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La maladie de Parkinson idiopathique (MPI) est une maladie chronique neurodégénérative, la deuxième plus fréquente après la maladie d'Alzheimer [START_REF] Elbaz | Epidemiology of Parkinson's disease[END_REF]. Il s'agit d'une maladie invalidante, décrite comme la deuxième cause de handicap moteur du sujet âgé (après les accidents vasculaires cérébraux (AVC)) [START_REF]Maladie de Parkinson -Parcours de soins[END_REF]. Le nombre de personnes atteintes par la maladie est actuellement évalué à 8.5 millions dans le monde entier selon l'OMS (3), soit une prévalence estimée entre 100 et 300 cas pour 100.000 personnes (0,1-0.3%). En France, la prévalence de la maladie est de 160.000 cas (0.24% de la population) et l'incidence serait située autour de 25.000 nouveaux cas annuels (0.39/1000 habitants) [START_REF]Maladie de Parkinson[END_REF][START_REF]Maladie de Parkinson ⋅ Inserm[END_REF][START_REF]Maladie de Parkinson[END_REF]. La prévalence de la maladie a doublé entre 1990 et 2015, et les épidémiologistes s'attendent à un nombre de patients deux fois plus important d'ici 2030 à 2040.

La maladie se déclare le plus fréquemment en seconde partie de vie et le diagnostic est rare avant l'âge de 50 ans (<10% des cas). Les symptômes apparaissent le plus souvent au cours de la sixième décennie de vie et l'incidence ainsi que la prévalence de la maladie augmentent avec l'âge. La prévalence est de 107/100.000 entre 50 et 59 ans, et de 1903 pour les sujets de plus de 80 ans [START_REF] Pringsheim | The prevalence of Parkinson's disease: A systematic review and meta-analysis[END_REF]. Il existe une prédominance masculine, avec un sex ratio de 3:2.

Étiologie de la maladie de Parkinson

La maladie est considérée comme plurifactorielle [START_REF] Elbaz | Epidemiology of Parkinson's disease[END_REF][START_REF] Tysnes | Epidemiology of Parkinson's disease[END_REF], en lien avec des facteurs génétiques et environnementaux.

Deux grands types de gènes sont impliqués dans la maladie de Parkinson : ceux qui causent toujours une maladie de Parkinson lorsqu'ils sont mutés : forme monogénique de la maladie (comme le gène Parkine) ; et ceux qui augmentent le risque de développer une maladie de Parkinson sans la déclencher de manière certaine : les gènes de susceptibilité génétique (LRRK2, SNCA, GBA). Ces mutations sont retrouvées chez environ 15 % des patients atteints de maladie de Parkinson (et 40 % des patients avec un début de maladie avant 40 ans) [START_REF] Simon | Pathology, Genetics and Pathophysiology[END_REF][START_REF] Dawson | The Role of Parkin in Familial and Sporadic Parkinson's Disease[END_REF].

L'exposition aux solvants (risque 6 fois plus élevé de maladie si exposition au trichloroéthylène) [START_REF] Pezzoli | Exposure to pesticides or solvents and risk of Parkinson disease[END_REF] et aux pesticides (notamment en lien avec la 1-méthyl-4-phényl-1,2,3,6tétrahydropyridine (MPTP), liposoluble, passant la barrière hémato-encéphalique et métabolisée par la Monoamine-Oxydase B (MAO-B) en substance toxique : le 1-méthyl-4-phenylpyridinium (MPP+), présentant un tropisme au niveau des neurones dopaminergiques et une destruction de ceux-ci en interférant avec le complexe I de la chaîne respiratoire mitochondriale) est en effet reconnue comme un facteur de risque environnemental. La ROTENONE® ou le PARAQUAT®, contenant cette molécule, sont d'ailleurs interdits en France depuis les années 2000. Ce risque accru de maladie a été observé dans près de 80 populations étudiées et est également décrit en laboratoire, sur des modèles murins [START_REF] Simon | Pathology, Genetics and Pathophysiology[END_REF][START_REF] Furlong | Protective glove use and hygiene habits modify the associations of specific pesticides with Parkinson's disease[END_REF][START_REF] Tanner | The disease intersection of susceptibility and exposure: Chemical exposures and neurodegenerative disease risk[END_REF].

À l'inverse, des études ont retrouvé un effet protecteur de la nicotine, la caféine, et des graisses poly-insaturées vis-à-vis de la maladie, nécessitant des études complémentaires afin de confirmer cette interaction [START_REF] Tanner | The disease intersection of susceptibility and exposure: Chemical exposures and neurodegenerative disease risk[END_REF][START_REF] Kamel | Dietary Fat Intake, Pesticide Use, and Parkinson's Disease[END_REF].

Enfin une dysbiose intestinale (dérégulation du microbiote) pourrait également constituer un facteur prédisposant à la maladie de Parkinson [START_REF] Mulak | Brain-gut-microbiota axis in Parkinson's disease[END_REF]. La diminution du nombre de germes digestifs diminuerait, à l'inverse, l'activation de la microglie et la neuro-inflammation [START_REF] Mulak | Brain-gut-microbiota axis in Parkinson's disease[END_REF][START_REF] Sampson | Gut Microbiota Regulate Motor Deficits and Neuroinflammation in a Model of Parkinson's Disease[END_REF][START_REF] Hirayama | Parkinson's Disease and Gut Microbiota[END_REF] retrouvée dans la maladie de Parkinson.

Il existe donc bien des facteurs environnementaux et génétiques favorisant la survenue de la maladie, et semblant être synergiques en cas d'association de plusieurs d'entre eux. Les facteurs génétiques et environnementaux ont en commun une altération du système de réparation cellulaire ubiquitine-protéasome, probablement à l'origine d'une accumulation de protéines d'alpha-synucléine de configuration anormale, sous forme de corps de Lewy, à l'origine de la mort cellulaire.

Physiopathologie de la maladie de Parkinson

La maladie de Parkinson est liée essentiellement à une dégénérescence de la voie dopaminergique nigro-striée responsable de symptômes moteurs, le plus souvent dopasensibles. Ces symptômes apparaissent après la mort de 50 à 60% des neurones dopaminergiques [START_REF]Maladie de Parkinson ⋅ Inserm[END_REF].

Cependant, d'autres systèmes neuronaux sont impliqués dans la physiopathologie, avec une atteinte dopaminergique concernant les voies méso-cortico-limbique et tubéro- [START_REF] Borghammer | Brain-First versus Gut-First Parkinson's Disease: A Hypothesis[END_REF][START_REF] Borghammer | Neuropathological evidence of body-first vs. brain-first Lewy body disease[END_REF].

Signes cliniques de la maladie de Parkinson

Les symptômes de la maladie de Parkinson se divisent en deux sous-groupes : moteurs et non-moteurs. Quant au diagnostic, il est clinique (26) et peut également s'appuyer sur une scintigraphie au DATSCAN en cas de doute diagnostique.

Signes moteurs

Il existe différents types de symptômes moteurs caractérisant le syndrome parkinsonien : la classique triade associant un tremblement de repos à une hypertonie extrapyramidale et un syndrome akinétique (hypokinésie, bradykinésie, akinésie), mais également les signes axiaux comprenant les troubles posturaux, l'instabilité posturale, le « freezing » ainsi que la dysarthrie.

Les signes axiaux, contrairement à la triade parkinsonienne, sont généralement peu dopasensibles et associés à un pronostic péjoratif [START_REF] Pezzoli | Exposure to pesticides or solvents and risk of Parkinson disease[END_REF][START_REF] Mulak | Brain-gut-microbiota axis in Parkinson's disease[END_REF][START_REF] Sampson | Gut Microbiota Regulate Motor Deficits and Neuroinflammation in a Model of Parkinson's Disease[END_REF][START_REF] Hirayama | Parkinson's Disease and Gut Microbiota[END_REF][START_REF] Brandel | La maladie de Parkinson est-elle une maladie à prion ?[END_REF] [START_REF] Sharpe | Non-pharmacological Treatment Challenges in Early Parkinson's Disease for Axial and Cognitive Symptoms: A Mini Review[END_REF][START_REF] Srivanitchapoom | Camptocormia in Parkinson's disease: definition, epidemiology, pathogenesis and treatment modalities[END_REF].

Signes non moteurs

La maladie ne peut cependant pas se résumer aux seuls symptômes moteurs, notamment au vu de la fréquence et de la présence, parfois au premier plan, de signes non moteurs tels que les douleurs, la fatigue, les troubles du sommeil dont les troubles du comportements en sommeil paradoxal (TCSP) et le syndrome des jambes sans repos (SJSR), la constipation, l'hypersalivation, l'anosmie, l'hypotension orthostatique ou certaines modifications métaboliques (sarcopénie, involution graisseuse, ostéopénie) [START_REF]Maladie de Parkinson[END_REF][START_REF] Wang | Altered Body Composition of Psoas and Thigh Muscles in Relation to Frailty and Severity of Parkinson's Disease[END_REF][START_REF] Piastra | Effects of Two Types of 9-Month Adapted Physical Activity Program on Muscle Mass, Muscle Strength, and Balance in Moderate Sarcopenic Older Women[END_REF][START_REF] Cugusi | Effects of an adapted physical activity program on motor and non-motor functions and quality of life in patients with Parkinson's disease[END_REF].

Nous relevons également la survenue de troubles cognitifs (syndrome dysexécutif notamment, pouvant évoluer jusqu'au stade de démence) et psycho-comportementaux (troubles anxieux et dépressif, apathie, troubles du contrôle des impulsions (TCI), hallucinations).

Ces troubles cognitivo-comportementaux sont fréquemment rapportés (25-30% lors du diagnostic), notamment dans les stades avancés de la maladie (50% à 3-5 ans du diagnostic et 70% à 10 ans) avec 80% des malades évoluant vers un stade de démence [START_REF] Cugusi | Effects of an adapted physical activity program on motor and non-motor functions and quality of life in patients with Parkinson's disease[END_REF][START_REF] Da Silva | Effects of physical exercise programs on cognitive function in Parkinson's disease patients: A systematic review of randomized controlled trials of the last 10 years[END_REF][START_REF] Tomlinson | Physiotherapy versus placebo or no intervention in Parkinson's disease[END_REF].

Certains de ces symptômes peuvent même précéder la maladie de plusieurs années, parfois jusqu'à 10 ou 20 ans, comme l'hyposmie, la dysautonomie, les TCSP, ou les symptômes anxiodépressifs. [START_REF] Mulak | Brain-gut-microbiota axis in Parkinson's disease[END_REF][START_REF] Hirayama | Parkinson's Disease and Gut Microbiota[END_REF][START_REF] Ueki | Life style risks of Parkinson's disease: association between decreased water intake and constipation[END_REF] 

Traitement de la maladie de Parkinson

Il s'agit uniquement d'un traitement symptomatique, visant à compenser la baisse de concentration de dopamine au niveau encéphalique.

Traitements médicamenteux per os

Il existe principalement trois classes thérapeutiques :

-les agonistes dopaminergiques (Pramipexole, Ropinirole per os ainsi que la Rotigotine en patch transdermique),

-la Levodopa (en association avec des inhibiteurs de la dopadécarboxylase, tels que la Ces thérapeutiques sont complémentaires des traitements per os, souvent poursuivis à vie.

Traitements non médicamenteux

Compte tenu des symptômes dopa-résistants, notamment moteurs tels que les troubles de la marche ou de l'instabilité posturale, à l'origine d'une altération du pronostic fonctionnel les traitements non-médicamenteux ont une place cruciale dans la prise en charge de la maladie de

Parkinson. En association au traitement médicamenteux, des prises en charge de type kinésithérapie, ergothérapie, orthophonie ainsi que des aides sociales sont recommandées [START_REF] Tomlinson | Physiotherapy versus placebo or no intervention in Parkinson's disease[END_REF][START_REF] Radder | Physiotherapy in Parkinson's Disease: A Meta-Analysis of Present Treatment Modalities[END_REF][START_REF] Church | Treatment Options for Motor and Non-Motor Symptoms of Parkinson's Disease[END_REF]. De nombreuses données suggèrent l'intérêt de l'activité physique dans la maladie de Parkinson. 
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Abstract

Context: Although physical activity in Parkinson's disease (PD) has been well reported to improve motor symptoms, PD patients tend to remain sedentary due to several barriers including the fear to fail or to fall and the lack of motivation. Adapted Physical Activity (APA) could help to get past these limits, with regular adaptation of exercises to the needs and capacities of patients.

Previous studies assessing APA programs are greatly heterogeneous regarding methodology and intervention, and generally did not address the question of combining various types of physical activity with a long-term evaluation.

Objectives: To evaluate the efficacy of a three months APA program, associating moderate intensity endurance and muscle reinforcement with stretching, on motor symptoms, and also Results: Immediately after the program, the APA+ group had less severe motor symptoms compared to the APA-group (UPDRS-III score respectively of 13.5±6.1 against 17.8 ±7.0, p=0.037), with a reduction since baseline in APA+ (-1,0 [-6,0; 3,0]) while it increased (+2,0 [-5,0; 8,0]) in APA-in the same time. The effect size was 0,66 (CI 95%: 0,05 -1,26), regardless of the severity of the disease at baseline, the duration since the diagnosis, age, sex and daily dopaminergic treatment. At M3, better walking tests performances were observed in the APA+ group comparatively to the control one (P<0.001). These differences between both groups were not recorded six months after the end of the intervention. No difference was observed between groups about body composition, metabolic profile or cardiorespiratory function at M3 or M9.

Conclusion: A 3 months APA program associating moderate intensity aerobic exercises, muscle reinforcement and stretching is more effective to improve motor signs in PD than free practice of non-specific physical activity, but this enhancement fades away remotely. This suggests the necessity of pursuing a long-term follow-up. More studies are required to determine if this follow-up has to be face-to-face or if a remote one, through connected devices, in order to extend APA program long-term benefits.

Introduction

Parkinson's disease (PD) is a neurodegenerative disorder leading to a progressive impairment of physical abilities (3,47), particularly postural and gait disorders, leading to falls [START_REF] Canning | Exercise for falls prevention in Parkinson disease[END_REF][START_REF] Ashburn | Exerciseand strategy-based physiotherapy-delivered intervention for preventing repeat falls in people with Parkinson's: the PDSAFE RCT[END_REF]. Given the lack of efficacy of dopaminergic therapy in some of these manifestations in PD, there is a growing interest for physical activity in Parkinson's disease. Indeed, several randomized controlled trials have shown motor symptoms improvement in PD after different type of physical exercises as physiotherapy [START_REF] Tomlinson | Physiotherapy versus placebo or no intervention in Parkinson's disease[END_REF], endurance training [START_REF] Almeida | Effects of Endurance Training on Motor Signs of Parkinson's Disease: A Systematic Review and Meta-Analysis[END_REF], high intensity aerobic [START_REF] Jansen | High Intensity Aerobic Exercise Improves Bimanual Coordination of Grasping Forces in Parkinson's disease[END_REF] or high intensity body weight training (49) on motor symptoms of PD's patients. However, these activities were not always adapted to the eldest patients or those with severe axial symptoms [START_REF] Cugusi | Body Weight-Supported High-Intensity Locomotor Training and Adapted Physical Activity Program in Patients With Parkinson's Disease: A Complementary Approach?[END_REF]. Other smoother physical activities as tai chi [START_REF] Li | Tai Chi and Postural Stability in Patients with Parkinson's Disease[END_REF], dance [START_REF] Da Silva | Effects of physical exercise programs on cognitive function in Parkinson's disease patients: A systematic review of randomized controlled trials of the last 10 years[END_REF], Nordic walking [START_REF] Cugusi | Effects of a Nordic Walking program on motor and non-motor symptoms, functional performance and body composition in patients with Parkinson's disease[END_REF] were described as efficient on PD motor symptoms [START_REF] Cugusi | Effects of a Nordic Walking program on motor and non-motor symptoms, functional performance and body composition in patients with Parkinson's disease[END_REF], particularly gait and balance abilities.

Physical activity in PD has also been reported to improve non motor symptoms such as fatigue [START_REF] Cusso | The Impact of Physical Activity on Non-Motor Symptoms in Parkinson's Disease: A Systematic Review[END_REF], anxiety [START_REF] Cusso | The Impact of Physical Activity on Non-Motor Symptoms in Parkinson's Disease: A Systematic Review[END_REF][START_REF] Ferreira | The effect of resistance training on the anxiety symptoms and quality of life in elderly people with Parkinson's disease: a randomized controlled trial[END_REF] [START_REF] Shulman | Randomized Clinical Trial of 3 Types of Physical Exercise for Patients With Parkinson Disease[END_REF], but the association between these type of activities has not been assessed yet. Moreover, previous studies generally assessed the short-term effect of APA programs, and did not investigate longterm effects of these programs [START_REF] Tsukita | Long-term Effect of Regular Physical Activity and Exercise Habits in Patients With Early Parkinson Disease[END_REF].

Thus, in this study we aimed to assess the short and long-term benefits of an APA program combining three types of exercises in motor and non-motor symptoms of PD patients.

We hypothesize that a moderate intensity APA program of three months, combining stretching, endurance and muscle reinforcement, with frequently adapted exercises on patients' capacities, could improve motor symptoms of PD patients, as well as non-motor manifestations such as cardiorespiratory capacities, metabolic function and body composition modifications, immediately after the program but also remaining 6 months after the end of the intervention.

The aim of the study is to evaluate the efficacy of a 3 months moderate intensity APA program combining aerobic exercises, muscle reinforcement and stretching on motor symptoms, metabolic profile, cardiorespiratory function and body composition in PD compared to regular care.

Material and methods

Study design

This monocentric, single blind, randomized controlled trial was conducted between Patients from both groups received physiotherapy twice a week as usual (with a prescription for walking rehabilitation, working on gait and balance and also muscle building) and if they wanted they could also practice non-specific physical activity.

Patients from APA+ and APA-groups were assessed at baseline (M0), after the 3 months (M3) of intervention, and 6 months after ending the program (M9).

The protocol was approved by the South-Est VI ethical committee, France (clinicaltrials.gov NCT02816619). All patients gave their written informed consent as per the Declaration of Helsinki. 

Patients

We included in this trial Parkinson's disease (PD) patients according to MDS modified criteria [START_REF] Postuma | MDS clinical diagnostic criteria for Parkinson's disease[END_REF], aged between 18 and 80 years old, with a stable dopaminergic treatment since 4 weeks, and/or deep brain stimulation with stable stimulation parameters since at least 1 year.

We excluded patients presenting Hoehn and Yahr scale >3, severe depression (Beck Depression Inventory (BDI-13) >30) (82,[START_REF] Chibnall | The short form of the Beck Depression Inventory: Validity issues with chronic pain patients[END_REF] or psychiatric comorbidities such as hallucinations or delusions, cognitive impairment (MoCA<24) (84), orthopedic impairment with functional restriction or uncontrolled cardiovascular disease contraindicating physical exercise. Patients with other neurological condition than PD were also excluded.

To estimate the required sample size, we referred to the literature to detect a clinically significant difference in motor symptoms either a 2.5 points of difference in the UPDRS-III [START_REF] Tomlinson | Physiotherapy versus placebo or no intervention in Parkinson's disease[END_REF][START_REF] Shulman | The clinically important difference on the unified Parkinson's disease rating scale[END_REF][START_REF] Schrag | Minimal clinically important change on the unified Parkinson's disease rating scale[END_REF][START_REF] Sánchez-Ferro | Minimal Clinically Important Difference for UPDRS-III in Daily Practice[END_REF].

The following assumptions, 80% power and a two-sided alpha of 0.025, led to a total sample size of n=44 (n=22 in each group).

The sample size was inflated to 50 to account for possible early dropouts, losses to followup and withdrawals of consent.

After being enrolled in the study, patients were randomized in a 1:1 ratio to either the intervention (APA+) or control (APA-) groups.

Eventually, only 46 patients were recruited, and 44 were randomized after that 2 patients could not have been included because of the presence of exclusion criteria. 

Assessments

We evaluated different symptoms and physiological features that could be modified by physical activity in PD's patients. Blood Sugar levels as well as Glycated Hemoglobin (HbA1c).

Finally, dropout rates were counted at each assessment meeting.

All these evaluations were performed at baseline, immediately after the end of the 3 months intervention (M3) and 6 months after the end of the program (M9).

Outcomes

The primary outcome assessed was the difference of the UPDRS-III at M3 between both randomized groups.

The secondary outcomes that were evaluated:

-Evolution of motor symptoms from baseline to M9, through the UPDRS-III, 

Statistical analysis

Categorical data were expressed as number of patients and associated percentages, and continuous data as mean ± standard deviation or median [25 th ; 75 th percentiles], according to the statistical distribution. Data were analyzed according to the intention-to-treat principle, after the last observation carried forward imputation method for missing data.

The primary analysis (comparison of the UPDRS-III at month 3 between the two randomized groups) was carried out by a linear regression considering an adjustment for the baseline value [START_REF] Vickers | Analysing controlled trials with baseline and follow up measurements[END_REF]. An effect size (ES) with its 95% confidence interval (95%CI) was also calculated and interpreted according to Cohen's recommendations (91): 0.2 = small effect, 0.5 = medium effect and 0.8 = large effect. A multiple linear regression was also performed with the following explanatory variables: group of randomization, age, sex, LED, baseline value of the UPDRS-III and disease duration. The results were expressed as regression coefficient and 95%CI.

Longitudinal analyzes of primary and secondary outcomes were carried out by linear mixed models considering the time (baseline, month 3 and month 9), the group (APA-and APA+)

and their interaction (time x group) as fixed effects, and the patient as a random effect. If necessary, a logarithmic transformation of the dependent variable was made to achieve normality. The p-values of the "time x group" interactions were denoted "p " . Intra-group analyzes (APA-or APA+) were carried out by linear mixed models considering only the time (baseline, month 3 and month 9) as fixed effect, and the patient as a random effect.

Statistical analysis was performed using the Stata software (version 15; StataCorp, College Station, Texas, USA). All tests were two-sided, with an alpha level set at 0.05. No correction for multiple testing was applied in the analysis of secondary outcomes or in subgroup analysis [START_REF] Feise | Do multiple outcome measures require p-value adjustment?[END_REF]. Findings from these analyses were interpreted as exploratory.

Results

Characteristics of the patients:

Clinical and demographical characteristics of studied patients are presented in Table I. There was no between group difference for any other variable, particularly groups of patients did not differ for body composition or metabolic profile.

We characterized clinical and demographical profiles of the whole group of patients included in this study (n=44

Primary outcome

At M3, the UPDRS-III score decreased compared to baseline in the APA+ group (14.7 ± 8.8 at baseline vs 13.5 ± 6.1 at M3; absolute value variation -1.0 [-6.0; 3.0]) whereas it increased (15.9 Multivariable analysis considering age, sex, LED, UPDRS-III at baseline and disease duration of patients confirmed the between group difference for UPDRS-III variation at M3 (p=0.034).

Secondary outcomes

At M3, the 6MWT was higher in APA+ group (544 meters [454; 612]) compared to APA-(417meters [350; 485]) p<0.001, with an improvement in comparison to baseline (459m [404; 521] p<0.001) that was not observed in the APA-group. At M9, there was no more between groups difference for 6MWT, although scores remained better than at baseline within APA+ group, (p<0.001) -Table II.

At M3, UPDRS-I was significatively lower in APA-group (1.5 ± 1.4) than in APA+ group (2.1 ± 1.5) (p=0.046) with a significant decrease compared to baseline that was not observed in the APA+ group. Yet, there was no difference for any of the six subitems of UPDRS-I between both groups. There was no more between group difference at M9 regarding UPDRS-I.

There was no other between group difference for absolute values of other variables at M3 or M9, particularly there was no difference for metabolic profile, cardiorespiratory function and body composition in PD. 1 : statistically significant difference (p<0.05) between the value (M3 or M9) and the baseline value in the same group.

2 : n=21

Discussion

Results and literature

In this randomized controlled study, we have demonstrated that a three-months adapted physical activity program combining three types of moderate intensity exercises led to a reduction of motor symptoms severity immediately after the intervention (regardless to age, sex, LED, motor severity at baseline and disease duration), whereas an increase of motor severity was observed in PD patients freely practicing physical activity in the same period of time. This between group difference was no more noted six months after the end of the program, suggesting that the motor benefits of the APA program fade away if the activity is not pursued.

We did not show any efficacy of the APA program on cardiorespiratory function, metabolic profile and body composition.

Only a few studies use the terms "Adapted physical activity", "Individualized physical activity" or "Controlled physical activity" with "Parkinson Disease", "Parkinson's Disease", "parkinsonian" or "parkinsonian patients" in their titles. However, several ones named as "physical activity" seem to be comparable to APA, with modified and adapted/progressive exercises programs given by a specialist trainer -particularly in reviews of literature [START_REF] Radder | Physiotherapy in Parkinson's Disease: A Meta-Analysis of Present Treatment Modalities[END_REF][START_REF] Cusso | The Impact of Physical Activity on Non-Motor Symptoms in Parkinson's Disease: A Systematic Review[END_REF][START_REF] Mak | Long-term effects of exercise and physical therapy in people with Parkinson disease[END_REF].

To place our APA trial in literature, we will compare our results with those available in previous studies on every outcome (motor symptoms, 6MWT, axial signs, cardiovascular function, body composition, metabolic profile, non-motor signs and quality of life) -Table III.

Results

Significant improvement in cognitive function, motor signs. No difference for axial signs or quality of life.

Significant improvement in UPDRS-III, 6MWT, balance abilities, fatigue, depression and quality of life.

Significant enhancements in gait, motor symptoms, depression and cognitive functions.

Significant worsening of quality of life in both groups. Our results confirm the findings of a previous study conducted in a small sample (n=9)

Outcomes

showing that APA combining multiple type of exercises improves motor signs in PD population (the UPDRS-III at baseline was 21.1 ± 3.5 decreasing to reach 14.1 ± 3.5 after nine weeks (31)), but was not compared to a control group. Significant improvements in the UPDRS-III score were also reported, from 46.4 ± 11.4 to 39.0 ± 10.2 after the APA program and also with the control group (54.8 ± 11.6 after traditional motor rehabilitation) in more severe patients, with axial signs [START_REF] Silva-Batista | A Randomized Controlled Trial of Exercise for Parkinsonian Individuals with Freezing of Gait[END_REF].

The 6MWT, which is a marker of functional autonomy, was also improved in our APA+ group, while not being modified after 3 months of usual care, as it was previously demonstrated with a spectacular enhancement of the walked distance starting from 304.1 ± 121.7 to reach 531.7 ± 104.2 [START_REF] Cugusi | Effects of an adapted physical activity program on motor and non-motor functions and quality of life in patients with Parkinson's disease[END_REF][START_REF] Rose | Improved Clinical Status, Quality of Life, and Walking Capacity in Parkinson's Disease After Body Weight-Supported High-Intensity Locomotor Training[END_REF]. However, this enhancement may be linked to the small number of patients. An improvement in the distance walked during the 6MWT was also described (respectively of 6, 9

and 12% in the higher-intensity, lower-intensity treadmill and in the stretching/resistance exercises groups [START_REF] Shulman | Randomized Clinical Trial of 3 Types of Physical Exercise for Patients With Parkinson Disease[END_REF]).

On the other hand, no difference has been highlighted between both groups for axial symptoms including balance, but a considerable worsening of the axial score exists at M9 in both groups (respectively from 1.2 ± 2.0 to 2.9 ± 2.4 (p<0.001) and 2.4 ± 2.2 to 3.7 ± 2.3 (p=0.004) in APA+ and APA-). In an adapted tango program, no improvement was reported for the time up and go (TUG) test or for freezing of gait (FOG) in the interventional group neither in the control one [START_REF] Mckee | The Effects of Adapted Tango on Spatial Cognition and Disease Severity in Parkinson's Disease[END_REF]. However, a significant enhancement of walk and freezing (assessed by the NFOG-Questionnaire) was recorded after a twelve-weeks adapted resistance training with instability compared to baseline, in a 33 patients RCT [START_REF] Silva-Batista | A Randomized Controlled Trial of Exercise for Parkinsonian Individuals with Freezing of Gait[END_REF]. Differences seem to be significant between studies, due to the high variability of judgment criteria for axial signs.

The cardiovascular function, evaluated in our study by the VO2, at rest and at peak, is no different between groups immediately after the APA program or at M9. We already knew that there was a 7-8% VO2max improvement after high and low-intensity treadmill training, but not in the stretching and resistance group [START_REF] Shulman | Randomized Clinical Trial of 3 Types of Physical Exercise for Patients With Parkinson Disease[END_REF]. The association of endurance and stretching/reinforcement provided in our study might have limited this cardiovascular enhancement and suggest that an aerobic APA program alone would be more effective.

No difference in glucidic or lipidic blood tests results nor global body composition was found after our APA program trial. In literature no study on the effect of APA on glucidic or lipidic metabolism was identified, which could be explained by the little clinical relevance of these results. The effect of physical activity on the modification of body composition is also poorly described and none APA study in PD targeted this criterion as primary outcome. A 32 patients controlled trial comparing resistance to postural trainings, in old sarcopenic patients without PD, reported a significant increase in body lean mass and skeletal mass [START_REF] Piastra | Effects of Two Types of 9-Month Adapted Physical Activity Program on Muscle Mass, Muscle Strength, and Balance in Moderate Sarcopenic Older Women[END_REF]. This enhancement was not found in the "postural" group.

Surprisingly, we report a greater improvement of non-motor symptoms (UPDRS-I) immediately after intervention in the APA-group compared to the APA+ group, contrasting with previous findings suggesting an improvement of cognitive or thymic symptoms in PD after an APA program [START_REF] Cusso | The Impact of Physical Activity on Non-Motor Symptoms in Parkinson's Disease: A Systematic Review[END_REF]. The positive evolution observed during intervention in the APA-group could be imputed to an Hawthorne effect (100) and to physiotherapy associated with freely practicing physical activity, whereas it is possible that the APA program led to partial worsening of some specific non motor symptoms such as pain. However, no significant between group difference has been found in any of the six subitems of the UPDRS-I precluding any clear conclusion regarding this difference. associated with better MDS-UPDRS-III score and VO2max. Moreover, it has been found that aerobic exercises reduce global brain atrophy, but has no influence on localized gray matter or substantia nigra.

We know for many years now that physical activity leads to short-term benefits but little is known about long-term symptoms [START_REF] Tomlinson | Physiotherapy versus placebo or no intervention in Parkinson's disease[END_REF] 

.

Limitations

Our study presents some limitations that should be acknowledged.

First, due to the nature of the APA program, patients were not blind to the intervention which could have led to a placebo effect. This is a usual limitation of studies assessing such human The monocentric character of the study can also limit the interpretation and a multicentric RCT would be more powerful, and could allow an extension of our findings to a bigger population of PD patients.

Perspectives

Our study was one of the first RCT assessing motor and non-motor symptoms, in an APA program combining three types of physical activities in the same group. But bigger studies including more patients and with a longer follow-up, will be necessary to confirm these results in PD patients.

It will also be interesting to see if a long-term APA program may slow down the natural disease progress, even though it can be stopped due to its neurodegenerative nature.

If the long-term effect of APA is confirmed, a comparison between a presential follow-up and a follow-up with connected devices would be interesting to determine if both options differ.

The aim of this comparison would be to allow more patients to participate to these programsbecause of the current lack of human resources. A step forward in this field was made, by showing a greater effect on quality of life of APA through tablets in a 273 patients RCT with 9 months of follow-up, but some limitations were observed as differences at baseline (age, degree of disability, BMI, socioeconomic status) or the fact that none patients was not motivated for physical activity, which is not representative of PD population of patients [START_REF] Wagner | Evaluation of an individualized, tablet-based physiotherapy training programme for patients with Parkinson's disease: the ParkProTrain study, a quasi-randomised controlled trial[END_REF].

One of the main challenges with PD's patients and APA is the adherence to the program.

Many barriers remain limitations for patients [START_REF] Zaman | Determinants of exercise behaviour in persons with Parkinson's disease[END_REF] and APA could go through these fears or misconceptions about physical therapies. Therefore, neurologists and general practitioners have an important role to play in the education of parkinsonian patients to teach them the interest of APA. Once this barrier is overtaken patients can benefit from APA as wrote by Schootmeijer "abilities of a skilled trainer to monitor progression, to offer feedback, to share accomplishments and to offer encouragement are likely components of an exercise program that successfully motivates people with PD" [START_REF] Schootemeijer | Barriers and Motivators to Engage in Exercise for Persons with Parkinson's Disease[END_REF]. In order to maintain this motivation, activities programs should be safe, enjoyable and adapted to everyone's abilities [START_REF] Zaman | Determinants of exercise behaviour in persons with Parkinson's disease[END_REF]. They also like the social aspect of seeing people and they may not feel comfortable in general exercise classes with younger participants without chronic illness. Therefore, adapted activities, performed with patients presenting the same disease or quite same disabilities can be a solution to keep patients motivated, with pleasant moments, social link and better self-respect (102).

With all these conditions reunited, we can hope to motivate patients to practice adapted physical activity with a specialist trainer who will be able to adapt exercises to the needs of patients, promoting a long-term adherence and thus a potential long-term efficacy on symptoms of PD.

Conclusion

In this randomized controlled study, we observed a significant improvement of PD motor symptoms and walking abilities after the realization of a three months APA program, with one hour training, twice a week, combining aerobic and muscle reinforcement exercises with stretching, personalized and regularly adjusted on patients' performance to maintain a moderate intensity training, comparatively to usual care including physiotherapy and free non-specific physical activity.

The improvement of motor performances with APA is highlighted immediately after the end of the program, regardless of the severity of the disease at baseline, the duration of PD, age, sex and daily dopaminergic treatment.

We have not found any modification about body composition, cardiorespiratory function and metabolic profile after a three months APA program. Nous n'avons pas retrouvé de modification de composition corporelle, de fonction cardiorespiratoire ou du profil métabolique après un programme d'APA de 3 mois.

Six mois après la fin du programme, les bénéfices sur les symptômes parkinsoniens et les performances de marche ne sont plus observés, suggérant la nécessité de maintenir un suivi au long cours par un entraîneur.

Des études supplémentaires seront nécessaires afin de déterminer si un suivi présentiel est nécessaire ou si un suivi à distance, via des outils connectés, permettrait de prolonger les bénéfices au long cours.

ANNEXES

Supplemental data I: Adaptation of physical activity exercises during APA program

Physical activity sessions took place over a 3-month period for the APA group. adapted. In all sessions, these exercises were always performed in the same order. There were 7 exercises: front lunge, horizontal press, neck pull, chest rotation, crunch, scissors kicks, spike pull.

Each exercise consisted of two sets containing 10 repetitions. A recovery period of more or less 30 seconds was left between each set. At the end of each exercise, a perception of the effort was requested on the Borg scale (Borg, 1970). If the score given was less than 13 for two consecutive trainings, the load was increased by 500g for the next session. In the middle of the program (i.e. after 12 sessions), we went from 10 repetitions to 13 repetitions.

Stretching: The sessions ended with 10 minutes of stretching. These were targeted on the muscle groups mainly worked during the session: triceps, forearms, biceps, deltoid, hamstrings, calf, quadriceps, adductor and abductor muscles of the thigh abdominal muscles and trapezius.

They were performed in the same order each time and there were 7 of them. The different positions were held for 8 seconds and performed twice.

= Moderately affected. Sometimes asked to repeat statements. = Severely affected. Frequently asked to repeat statements. = Unintelligible most of the time.

Salivation

= Normal. = Slight but definite excess of saliva in mouth; may have nighttime drooling. = Moderately excessive saliva; may have minimal drooling. = Marked excess of saliva with some drooling. = Marked drooling, requires constant tissue or handkerchief.

Swallowing

= Normal. = Rare choking. = Occasional choking. = Requires soft food. = Requires NG tube or gastrotomy feeding.

Handwriting

= Normal. = Slightly slow or small. = Moderately slow or small; all words are legible. = Severely affected; not all words are legible. = The majority of words are not legible.

Cutting food and handling utensils

= Normal. = Somewhat slow and clumsy, but no help needed. = Can cut most foods, although clumsy and slow; some help needed. = Food must be cut by someone, but can still feed slowly. = Needs to be fed.

Dressing

= Normal. = Somewhat slow, but no help needed. = Occasional assistance with buttoning, getting arms in sleeves. = Considerable help required, but can do some things alone. = Helpless.

Hygiene

= Normal. = Somewhat slow, but no help needed. = Needs help to shower or bathe; or very slow in hygienic care. = Requires assistance for washing, brushing teeth, combing hair, going to bathroom. = Foley catheter or other mechanical aids.
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 311 Figure 3: Evolution of the UPDRS part III between baseline and M3 in PD patients

  body composition, cardiorespiratory function and metabolic profile in PD, immediately and six months after the end of the program. Material and methods: Forty-four parkinsonian patients were included in this controlled trial (APA-Park), and randomly affected to two equal groups (n=22) -one (APA+) benefiting of three months of Adapted Physical Activity (stretching, aerobic exercises and muscle reinforcement, one hour twice a week) with a coach and the other one (APA-) following its usual free aspecific physical activity (including physiotherapy twice a week) -stratified on age and severity of the disease. Patients were evaluated on motor symptoms (UPDRS-III scale), body composition, cardiorespiratory function and metabolic profile at baseline (M0), after the end of program (M3) and six months later (M9).

  March 2016 and June 2018 in the Parkinson expert center and sports medicine department of Clermont-Ferrand University Hospital in collaboration with the University of Science and technique of physical and sports activities (STAPS)[START_REF]Evaluation of a Personalized Physical Activity Coaching Program in Parkinson's Disease[END_REF].Patients were randomly allocated to the APA program (APA+) or to the control group (APA-), and stratified according to age and disease stage (Hoehn & Yahr scale[START_REF] Hoehn | Parkinsonism: onset, progression, and mortality[END_REF][START_REF] Goetz | Movement Disorder Society Task Force report on the Hoehn and Yahr staging scale: Status and recommendations The Movement Disorder Society Task Force on rating scales for Parkinson's disease[END_REF]). All patients received at inclusion a detailed information regarding the benefits of practicing regularly a physical activity thanks to an education program conducted in our center, with neurologists, physiotherapists, nurses, psychologists and nutritionists.Patients from the APA+ group underwent a 3 months program, twice a week for one hour, combining endurance and strength training at moderate intensity (with an objective of reaching a target heart rate (HR) of "Rest HR + 65 to 75% of Reserve HR" (47) -as explained in supplemental data 1 (78-80)) -with stretching, conducted and adapted by a sports trainer, ensuring a personalized adaptation of the intensity of exercises to maintain the adapted intensity during physical activity. Thus, patients practiced endurance on a treadmill during 30 minutes, muscle reinforcement during 20 minutes & 10 minutes of stretching. The intensity of these trainings was progressively increased (speed or slope of walking treadmill; weight increase for muscle reinforcement), if the heart rate was under the target HR or if Borg's scale was lower than 13 for two consecutive sessions (Supplemental data 1). Patients from the APA-group could freely practice non-specific physical activity.

Figure 1 :

 1 Figure 1: study design of APA-Park randomized controlled trial.

Figure 2 :

 2 Figure 2: Flow chart of patients' enrollment and analyses.

  Parkinsonian motor symptoms were assessed using Unified Parkinson's Disease Rating Scale (UPDRS) part III and its subsection representing the axial score (items 18, 22, 27, 28, 29, 30 of UPDRS-III)[START_REF] Bryant | CONTRIBUTION OF AXIAL MOTOR IMPAIRMENT TO PHYSICAL INACTIVITY IN PARKINSON'S DISEASE[END_REF].Psychiatric, behavioural and mental states were assessed by UPDRS part I. Daily activities and autonomy were evaluated by UPDRS subpart II. Complications of dopaminergic treatment were reviewed thanks to UPDRS-IV. Dopaminergic treatment was also noted using Levodopa equivalent dose (LED), as well as other antiparkinsonian treatments[START_REF] Tomlinson | Systematic review of levodopa dose equivalency reporting in Parkinson's disease[END_REF], to distinguish an hypothetic difference regarding drug intake.Quality of life was assessed using PDQ-39, and weekly physical activity with International Physical Activity Questionnaire (IPAQ) to compare the time spent doing physical activities and at what intensity.Stabilometry tests, measuring oscillations of the body while static, were realized as well as walking evaluation with the six minutes-walk test (6MWT) which represents a part of functional autonomy for patients.Cardiovascular metabolism was assessed with VO2 (dioxygene consumption) at rest and at peak. Weight was measured, body composition was evaluated through DEXA, to see body lean mass and fat body mass and blood tests were performed to assess glycemic and lipidic metabolism observing total cholesterol with LDL, HDL and Triglycerides subsections and Fasting

-

  Variation from baseline to 3 and 9 months of motor axial score (items 18, 22, 27, 28, 29 and 30 of UPDRS-III) (88), -Differences in Levodopa Equivalent Daily Dose treatment between baseline, M3 and M9, -Modification of quality of life (PDQ-39) at M3 and M9, -Changes from baseline of the time spent being sedentary or practicing, mild, moderate or intense physical activity at M3 and M9 (IPAQ), -Differences from baseline of the 6MWT, at M3 and M9, -Variation of balancing abilities measured by stabilometry between baseline, M3 and M9, -Evolution of cardiorespiratory function, with VO2max from baseline to M3 and M9, -Changes from baseline to 3 and 9 months of fat and lean body mass measured by DEXA, -Modification in glycemic and lipidic metabolism between M0, M3 and M9, -Dropout rates.

± 7 .

 7 5 to 17.5 ± 7.0; absolute value variation +2.0 [-5.0; 8.0]) in the APA-group along the same interval of time (p=0.037; size effect 0.66 (95% IC: 0.05 -1.26), as shown in figure 3.

Figure 3 :

 3 Figure 3: Evolution of the UPDRS part III between baseline and M3 in PD patients with and without APA program. In figure A, data are presented as "boxplots": the central line is the mean, the edges of the line are standard deviations. In figure B, each row represents a participant numbered from 1 to 44. M0: baseline assessment; M3: assessment immediately at the end of intervention. APA-: PD patients without APA program during 3 months; APA+: PD patients with APA program during 3 months.

  interventions. In order to rule out this possibility, future studies should consider comparing the APA program with other interventions such as a very low intensity physical activity, pure stretching, or relaxation.

  Dans cet essai contrôlé randomisé nous observons une amélioration de la symptomatologie motrice de la maladie de Parkinson et des performances de marche après un programme d'APA, réalisé à raison d'une séance d'une heure deux fois par semaine pendant trois mois, associant des exercices d'aérobie et de renforcement musculaire avec des étirements, personnalisés et ajustés régulièrement aux performances du patient pour maintenir une intensité modérée, comparativement à la prise en charge habituelle incluant kinésithérapie et encouragement à pratiquer une activité physique libre régulière. L'amélioration des performances motrices par l'APA est observée immédiatement à la fin du programme, indépendamment de la sévérité de la maladie, de la durée d'évolution de la maladie, de l'âge, du sexe et de la dose quotidienne de traitement dopaminergique.

  They were set up within the Gabriel Montpied CHRU and lasted approximately one hour. These sessions included 30 minutes of walking on a treadmill, 20 minutes of muscle reinforcement and 10 minutes of stretching. About walking sessions: Every training began with 30 minutes of walking on a treadmill. The chosen protocol was inspired by different studies. Patients started with 5 minutes of warm-up with a progressive increase in speed, in order to reach the target heart rate (THR) (Karvonen formula for Target Heart Rate (THR) = Rest HR + % Reserve HR (Reserve HR = Max HR -Rest HR); Karvonen & Vuorimaa, 1988). The starting speed was determined in a first session, where we looked for the preferred speed and incline of the individuals, so that they work at a THR between 65 and 75% of their HRmax (Herman and al., 2007; Nadeau and al., 2014). In the second session we started at 80% of the speed predetermined in the previous session and then increased by 0.2km/h (if THR reached) or 0.4km/h (if THR not reached), in each session to reach the desired walking speed. As the protocol progressed, if the target heart rate was not reached two sessions in a row, the speed was increased by 0.2km/h or the inclination of the treadmill by 0.5%. About muscle strengthening: After the 30-minute walk, several muscle-reinforcement exercises were realized, targeting the main muscle groups of the lower and upper limbs (Hass and al., 2012; Corcos and al., 2013). As the equipment was not outrageous, exercises were

  

  

  

  

  pouvant progresser de proche en proche de façon « prion-like »[START_REF] Simon | Pathology, Genetics and Pathophysiology[END_REF][START_REF] Brandel | La maladie de Parkinson est-elle une maladie à prion ?[END_REF][START_REF] Visanji | The prion hypothesis in Parkinson's disease: Braak to the future[END_REF]. Initialement un schéma de progression ascendante unique à partir du mésencéphale avait été proposé par Braak[START_REF] Braak | Staging of the intracerebral inclusion body pathology associated with idiopathic Parkinson's disease (preclinical and clinical stages)[END_REF][START_REF] Braak | Staging of brain pathology related to sporadic Parkinson's disease[END_REF][START_REF] Braak | Stages in the development of Parkinson's disease-related pathology[END_REF], mais l'hypothèse actuelle est davantage en faveur de différents schéma de progression « brain-first » ou « body-first »[START_REF] Horsager | Brainfirst versus body-first Parkinson's disease: a multimodal imaging case-control study[END_REF], compatibles avec le caractère multisystémique à présent bien reconnu de la maladie de Parkinson. Ainsi, dans l'atteinte « body-first » la maladie débuterait au niveau du système nerveux entérique et au niveau des voies sympathiques avec ensuite une distribution caudo-rostrale des corps de Lewy ; alors que le phénotype « brain-first » toucherait la substance noire et les voies dopaminergiques en premier, avec une présence de corps de Lewy prédominant en encéphalique

infundibulaire, responsables de symptômes non-moteurs (dysautonomie, troubles cognitifs et psycho-comportementaux) pouvant être dopa-sensibles, mais également des voies non dopaminergiques (sérotoninergiques, cholinergiques ou adrénergiques) responsables de certains symptômes moteurs (signes axiaux notamment) et non-moteurs, dopa-résistants pouvant expliquer d'autres symptômes de la maladie

[START_REF] Simon | Pathology, Genetics and Pathophysiology[END_REF]

. La mort neuronale au niveau de ces systèmes dopaminergiques et non dopaminergiques est due à une accumulation cytoplasmique d'agrégats d'alpha-synucléine, sous forme de corps de Lewy,

1.5.2 Traitements de seconde intention : Stimulation dopaminergique continue

  

	Trois traitements sont disponibles actuellement :
	-La pompe d'Apomorphine, qui est un agoniste dopaminergique, avec une injection sous-
	cutanée en continu et la possible réalisation de boli. Les effets indésirables sont ceux des
	agonistes, ainsi que la possible apparition de nodules sous-cutanés avec risque de nécrose
	Bensérazide et la Carbidopa),
	localisée, nécessitant un changement du site d'injection quotidien .
	-les inhibiteurs enzymatiques, inhibant la dégradation de la dopamine, comprenant les
	-La pompe à Duodopa (gel de levodopa), qui permet une administration au niveau jéjunal, avec
	inhibiteurs de la monoamine oxydase (IMAO-B) tels que la Rasagiline, très fréquemment
	des risques locaux et liés à l'intervention de gastrostomie (par voie endoscopique ou
	associée à la Levodopa et les Inhibiteurs des Catéchol-O-Méthyl Transférase (ICOMT) comme
	radiologique) (36-38).
	-La neurostimulation cérébrale profonde (SCP) au niveau des noyaux sous-thalamiques : contre-
	indiquée chez les patients ayant des troubles cognitifs sévères, des troubles psychiatriques ou
	des lésions des noyaux gris centraux sur l'IRM. Elle est également non recommandée en cas de
	symptômes axiaux majeurs. En effet, l'efficacité de la SCP se fait sur les symptômes dopa-
	sensibles (39-44).

1.6 Activité physique dans la maladie de Parkinson 1.6.1 Effets de différents types d'activités physiques sur les symptômes de la maladie de Parkinson

  

	Plus généralement, l'activité physique permet d'améliorer la qualité de vie des patients
	atteints de MPI (54,55,57,62-64).
	1.6
	Depuis des années, de nombreuses études ont démontré l'efficacité et l'utilité de
	différents types d'activités physiques (endurance (47), exercices à haute intensité (48,49)) sur les
	symptômes moteurs de la maladie. Cependant, ce type d'activité physique à haute intensité n'est
	pas adapté à tous les patients et notamment aux plus âgés ou ceux plus sévèrement touchés par
	les troubles axiaux (de l'équilibre en particulier) (50). Des pratiques sportives plus douces, comme
	le tai-chi, la danse ou la marche nordique, ont également été rapportées comme efficaces sur les
	symptômes moteurs, dont les troubles posturaux et de l'équilibre (32,51,52).
	L'activité physique dans la MPI permet également une amélioration des fonctions
	cognitives (32,53-55) : traitement de l'information, flexibilité mentale, attention plus soutenue
	chez les patients parkinsoniens de tout âge (56), ainsi que pour un éventail plus large de
	symptômes non moteurs : fatigue, anxiété et dépression (5,43-45)(53,54,57), douleurs, troubles
	du sommeil (53), dysautonomie, TCSP, TCI et SJSR (33,52,53). En outre, l'activité physique est à
	l'origine de modifications de la composition corporelle (conservation de la masse maigre avec
	gain de force musculaire notamment dans les membres inférieurs , hausse de la densité minérale
	osseuse) et du métabolisme cardiorespiratoire (hausse de la VO2max et de la distance effectuée
	au test de marche des 6 minutes) dans la maladie de Parkinson (52,58-61).

.2 Limites de l'activité physique non-spécifique et intérêts de l'activité physique adaptée

  

	chez des patients parkinsoniens, avec 3 groupes, exécutant 3 exercices différents (tapis de course
	à faible et haute intensités & exercices de résistance avec stretching), a permis de montrer
	l'amélioration de différentes fonctions (cardiorespiratoire, musculaire et posturale) selon
	Malgré l'intérêt reconnu de l'activité physique les patients parkinsoniens restent le plus
	souvent peu actifs et sédentaires. Ils ne réalisent pas ou peu d'activité physique régulière,
	probablement en lien avec plusieurs barrières dont trois principales : le manque d'information
	sur les potentiels bénéfices de l'activité physique, la peur de chuter ou d'échouer, ainsi que le
	manque de motivation -parfois lié à la fatigue, aux symptômes anxio-dépressifs ou à une faible
	estime de soi (65-67).
	L'activité physique adaptée (APA) encadrée par un spécialiste semble être un moyen de
	dépasser ces limites, grâce la présence rassurante d'un entraîneur sportif professionnel
	sensibilisé à la MPI et à l'adaptation permanente des exercices et de leur difficulté en fonction
	des besoins et des capacités de chacun. Par ailleurs, chez les patients parkinsoniens, des essais
	cliniques randomisés ont permis de montrer que le renforcement musculaire, la mobilité, les
	symptômes moteurs dont axiaux, les fonctions cognitives et la qualité de vie étaient améliorés
	de façon plus importante dans les groupes avec APA par rapport à ceux bénéficiant d'une activité
	physique non spécifique (68).
	Toutefois, les études ayant évalué l'APA dans la MPI sont très hétérogènes sur le plan
	méthodologique, sur le plan des interventions réalisées et sur les critères de jugement (45,69,70).
	En outre ces études portaient généralement sur un seul type d'exercice physique, et n'ont pas
	évalué l'association de différents types d'activité. Ainsi, un essai contrôlé randomisé (71) mené

l'exercice effectué. Cependant, aucune association combinant les différentes activités n'a été évaluée dans cet essai. Il semblerait donc que différents types d'activités physiques pourraient avoir des effets différents sur les symptômes et sur l'évolution de la maladie, d'où l'intérêt grandissant pour l'APA, afin d'individualiser les prises en charge et de les adapter aux besoins de chacun. Enfin, les études réalisées jusqu'alors ont généralement évalué l'effet de l'APA à court terme et non à l'éventuel effet prolongé de ces thérapeutiques

[START_REF] Tsukita | Long-term Effect of Regular Physical Activity and Exercise Habits in Patients With Early Parkinson Disease[END_REF] 

. 1.7 Hypothèses et objectifs de notre étude Nous avons émis l'hypothèse qu'un programme d'APA de 3 mois, associant des exercices d'endurance (aérobie), des étirements et du renforcement musculaire, avec une adaptation personnalisée des exercices aux capacités des patients, pourrait améliorer les symptômes moteurs (notamment dopa-résistants) des patients affectés par la maladie de Parkinson. Ce programme pourrait également modifier la composition corporelle ainsi que le métabolisme des patients en augmentant le rapport masse maigre/masse grasse, en améliorant les capacités cardiorespiratoires ainsi que les bilans lipidique et glucidique des patients. L'objectif de l'étude est d'évaluer l'efficacité d'un programme d'APA de 3 mois combinant trois types d'exercices différents, d'intensité modérée, sur les symptômes moteurs de la MPI et sur les signes non-moteurs, en particulier sur les manifestations métaboliques et les caractéristiques de composition corporelle, immédiatement après le programme puis à distance de l'arrêt de celui-ci, comparativement à une prise en charge habituelle non individualisée.
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  to get past these remaining barriers, as patients are reassured by the presence of a professional trainer aware of PD, and the regular adaptation of exercises intensity and difficulty helps maintaining motivation. Several randomized controlled trials (RCT) conducted

	APA in PD patients have shown that muscle reinforcement, mobility, motor and axial signs but
	also cognitive impairment and quality of life were improved more efficiently than self-reported
	physical activity (68,74).
	However, previous studies were greatly heterogeneous as different APA programs were
	(54,55,57,62-64)
	Yet, PD Patients tend to remain sedentary and do not engage in physical activity due to
	several barriers (65-67), mainly three: the lack of information regarding potential benefits of PA

and depression

[START_REF] Cusso | The Impact of Physical Activity on Non-Motor Symptoms in Parkinson's Disease: A Systematic Review[END_REF][START_REF] Song | The impact of Tai Chi and Qigong mind-body exercises on motor and non-motor function and quality of life in Parkinson's disease: A systematic review and meta-analysis[END_REF]

, pains, sleeping disorders

[START_REF] Cusso | The Impact of Physical Activity on Non-Motor Symptoms in Parkinson's Disease: A Systematic Review[END_REF] 

and also autonomic disorders, REM-sleep Behaviour Disorder (RBD), Impulsive Control Disorder (ICD) and Restless Legs Syndrome (RLS)

[START_REF] Tomlinson | Physiotherapy versus placebo or no intervention in Parkinson's disease[END_REF][START_REF] Cugusi | Effects of a Nordic Walking program on motor and non-motor symptoms, functional performance and body composition in patients with Parkinson's disease[END_REF][START_REF] Cusso | The Impact of Physical Activity on Non-Motor Symptoms in Parkinson's Disease: A Systematic Review[END_REF]

, modification in body composition and cardiorespiratory metabolism

[START_REF] Cugusi | Effects of a Nordic Walking program on motor and non-motor symptoms, functional performance and body composition in patients with Parkinson's disease[END_REF][START_REF] Speelman | Cardiovascular responses during a submaximal exercise test in patients with Parkinson's disease[END_REF][START_REF] Rivadeneyra | The Impact of Dietary Intake and Physical Activity on Body Composition in Parkinson's Disease[END_REF][START_REF] Cancela-Carral | Exercise, physical fitness, and Parkinson's disease: an 8-year follow-up study[END_REF][START_REF] Petroni | Body composition in advanced-stage Parkinson's disease[END_REF]

, but also for global cognitive impairment (processing speed, mental flexibility and sustained attention in PD's patients)

[START_REF] Da Silva | Effects of physical exercise programs on cognitive function in Parkinson's disease patients: A systematic review of randomized controlled trials of the last 10 years[END_REF][START_REF] Cusso | The Impact of Physical Activity on Non-Motor Symptoms in Parkinson's Disease: A Systematic Review[END_REF][START_REF] Song | The impact of Tai Chi and Qigong mind-body exercises on motor and non-motor function and quality of life in Parkinson's disease: A systematic review and meta-analysis[END_REF][START_REF] Kalyani | Impacts of dance on cognition, psychological symptoms and quality of life in Parkinson's disease[END_REF] 

both in old and young patients

[START_REF] Biddiscombe | Physical activity and cognition in youngonset Parkinson's disease[END_REF]

. Overall, physical activity lead to a better global health and quality of life in PD's patients

[START_REF] Ellis | Barriers to Exercise in People With Parkinson Disease[END_REF]

, the fear to fail or to fall

[START_REF] Ellis | Barriers to Exercise in People With Parkinson Disease[END_REF][START_REF] Zaman | Determinants of exercise behaviour in persons with Parkinson's disease[END_REF] 

and the lack of motivation

[START_REF] Afshari | Motivators and Barriers to Exercise in Parkinson's Disease[END_REF][START_REF] Ellis | Barriers to Exercise in People With Parkinson Disease[END_REF]

, that can be secondary to low self-efficacy, fatigue, anxiety or depression. Adapted Physical Activity (APA) supervised by a specialist could help assessed, and very few studies addressed the question of the respective effect of various types of physical activity, or the combination of these activities (45,69) (70). Hence, in PD patients 3 different types of exercises (low, high intensity treadmill & resistance exercises and stretching) led to different functional outcomes (cardiovascular function, muscle strength, gait)

  At baseline, PD patients from APA+ and APA-groups did not differ regarding demographical and clinical features, excepted for the axial score which was lower in the APA+ group compared to the APA-group (respectively 1.2 ± 2.0 and 2.4 ± 2.2 (p=0.026)).

		Total (n=44)	APA+ (n=22)	APA-(n=22)	p
	Age (years)	67.7 ± 7.3	67.3 ± 7.5	68.1 ± 7.3	0.74
	Male sex	30 (68.2)	15 (68.2)	15 (68.2)	1.00
	Disease duration (years)	5 [3; 10]	4 [3; 10]	7 [3; 10]	0.31
	Body Mass Index (kg/m 2 )	26.3 ± 4.1	26.0 ± 3.7	26.7 ± 4.5	0.54
	LED (mg/day) (n=43)	700 [400; 1025]	600 [400; 940]	740 [616; 1081] 1 0.13
	Hoehn and Yahr (score 1-5)	1.83 ± 0.54	1.82 ± 0.50	1.84 ± 0.59	0.86
	UPDRS total	29.6 ± 12.4	28.7 ± 12.9	30.5 ± 12.1	0.63
	UPDRS-I (score 0-16)	2.1 ± 1.3	2.0 ± 1.1	2.3 ± 1.5	0.48
	UPDRS-II (score 0-52)	9.1 ± 4.4	8.8 ± 4.5	9.5 ± 4.4	0.59
	UPDRS-III (score 0-108)	15.3 ± 8.1	14.7 ± 8.8	15.9 ± 7.5	0.62
	UPDRS-IV (score 0-23)	3.1 ± 2.9	3.3 ± 3.1	2.9 ± 2.8	0.72
	Axial score (score 0-24)	1.8 ± 2.1	1.2 ± 2.0	2.4 ± 2.2	0.026
	MoCA (score 0-30)	27.1 ± 2.0	27.1 ± 2.2	27.1 ± 1.9	0.94
	Beck_Depressive Inventory (0-39)	4.0 [2.0; 7.0]	4.0 [3.0; 7.0]	4.0 [2.0; 6.0]	0.64
	PDQ39 (score 0-100)	41.8 ± 22.6	41.3 ± 22.4	42.2 ± 23.4	0.90
	Treatment for diabetes	4 (9.1)	1 (4.5)	3 (13.6)	0.61
	Treatment for dyslipidemia	10 (22.7)	7 (31.8)	3 (13.6)	0.15
	6MWT (m)	452 [381; 508]	459 [404; 521]	417 [359; 494]	0.15
	Inactivity (min/week)	9330 [8865; 9825] 9330 [8460; 9840] 9420 [9000; 9810] 0.66
	Walking (min/week)	420 [89; 840]	420 [105; 630]	390 [72; 840]	0.88
	Moderate physical activity (min/week)	60 [0; 360]	90 [0; 540]	40 [0; 240]	0.24
	Intense physical activity (min/week)	0 [0; 180]	17 [0; 240]	0 [0; 120]	0.34
	). There were 30 men (68.2%) and 14 women, with a mean age of 67.7 ± 7.3
	years old, mean disease duration of 5 [3; 10] years, taking 700mg [400; 1025] of LEDD (Levodopa Table I: Clinical and demographical characteristics of patients at baseline. Data are presented
	as number of patients (percentages), mean ± standard deviation or median [25 th ; 75 th

Equivalent Daily Dose). Disease severity was moderate for the whole group with a mean UPDRS part III score of 15.3 ± 8.1. percentiles]. APA: Adapted Physical Activity; LED: Levodopa Equivalent Dose; UPDRS: Unified Parkinson's Disease Rating Scale; MoCA: Montreal Cognitive Assessment; PDQ39: Parkinson's Disease Questionnaire; 6MWT: 6 Minutes-Walk Test. 1 : n=21

Table II : Longitudinal analysis concerning all parameters, in both groups, at baseline, after 3 months and 9 months.

 II Data are presented as number of patients (percentages), mean ± standard deviation or median [25 th ; 75 th percentiles]. APA: Adapted Physical Activity;

	HDL: High Density Lipoprotein; LED: Levodopa Equivalent Dose; LDL: Low Density Lipoprotein;
	UPDRS: Unified Parkinson's Disease Rating Scale; MoCA: Montreal Cognitive Assessment;
	PDQ39: Parkinson's Disease Questionnaire; 6MWT: 6 Minutes-Walk Test.

Table III (2/3): Comparative studies on the effects of APA and APA-like programs in PD, reported in literature.

 III 

	Results Outcomes Patients Intervention Study design Year	Fitness/VO2max was increased in both	treadmill groups. Muscle strength was (n=67), only improved in S&R group. Gait was Primary: 6MWT, VO2max HIT (n=23), significatively enhanced in every group and muscle strength, TUG, LIT and S&R (LIT>S&R>HIT). UPDRS total, PDQ, BDI, (n=22), UPDRS-III improved in S&R PFS, Falls Efficacy Scale H&Y 1-3 No difference for UPDRS total score and 3 months, 3x/week, Group-dependent training duration RCT, with 3 parallel interventional groups (stretching & resistance, High and Low-intensity treadmill) 2013	non-motor criteria.	Significant decrease of cardiac autonomic (cardiac autonomic (n=30), Primary: Heart rate IG (n=15), regulation and adaptation to autonomic regulation). CG (n=15), stress. Secondary: SBP (during H&Y 2-3 autonomic stress tests) 12 weeks RCT, with 2 parallel groups (resistance adapted training with progressive load and control group with usual lifestyle) 2017	Significant decrease of anxiety, and Primary: Anxiety (BAI), UPDRS-I and total scores, improvement of PDQ-39, quality of life (vs only decrease of UPDRS-I UPDRS, Hand grip strength. in the CG). (n=35), IG (n=18), CG (n=17), H&Y 1-2 6 months, 2x/week, 30-40min/session RCT, with parallel groups (resistance taking usual drugs) training for IG; CG only 2018	ADL: Activities of Daily Life; BDI: Beck Depression Inventory; CG: Control group; FAB: Frontal Assessment Battery; FOG-Q: Freezing of Gait	Questionnaire; GDS: Geriatric Depression Scale; GEG: Group exercises group; H&Y: Hoehn and Yahr scale; HEG: Home exercises group;	IEG: Individual exercises group; IG: Interventional group; LARS: Lille Apathy Rating Scale; MDS: Movements Disorder Society; MMSE: Mini	Mental State Examination; MoCA: Montreal Cognitive Assessment; PPT: Physical Performance Test; PDQ: Parkinson ' s Disease	' s Questionnaire; RCT: Randomized controlled trial; TMT: Trail Making Test; TUG: Time Up and Go test; UPDRS: Unified Parkinson	Disease Rating Scale.

  , although PD is chronic and neurodegenerative. It has been shown (review with traditional physical activity and APA-related programs) (93)) that a 4 weeks gait training or 8 week balance training can have positive effects for 3 to 12 monthsadditionally to usual therapies (drugs and physical activity). Though it was lately sustained that different types of physical activities have an effect on different parameters[START_REF] Radder | Physiotherapy in Parkinson's Disease: A Meta-Analysis of Present Treatment Modalities[END_REF] with a slower deterioration of abilities in PD -as explained in the introduction -but only when maintained

l'Entacapone, non utilisés en monothérapie.La levodopa (ou L-Dopa) reste à ce jour le traitement le plus efficace et le mieux toléré, malgré l'induction de complications motrices[START_REF] Rascol | Treatment interventions for Parkinson's disease: an evidence based assessment[END_REF] : les fluctuations motrices, liées aux variations du taux de dopamine intracérébrale, quasi-exclusivement dépendantes des thérapeutiques médicamenteuses, et les dyskinésies, en lien avec un pic de dopamine induit par des posologies plus importantes de L-Dopa.Moins de complications motrices sont constatées sous agonistes dopaminergiques mais le risque d'effets indésirables est plus grand avec la possible survenue d'hallucinations iatrogènes et de TCI (hypersexualité, jeu pathologique, binge eating disorder, achats compulsifs…).Si les effets indésirables, notamment les fluctuations motrices et dyskinésies, persistent malgré l'adaptation des traitements il est nécessaire de s'orienter vers des traitements de seconde ligne permettant une stimulation dopaminergique continue.
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Eventually, the quality of life of PD patients is often the primary outcome in studies on APA programs. For this reason, we assessed, through the PDQ-39, the modification of patients' quality of life after the intervention and did not find any difference between both groups. 

IV COMPLICATIONS OF THERAPY (In the past week)

A. DYSKINESIAS 

VI. SCHWAB AND ENGLAND ACTIVITIES OF DAILY LIVING SCALE

100% = Completely independent. Able to do all chores without slowness, difficulty or impairment. Essentially normal. Unaware of any difficulty. 90% = Completely independent. Able to do all chores with some degree of slowness, difficulty and impairment. Might take twice as long. Beginning to be aware of difficulty. 80% = Completely independent in most chores. Takes twice as long. Conscious of difficulty and slowness. 70% = Not completely independent. More difficulty with some chores. Three to four times as long in some. Must spend a large part of the day with chores. 60% = Some dependency. Can do most chores, but exceedingly slowly and with much effort. Errors; some impossible. 50% = More dependent. Help with half, slower, etc. Difficulty with everything. 40% = Very dependent. Can assist with all chores, but few alone. 30% = With effort, now and then does a few chores alone or begins alone. Much help needed. 20% = Nothing alone. Can be a slight help with some chores. Severe invalid. 10% = Totally dependent, helpless. Complete invalid. 0% = Vegetative functions such as swallowing, bladder and bowel functions are not functioning. Bedridden. RÉSULTATS : À M3, le groupe APA+ présentait des signes moteurs moins sévères par rapport au groupe APA-(score UPDRS-III respectivement de 13.5±6.1 contre 17.8 ±7.0, p=0.037), avec une diminution par rapport à l'inclusion dans le groupe APA+ (-1,0 [-6,0 ; 3,0]) alors qu'il a augmenté (+2,0 [-5,0 ; 8,0]) dans le groupe APA-dans le même intervalle de temps, indépendamment de la sévérité de la maladie à baseline, de la durée d'évolution de la maladie, de l'âge, du sexe et du traitement dopaminergique. Ces différences de sévérité motrice et de performance à la marche entre les groupes n'étaient plus constatées 6 mois après l'arrêt de l'intervention. Il n'existait pas de différence entre les groupes concernant les caractéristiques de composition corporelle ou de fonction cardio-respiratoire et métabolique immédiatement ou 6 mois après l'intervention. CONCLUSION : Un programme d'APA de 3 mois associant exercices d'aérobie, étirements et renforcement musculaire à intensité modérée est plus efficace pour améliorer la symptomatologie motrice de la maladie de Parkinson que la prise en charge habituelle, mais cet effet disparait à distance de l'arrêt du programme, suggérant la nécessité de maintenir un suivi par un entraineur au long cours.

Effet d'un programme d'activité physique adaptée dans la maladie de
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