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A toi, Papa... Mais par ol commencer ?! Ta légendaire répartie que personne ne saurait
vaincre ? Ton infatigable persévérance ayant raison de tous les problémes ? Ta passion de
I’effort que tu as su me transmettre, ou encore ton perspicace franc parler qui met bien des
hommes en porte-a-faux ? Il y a bien des jours ou j'aimerais avoir ces qualités... Mais je
m’efforce de m’en inspirer. Que de moments difficiles que j'ai traversés et ol tu étais présent
pour me rassurer. Je ne te le montre srement pas assez mais passer du temps avec toi me
remplit de joie, a chaque fois. J’ai de la chance de pouvoir partager mes passions avec toi, et
j'espeére que ca durera encore longtemps. Je t'en supplie, prends soin de toi, et écoute les
conseils que je peux a présent te donner, pour que I'on continue de profiter du temps qu’il

nous reste. Merci, Papa.

A toi Cathy, pour ton soutien et ta bonne humeur depuis toutes ces années. On ne se voit pas
assez malheureusement, mais je sais que je peux t'appeler n’importe quand et que nous aurons

beaucoup a partager. A bient6t, a tracer entre les sapins de Cerdagne, je I'espére. Merci, Cathy.

A toi Bruno, pour ton go(t de la montagne et de I'aventure que nous partageons. Il va falloir

gue tu m’apprennes a maitriser cette fameuse godille que tu affectionnes tant... Merci, Bruno.

A toi, Tatie Sylvie. Ton énergie débordante ferait frémir Bonaparte. Ta vivacité et ton
enthousiasme me réchauffent le coeur, je te suis reconnaissant du soutien que tu m’as apporté
ces années durant. Je suis maintenant apte a m’occuper de ton vieux dos, je vais me régaler !

Merci, Tatie.



A toi, Parrain. Ton flegme légendaire camoufle un sens aiguisé de la répartie et de la vanne
dont je raffole. Imperturbable, tes encouragements et ton soutien pendant toutes ces années

m’ont donné de la force et m’ont aidé a avancer. Merci, Parrain.

A toi, Alexandra, pour avoir pris soin de moi lors de mon plus jeune age, et de continuer a me

supporter. Je suis sdr que tu sauras assumer cette tache pour dans quelques mois... Merci, Alex.

A toi, Arnaud, pour m’avoir coulé tant de fois alors que je n’avais pas pied, de m’avoir
inlassablement dribblé alors que je m’essoufflais, et de m’avoir écouté jouer faux sur ma

guitare. Merci, Arnaud.

A toi, Mamie, véritable moulin-a-paroles que les ravages du temps ne sauraient enrouer ! Je te
taquine, c’est ta grande bonté qui te définit le mieux. La peau dure, tu I'as ! Et celle des lievres
ne te résiste pas... Malgré toutes ces mésaventures qui ont mis ta santé a défaut, tu restes

d’aplomb et fiere, et tu imposes le respect. Merci, Mamie.

A toi, Papi, éternel boute-en-train qui n’en manque pas une. Toute ta vie tu as fait en sorte de
chérir ton prochain, d’étre bienveillant et généreux envers ceux que tu aimes. Le bonheur
émane de toi comme les tomates de ton jardin. Tes récits de jeunesse me fascinent et me font
voyager a travers nos origines. J'aurais aimé te voir gagner les courses a |I'époque, « Gino ».

Sache que ton petit est sacrément fier de toi. Merci, Papi.

A toi, Mamie Annie, pour ta bonté sans égale. Je me rappelle les belles années ol nous
cueillions les mires et allions a la plage, les longues parties ou ton infaillible culture générale
me rendait exécrable. J’espére maintenant que tu es fiere de moi depuis les étoiles. Merci,

Mamie.

A toi, Papi Claude, qui, je 'espére, peux lire ces mots. Cela fait bien des années que nous te
pleurons, que nous ne t'oublions pas. Il y a des jours ou jimagine tout ce qui nous restait a

partager ensemble. Le petit soldat que tu as bati est grand maintenant, et il te remercie, Papi.



Aux (tres) proches :

A toi, Laura, merci d’avoir laissé une sombre cloche comme moi m’immiscer dans ta vie. Ces
derniers mois ont été tumultueux pour toi, je compte bien me rattraper. Merci pour ton
soutien de tous les jours, tes conseils avisés et le réconfort que tu m’apportes. Ton infatigable
tolérance tempere mes préjugés. J'ai beaucoup de chance de t’avoir a mes cotés, et cela je ne
te le montre pas assez. J’ai hate que I'on puisse enfin partir tous les deux comme on l'avait
prévu. Par contre je t'en supplie, n"emploie plus le mot « booty ». Fais-moi cette faveur.

Je t’aime, ma belle Laura, ma petite au grand coeur.

A toi, Francois, mais le mot est faible. Perspicace ? Clairvoyant ? Extralucide ?... Mon maigre
vocabulaire s’essouffle. Depuis cette file d’attente au self du collége, je ne peux qu’admirer tes
qualités. Toute ta vie tu as su te nourrir de cette curiosité innée pour te pencher sur tous les
domaines, affuter ton sens critique et ta répartie. Bien des emb(iches se sont semées sur ton
chemin durant toutes ces années, et a chaque fois tu as su m’en parler et les affronter. Cette
bienveillance que I'on s’est toujours montrée me remplit d’émotions. 17 ans que I'on se vanne

et qu’on se respecte... Et c’est pas fini. Merci, mon ami.

A toi Caroll, notre mére éternelle. Ton sens de I'organisation nous a maintes fois sauver la
mise, ta compagnie bienveillante est rassurante, surtout pour un perchiste olympique tel que
moi... Cuisiniére hors pair, un jour viendra ou je saurai t'impressionner a mon tour, avec mon

insolite tartare au couteau. Merci, Caroll.

A toi, Victor, frére de parquet. Ton second degré et ton humour m’ont trés vite marqué. Les
premieres soirées nous ont vite fait comprendre qu’on avait des choses a se dire. Et on se les
dit bien depuis un an et demi... J’ai fini par découvrir que derriére le loup solitaire se cachait
une personne pleine de bonté et de générosité. Ces grandes cocottes de gibier qui embaument
le logis, cette passion pour Bacchus que I'on honore... Mais par-dessus tout, le respect et

I’écoute que I'on s’accorde sont uniques. Préservons-les. Merci, mon ami.

A toi, Paul, pour ton mental d’acier. Quelle belle rencontre. La vie parait facile lorsqu’on

t'écoute, a chaque pépin tu as la réponse. Classe et sain d’esprit, tu respires la sérénité, et



repousses tes limites sur tous les fronts, sur le vélo comme en affaires (Clermont bon sang...).
Tu m’as transmis cette envie de me dépasser, et je te dois mes plus belles expériences

sportives. Et alors, toutes ces grandes soirées passées ensemble... Merci, mon Polo, mon ami.

A toi, Vince V., notre Kai Lenny carnonnais ! Ton caractére posé et bienveillant camoufle un
versant espiégle et joueur. Généreux comme pas deux, tu ne rechignes jamais a me laisser une
paire de vagues lors de nos sessions, que souvent tu aurais préféré prendre en voyant le
résultat ... Cuisinier aguerri et chasseur de renom, il ne manque pas beaucoup de sandow a ton

harpon. Tu es une véritable référence. Merci, mon ami.

A toi, Vince A., grand bouquetin des Alpes. Je n‘oublierai pas ces premiéres souffrances en
triathlon sous des bourrasques a 40 km/h... Il va falloir prendre notre revanche. Ta soif
d’aventure t’a fait vivre des expériences inoubliables, entretiens-la. A quand la prochaine virée
a Font-Romeu a patauger dans la neige et se fracasser les guiboles ? Ces moments partagés

avec un type bienveillant et drole tel que toi, je ne les oublie pas. Merci, mon ami.

A toi, Nicolas H., bel homme. Je repense a cette terrible année ou le dimanche soir était sacré,
a mon burger végé, et cette pizza du pécheur... Grand dadais bien sapé, bientot millionnaire, ta
rigueur et ta pugnacité imposent le respect. Maitre de la godille aux larges patins, j’ai hate que
I’on retourne skier ensemble. Et s’il faudra finir fauché, divorcé et amputé pour que I'on puisse
enfin se retrouver devant Saint-Roch pour faire rugir nos guitares ensemble, je m’en vais de ce

pas gratter un Astro. Merci, mon ami.

A toi, Nicolas P., pour avoir fait mes gammes avec toi. Nos souvenirs de |’externat me resteront
gravés. On s’est vite appelé « frére », et on a su honorer ce titre. La course poursuite dans la
fac, nos corps de laches en slip de bain sur la plage en plein janvier... La belle époque. Tes
cheveux poussent, mais tes chevilles n’enflent pas. Nous partageons cette humilité, elle est le

pilier de notre amitié. Merci, frere.



A toi, Nicolas B., pour ta sérénité sans égal. Il est loin le temps des soirées dans ton
appartement Rue de I'Aiguillerie, véritable QG de la promotion, de ces braves descentes au
Cargo et de I'ami Diego, mais dis-moi... « Sais-tu danser la carioca ? » | A titre de revanche, mon
beau... Les rares fois ou I'on se retrouve me montrent que tu n’as pas changé, que tu es

toujours ce jeune homme étranger | Merci, mon ami.

A toi, Ancelin, le seul, 'eunuque... L'unique, enfin | Ou comment un visage si innocent peut
cacher tant d’espieglerie... Eduqué au grés des prés et des routes vallonnées de la Salvetat, tu
n’as jamais fait défaut a tes origines. Ta jeunesse t'a apporté un sens de la féte sans égal,
auquel je n’ai pu qu’adhérer. Tu es I'ami avec qui je peux rouler tant que sur les traces du
Tourmalet, que sur celles du cochonnet. Ces moments partagés sont remplis de sincérité et de

bienveillance, j'espére que nous vieillirons ensemble, mon ami.

A toi, Alex, pour ta créativité grandissante. Tu as su garder contact toutes ces années alors que
je ne faisais pas l'effort de t'appeler, c’est grace a toi que I'on est encore ami et je t'en
remercie. Vivement la prochaine virée a Toulouse avec ta bande a Jojo, que jembrasse. A
guand le prochain bain de biere ?!... Ton soutien pendant ces années a été d’une grande aide,

pense a moi pour ton dépistage de la cinquantaine. Merci, mon ami.

A toi, Léo, frére de terroir. L’épisode des cafards de Lille n’aura été que le premier d’une
longue série de voyages ensemble. On avait I'impression de se connaitre depuis des lustres
alors qu’on venait de se rencontrer. Tu es de ces personnes dont le bonheur dépend d’abord de
celui des autres. Compositeur ou magouilleur ? ANETSIN ou DJ MENDES ? Pourquoi choisir, on
est liiibreuh, non ?... Clairvoyant, lucide, indémontable... Allez j'arréte, il faut encore que tu

puisses rentrer dans cette fameuse casquette. Merci, mon ami.

A toi, Baptiste, Dj Boulard plutdt oui ! Nos premiers pas en terre lilloise jusqu’a nos tournées
au Bellona me font chaud au cceur. J'ai de la chance d’avoir pu rencontrer un type comme toi,

vanneur infatigable, généreux et droit dans ses bottes. Je sais que les moments que nous



partageons sont plein de sincérité et de bienveillance, la confiance régne. Ta verve implacable

continue de me fasciner, et le temps qui passe ne saurait I'enrayer. Merci, mon ami.

A vous, Jordan et J-B, mes deux expatriés. Que de plaisir de voir vos trognes déguisées ou
ravagées a des heures improbables de la journée ! Plaisir décuplé lorsque vous nous faites le
privilege de rentrer. J’aurais aimé féter dignement ce moment avec vous, mais soyons patients,

on saura se rattraper. Merci, mes amis.

A vous, Julien, Maxime, Clément, Eva, Jeremy, mes chers co-internes, avec qui je peux
dédramatiser le quotidien et sur qui je peux compter. Jespére que nos chemins ne se

séparerons pas trop vite, profitons du temps qu’il nous reste ensemble.
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1. Introduction

1.1. Epidémiologie

La maladie de Parkinson (MP) est la deuxieme maladie neurodégénérative la plus représentée
en France aprés la maladie d’Alzheimer [1].Elle affecte 1% des personnes de plus de 60 ans [2]
et 3% des plus de 80 ans [3]. L’age moyen de survenue est de 70 ans [1]. La prévalence est de
2800 personnes pour 100 000 habitants dans la zone comprenant les Etats-Unis, I'Europe et
I’Australie [4], elle a doublé en 20 ans [5]. Chaque année, on compterait environ 25 000

nouveaux cas en France [6]. On retrouve un ratio hommes/femmes de 3 pour 2 [7].

1.2. Signes cliniques et physiopathologie

On retrouve classiqguement dans cette pathologie une triade de symptomes moteurs définie par
I’akinésie/bradykinésie/I’hypokinésie (respectivement ralentissement de [linitiation, de
I’exécution et de I'amplitude d’un mouvement), la rigidité plastique et les tremblements de
repos[8],[9].En outre, un cortége de phénomeénes moteurs affine le tableau clinique. Les
praticiens décrivent une diminution de I'amplitude [10] et une irrégularité rythmique [11] des
mouvements répétitifs, responsables d’une micrographie [12], une dysfonction des
mouvements automatiques [13] et des actions en double-tache [14], une antéflexion du tronc
qui associée a I’hypokinésie crée le phénomeéne de « festination » lors de la marche (petits pas
rapides pour compenser I'antériorisation du centre de gravité et éviter une chute en avant)

[15], un blocage a l'initiation de la marche appelé « freezing » [16].

Ces symptomes sont la conséquence physiopathologique du dépdt d’alpha-synucléine sur les
corps de Lewy présents dans la substance noire[17], impliquée dans le controle de la motricité
involontaire.

Au fil des années d’évolution de la maladie, la dégénérescence atteint d’autres voies
neuronales, qui complétent le tableau par des signes moteurs axiaux : la camptocormie
(antéflexion du tronc a la marche réductible en décubitus dorsal) est décrite chez 3 a 17 % des
patients, I'antécolli (antéflexion de la téte et du cou) existe chez 5 % d’entre eux environ et le
syndrome de la tour de Pise (latéroflexion du tronc a la marche réductible en décubitus dorsal)

en concerne 8 a 60 % [18].



Des signes non-moteurs, comme les troubles des fonctions exécutives, une démence, des
troubles neuropsychiatriques comme la dépression, I'anxiété, les troubles de I'impulsivité, les
troubles du sommeil, les hallucinations, des phénomenes dysautonomiques (hypotension
orthostatique, constipation, vessie neurologique [19]) et des perturbations sensorielles[20]—

[22] aggravent le tableau clinique par la suite.

1.3. Etiopathogénie

Les causes de la maladie de Parkinson ne sont pas encore aujourd’hui totalement élucidées
méme si plusieurs hypotheses ont été retenues.
Certains facteurs environnementaux ont été identifiés dans la pathogénie de la maladie de
Parkinson. L’avancée en age, |'exposition aux pesticides, la consommation de produits laitiers,
le mélanome et les traumatismes craniens sont reconnus pour étre des facteurs de risques. A
I'inverse, le tabac, la caféine (probablement pour leur action stimulatrice sur les neurones
dopaminergiques) et, dans une moindre mesure, I'activité physique seraient des facteurs
protecteurs [23].

Des formes génétiques ont été décrites mais ne représentent que 5% de la population

parkinsonienne (géne LRRK2, PARK7, PINK1, PRKN, SNCA) [24].

1.4. Conséquences fonctionnelles

La maladie de Parkinson est une des principales causes de handicap moteur chez les
personnes agées. Cette pathologie impacte la vie quotidienne a plusieurs niveaux selon
I’avancée de la maladie et des symptomes présents.

La mobilité est significativement réduite : une étude comparative de 2011 entre une cohorte de
699 patients et 1959 sujets sains montrent une réduction d’activité de 29 % pour les personnes
atteintes de la maladie de Parkinson [25]. Seulement 47 % des patients parkinsoniens

marcheraient au moins 30 minutes par jour comme le recommande I'OMS [26].

Une faiblesse musculaire a été observée chez les patients parkinsoniens [27], [28]. Elle
intéresse particulierement les membres inférieurs et tend donc a s’associer avec une instabilité

posturale [29] et un schéma de marche altéré [30].0n observe également une faiblesse



significative des muscles respiratoires a partir du stade léger de la maladie lors d’exercices
physiques intenses[31].

La consommation maximale d'oxygene (VO;max ou VO;pic), correspondant au volume
maximal d’oxygéne consommé par les muscles lors d’un effort, serait de 20 a 25% plus faible
chez les patients atteints de la MP [32]. Elle serait réduite chez les patients aux stades modérés
a séveres[33]mais pas chez les patients légers [34].

Les troubles de la marche sont trés courants et invalidants : le schéma de marche du patient
parkinsonien est caractérisé par une marche a petits pas, avec des pas courts et aléatoires[35],
une vitesse de marche plus lente et une phase de double appui plus longue [36].

On retrouve comme autres altérations une diminution de la rotation du tronc et du bassin[37],
une foulée irréguliére [38], et un demi-tour décomposé [39]. Ces parameétres sont exacerbés
lors d’une action en double-tache [40], [41].

A ces altérations s’ajoute le « freezing », un arrét épisodique de la marche avec une sensation

subjective des pieds collés au sol[42], le plus souvent pendant l'initiation de la marche ou au
demi-tour. Une étude de 2019 (Banks et al.) retrouve des symptomes non-moteurs plus
importants chez les patients présentant un freezing, comme des troubles du sommeil, des
troubles cognitifs, une anxiété ou une dépression[43]. Le freezing est un facteur de dépendance
souvent cité, réduisant la mobilité du patient parkinsonien [44].
Une altération de I'équilibre postural peut commencer aux stades léger a modéré[45] et
s'aggraver progressivement. Elle se manifeste par une oscillation posturale anormale en
position debout [46], [47], une instabilité a la marche[48], une rotation du tronc réduite[49],
des ajustements posturaux anormaux[50] et de mauvaises réponses posturales adaptatives
[51].

60% des patients décriraient au moins une chute par an, et 40% d’entre eux plus d’'une chute
par an[52]. L'incidence des chutes dans la MP atteint un maximum au stade modéré de la
maladie, et diminue aux stades plus avancés, probablement en raison de la diminution de
mobilité et d'un mode de vie de plus en plus sédentaire[53]. 50% des chutes chez les personnes
atteintes de MP surviendraient pendant la marche[54]. Une méta-analyse récente identifie une
vitesse et une cadence de marche ralentie, ainsi qu’une longueur de pas diminuée comme
facteurs de risques de chutes [55].

Cet ensemble de limitations fonctionnelles peuvent induire la peur de chuter[56], le

déconditionnement, un risque accru d'institutionnalisation[57] et une mortalité élevée[58].



1.5. Impact sur la qualité de vie

Plusieurs échelles de qualité de vie sont validées chez les patients atteints de MP [59].
L’échelle PDQ-39 composée de 39 items, qui est la plus utilisée dans la littérature [59], se révele
étre adaptée au suivi des patients en consultation, d’une part parce qu’elle aide les patients a
cibler leurs demandes aux praticiens face aux difficultés rencontrées au domicile, d’autre part
parce qu’elle permet aux aidants d’étre plus a méme d’identifier les besoins quotidiens des
patients [60].

La littérature s’est initialement penchée sur I'effet indésirable des signes moteurs sur la
qualité de vie, comme les fluctuations motrices et les dyskinésies [61], [62]. Des données plus
récentes décrivent un effet néfaste des symptémes non moteurs sur la qualité de vie des
patients [63], effet qui serait méme plus délétére que celui des symptomes moteurs,
notamment les troubles du sommeil, de I'attention et de I'humeur [64]. Néanmoins, les
différents symptomes de la maladie semble s’influencer : les patients ayant des signes axiaux
présenteraient plus de troubles anxieux et de troubles de I'humeur [65], et inversement ces
troubles non-moteurs contribueraient a majorer les troubles de la marche [66].

Les principaux déterminants d’une bonne qualité de vie chez les patients parkinsoniens seraient
le maintien des activités de la vie quotidienne et des capacités physiques [67]. Les aidants sont
partie prenante dans la prise en charge des patients atteints de MP et sont trés a risque
d’épuisement. Les facteurs déterminants le stress et la charge des aidants liés au patient sont
I’'humeur des patients (dépression), la dépendance dans les activités de vie quotidienne [68], un
score UPDRS élevé [69] et les symptdbmes non moteurs tels que les troubles cognitifs et un

sommeil perturbé[70].

1.6. Prise en charge thérapeutique

Les traitements médicamenteux proposés pour lutter contre les symptémes moteurs sont la
lévodopa (médicament le plus efficace a I’heure actuelle [71]), les agonistes dopaminergiques,
I'amantadine, les inhibiteurs de la monoamine oxydase de type B (IMAO-B) ou encore les

anticholinergiques [72].



L’efficacité de la Iévodopa s’est avérée remarquable chez la majorité des patients : d’anciennes
études retrouvent une amélioration clinique de plus de 80 % des patients aprés un traitement
par lévodopa [73].

Aprés cette période de «lune de miel », des fluctuations d’efficacité thérapeutique
apparaissent, telles que des phénoménes de fluctuations motrices (akinésie de fin de dose,
akinésie de nuit ou de petit matin, phénoméne « on/off ») et des dyskinésies (de milieu ou pic
de dose, ou biphasiques) [74]. Les dyskinésies surviennent chez 40 % des patients aprés 4 ans
de traitement par Iévodopa [75], et chez 80 % d’entre eux apres 10 ans de traitement [76].

Pour faire face a ces effets indésirables, des schémas thérapeutiques alternatifs voient le jour,
notamment I'association de différentes molécules dans un méme schéma thérapeutique, ou
méme l'instillation intra-duodénale de |évodopa [77].

Devant ce manque d’efficacité a long terme, des thérapeutiques non médicamenteuses se sont
intégrées dans le parcours de soin. Selon une revue de la littérature de 2014, ces interventions
sont les suivantes : l'activité physique, la stimulation cérébrale profonde, la stimulation de

champ magnétique transcranienne et la thérapie de remplacement cellulaire [78].

1.7. Maladie de parkinson et activité physique (AP)

1.7.1. Généralités

Aucun d’entre nous n’est sans savoir qu’une activité physique réguliere réduit
significativement la morbi-mortalit¢ de nombreuses maladies chroniques (maladies
cardiovasculaire, diabete...)[79]. Elle permet une amélioration des paramétres moteurs et
comportementaux chez des populations sédentaires comme les personnes atteintes de la
maladie de Parkinson ou de sclérose en plaques[80]. Une activité physique réguliére, méme en
faible quantité peut produire des effets positifs sur la santé (recommandation de I'OMS : 150
minutes par semaine). L'activité physique recommandée est préférentiellement une activité
structurée mais les activités telles que la participation aux activités de la vie quotidienne sont
elles aussi bénéfiques pour la santé [81].

Dans le cadre de la MP, I'activité physique est probablement un facteur protecteur de la
survenue de la maladie. Une cohorte prospective de 48 000 hommes et 77 000 femmes a
montré que les hommes effectuant une activité physique intense pendant 10 mois par an

avaient 60 % de risque en moins de développer la maladie, surtout si celle-ci est pratiquée au



plus jeune age [82]. D’autres données plus récentes nous montrent que le risque de développer
une MP diminuerait de 34 a 40 % en pratiquant une activité physique modérée a intense, ou

méme de 43% en pratiquant plus de 6 heures d’activité par semaine [83], [84].

1.7.2. Effets sur I’axe dopaminergique

L’activité physique induirait de multiples modifications a I'échelle moléculaire des voies
neuronales dopaminergiques concernées par la maladie de Parkinson.

Chez [I'animal, [I'exercice sur tapis roulant réduirait I'expression des atteintes
physiopathologiques de la maladie de Parkinson par réduction de I'imprégnation en alpha-
synucléine et par augmentation de I'imprégnation en tyrosine hydrogénase des cellules de la
substance noire [85], ou encore augmenterait la concentration en facteur neurotrophique
dérivé du cerveau (BDNF) dans la substance noire [86], ce méme facteur étant décrit comme un
« puissant inhibiteur de la voie apoptotique et de la dégénération toxi-induite des neurones

dopaminergiques » [87].

Chez I'Homme, I'activité physique participerait aux phénomenes de neuroplasticité chez le
patient parkinsonien. Une revue de la littérature de 2016 [88] regroupe les données actuelles
du rble de l'activité physique sur la neuroplasticité chez les patients parkinsoniens : elle
induirait une diminution de I'excitabilité corticomotrice chez les patients aux stades légers [89]
habituellement anormalement augmentée [90]. Des exercices d’équilibre induiraient des
remaniements volumiques de la substance grise de plusieurs aires cérébrales [91], une
élévation de 34 % du dosage de BDNF est retrouvée apres 8 semaines d’exercices a intensité

modérée [92].

1.7.3. Bénéfices induits par I’AP dans la MP

Selon une revue de la littérature de 2016[93], les capacités physiques (endurance, force des
membres et du tronc), la vitesse de marche, I'équilibre et la posture chez les parkinsoniens
pratiquant une activité physique sont améliorées. Une grande cohorte de 3400 patients suivis
sur 2 ans retrouve une amélioration de la mobilité et la qualité de vie chez les patients atteints

de MP ayant débuté une activité physique pendant le suivi [94].



L’exercice en endurance, ou aérobie, aurait des effets bénéfiques sur les tremblements, la
bradykinésie, la condition physique, I'équilibre, la vitesse de marche, la fonction motrice, la
qualité de vie et le risque de chute, a court et long terme[95]-[99].

L’entrainement en résistance, ol le patient lutte contre une force ou un poids appliqué,
améliore la force et la puissance musculaire. C'est le premier parameétre a diminuer chez le
sujet vieillissant, ce qui impacte directement ses capacités fonctionnelles[100]. D’ailleurs, les
recommandations américaines incitent les sujets agés a au moins une séance par semaine
d’entrailnement en résistance [101]. Chez les patients PD, I'exercice en résistance d’intensité
modéré améliorerait la force, la vitesse de marche, I'équilibre, la mobilité et la qualité de vie
[102]-[104].

D’autres types d’activités physiques ont montré leur efficacité : le Tai Chi et le Qijong
améliorent I’équilibre, les fonctions motrices, la dépression et la qualité de vie [105], [106] ; un
programme de yoga adapté a des effets positifs sur I’état physique et psychologique [107]; la
danse a des effets bénéfiques sur les fonctions motrices, cognitives et psychiatriques
(dépression, apathie) [108], [109].

L’exercice physique permettrait de réduire la peur de tomber, mais il est encore difficile de dire
qu’il pourrait prévenir les chutes [52], [110].

Concernant les symptomes non-moteurs, tout porte a croire que I’AP améliore la fatigue, les

troubles du sommeils, la dépression et les troubles cognitifs [111]

1.7.4. Types de programmes d’AP

Certaines recherches ont été élaborées afin de comparer différents types d'exercices mis en
place. Le nombre de séances moyen retrouvé dans les études est de 3 séances hebdomadaires
de 30 a 45 minutes chacune, ce rythme étant bien toléré par les patients méme aux stades
modérés a séveres [112].

En 2014, une étude portait sur les effets d'un programme d'activité physique adaptée sur les
fonctions motrices et non motrices ainsi que la qualité de vie des patients atteints de la maladie
de Parkinson[113]Le programme était composé de 3 séances hebdomadaires sur 9 semaines ;
les exercices portaient sur I'équilibre, la marche, la force et les activités fonctionnelles. En plus
d'une diminution de la fréquence cardiaque de repos, les résultats ont montré une
amélioration des symptomes moteurs et non moteurs tout comme une amélioration de la

qualité de vie et des performances fonctionnelles.



En comparaison avec un programme d’activité physique a domicile non supervisé, une
adaptation individuelle d’activité physique induirait de meilleurs résultats fonctionnels et sur

I’équilibre des patients atteint de MP [114].

1.8. Hypothese de recherche

1.8.1. Limites des travaux actuels

La plupart des études évaluent I'effet de I'activité physique par des questionnaires ou des
scores subjectifs (UPDRS). A ce jour, peu d’études ont utilisé des données d’accélérometre pour

mesurer la modification de I'activité physique au domicile du patient parkinsonien

1.8.2. Objectif principal

Nous faisons I’hypothése qu’un programme d’activité physique adaptée permettra
d’augmenter I'activité des patients parkinsoniens a moyen terme, cette derniére étant

objectivée par une mesure directe via I'actimétrie.

1.8.3. Objectifs secondaires

Nous pensons également que ce programme permettrait une amélioration de I’endurance et

de la qualité de vie du patient.

Nous évaluerons aussi I'impact sur I'activité de I'aidant et sur la pénibilité ressentie par ce

dernier dans la prise en charge du patient.

Ces effets seront évalués a distance du programme de rééducation (6 mois) afin d’en évaluer

I’effet rémanent.



2. Article
2.1. Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disease in France
after Alzheimer's disease [1]. Clinical presentation associate motor symptoms as bradykinesia,
resting tremor, muscle rigidity, with possible later axial disorders and non-motor symptoms as
olfactory dysfunction, cognitive impairment, psychiatric symptoms, sleep disorders, autonomic
dysfunction, pain and fatigue [7], [18]. All this train of impairments erects the PD as one the
leading causes of motor disability in the elderly. The pathogenesis involve the a-synuclein
aggregation on Lewy bodies inducing degeneration of the substantia nigra, [17]. In case PD
patients live with a family caregiver, those must manage all these impairments at home and can
be exhausted. Principal determinant of overburden and stress of caregivers are daily life activity

dependance, high UPDRS score and non-motor symptoms [68]—[70].

Pharmacological treatments as Levodopa [71] can improve the symptomatology in early stages
of PD, but 4 years after the diagnosis, forty percent of patients develop (non-)motor
fluctuations and dyskinesias [75], which are more and more difficult to manage as the disease
progresses. Hence, a myriad of functional consequences in daily life occurs: decrease of
mobility, muscle weakness, gait and balance dysfunction (“freezing of gait”, festination),
increase of falls and decrease of maximal aerobic capacity [95]. Impacts on quality of life (QoL)
are massive [115], thus others non-pharmacological treatments should be considered to

alleviate these impairments.

Physical activity (PA) provide a lot of benefit in the elderly population[116]. Regarding PD
patients, PA seems to induce brain plasticity : decrease of corticomotor excitability which his
usually increased in PD patients[117], increase of brain-derived neurologic serum[92].
Moreover, animals studies showed a decrease of physiopathological patterns of PD in the
substantia nigra[86]. Clinically, exercise can improve non-motor [111] and motor symptoms or
disabilities : resistance training improve bradykinesia [118] and moderately the UPDRS Il
score[119], aerobic exercise seems to improve gait, balance and falls up to six months after the
intervention [95]. Moreover, most of PD patients think that physical ability to maintain their
daily life activities (as taking part in the household, preserve a social life, to be able the help

other’s people) is a major criterion for a good QoL[67]. Hence, making PD patients adhere to an



adapted physical activity program could increase spontaneous daily activity, independence, and

quality of life in a sustainable way.

Usually, the variables used to measure these outcomes are the UPDRS score (part Il or Ill), 6-
minute walk test or the Berg Balance scale. Most of these rating instruments are “one-shot”
measures, while PD may present motor fluctuations, mood disorders, all symptoms that can
alter the objectivity of outcomes. There is a need to find continuous objective tools to reduce

the most of potential bias.

The last 10 years, many efforts were done in the development of wearable sensors to monitor
PD patient’s daily life. There is encouraging data concerning the feasibility of this
technology[120], or even the assess of clinical features of PD[121]. Some authors have
evaluated PD patient’s activity using activity monitors instead of performing UPDRS score to
compare activity level between PD patients and healthy adults[122], but no one has measured
accelerometer’s data as primary endpoints to assess activity before a program of physical

activity.

We hypothesized that a PA program would improve the patient's activity and quality of life,
reduces the risk of falling and lightens the caregiver’s burden. The two aims of our study were
test the changes induced by an adapted PA program in PD patients on home activity, and on

family caregiver burden and home activity.
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2.2. Material and methods

2.2.1. Study population

The subjects were recruited from January 2018 to April 2019 in a Physical and Rehabilitation
Medicine department of regional university hospital..
Inclusion criteria were: an age between 40 and 80 years old, a clinical diagnosis of idiopathic PD
more than 5 years, with a UPDRS score, part Il higher or equal to 3 were included, not
practicing regular physical activity (except for possible physiotherapy sessions), be able to walk
independently (with or without technical walking aid) and be available for a 6-months follow-
up. The patients also had to be enrolled in a health insurance plan, had given their free and
informed consent.
Non-inclusion criteria were: cognitive impairments or mood disorders (see below), pregnancy
or breastfeeding, heart or respiratory failure, lower urinary tract and bowel dysfunction that
can hinder the practice of PA, medical contraindications to physical activity, tremors (scoring
"abnormal" for part 3.15/3.16/3.17/3.18 of the MDS-UPDRS score (see appendix) that could
bias the results accelerometer’s data, if they couldn’t walk or if they did not have any caregiver

at home.

2.2.2. Study design

This pilot study was a simple-blinded randomized controlled trial. Randomization was
performed at the inclusion visit (TO).
The study protocol was approved by the regional medical ethics committee (RCB reference:
2016-A01646-45) and the study was registered at ClinicalTrial.gov (NCT03244813). All
participants (patients and caregivers) provided written consent before inclusion according to

the World Medical Association Declaration of Helsinki.

2.2.3. Assessments and outcomes

Patient’s assessments consisted of measurement by accelerometer of home physical activity
and number of steps over one week. We used the SenseWear® Armband (BodyMedia Inc,
Pittsburgh, USA). The armband incorporates a variety of measured parameters (accelerometry,
heat flux, galvanic skin response, skin temperature, near-body temperature) and demographic

11



characteristics (gender, age, height, weight) into proprietary algorithms to estimate energy
expenditure and numbers of steps. The frequency of acquisition was set at one measurement
per minute due to the duration of acquisition (1 week). This measurement corresponded to the
average of the values taken during 1 min at 32 Hz. To estimate METs value, proprietary
algorithms calculated the following equation: METs = kcal/ (body weight in kg x time in hours).
The armband was positioned on the right brachial triceps of the patient and the caregiver. The
Patient-Caregiver couple (PC-c) had to wear the armband continuously during at least seven
days and seven nights (except when there was a risk of contact with water -under the shower
for example-). They were also asked to fill out a physical activity report to identify recordings
errors.

The data were then transferred to a computer for analysis on the SenseWear® 7.0 software.
According to Haskell and al. [123], the intensity of activity was stratified in four levels: No
activity (0 £ METs < 1.5), light activity (1.5 < METs < 3), moderate activity (3 < METs < 6),
vigorous activity (METs 2 6). Global PA (METs > 1.5) was recorded by the Senswear armband
when the 1.5 METs threshold was reached by the patient or caregiver.

Other’s assessments were MDS-UPDRS part |l score to evaluate the motor aspects of
experiences of daily living; 6-minute walk test to judge endurance and speed of walk; the Time
up and Go test (TUG), Tinetti test (splitted in two sub-scales : static and dynamic score) and
EVQ (Equilibrium and Daily Life) score to assess risk of falls; the Parkinson’s Disease
Questionnaire (PDQ-39) and the Hospital Anxiety and Depression scale (HADS) to evaluate the
mood and quality of life; the Mini Nutritional Assessment (MNA) scale; the Montreal cognitive
Assessment (MOCA test); the Pinch test; and the (Instrumental) Activities of Daily Living
(ADL/IADL) scales (see appendix).

In addition, a cardiopulmonary exercise test was achieved to measure the aerobic fitness level
using peak oxygen uptake (VOazpeak), to determine a training heart rate and eliminate a
contraindication to PA.

Caregiver’s assessments consisted of the same accelerometer data over one week and Zarit
caregiver burden interview (ZCBI). ZCBI is the most used scale to measure caregiver burden
[70], it is composed of 22 items and is stratified in five levels of burden : “low or zero”, “light”,

n u

“moderate”, “severe”, and the score is proportionate to caregivers’ burden.
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A PRM physician and an occupational therapist performed all these assessments at baseline, an
ergotherapist repeated a part of them at 3 months and 6 months of follow-up. After each visit,

PA was monitored for one week.

The primary outcome was the mean of number of steps and the duration of physical activity on
a week at 3 months. Secondary outcomes were the same variable above-mentionned but at V6,
and tests, questionnaires and scales prespecified at 3 and 6 months (PDQ-39, TUG/Tinetti/EVQ,
6-minute test, Zarit scale, Pinch-test, ADL/IADL).

2.2.4. Intervention/Procedures

2.2.4.1. Control group

The investigator gave advices on daily practice of physical activity (150 minutes week of
moderate PA or 75 minutes of vigorous PA per week, promotion of benefits of PA as reduction
of risk of cardiovascular diseases...) and a booklet to report daily activities. Participants were

authorized to continue physiotherapy sessions during the trial if they were used to it.

2.2.4.2. Adapted physical activity group (APA group)

The patients in the APA group benefited of a 2-months personalized program at home
driven by an adapted physical activity teacher. The program started one week after TO to allow
baseline accelerometer evaluation of PA. The program combined aerobic training with
continuous or interval training according to training heart rate, capabilities, and objectives (1 to
3 times per week) and lower limb strength training (1 to 2 times a week). Sessions lasted about
45 minutes and could be adapted over the 2 months according to heart rate and exercise
tolerance. During the third month, the adapted physical activity teacher had telephone

interview or session once per week to give advice on how to continue the PA after the program.
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2.2.5. Statistical analysis

Because data were not normally distributed, results are presented as median and interquartile
range. All analyses were carried out using the intention-to-treat principle, randomization
blinded with the SAS Enterprise Guide software. The tests were two-sided and a p-value of
<0.05 was considered statistically significant. A descriptive analysis of the full sample and by
randomization group was first conducted. According to the literature , if the average time worn
per day was less than 10 hours and the total number of usable days was less than 4 [124],
[125], the patient's visit cannot be considered in the analysis. In order to lose less data and be
more accurate, we also performed two other analyses by including all data if the armband was
worn more than 6 hours/day (all data available) and by deleting the first and last day of register

since the armband was applied and retired during the day and not at midnight (D1-DN).

The comparison of the relative variations of the different accelerometer criteria was estimated
in percentage and calculated between TO, 3 and 6 months and between the 2 groups. The

analyses were made by a Student or Wilcoxon test according to the sample distribution.

For the secondary outcomes, the quantitative variables were presented as descriptive statistics
at TO, 3 and 6 months then their relative variations were estimated in percentage between TO,
3 and 6 months between the two groups with analyses made by a Student or Wilcoxon test
according to the observed distribution. For the qualitative variables, the Chi-square or Fisher
tests were used to compare the variations between the two groups from one time to the next.
For the complementary analyses, a graphical representation by scatter plot was carried out in
order to visualize the potential link between two parameters during the corresponding visit.
Depending on the size and distribution of the data, a Spearman or Pearson correlation test was

proposed.
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2.3. Results

A total of 19 study patients were randomized to APA group (n=10) and Control group (n=9).
Figure 1 describes the participant flow. Table 1 shows characteristics at baseline. Table 2 shows
outcomes at baseline and results during follow-up. There was a predominance of men in APA
group. The sex ratio of the caregivers was inverted from the patient’s one (data not shown). All
patients were right-handed. VO2peak Was 73.6£19.3% of the theoretical value in APA group and
72.1+£19.8% theoretical value in Control group with no significant difference between groups

(p=0.18).

The average wearing time of the armband was comparable between the groups at the 3 visits
with a mean of 7.81+1.55 days and 18:35+4:04 per day in APA group and 7.96+0.64 days and
18:41+3:22 per day in Control group (p=0.93 and 0.94). With using processing of accelerometer
data in accordance with previous research [124], we had to remove from the analysis one
patient from the APA group at 3 and 6 months and 2 caregivers from the control group at TO, 3

and 6 months.
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Figure 1. Participant flow

NOTE. *: 1 caregiver did not wear the armband
Abbreviation: PC-c = Patient-caregiver couple; APA = adapted physical activity; AccD =

accelerometer data
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Table 1. Patients characteristics at baseline

All participants APA group Control Group

Characteristics (n=19) (n=10) (n=9)
Age (years) 67.63 £ 6.3 67.44+7.4 67.8+5.2
Sex frequency M/F 14/5 9/1 5/4
BMI (kg/m?) 25 24.37 25.73
VO2zpeak (mL/kg/m?) 17.02 + 5.44 18.6 + 5.7 15.2 +4.3
MNA scale (0-14) 13+1.4 13+1.1 12+1.7
MDS-UPDRS Score Il (0-52) 15+8.9 17+8.9 13+9.1
PD duration (years) 11 [3-24] 10 [3-24] 9 [3-16]
MOCA score (0-30) 25+2.9 25+2.5 25+3.5
Pain
No pain 12 4 8
VAS 5.29+1.7 5+1.76 4+0
Localization
Lower limb 2 2 0
Lower limb, shoulder and other 1 0 1
Other 4 4 0
Levodopa or Dopamine Agonists* 13 (68.4%) 7 (70%) 6 (66.7%)
Heart failure 1 1 0

NOTE. Values are mean * SD and median [IQR]
Abbreviation: BMI = Body Mass Index, VOzpeak : Peak Oxygen Uptake, MNA = Mini Nutritional Assessment,
MOCA = Montreal Cognitive Assessment, VAS = Visual Analog Scale ; * : no other treatment
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2.3.1. Patients PA measured by accelerometer at 3 months

From TO to 3 months, there was a decrease of the number of steps per day in the two groups,
but greater in APA than in control group, with no significance between groups. Global PA (METS
> 1.5) was increased in Control and decreased in APA group without significance between
groups. Regarding the different levels of PA, APA group reduced time of light and moderate
activity. There was only a very short duration of vigorous activity (medians around 0:01). There

were no significant differences in these results.

Similar results were found with the other data analyzes (all data available and D1-DN).

2.3.2. Other patients’ outcomes

Other accelerometer data

At V6, there was a diminution of number of steps in both groups. Global PA was decreased in
APA group and increased in Control group. Regarding light and moderate PA, respectively there

was an increase of in Control group and a decrease in APA group.

Quality of Life (QolL)

PDQ-39 was higher in APA group at baseline. At 3 and 6 months, the score increased in APA
group and decreased in Control group.
Risk of falls

TUG test was comparable in both group at baseline. At 3 and 6 months, there was no
significate variation in both groups. At TO, Tinetti score showed a low risk of falls in APA group
than Control group. Results were stable at 3 and 6 months in both groups. Regarding static and
dynamic scores, there was no significant difference neither (data not shown). Regarding EVQ,
no significative variation of this score between visits and groups was found.
Endurance

At baseline, the 6-minute walk test distance was slightly better in and Control group than in
APA group. But no significant evolution was found between groups at 3 and 6 months .
Grips strength

At baseline, grip strength was stronger in APA group. At 6 months, the right hand grip strength
was improved in control group and decreased in APA with no significate results (data on left

hand (p= 1.00) are not shown).
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ADL/IADL
At baseline, ADL and IADL scores were comparable between. At 6 months there was no

variation of the score in any of the groups (no significant differences).

2.3.3. Caregivers outcomes

We found no significant results on variation of number of steps in both groups. Regarding
subdivision of PA, there was an increase of moderate PA in APA group and a decrease in
control group at 3 months, these variations were maintained at 6 months without significant

differences.

At 3 months, ZCBI was increased in both groups with no significant difference. In the APA
group, 12,5% of patients at 3 and 6 months described a "low or zero" burden, compared to
43,5% at 3 months and 57% at 6 months in the control group. The same results were found in
the analysis of the loss of at least one level of the Zarit score at 3 months (p=0.28) and 6

months (p=0.12).
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Table 2.a Patients’ accelerometer data and secondary outcomes at baseline, 3 and 6 months in APA group and Control group

T0 3 months 6 months
Outcomes APA group (n=10) Control group (n=9) APA group (n=10) Control group (n=9) p APA group (n=10) Control group (n=9) p
Numbers of steps per day 3428 [1513; 3746] 3744 [3109; 6465] 1826 [701; 5055] 3360 [2896; 5792] 2729 [513; 3078] 4085 [2895; 4608]
Variation from baseline -46.7% [-53.6; -32.8] -28.58% [-40.85; -6.86] 0.24 -27.01% [-83.41;-17.83] -6.90% [-28.72; 19.68] 0.07
Global PA (hours:mn) 2:33 [1:34; 5:51] 2:56 [0:29; 5:45] 3:53[0:17; 4:19] 5:50 [3:33; 6:56] 3:41 [2:33; 4:09] 6:14 [3:16; 7:14]
Variation from baseline -14.67% [-84.1; 144.67] +39.11% [-10.6; 614.6] 0.22 -14.21% [-34.11; 153.84] +57.91% [8.33; 558.46] 0.27
PA levels
No activity 15:17 [13:41; 16:36] 15:43 [15:22; 17:09] 17:14 [14:05; 18:05] 15:56 [15:46; 16:06] 18:20 [15:03; 18 :27] 15:03 [14:36; 15:52]
Variation from baseline +4.21% [-0.67; 14.44] +2.37% [1.08; 2.59] 0.65 +12.69% [10.33; 15.03] -4.24% [-11.18; 1.36] 0.34
Light activity 3:30 [3:14; 3:49] 3:13[2:38; 3:31] 2:51 [2:13; 4:07] 3:54 [3:19; 4:33] 2:39 [2:34; 4 :31] 3:44 [2:48; 5:05]
Variation from baseline -0.96% [-31.7; 12.4] +10.67% [2.73; 73.58] 0.26 -24.29% [-37.44; -20.52] +5.94% [5.68; 9.54] 0.08
Moderate activity 2:06 [0:48; 2:36] 1:44 [0:39; 1:57] 0:49 [0:19; 1:46] 1:44 [0:39; 1:57] 1:06 [0:16; 1:56] 1:41 [1:07; 4:05]
Variation from baseline -58.55% [-84.1; 54.3] -23.34% [-44.35; 106.99] 0.43 -38.21% [-73.35; -8.64] +65.58% [7.74; 135.77] 0.08
Quality of Life
PDQ-39 58 [46; 76.5] 35[23;81] 60 [54 ; 64.5] 46 [15; 57] 65 [55.5; 72] 33[17;56]
Variation from baseline +14.78% [-13.23; 31.5] -16.18 [-32.56; 42.86] 0.40 +8.23% [-10.4; 61.7] -14.71% [-45.0; 43.58] 0.24
Risk of falls
TUG test (seconds) 7 [6;7.5] 8 [6; 10] 7 [5.5; 14] 7 [6; 8] 9 [6; 10.5] 8 [6; 10]
Variation from baseline 0% [-6.25; 53.9] 0% [-22.2; 20] 0.56 +25.9% [0; 40.7] 0% [0; 14.3] 0.24
Tinetti test 25.5 [21; 26.5] 27 [24; 28] 25.5 [22; 27.5] 27 [21; 285] 24[18; 28] 27 [24; 28]
Variation from baseline 0% [-4.4; 18.1] -3.6% [-8.7; 0] 0.37 1.85% [-9.9; 8.4] 0% [-14.3; 3.7] 0.53
EVQ score 9[7;16.5] 717;11] 8[7; 16] 717;11] 11[7;17] 717;15]
Variation from baseline 0% [-19; 0] 0% [-21.4; 0] 0.85 0% [-24.5; 45] 0% [0; 7.1] 0.90
Endurance
6-minute test (seconds) 385 [331; 575] 471 [390; 530] 456 [310.5; 565] 470 [420; 553] 422.5 [387; 552] 450 [310; 565]
Variation from baseline +2.4% [-13.6; 21.4] +6.2% [-3.8; 9.1] 0.86 7.2%[-4.1; 12.8] 3.3% [-7.2;4.7] 0.29
Grip strength
Pinch test (kg) right hand 36.75 [30; 39] 27 [18; 32] 33.5[25.2; 38] 28.5 [21; 34]
ViEteitery 77 el -5.38% [-11.6; 2.94] +15.56% [0; 21.43] 0.56
Dependance
ADL 5.75 [4.75; 6] 5.5 [5; 6] 6 [5; 6] 5.50 [5; 6]
Variation from baseline 0 %[-4.55; 10] 0% [-9.01; 0] 0.59
IADL 3.50 [2.4; 4] 41[4; 4] 4[1.5; 4] 4(4;4]
Variation from baseline 0% [-33; 16.67] 0% [0; 0] 1.00
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Table 2.b Caregivers accelerometer data and secondary outcomes at baseline, 3 and 6 months in APA group and Control group

T0 3 months 6 months
APA group (n=10)  Control group (n=9) APA group (n=10) Control group (n=9) p APA group (n=10) Control group (n=9) p

Outcomes
Numbers of steps per day 7846 [5545; 9649] 5005 [3362; 6547] 7462 [6749; 10214] 5894 [5603; 6272] 8738 [6799; 11380] 5146 [5118; 7269]

Variation from baseline +8.73 [0; 16.54] +11.96% [-4.20; 29.76]  1.00 +15.48 [11.41; 19.82] +11.40% [10.13; 53.06]  1.00
Global PA (hours:mn) 3:50[1:01; 7:20] 1:38 [0:18; 1:56] 5:19 [1:23; 8:13] 4:55 [0:18; 1:56] 1:38 [0:18; 1:56] 1:38 [0:18; 1:56]

Variation from baseline +21.72% [0.0; 114.67] +13.89% [12.02; 1915.5] 0.87 +34.02% [11.01; 555.20] +70.26% [9.61; 1678.35] 0.75
Burden

Zarit scale 22 [18; 33] 16 [6; 23] 30 [24; 48] 22 [10; 24] 28.5[23.5; 46.5] 19 [2; 26]

Variation from baseline +38,24% [11.38; 67.5] +16% [-50; 118] 0.61 +30.15% [23.14; 43.44] +26.1% [-90; 72.73] 0.95

NOTE. Values are mean [1QL]

Abbrevation: PA = physical activity; PDQ-39 = Parkinson’s Disease Questionnaire (39 items); EVQ = Equilibrium and Daily Life; ADL = Activities of Daily Living; IADL = Instrumental Activities of

Daily Living
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2.3.4. Correlation between ZCBI and patient’s performance

These additional data are summarized in Table 3.

2.3.4.1. 6-minutes walking test

First, we found an inversely proportional correlation between the distance covered in 6
minutes by the patients and the ZCBI for all visits combined and also per visit.
Then we splitted PC-c in different ZCBI classes to compare it to 6-minute test distances. We
found a median of 480 [430; 600] meters in “low or zero burden” class, a median of 450
meters in “light burden” class and a median of 310 meters in “moderate burden” class with

p=0,0009. These data are presented on Figure 2.

2.3.4.2. Patient accelerometers data
There was a correlation between the caregiver's Zarit score and the patients' daily number
of steps and this also regardless of the visit. Ad-hoc analyzes showed that the average
number of patient steps were significantly different between caregivers burden classes (low
or no burden, light burden and moderate burden) (Figure 3).
Concerning other accelerometer data, there was a lack of a potential relationship between
the caregiver's Zarit score and the patient's duration of daily global PA as well as daily light

activity and daily moderate activity (see in Table 3).

2.3.4.3. Tinettitest
There was a correlation between Tinetti test and Zarit score regardless of the visit.
Ad-hoc analyzes showed that the average number of patient steps were significantly
different between caregiver’s burden classes (low or no burden, light burden and moderate
burden) (Figure 4).

Safety and adverse effects : 6 adverse effects occurred (3 severe, 3 moderate) all unrelated

to the intervention and in the patient group: 2 renovesical problems, 1 fall, 1 discomfort
upon awakening, 1 increase in motor symptoms motivating an emergency medical

consultation, 1 scheduled orthopedic knee surgery.
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Table 3. Correlation between Zarit score and other outcomes

Zarit score class

TO 3 mths 6 mths
Outcomes Low or zero Light Moderate pt r2 r2 r2 r2
6-minute test 480.00 [430; 600] 450 [370; 530 310.5[262.5;362] <0.001 -0.53 -0.53 -0.67 -0.53
Number of steps /day 3824 [3316; 6465] 3089 [2518;3746] 701[317;1216.] 0.0001 -0.57 -0.44 -0.61 -0.74
Global PA 4:10 [0:50; 6:46] 4:09 [2:46; 5:50] 2:33[1:20; 3:51] 0.2795 -0.14 0.18 -0.25 -0.47
Light activity
4:31 [3:24; 5:13] 2:56 [2:34; 3:18] 2:34[2:13;3;49] 0.0022 -0.33 -0.52 -0.32 -0.20
(1.5< METs <3)
Moderate activity
1:30[0:34; 1:57] 1:32 [1:05; 2:36] 0:47 [0:19; 1:46] 0.2724 -0.07 -0.07 -0.11 -0.03
(3< METSs <6)
Tinetti test 27 [26; 28] 24 [21; 27] 21[17; 25] 0.0084 -0.51 -0.20 -0.68 -0.70

NOTE. Values are median [IQR]

Abbrevation: MET = metabolic equivalent task; PA = physical activity; mths = months; *: Kruskall-Wallis test. 2 : Spearman test
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2.4, Discussion

Our results could not show the superiority of an 8 weeks adapted physical activity program

in PD patient’s compared to PA advices on number of steps, QoL and falls risk at 3 months.

Regarding caregivers, we were able to demonstrate a strong inverse correlation between the
patient's performances and the importance of the caregiver's burden (CB), with significative
correlation for the 6-minute walk test, the Tinetti test and the number of steps. There is little
or no data in this regard.

Current data showed numerous associations between several PD patients’ dimensions and
CB. Santos Garcia et de la Fuente Fernandez have highlighted the impact of PD patient’s non-
motors symptoms on CB, as depression (r=0.82; p<0.001) [68]. In fact, Griin et al., [126]
found association with sleep disorders (r=-0.41; p<0.01) and dysautonomic function (r=-0.33;
p<0.01). As well, Yang et al.,[127] showed association with altered cognition measured by
Mini Mental State Examination (r=0.412; p<0.01).

Moreover, MDS-UPDRS part Il (corresponding of limitations on daily life activities) seems to
be correlated with caregivers’ burden, (B = 0.54, p<0.01)[69] in a little stronger way than
others UPDRS parts : Crespo-Burillo et al., found a correlation with UPDRS part Il of r=0.46
(p<0.05)[128], as Klietz et al., in a fewer degree (R?=0.207; p<0.001)[129].

High levels of dependance are also correlated with CB : Lee et al. [130], showed association
with care time (r=0.41; p<0.001) in spouse caregivers. ADL score seems to have a great
correlation too (r=0.66; p<0.001)[68].

Evidence has shown association between falls and CB. Schrag et al.,[131], showed a
diminution of 15,3 pts (p<0.001) of ZCBI when patients reported no falls.

There are also intrinsic elements to the caregiver that have an impact on their perceived
burden: recent work highlighted the fact that the burden felt by caregivers also depends on
their social support, their resilience and their mental health, and suggested an algorithm

aimed at identifying and improving these 3 dimensions [132].

These recent studies did not explore the correlation between ZCBI and patient
performances[133]. Despite our limited sample, we were able to show a strong correlation

between 6-minute test and CB (r=-0.53; p<0.001), and between numbers of steps per day
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and CB (r=-0.57;p<0.001). We can imagine that correlation would be stronger in a larger
subject’s sample.

Furthermore, Schrag et al.,[131] found a correlation between QoL (PDQ-39) of PD patients
and caregivers’ burden (r=0.62; p<0.05). QoL depends of many dimension in PD life,
probably most of non-motors symptoms as neuropsychiatric symptoms [134]. But according
to Kang et Hellis-Hill[67], the preservation of previous physical abilities would be major in

PD’s QoL. It may be an explanation of our findings.

Limits

Our study has several limitations.

First, the small size of our population is certainly one of the main reasons.

The results presented are those resulting from the statistical analysis of data corresponding
to more or equal to 10 hours of wearing time a day and 4 days of wearing time a week,
which resulted in the loss of 1 patient and 2 caregivers compared to the other analyses.
Moreover, at baseline, our groups were not fully comparable, mainly due to gender
imbalance between the two groups. It is possible that in this part of the Parkinsonian
population, men are less active at home than women. Nevertheless, our groups were
comparable on other parameters, in particular aerobic capacity (VOzpeak, 6-minute walk test),
and our results were consistent with Katzel's article[32], which described values of 75-80% of
theoretical values for patients with mild to severe PD.

The program design was adapted according to the subject's preference, and unfortunately,
we do not know exactly what proportion of aerobic or resistance exercise each patient
performed. In addition, there was no record of the number, type or intensity of sessions or
assessment of adherence to the program.

Another limitation is the lack of information on the activities of patients in the control group.

It is also possible that the tool we used to measure activity at home was not adapted to
highlight a significant difference in PD patients. Accelerometer device are validated in PD
patients[135]-[138] : several studies used videotape or clinician-observation to conclude to
a reliability of the parameters. However, most of the validation studies are carried out in

laboratories and not in patients' homes, but validation in the ecological environment can be
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challenging because the presence of cameras or observers could induce behavioral
adaptations [139].

Three studies used accelerometer data to evaluate responsiveness of an intervention. Lim et
al.,[140] showed an improvement of dynamic activity evaluated by global duration of
walking (+4.23%; p<0.01), and number of walking periods exceeding 5 seconds (+2.63;
p<0.05) and 10 seconds (+2.90; p<0.01) per hour. The patients received cueing training for 3
weeks. Cueing is defined by using external temporal or spatial stimuli to facilitate movement
initiation and continuation. White et al. [141] found that high doses of rehabilitation (4.5
hours a week for 6 weeks) could improve the sum of walking periods exceeding 10 seconds
(+13.2%; p<0.01) using an activity monitor. Finally, Cereda et al.,[142] brought to light an
improvement of PA (+26.8%; p<0.05) and average daily MET (+7%; p=0.01) monitored on 2
weeks SenseWear bracelet we used in our study, after a 7 weeks low-protein dietary.

This results show that some interventions could improve accelerometer data, however 2 of
the 3 studies did not follow the guidelines [124],[125] with data measured only over 1 day
per evaluation with average wearing time less than 10 hours per day. On the other hand, to
our knowledge, no trial has studied the evolution of accelerometer data following a

supervised PA program.

A third hypothesis to the lack of improvement in the accelerometer parameters and other
outcomes can be the structure of our adapted PA program.

Type of PA

Our PA program was defined as a combination of aerobic training with continuous or interval
training according to training heart rate, capabilities and objectives (1 to 3 times per week)
and lower limb strength training (1 to 2 times a week).

In literature, resistance training has proved beneficial on muscle strength, balance, TUG
performance and QoL [102], [104]. On the other hand, aerobic training has shown benefits
on endurance, gait performance (in terms of walking speed, stride length, gait stability and
shortened double-support time) and QoL [143]—-[145]. It is possible that our type of training
would not really modify PD patients’ home activity.

Duration

Our program lasted 2 months, yet many studies have suggested that longer programs would

be more effective [95].
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Kolk et al [96] recruited 130 PD patients and showed a benefit on motor symptoms
evaluated by UPDRS Il of a 6 months aerobic training program on a home trainer with an
average of 2.6 sessions per week of 30 to 45 minutes. Similarly, Schenkman et al [146]
recruited 128 patients and showed a difference in UPDRS Il score in favor of the arm that
received 6 months of high intensity aerobic treadmill training. As we see, the most of RCTs
had the motor UPDRS score as primary outcome, and regarding data that have showed a
correlation between accelerometer data and UPDRS 11l [147], it would suggest that programs
> 6 months would be needed to obtain an effect on accelerometer data.

Concerning long-term efficiency, most strength and aerobic training programs have positive
effects that last for 12 weeks [143], [146], [148], [149]. This effect could explain the tendency
for the outcomes to deteriorate at 6 months.

After the 2-month program of our APA group, the adapted physical activity teacher followed
the APA patients once a week during one month to give them advices on how to continue
physical activity. In Schenkman’s et al., study, [150]there was good results at 1 year after a 2-
month program followed by PA sessions every month. It seems to be a good way to
compensate for the short duration of a program.

Energy expenditure per session

Concerning the duration of each session, 30 to 45 minutes of effort seems sufficient to show
benefits. We believe that the initial evaluation and supervision by an APA teacher is an
important part of the management process. Alberts and Rosenfeldt defined the FITT
principle (frequency, intensity, time, and type): an assessment prior to the initiation of a
physical activity program carried out by a clinician and a physiotherapist or APA teacher who
is familiar with the pathology in order to create a therapeutic alliance [112].

Moreover, Ridgel et al. highlighted in 10 patients a 35% increase in the UPDRS motor score
after 2 months of training on the home trainer at a pace 30% greater than what they
considered comfortable, without finding an increase in the group that pedaled at
comfortable pace. However, 4 weeks after the intervention, the UPDRS score in the
intervention group had deteriorated [151]. A parallel can be drawn with our subjects: it is
possible that a non-negligible proportion of them wanted to keep a comfortable pace which
was not sufficient to obtain a benefit, and that they did not continue to exercise during the 4

weeks after the intervention.
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Therefore, it seems essential to improve PD patients’ endurance to relieve the caregiver

and allow him to better manage his energy to improve his daily life and that of the patient.
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2.5. Conclusion

A tailored PA program does not seem to modify PD patient’s PA at 3 and 6 months using
accelerometry assessment. However, the present results suggest a correlation between
patients’ performance (endurance and balance) and caregiver burden for the first time.

Further studies are necessary to support these results.
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3. Conclusion

Les résultats de ce travail ne montrent pas de modification de I'activité physique au
domicile mesurée par accélérometre aprés un programme adapté a court et moyen terme.
L’effectif réduit de I'échantillon étudié peut en partie expliquer le manque de significativité.
Toutefois, nous avons mis en évidence une forte corrélation entre la performance des
patients (endurance et équilibre) et la charge des aidants. D’autres études a plus grande

échelle sont nécessaires pour appuyer ces résultats.
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5. Annexes

5.1.

MDS-UPDRS score (part Il)

Partll: Motor Aspects of Experiences of Daily Living (M-EDL)

2.1 SPEECH
Over the pastweek, have you had problems with your speech?
0: Normal: Not at all (no problems).

1. Slight: My speech is soft, slurred or uneven, but it does not cause others
to ask me to repeat myself.

2: Mild: My speech causes people to ask me to occasionally repeat
myself, but not every day.

3. Moderate: My speech is unclear enough that others ask me to repeat myself
every day even though most of my speech is understood.

4; Severe: Most or all of my speech cannot be understood.

2.2 SALIVA AND DROOLING

Over the past week, have you usually had too much saliva during when you are
awake or when you sleep?

0: Normal: Not at all (no problems).

1: Slight: | have too much saliva, but do not drool.

2: Mild: | have some drooling during sleep, but none when | am awake.
3. Moderate: | have some drooling when | am awake, but | usually do not need

tissues or a handkerchief.

4: Severe: | have so much drooling that | regularly need to use tissues or a
handkerchief to protect my clothes.

SCORE

2.3 CHEWING AND SWALLOWING

Over the past week, have you usually had problems swallowing pills or eating meals?
Do you need your pills cut or crushed or your meals to be made soft, chopped, or
blended to avoid choking?

0: Normal: No problems.

1. Slight: | am aware of slowness in my chewing or increased effort at
swallowing, but | do not choke or need to have my food specially
prepared.

2: Mild: | need to have my pills cut or my food specially prepared because
of chewing or swallowing problems, but | have not choked over
the past week.

3. Moderate. | choked at least once in the past week.

4: Severe: Because of chewing and swallowing problems, | need a feeding
tube.
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2.6 HYGIENE

Over the pastweek, have you usually been slow or do you need help with washing,
bathing, shaving, brushing teeth, combing your hair, or with other personal hygiene?

0: Normal:

1: Slight

2: Mild:

3: Moderate:

Severe:

Not at all (no problems).

| am slow, but | do not need any help.

| need someone else to help me with some hygiene tasks.
| need help for many hygiene tasks.

| need help for mostor all of my hygiene tasks.

SCORE

2.7 HANDWRITING

Over the pastweek, have people usually had trouble reading your handwriting?

0: Normal:

1. Slight:

2: Mild:

3. Moderate:

4: Severe:

Not at all (no problems).

My writing is slow, clumsy or uneven, but all words are clear.
Some words are unclear and difficult to read.

Many words are unclear and difficult to read.

Most or all words cannot be read.

2.8 DOING HOBBIES AND OTHER ACTIVITIES

Over the past week, have you usually had trouble doing your hobbies or other things

that you like to do?

0:

1

Normal:

Slight:

: Mild:

. Moderate:

. Severe:

Not at all (no problems).

| am a bit slow but do these activities easily.

| have some difficulty doing these activities

| have major problems doing these activities, but still do most.

| am unable to do most or all of these activities.

2.9 TURNINGIN BED

Over the pastweek, do you usually have trouble turning over in bed?

SCORE

0: Normal: Not at all (no problems)
1: Slight: | have a bit of trouble turning, but | do not need any help.
2: Mild | have a lot of trouble turning and need occasional help from
someone else.
3: Moderate: To turn over | often need help from someone else.
4: Severe: | am unable to tum over without help from someone else.
210 TREMOR

QOver the pastweek,
O:

1:

Normal:

Slight:

: Mild:

Moderate:

: Severe:

have you usually had shaking or tremor?
Not at all. | have no shaking or tremor.

Shaking or tremor occurs but does not cause problems with any
activities

Shaking or tremor causes problems with only a few activities.

Shaking or tremor causes problems with many of my daily
activities

Shaking or tremor causes problems with most or all activities
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211 GETTING OUT OF BED,A CAR, OR A DEEP CHAIR

Over the pastweek, have you usually had trouble getting out of bed, a car seat, or a
deep chair?

0: Normal: Not at all (no problems).
1: Slight: | am slow or awkward, but | usually can do it on my first try.
2: Mild: | need more than one try to get up or need occasional help.

3: Moderate: | sometimes need help to get up, but most times | can still do it on
my own.

4: Severe: | need help most or all ofthe time.

SCORE
212 WALKING AND BALANCE

Over the pastweek, have you usually had problems with balance and walking?

0: Normal: Not at all (no problems).

1. Slight: | am slightly slow or may drag a leg. | never use a walking aid.

2: Mild: | occasionally use a walking aid, but | do not need any help from
another person.

3: Moderate: | usually use a walking aid (cane, walker) to walk safely without
falling. However, | do not usually need the support of another
person.

4. Severe: | usually use the support of another person to walk safely without
falling.

2.13 FREEZING

Over the pastweek, on your usual day when walking, do you suddenly stop or freeze
as if your feet are stuck to the floor?

0: Normal: Not at all (no problems).

1. Slight: | briefly freeze, but | can easily start walking again. | do not need
help from someone else or a walking aid (cane or walker) because
of freezing.

2: Mild: | freeze and have trouble starting to walk again, but | do not need
someone’s help or a walking aid (cane or walker) because of
freezing.

3: Moderate: When | freeze | have alot of trouble starting to walk again and,
because of freezing, | sometimes need to use a walking aid or
need someone else’s help.

4. Severe: Because of freezing, most or all of the time, | need to use a
walking aid or someone’s help.

This completes the questionnaire. We may have asked about problems you do not even have,
and may have mentioned problems that you may never develop at all. Not all patients develop all
these problems, but because they can occur, it is important to ask all the questions to every
patient. Thank you for your time and attention in completing this questionnaire.
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5.2.

MDS-UPDRS score (part Ill, sections 3.15 to 3.18)

3.15 POSTURAL TREMOR OF THE HANDS

Instructions to examiner: All tremor, including re-emergent rest tremor, that is present in this posture is
to be included in this rating. Rate each hand separately. Rate the highest amplitude seen. Instruct the
patient to stretch the arms out in front of the body with palms down. The wrist should be straight and
the fingers comfortably separated so that they do not touch each other. Observe this posture for 10
seconds.

0: Normal: No tremor.

1: Slight: Tremor is present but less than 1 ¢m in amplitude.

2: Mild: Tremor is at least 1 but less than 3 cm in amplitude.
3: Moderate: Tremor is at least 3 but less than 10 cm in amplitude.
4. Sewere: Tremor is at least 10 cm in amplitude.

3.16 KINETIC TREMOR OF THE HANDS

Instructions to examiner; This is tested by the finger-to-nose maneuver. With the arm starting from the

outstretched position, have the patient perform at least three finger-to-nose maneuvers with each hand
reaching as far as possible to touch the examiner's finger. The finger-to-nose maneuver should be
performed slowly enough not to hide any tremor that could occur with very fast arm movements. Repeat
with the other hand, rating each hand separately. The tremor can be present throughout the movement
or as the tremor reaches either target (nose or finger). Rate the highest amplitude seen.

0: Normal: No tremor.

1: Slight: Tremor is present but less than 1 em in amplitude.
2: Mild: Tremor is at least 1 but less than 3 cm in amplitude.
3: Moderate: Tremor is at least 3 but less than 10 ¢m in amplitude
4. Sewere: Tremor is at least 10 cm in amplitude.

SCORE

3.17 REST TREMOR AMPLITUDE

Instructions to examiner: This and the next item have been placed purposefully at the end of the
examination to allow the rater to gather observations on rest tremor that may appear at any time during
the exam, including when quietly sitting, during walking, and during activities when some body parts are
movng but others are at rest. Score the maximum amplitude that is seen at any time as the final score.
Rate only the amplitude and not the persistence or the intermittency of the tremor.

As part of this rating, the patient should sit quietly in a chair with the hands placed on the arms of the
chair (not in the lap) and the feet comfortably supported on the floor for 10 seconds with no other
directives. Rest tremor is assessed separately for all four limbs and also for the lip/jaw. Rate only the
maximum amplitude that is seen at any time as the final rating.

Extremity ratings

0: Normal: No tremor.

1: Slight: <1 cmin maximal amplitude.

2: Mild: =1 cm but <3 cm in maximal amplitude.
3. Moderate: =3 cm but <10 cm in maximal amplitude.
4: Sewre: = 10 cm in maximal amplitude.

Lip/Jaw ratings

0: Normal: No tremor.

1: Slight: <1 cmin maximal amplitude.

2: Mild: =1cm but <2 c¢m in maximal amplitude.
3: Moderate: =2 cm but < 3 em in maximal amplitude
4: Sewere: 2 3 cm in maximal amplitude.

RUE

LUE

RLE

LLE

LiplJaw
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3.18 CONSTANCY OF REST TREMOR

Instructions to examiner: This item receives one rating for all rest tremor and focuses on the constancy
of rest tremor during the examination period when different body parts are variously at rest. It is rated
purposefully at the end of the examination so that several minutes of information can be coalesced into
the rating.

0: Normal: No tremor.

1. Slight: Tremor at rest is present = 25% of the entire examination period.
2: Mild: Tremor atrest is present 26-50% of the entire examination period.
3: Moderate: Tremor atrest is present 51-75% of the entire examination period.
4: Sewere: Tremor atrest is present > 75% of the entire examination period.

SCORE
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5.3. MOCA

NAME :
MONTREAL COGNITIVE ASSESSMENT (MOCA) Education : Date of birth:
Version 7.1 Original Version Sex: DATE :
VISUOSPATIAL / EXECUTIVE Copy Draw CLOCK (Ten past eleven)
cube (3 points )
End -7
Begin
[ 1] [ ] [1 [ 1 |_/5
Contour Numbers Hands
_ /3
MEMORY Read list of words, subject must FACE VELVET CHURCH DAISY RED
repaat them. Do 2 trials, evenif 15t trial is successful, 15t trial No
Do a recall after 5 minutes. points
2nd trial
ATTENTION Read list of digits (1 digit/ sec.). Subject has to repeat them in the forward arder [ 121854
Subject has to repeat them in the backward order [ 1742 /2
Read list of letters. The subject must tap with his hand at each letter A. No poirtsif 2 2 errors
[ ] FBACMNAAJKLBAFAKDEAAAJAMOFAARB /N
Serial 7 subtraction starting at 100 [ 193 [ 186 [ 179 []72 [ 165
4or5 correct subtractions: 3 pts, 2 or 2 correct: 2 pts, 1 correct: 1 pt, O correct: 0 pt _/3
LANGUAGE Repeat: | only know that John is the one to help today. [ ]
The cat always hid under the couch when dogs were in the room. | ] _/2
Fluency / Name maximum number of waords in ane minute that begin with the letter F [ ] (N 211 words) _,f'l
LGRIGETa o] B  Similarity between e.g. banana - orange = fruit [ 1 train-bicycle [ ] watch-ruler /2
DELAYED RECALL Has to recall words FACE VELVET CHURCH | DAISY RED Points for /5
UNCUED -
WITH NO CUE [] [1] [] [] [1 atallonl
. Calegory cug
Optlﬂnal Multiple chaice cue
OR ATIO [ ] Date [ ] Month [ ] Year [ ] Day [ ]Place [ ]dcity /6
© Z.Nasreddine MD www.mocatest.org Normal 226 /30| TOTAL /30
Administerad by: Add 1 pointif <12yredu J
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5.4. Time Up and Go Test

-

ASSESSMENT

Patient

Date

Time 0OaAM OPM

Purpose: To assess mobility

Equipment: A stopwatch

Directions: Patients wear their regular footwear and
can use a walking aid, if needed. Begin by having the
patient sit back in a standard arm chair and identify a Observe the patient’s

OBSERVATIONS

line 3 meters, or 10 feet away, on the floor. postural stability, gait,
stride length, and sway.

N NOTE: .
@ Instruct the patient: Always stay by Check all that apply:
the z:ft'e':;t for O Slow tentative pace
When | say “Go,” | want you to: ; O Loss of balance
1. Stand up from the chair. O Short strides
2. Walk to the line on the floor at your normal pace. O Little or no arm swing
3. Turn. O Steadying self on walls
4. Walk back to the chair at your normal pace. O shuffling
5. Sit down again. ,
O En bloc turning
O Not using assistive
(@ On the word “Go,” begin timing. device properly
(® Stop timing after patient sits back down. These changes may signify
@ Record time. neurological problems that

require further evaluation.

Time in Seconds:

An older adult who takes =12 seconds to complete the TUG is at risk for falling.
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5.5. Tinetti test

BALANCE SECTION

Patient is seated in hard, armless chair;

Date

e Leans or slides in chair 0

Sitting Balance . . B
= Steady, safe =1
Unable to without help =0
Rises from chair Able, uses arms to help =1
Able without use of arms 2
Unable to without help =0
Attempts to rise Able, requires > 1 attempt =1
Able to rise, 1 attempt 2
Immediate standing Unsteady (staggers, moves feet, trunk sway) =0
Bal first 5 d Steady but uses walker or other support =1
alance (first 5 seconds) Steady without walker or other support =2
Unsteady =0
Standing balance Steady but wide stance and uses support =1
Narrow stance without support =2
Begins to fall =0
Nudged Staggers, grabs, catches self =1
Steady =2
Unsteady 0
Eyes closed Steady -1
Discontinuous steps =0
_ Continuous =1

Turning 360 degrees

Unsteady (grabs, staggers) =0
Steady 1
Unsafe (misjudged distance, falls into chair) =0
Sirring down Uses arms or not a smooth motion =1
Safe, smooth motion =2

Balance score
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GAIT SECTION

Patient stands with therapist, walks across room (+/- aids), first at usual pace, then at rapid pace.

Date

Indication of gait Any hesitancy or multiple attempts =0
(Immediately after told to *go”.) No hesitancy =

Step to =0

Step length and height [ Step through R =1
Step through L =

Foot drop =0

Foot clearance L. foot clears floor =1

R foot clears floor 1

) ) Right and lett step length not equal =0

Step symmetry Right and left step length appear equal 1

. P Stopping or discontinuity between steps =0
Step continuity . PpIng A P -

Steps appear continuous =1

Marked deviation =0
Path Mild/moderate deviation or uses w. aid 1
Straight without w. aid =2

Marked sway or uses w. aid =0
No sway but flex. knees or back or

Trunk - -
uses arms for stability 1
No sway, flex., use of arms or w. aid 2
Heels apart =0

alking time : : :
Wa g ume Heels almost touching while walking =

Gait score /12 /12
Balance score carried forward /16 /16
Total Score = Balance + Gait score /28 28
Risk Indicators:
Tinetti Tool Score Risk of Falls
<18 High
19-23 Moderate
:’2 4 [‘(’]\“‘lI
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PDQ-39 QUESTIONNAIRE

Please complete the following

Please tick one box for each question

Due to having Parkinson'’s disease,
how often during the last month

have you.... Never Occasionally | Sometimes Often Always
or cannot do
1 Had difficulty doing atall

the leisure activities which
you would like to do?

[
[]

L]

2 Had difficulty looking after
your home, e.g. DIY,
housework, cooking?

3 Had difficulty carrying bags
of shopping?

4 Had problems walking half
a mile?

5 Had problems walking 100
yards?

6 Had problems getting

around the house as easily
as you would like?

7 Had difficulty getting
around in public?

8 Needed someone else to
accompany you when you
went out?

9 Felt frightened or worried
about falling over in
public?

10 Been confined to the
house more than you
would like?

11 Had difficulty washing
yourself?

N et Y s Y Y I A O B
N s e s e A o N B B O

N s s I N O B B O

12 Had difficulty dressing
yourself?

N I O N O O
N ey s A I N A B O B

13 Had problems doing up
your shoe laces?

[]
[ ]
L]
[]

Please check that you have ticked one box for each question before going on to the next page
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Due to having Parkinson’s disease,

how often during the last month

If you do not have a spouse or
partner tick here

have you....

14 Had problems writing
clearly?

15 Had difficulty cutting up
your food?

16 Had difficulty holding a
drink without spilling it?

17 Felt depressed?

18 Felt isolated and lonely?

19 Felt weepy or tearful?

20 Felt angry or bitter?

21 Felt anxious?

22 Felt worried about your
future?

23 Felt you had to conceal
your Parkinson's from
people?

24 Avoided situations which
involve eating or drinking
in public?

25 Felt embarrassed in public
due to having Parkinson's
disease?

26 Felt worried by other
people's reaction to you?

27 Had problems with your
close personal
relationships?

28 Lacked support in the
ways you need from your
spouse or partner?

29 Lacked support in the

ways you need from your
family or close friends?

Never

L OO O O doodoo oo O

[]

]

Please tick one box for each question

Occasionally Sometimes

[]

O OO0 o O ooodsoooo O
N I I | O [ A M R

[]

Often

[]

I I R A e B A B O | |

L]

Always
or cannot do
at all

[]

L O OO O O DESoe e L

[ ]

Please check that you have ticked one box for each question before going on to the next page
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Due to having Parkinson’s disease,

how often during the last month
have you....

30

31

32

33

34

35

36

37

38

39

Unexpectedly fallen asleep
during the day?

Had problems with your
concentration, e.g. when
reading or watching TV?

Felt your memory was
bad?

Had distressing dreams or
hallucinations?

Had difficulty with your
speech?

Felt unable to
communicate with people
properly?

Felt ignored by people?

Had painful muscle
cramps or spasms?

Had aches and pains in
your joints or body?

Felt unpleasantly hot or
cold?

Never

1 1 o o A I B B

Please tick one box for each question

Occasionally Sometimes

]

N o O B O o B e
HiEpNIE N RN

Often

[]

IO O OO oo

Always

[]

O OO O O Odo O

Please check that you have ticked one box for each question before going on to the next page

Thank you for completing the PDQ 39 questionnaire
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5.7. MNA

Mini Nutritional Assessment

MNA®

Last name:

Nestlé
Nutritiorinstitute

First name:

Sex Age: Weight, kq:

Height, cm: Date:

Complete the screen by filling in the boxes with the appropriate numbers.

Add the numbers for the screen. If score is 11 or less, continue with the assessment to gain a Malnutrition Indicator Score.

Screening

A Has food intake declined over the past 3 months due to loss
of appetite, digestive problems, chewing or swallowing
difficulties?

0 = severe decrease in food intake
1 = moderate decrease in food intake
2 = no decrease in food intake D

B Weight loss during the last 3 months
0 = weight loss greater than 3kg (6 6lbs)
1 = does not know
2 = weight loss between 1 and 3kg (2.2 and 6.6 Ibs)
32 = no weight loss

C Mobility

0 = bed or chair bound
1= able to get out of bed / chair but does not go out

2 = goes out D
D Has suffered psychological stress or acute disease in the

past 3 months?

0=yes 2=no |

E Neuropsychological problems
0 = severe dementia or depression
1= mild dementia
2= no psychological problems O

F Body Mass Index (BMI) (weight in kg) / (height in m?)
0= BMI less than 19
1=BMI 19 to less than 21
2 =BMI 21 to less than 23
3 =BMI 23 or greater N

Screening score (subtotal max. 14 points)

12-14 points: Normal nutritional status
8-11 points: At risk of malnutrition
0-7 points: Malnourished

For a more in-depth assessment, continue with questions G-R

Assessment

G Lives independently (not in nursing home or hospital)
1=yes 0=no

H Takes more than 3 prescription drugs per day

0=yes 1=no
1 Pressure sores or skin ulcers
0= yes 1=no O
References
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J How many full meals does the patient eat daily?
0=1 meal
1 =2 meals
2 =3 meals O

K Selected consumption markers for protein intake
At least one serving of dairy products

(milk, cheese, yoghurt) per day yes [ no ]
« Two or more servings of legumes

or egQs per week =e D na D
« Meat, fish or poultry every day yes (1 no [J

00=if0or1 yes

05=if2yes

1.0 =if 3yes o
L Consumes two or more servings of fruit or vegetables

per day?

0=no 1=yes O

M How much fluid (water, juice, coffee, tea, milk...) is
consumed per day?
0.0 =less than 3 cups
0.5=31t05cups
1.0 = more than 5 cups

a0

N Mode of feeding
0= unable to eat without assistance
1 = self-fed with some difficulty
2 = self-fed without any problem D

O Self view of nutritional status
0 = views self as being malnourished
1 = is uncertain of nutritional state
2 = views self as having no nutritional problem D

P In comparison with other people of the same age, how does
the patient consider his / her health status?
0.0 = not as good
0.5 = does not know

1.0 = as good

2.0 = better 0oad
Q Mid-arm circumference (MAC) in cm

0.0 = MAC less than 21

0.5=MAC 2110 22

1.0 = MAC 22 or greater 00
R Calf circumference (CC) in em

0= CC less than 31

1=CC 31 or greater O
Assessment (max. 16 points) D DD
Screening score D DD
Total Assessment (max. 30 points) D DD

Malnutrition Indicator Score

24 to 30 points |l Normal nutritional status
17 to 23.5 points |l At risk of malnutrition
Less than 17 points [ Malnourished
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5.8. EVQ (Equilibrium and Daily Live, “Equilibre et Vie
Quotidienne »)

Equilibre et Vie Quotidienne
E.V.Q.

Blot M., Nouvel F., Dupeyron A.

Name DATE DATE Date
Surname

Carry a shopping bag
Weight: 2kg
Distance: 10 meters minimum

Enter a rom and exit
Open and close the door

Set the table for 4 people
Shelf: eye level +/- 10 cm
Drawer: hip level +/- 10 cm

Move a chair
Bring a chair placed 2 meters under the table

Sit down and get up from a chair
Chair without armrest
Placed under the table

Bring a pot of water on the table
Little pot: on a shelf at knell level (+/- 10 cm)

Quote

1: Normal No instability

2: Adapted Use of footholds, safety strategies
No instability

3: Abnormal Use of postural adjustment reflexes or/and fall-prevention
strategies
Minor instability

4: Very abnormal Ineffective postural adjustment reflexes

Major instability




5.9. Zarit caregiver burden interview (ZCBI)

Circle the response that best describes how you feel.

Quite Mearly
Mevar Rarely Sometimes  frequently  always
1. Do you feel that your relative asks for more help than o] 1 2 3 4
hesfshe needs?
2. Do you feel that because of the time you spend with your 4] 1 2 3 4
relative that you don’t have enough time for yourself?
3. Do you feel stressed between caring for your relative and trying ] 1 2 3 4
to meet ather responssbilities for your family or work?
4. Do you feel embarrassed over your relatve’s behavior? 0 1 2 3
5. Do you feel angry when you are around your relative? 0 1 2 3
&. Do you feel that your relative currently affects your relationships §] 1 2 3 4
with other family members or friends in a negative way?
7. Are you afraid what the future holds for your relative? ] 1 2 3 4
&. Do you feel your relative 5 dependent on you? 0 1 2 3 4
9. Do you feel strained when you are around your relative? 4] 1 2 3 4
10. Do you feel your health has suffered because of your 4] 1 2 3 4
involvement with your relative?
11. Do you feel that wou don’t have as much privacy as you 0 1 2 3 4
would like because of your relatwe?
12. Do you feel that your social life has suffered because you 0 1 2 3 4
are caring for your relative?
13. Do you feel uncomfertable about having friends over o] 1 2 3 4
because of your relative?
14. Do you feel that your relative seems 10 expect you 1o take care o] 1 2 3 4
of him/her as if you were the only one he/she could depend an?
15. Do you feel that you don't have encugh money to take care 4] 1 2 3 4
of yaur relative in addition 1o the rest of your expentes?
16. Do you feel that you will be unable to take care of your o 1 2 3 4
relative much longer?
17. Do you feel you have lost control of your hife since o] 1 F) 3 4
your relative's illness?
18. Do you wish you could leave the care of your relative o] 1 2 3 4
1o somecne else?
19. Do you feel uncertain about what to do about vour relative? 0 1 2 3 4
20. Do you feel you should be doing mare for your relatve? #] 1 Fi 3 4
21. Do you Teel you could do a better job in caning for your relative? 4] 1 2 3 4
22. Overall, how burdened do you feel in caring for your relatve? ¥] 1 2 3 4

tnstructions for caregreer; The guestions abowve reflect how persons sometimes feal when they are taking care of another person. After

each statement, circle the word that best describes how often you feel that way, There are no right or wWrong answers.

Scaring instructions: Add the scores for the 22 questions. The total score ranges from @ to 88 A high score correlates with higher feve!
of burden.

Score < 20 = “low or zero” burden ; 21<score<40 = light burden ; 41 <score<60 = moderate burden ; 61<score<88 = severe burden
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SERMENT

» En présence des Maitres de cette école, de mes chers condisciples et
devant [effigie d’Hippocrate, je promets et je jure, au nom de ['Etre
supréme, d étre fidele aux lois de [honneur et de la probité dans
[exercice de la médecine.

> Je donnerai mes soins gratuits a [indigent et n'exigerai jamais un
salaire au-dessus de mon travail.

» Admis (e) dans [intérieur des maisons, mes yeux ne verront pas ce qui
s’y passe, ma langue taira les secrets qui me seront confiés, et mon
état ne servira pas d corrompre les meeurs, ni d favoriser le crime.

> Respectueux_(se) et reconnaissant (e) envers mes Maitres, je rendrai d
leurs enfants ['instruction que j ai regue de leurs peres.

» Que les hommes m’'accordent leur estime si je suis fidele a mes
J
promesses. Que je sois couvert (e) d opprobre et méprisé (e) de mes
confreres sij'y manque.
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Abstract

Introduction: Parkinson's disease is a neurodegenerative disease that increasingly affects
older patients and has major functional consequences for both patient and caregiver. Recent
data on benefits of physical activity (PA) programs in these patients are encouraging and

require further development.

Objectives: to test the changes induced by an adapted PA program in PD patients on (1)
home activity, (2) Qol, risk of falls, endurance capacity, pinch test and the level of

dependency and dementia and (3) on the family caregiver burden and home activity.

Material and Methods: The APA group completed a physical activity program at home

supervised by an APA teacher for 2 months. The control group did not benefit from adapted
physical activity. The primary outcome was PA and number of steps measured by an
accelerometer (SenseWear by HOMEAIR®) for one week at 3 months. Other outcomes were

measured at 3 and 6 months.

Results: There was no significant difference in the evolution of accelerometer data at 3
months. There was a strong correlation between patient performance and the Zarit score (6-
minute test : r =-0.53 ; number of steps : r = -0.57 ; Tinetti test : r = -0.51) which measures

the burden felt by the caregiver.

Conclusion: We could not highlight significate difference on our primary outcomes: it’s a
pilot study with the aim is exploration. However, we found a strong correlation between
patients’ performance (endurance and balance) and caregiver burden, which is not

described in literature. Further studies are necessary to support these results.

Key words: Parkinson’s disease, physical activity, accelerometer, caregiver burden, quality of
life
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Résumé

Introduction : La maladie de Parkinson est une maladie neurodégénérative qui touche de
plus en plus de patients agés et qui entraine des conséquences fonctionnelles majeures pour
le patient et I'aidant. Les données récentes de la littérature traitant des bienfaits de
programme d’activité physique chez ces patients sont encourageantes et demandent a étre

développées.

Obijectifs : évaluer I'impact d’un programme d'AP adapté (APA) chez les patients atteints de
la maladie de Parkinson sur (1) l'activité a domicile, (2) la qualité de vie, le risque de chute, la
capacité d'endurance, la force de préhension et le niveau de dépendance et de démence, et

(3) sur I'activité et la charge des aidants familiaux au domicile.

Matériel et méthodes : le groupe APA a effectué un programme d’activité physique au

domicile encadré par un éducateur APA pendant 2 mois. Le groupe controle ne bénéficiait

pas d’activité physique adaptée. Le critere de jugement principal était I'actimétrie mesurée

par un accélérometre (SenseWear par HOMEAIR®) pendant une semaine a 3 mois.

Résultats : il n’y avait pas de différence significative sur I’évolution des données d’actimétrie
a 3 mois. Il y avait une forte corrélation entre les performances du patient et le score de

Zarit qui mesure le fardeau ressenti par I'aidant.

Conclusion : Nous n'avons pas pu mettre en évidence de différence significative sur nos
principaux résultats : il s'agit d'une étude pilote a visée exploratrice. Cependant, nous avons
constaté une forte corrélation entre les performances des patients (endurance et équilibre)
et le fardeau ressenti des aidants, qui n'est pas décrite dans la littérature. D'autres études

sont nécessaires afin d’étayer ces résultats.

Mots clés : Maladie de Parkinson, activité physique, actimétrie, charge de I'aidant, qualité de
vie
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