPD since the very
early disease phases to maximise the effectiveness and sustainability of its
effects.

Due to the retrospective design and the small sample size, we
acknowledge the study limitations. To obtain a reasonably informative
sample and fill the gaps in clinical records, we screened an extensive dataset
and filtered only the subjects with complete data. The small sample did not
allow us to determine which non-motor symptoms, among those rated by
the NMSS or MDS-UPDRS part I, benefited most from different training
intensities. A multicenter prospective study is warranted to provide more
solid evidence on a larger sample and check the effects of high-intensity
training on non-motor symptoms in PD.
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Table 4 | Multivariate analysis

Dependent Variable Independent variables Std. Coeff. T-value p-value R? F-value p-value
NMSS A score at T1 0.288 3.398 0.0115
Age —0.12 —0.82 0.413
Total minutes of training -0.39 -2.9 0.005
Disease duration —0.11 -0.84 0.401
NMSS TO 0.017 0.11 0.910
MDS-UPDRS II TO 0.355 2.555 0.014
NMSS A score at T2 0.343 4.383 0.0027
Age -0.18 —1.30 0.199
Total minutes of training —0.44 -3.43 0.001
Disease duration —0.09 —0.69 0.488
NMSS TO —0.34 —2.43 0.019
MDS-UPDRS I TO 0.006 0.044 0.965
MDS-UPDRS | A score at T1 0.292 3.468 0.010
Age -0.9 —0.62 0.534
Total minutes of training —0.38 —-2.76 0.008
Disease duration —0.11 —0.84 0.405
NMSS TO 0.38 2.630 0.011
MDS-UPDRS II TO —0.07 —0.51 0.610
MDS-UPDRS | A score at T2 0.119 1.133 0.357
Age 0.17 1.06 0.294
Total minutes of training —0.09 —0.60 0.551
Disease duration 0.006 0.041 0.967
NMSS TO —0.28 -1.78 0.081
MDS-UPDRS II TO -0.11 —0.69 0.492

NMSS Non-Motor Symptoms Scale, MDS-UPDRS Movement Disorder Society - Unified PD Rating Scale; | = Non-Motor symptoms. Statistically significant values (o < 0.07) are presented in bold.

In conclusion, this historical cohort study supports the potential
benefits of exercise, particularly high-intensity training, in improving both
motor and non-motor symptoms in people with PD. The positive outcomes
observed and the potential to slow down the disease-related disability
progression are encouraging. These findings highlight the need for further
investigation, enhancing the reliability of the results, with the scope of
developing effective rehabilitation strategies that can be integrated with
pharmacological therapy to optimize the management of the disease and
improve patients” health.

Methods

Study design

Single-center historical cohort study of people with PD consecutively

referred to the outpatient rehabilitation facility of a Center for Diagnosis and

Treatment of Movement Disorders, based in a university hospital in Italy.
The study used data collected retrospectively from patients’ records.

The data were pseudo-anonymized so that each subject was matched to an

alphanumeric code, and his/her demographic and clinical information were

added to an Excel sheet for subsequent analysis.

Subject selection

We extracted PD cases from medical records based on the following
eligibility criteria. Inclusion criteria: adults diagnosed with Idiopathic PD,
Hoehn & Yahr stage > 1 <5, consecutive referral to the rehabilitation
facility between 1 January 2014 and 31 December 2019 to receive out-
patient physiotherapy treatment for the management of motor disability,
specifically targeting gait, balance, or posture disorders; completion of the
course of rehabilitation treatment; availability of Non-Motor Symptom
Scale (NMSS)* and Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS)*, recorded before (T0) and after (T1) treatment and

6 plus or minus 1 months later (T2). Exclusion criteria: diagnosis of any
primary or secondary parkinsonism rather than PD, symptom onset since
less than three years, any concomitant neurological disease (e.g. poly-
neuropathy, stroke, etc); any other chronically disabling disease (e.g.,
severe heart, liver or kidney failure, cancer, psychiatric disorders, limb
amputation, severe musculoskeletal or neuropathic pain); changes in
antiparkinsonian drug therapy during the whole study period, particularly
with regard to pharmacological or non-pharmacological interventions for
non-motor symptoms; exposure to a course of physiotherapy during the
6 months preceding the study.

The model of care applied at this Center for Diagnosis and Treatment
of Movement Disorders is described in Capecci et al. . In a multidisciplinary
team, the neurologist and physiatrist assess PD-related motor and non-
motor symptoms through a standard approach, including the MDS-
UPDRS and NMSS scoring. They also evaluate disease-related disability and
pose indications for rehabilitation. The individual rehabilitation plan is
discussed with experienced physical therapists who initiate outpatient
treatment if the patient resides in the catchment area. Based in a university
hospital, the staff is regularly engaged in clinical research programs that
require the administration or validation of standard assessment and treat-
ment procedures. Inter-rater reliability is verified by Cohen’s K-value > 0.8.
In particular, the assessment protocol for which the inter-rater reliability
was checked for patients with PD included MDS-UPDRS, NMSS, and
Freezing Of Gait Questionnaire (FOG-Q)".

Interventions

In line with international guidelines and based on the rationale
for training in people with chronic neurodegenerative disorders, rehabili-
tation provided to PD patients in our rehabilitation facility routinely
includes both aerobic and task-oriented training.

27,48-50 11,20,21,26
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Table 5 | Comprehensive overview of the structure of the exercise programme

Component Minimum Duration Possible Interventions
Aerobic training 15 minutes - Overground gait training
- Treadmill gait training
Flexibility & strengthening 10 minutes - Stretching for trunk mobility
- Joint mobility, focusing first on multiple and then on single joints.
- Strengthening of the knee and hip extensors
- Strengthening ankle plantar flexors
Balance training 10 minutes - Balance training (with or without non immersive Virtual Reality
- balance boards)
Dual task overground training 10 minutes - Functional gait training combined with verbal, visual or motor tasks.
- Cues based training
Occupational therapy 15 minutes - Training of ADLs

- Training of iADLS.

ADL Activity of Daily Living, iADL instrumental Activity of Daily Living.

In our clinical practice, each outpatient session typically lasts between
60 and 90 minutes, with 10 to 20 sessions per cycle and a frequency ranging
from 2 to 3 sessions per week. As a result, the Low intensity group received
10 sessions of 60 to 90 minute duration, twice per week, for a total of 5 weeks;
the High intensity group received 20 sessions of 90 minute duration, 3 times
per week, for a maximum of 7 weeks.

Irrespective of total course intensity, each session comprises at least
15 minutes of aerobic training (over ground or treadmill) and 10 minutes of
flexibility and strengthening exercise.

No less than 10 minutes of balance training, 10 minutes of overground
training in dual tasks, and 15 minutes of occupational therapy are addi-
tionally delivered. Table 5 provides a comprehensive overview of the
structure of the exercise programme. The duration of the single training
components in each session may increase according to the patients’ func-
tioning profiles, requesting a more intensive practice of gait, balance, or
trunk alignment or a focused training of arm dexterity or basic ADL.

Based on the total amount of training performed during one rehabi-
litation cycle, two different rehabilitation protocols could be identified:

* High-Intensity Training (HIT): patients in this group received

1800 min of training globally.

* Low-Intensity Training (LIT): patients received less than 900 minutes
of training,

Study endpoints

The primary endpoints were changes in non-motor symptoms measured by
NMSS and MDS-UPDRS part I after treatment in subgroups exposed to
different training intensity.

Secondary endpoints were changes in PD-related disability measured
by MDS-UPDRS part II, motor symptoms severity assessed by MDS-
UPDRS part III, and Freezing of Gait by FOG-Q after treatment.

As per the inclusion criterion, the outcome measures had to be col-
lected before treatment (T0), after treatment (T1), and 6 plus or minus 1
months of T1 (T2).

The study was approved by the Regional Ethics Committee of Marche
(protocol ID 101/2024, number 3054) and conformed to the Declaration of
Helsinki. All subjects gave their written informed consent to the use of
clinical data for research purposes. INTENSO is registered with www.
clinicaltrials.gov (NCT06695286). This study adheres to the STROBE
Statement for cohort studies, and a completed checklist is provided in the
Supplementary Material™.

Data analysis

The sample size was calculated, considering that the NMSS score has a
negligible chance of improving in subjects with PD over 6 months without
additional interventions™. We assumed that the exposure to high-intensity
training would improve the NMSS score by 20% (compared to the baseline
condition) at the end of the training. We computed that a minimum sample
size of 40 subjects was necessary to reject the null hypothesis that any change

in NMSS score would be similar in HIT and LIT subgroups (with an alpha
error of 0.05 and a beta error of 0.20).

We used descriptive statistics for demographic and clinical measures.
Specifically, we reported MDS-UPDRS total and subtotals, NMSS total and
subtotals, and FoG-Q total in the two subgroups. For the NMSS, we com-
puted subtotals in the following domains (D): Autonomic (D1 - Cardio-
vascular including falls; D6 - Gastrointestinal tract; D7 - Urinary), Sleep/
Fatigue (D2) and Cognition/Emotion (D3 - Mood/Cognition; D4 — Per-
ceptual Problems Hallucination; D5 - Attention/Memory). We adopted a
propensity-score matching to identify patients with similar age, disease
duration, and Hoehn and Yahr scores and ensure proper comparability of
HIT and LIT groups at baseline. We analyzed the within-group changes
(time effect), at T1 or T2 follow-up with respect to TO0, using the Wilcoxon
rank test. We computed the inter-group comparisons (group effect)
applying the Mann-Whitney test at each time point. We calculated the
percentage changes of primary and secondary outcome measures at T1 and
T2 with respect to T0. A delta: [(T'1 or T2) score - (T0) score)/((TO0) score)] x
100. We applied the simple regression analysis to check the relationship
between A delta values and specific explanatory variables (ie., age, disease
duration, NMSS at T0, UPRDS part I at T0, MDS-UPDRS part II at TO).
When appropriate, we applied a multiple regression analysis. Based on the
application of Bonferroni correction for multiple comparisons, we set sta-
tistical significance at a p-value of <0.01. We used SAS StatView 5.0 for data
analysis.

Data availability
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Received: 30 November 2024; Accepted: 2 June 2025;
Published online: 20 June 2025

References

1. Antonini, A. et al. The progression of non-motor symptoms in
Parkinson’s disease and their contribution to motor disability and
quality of life. J. Neurol. 259, 2621-2631 (2012).

2. Parkinson’s Disease in Adults: Diagnosis and Management. (National
Institute for Health and Care Excellence (NICE), London, 2017).

3. Seppi, K. et al. Update on treatments for nonmotor symptoms of
Parkinson’s disease-an evidence-based medicine review. Mov.
Disord. 34, 180-198 (2019).

4. Lagalla, G., Millevolte, M., Capecci, M., Provinciali, L. & Ceravolo, M.
G. Botulinum toxin type A for drooling in Parkinson’s disease: a
double-blind, randomized, placebo-controlled study. Mov. Disord.
21, 704-707 (2006).

5. Lagalla, G., Millevolte, M., Capecci, M., Provinciali, L. & Ceravolo, M.
G. Long-lasting benefits of botulinum toxin type B in Parkinson’s
disease-related drooling. J. Neurol. 256, 563-567 (2009).

npj Parkinson’s Disease | (2025)11:178


http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
www.nature.com/npjparkd

https://doi.org/10.1038/s41531-025-01035-7

Article

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Lamotte, G. et al. Effects of endurance exercise training on the motor
and non-motor features of Parkinson’s disease: a review. J.
Parkinsons Dis. 5, 21-41 (2015).

Al-darrah, M., Jamous, M., Al Zailaey, K. & Bweir, S. O. Endurance
exercise training promotes angiogenesis in the brain of chronic/
progressive mouse model of Parkinson’s Disease.
NeuroRehabilitation 26, 369-373 (2010).

Petzinger, G. M. et al. Exercise-enhanced neuroplasticity targeting
motor and cognitive circuitry in Parkinson’s disease. Lancet Neurol.
12, 716-726 (2013).

Thomas, A. G., Dennis, A., Bandettini, P. A. & Johansen-Berg, H. The
effects of Aerobic activity on brain structure. Front. Psychol. 3,86 (2012).
Hillman, C. H., Erickson, K. |. & Kramer, A. F. Be smart, exercise your
heart: exercise effects on brain and cognition. Nat. Rev. Neurosci. 9,
58-65 (2008).

Ernst, M. et al. Physical exercise for people with Parkinson’s disease:
a systematic review and network meta-analysis. Cochrane Database
Syst. Rev. 1, CD013856 (2023).

Lima, L. O., Scianni, A. & Rodrigues-de-Paula, F. Progressive
resistance exercise improves strength and physical performance in
people with mild to moderate Parkinson’s disease: a systematic
review. J. Physiother. 59, 7-13 (2013).

Altmann, L. J. P. et al. Aerobic exercise improves mood, cognition,
and language function in Parkinson’s disease: results of a controlled
study. J. Int Neuropsychol. Soc. 22, 878-889 (2016).

Landers, M. R., Navalta, J. W., Murtishaw, A. S., Kinney, J. W. & Pirio
Richardson, S. A high-intensity exercise boot camp for persons with
Parkinson disease: A Phase Il, pragmatic, randomized clinical trial of
feasibility, safety, signal of efficacy, and disease mechanisms. J.
Neurol. Phys. Ther. 43, 12-25 (2019).

Uhrbrand, A., Stenager, E., Pedersen, M. S. & Dalgas, U. Parkinson’s
disease and intensive exercise therapy-a systematic review and meta-
analysis of randomized controlled trials. J. Neurol. Sci. 353, 9-19 (2015).
Moore, C. G. et al. Study in Parkinson disease of exercise (SPARX):
translating high-intensity exercise from animals to humans. Contemp.
Clin. Trials 36, 90-98 (2013).

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).
Patterson, C. G. et al. Study in Parkinson’s disease of exercise phase 3
(SPARXQ): study protocol for a randomized controlled trial. Trials 23,
855 (2022).

Yang, Y. et al. Efficacy and evaluation of therapeutic exercises on
adults with Parkinson’s disease: a systematic review and network
meta-analysis. BMC Geriatr. 22, 813 (2022).

Frazzitta, G. et al. The beneficial role of intensive exercise on
Parkinson disease progression. Am. J. Phys. Med Rehabil. 92,
523-532 (2013).

Ferrazzoli, D. et al. Efficacy of intensive multidisciplinary rehabilitation
in Parkinson’s disease: a randomised controlled study. J. Neurol.
Neurosurg. Psychiatry 89, 828-835 (2018).

von EIm, E. et al. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. Lancet 370, 1453-1457 (2007).

Chaudhuri, K. R., Healy, D. G., Schapira, A. H. V. & National Institute
for Clinical Excellence Non-motor symptoms of Parkinson’s disease:
diagnosis and management. Lancet Neurol. 5, 235-245 (2006).
Murawska-Ciatowicz, E. et al. BDNF impact on biological markers of
depression-role of physical exercise and training. Int J. Environ. Res
Public Health 18, 7553 (2021).

Seifert, T. et al. Endurance training enhances BDNF release from the
human brain. Am. J. Physiol. Regul. Integr. Comp. Physiol. 298,
R372-R377 (2010).

Machado, S. et al. Clinical applications of exercise in Parkinson’s disease:
what we need to know?. Expert Rev. Neurother. 22, 771-780 (2022).

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Martignon, C. et al. Guidelines on exercise testing and prescription for
patients at different stages of Parkinson’s disease. Aging Clin. Exp.
Res 33, 221-246 (2021).

Morberg, B. M., Jensen, J., Bode, M. & Wermuth, L. The impact of high
intensity physical training on motor and non-motor symptoms in
patients with Parkinson’s disease (PIP): a preliminary study.
NeuroRehabilitation 35, 291-298 (2014).

Tollar, J., Nagy, F., Kovacs, N. & Hortobagyi, T. A high-intensity
multicomponent agility intervention improves Parkinson patients’ clinical
and motor symptoms. Arch. Phys. Med Rehabil. 99, 2478-2484.e1
(2018).

Schootemeijer, S., van der Kolk, N. M., Bloem, B. R. & de Vries, N. M.
Current perspectives on aerobic exercise in people with Parkinson’s
disease. Neurotherapeutics 17, 1418-1433 (2020).

Schapira, A. H. V., Chaudhuri, K. R. & Jenner, P. Non-motor features of
Parkinson disease. Nat. Rev. Neurosci. 18, 435-450 (2017).
Abbruzzese, G., Marchese, R., Avanzino, L. & Pelosin, E.
Rehabilitation for Parkinson’s disease: Current outlook and future
challenges. Parkinsonism Relat. Disord. 22, S60-S64 (2016).
Hamon, M. & Blier, P. Monoamine neurocircuitry in depression and
strategies for new treatments. Prog. Neuropsychopharmacol. Biol.
Psychiatry 45, 54-63 (2013).

Arida, R. M., Naffah-Mazzacoratti, M., da, G., Soares, J. & Cavalheiro,
E. A. Monoamine responses to acute and chronic aerobic exercise in
normotensive and hypertensive subjects. Sao Paulo Med. J. 116,
1618-1624 (1998).

Gerra, G. et al. ACTH and beta-endorphin responses to physical
exercise in adolescent women tested for anxiety and frustration.
Psychiatry Res. 41, 179-186 (1992).

Boecker, H. et al. The runner’s high: opioidergic mechanisms in the
human brain. Cereb. Cortex 18, 2523-2531 (2008).

Peluso, M. A. M. & Guerra de Andrade, L. H. S. Physical activity and
mental health: the association between exercise and mood. Clinics.
60, 61-70 (2005).

Phillips, C. Brain-derived neurotrophic factor, depression, and
physical activity: making the neuroplastic connection. Neural Plast.
2017, 7260130 (2017).

Kowianski, P. et al. BDNF: A key factor with multipotent impact on
brain signaling and synaptic plasticity. Cell Mol. Neurobiol. 38,
579-593 (2018).

Cosentino, C. et al. Effectiveness of physiotherapy on freezing of gait
in Parkinson’s disease: a systematic review and meta-analyses. Mov.
Disord. 35, 523-536 (2020).

Gilat, M. et al. A systematic review on exercise and training-based
interventions for freezing of gait in Parkinson’s disease. NPJ
Parkinsons Dis. 7, 81 (2021).

Frazzitta, G. et al. Multidisciplinary intensive rehabilitation treatment
improves sleep quality in Parkinson’s disease. J. Clin. Mov. Disord. 2,
11 (2015).

Olivares, A., Comini, L., Orfano, J., Froldi, M. & Vezzadini, G.
Occupational therapy with Nordic walking and therapeutic touch: A
pilot study for multidisciplinary rehabilitation in Parkinson’s disease.
NeuroRehabilitation 45, 125-134 (2019).

Chaudhuri, K. R. et al. The metric properties of a novel non-motor
symptoms scale for Parkinson’s disease: Results from an
international pilot study. Mov. Disord. 22, 1901-1911 (2007).

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).

Capecci, M. et al. Clinical and functional evolution in subjects with
Parkinson’s disease during SARS-CoV-2 pandemic. Appl. Sci. 13,
1126 (2023).

Tambasco, N. et al. The validation of an Italian version of the Freezing
of Gait Questionnaire. Neurol. Sci. 36, 759-764 (2015).

npj Parkinson’s Disease | (2025)11:178


www.nature.com/npjparkd

https://doi.org/10.1038/s41531-025-01035-7

Article

48. Riebe D., Ehrman J. K., Liguori G., Magal M, ACSM’s guidelines for
exercise testing and prescription. (2018).

49. Walter Santilli. Linee Guida Ed Evidenze Scientifiche In Medicina
Fisica E Riabilitativa. (Centro Stampa - Universita degli Studi di Roma
“La Sapienza”, 2017).

50. Keus S. et al. European physiotherapy guideline for Parkinson’s
disease. (2014).

51. Bugalho, P. et al. Progression in Parkinson’s Disease: Variation In
Motor And Non-motor Symptoms Severity And Predictors Of Decline
In Cognition, Motor Function, Disability, And Health-related Quality Of
Life As Assessed By Two Different Methods. Mov. Disord. Clin. Pr. 8,
885-895 (2021).

Acknowledgements
The authors would like to thank Mauro Pennacchioni for his support and
contribution to this work. No funding was received for conducting this study.

Author contributions

M.C., N.B., M.G.C. conceptualized and designed the work; M.C. matched the
groups based on the propensity score; P.B., A.L., M.H., M.G., N.B. collected,
pseudo-anonymized and added the data to the Excel sheet from patients’
records; M.C., N.B. conducted the formal analysis; M.C., N.B., E.A., M.G.C.
made contribution to the interpretation of the data; M.C., N.B. wrote the original
preparation draft; M.C., E.A.; M.G.C. wrote, reviewed and edited the work;
M.C., M.G.C. supervised the entire study process, from the development of the
study protocol to the writing and final revision of the manuscript.

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/s41531-025-01035-7.

Correspondence and requests for materials should be addressed to
Nicold Baldini.

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 any medium 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’s Creative Commons 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/.

© The Author(s) 2025

npj Parkinson’s Disease| (2025)11:178


https://doi.org/10.1038/s41531-025-01035-7
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
www.nature.com/npjparkd

	Impact of an intensive outpatient rehabilitation on non-motor patients&#x02019; reported outcomes in PD: the INTENSO study
	Results
	Baseline demographic and clinical characteristics
	Impact of exercise intensity on clinical and functional outcomes over time
	Identification of independent modulating factors

	Discussion
	Methods
	Study design
	Subject selection
	Interventions
	Study endpoints
	Data analysis

	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




