Entwicklung und Wirksamkeit einer
Multikomponenten-Trainingsintervention zur Forderung
motorischer und kognitiver Funktionen und des
psychosozialen Wohlbefindens fir nicht gehfahige

Bewohnerlnnen in der stationaren Altenpflege

Dissertation
zur Erlangung des Doktorgrades an der Universitdt Hamburg
Fakultat fur Psychologie und Bewegungswissenschaft

Institut flr Bewegungswissenschaft

Vorgelegt von Thomas Cordes

Hamburg, 2022



Vorsitzender der Prifungskommission

Prof. Dr. Klaus Mattes

Universitat Hamburg

Institut flir Bewegungswissenschaft

Arbeitsbereich Bewegungs- und Trainingswissenschaft
Turmweg 2, 20148 Hamburg

Erstgutachterin

Prof. Dr. Bettina Wollesen

Universitat Hamburg

Institut fur Bewegungswissenschaft

Arbeitsbereich Bewegungs- und Trainingswissenschaft
Turmweg 2, 20148 Hamburg

Zweitgutachter

Prof. Dr. med. Klaus-Michael Braumann
Universitat Hamburg

Institut fur Bewegungswissenschaft
Arbeitsbereich Sport- und Bewegungsmedizin
Turmweg 2, 20148 Hamburg

Tag der miindlichen Prufung 27.07.2022



Danksagung
Mein besonderer Dank geht an Frau Prof. Dr. Bettina Wollesen fir die Chance zu diesem
Dissertationsprojekt sowie fir die sehr engagierte, fachliche Betreuung und Unterstiitzung auf

meinem Weg aus der Praxis in die Wissenschaft.

Ich danke Herrn Prof. Dr. Klaus Mattes fiir den trainingswissenschaftlichen Austausch und
Herrn Prof. Dr. med. Klaus-Michael Braumann fiir die Ubernahme des Zweitgutachtens dieser
Arbeit.

Ein grolRer Dank gilt Ann-Kathrin Otto, Laura Bischoff und Charlotte Meixner. Ich hatte mir
fachlich und menschlich keine besseren Kolleginnen fiir dieses Forschungsprojekt wiinschen

kdnnen.

Weiterer Dank geht an alle Co-Autor*innen und Kolleg*innen aus dem PROCARE Konsortium

sowie Antonius Baehr-Oliva, Hannes Baumann und Till Markus.

Danke auch an meine tolle Familie und vor allem meinen Eltern Heike und Walter Cordes, die
mir seit meiner Kindheit auf meinem Weg grenzenloses Vertrauen schenken. Euer Stolz auf
mich war immer der Wind in meinen Segeln. Danke, dass ihr mich zu einem immer neugierigen

Menschen gemacht habt.

Danke an meine Sportlehrerin Edda Mager, die mich zum Sportstudium inspiriert hat. Schade,

dass dein Spiel schon zu Ende ist.

Mein groBter Dank gilt Carolin Cordes. Du bist das ganze ,life” in meiner ,,Work-Life-
Balance®. Ohne dich hitte ich das Gleichgewicht auf der Slackline zur Promotion nicht halten

kdnnen.

AbschlieBend mdchte ich mich bei allen Bewohner*innen und teilnehmenden Pflegeeinrich-
tungen dafiir bedanken, dass sie dem Projekt ihr Vertrauen geschenkt haben und die Wichtigkeit

von Forschung und Pravention teilen.



Zusammenfassung

Hintergrund

Der Zustand von pflegebedirftigen Bewohnerlnnen der stationdren Altenpflege ist gekenn-
zeichnet durch Multimorbiditat, Gebrechlichkeit und ein hohes Risiko fir den Verlust von
Selbststandigkeit bei Aktivitaten des taglichen Lebens (ADL). Ohne korperliches Training sind
die Bewohnerlnnen einem stetigen Abbau motorischer Ressourcen wie Handkraft, Gleichge-
wicht und Mobilitat ausgesetzt. Der Verlust dieser motorischen Ressourcen steht zudem in Zu-
sammenhang mit einem reduzierten Wohlbefinden und einer reduzierten Lebensqualitat und
einem Abbau kognitiver Funktionen. Daher haben wirksame Trainingsmalinahmen zur Stér-
kung der Gesundheitsressourcen und zur Vorbeugung oder Verzdgerung von Behinderungen
bei &lteren institutionalisierten Menschen eine hohe gesundheitspolitische Prioritdt. Die meisten
Studien zu Trainingsinterventionen zielen jedoch auf die Férderung von noch gehféhigen Be-
wohnerinnen ab. Da ein groRer Teil der Altenpflegeheimbewohnerinnen dieses motorische Ein-
schlusskriterium der Studien fur die Teilnahme an den Trainingsinterventionen oft nicht erfillt,
entsteht eine konzeptionelle Liicke in der Gesundheitsforschung. Studien, die die Durchfihr-
barkeit und die Wirksamkeit eines Trainingsprogramms fur nicht gehfahige Bewohnerinnen
adressieren, fehlen bislang. Chair-based exercise (CBE) Interventionen stellen eine Mdglichkeit
dar, um ein Training auch fir &ltere Menschen mit Mobilitatseinschrankungen moglich zu ma-
chen und somit funktionelle motorische und kognitive Ressourcen bedarfsgerecht zu férdern.
Die Studienqualitat von Untersuchungen zu CBE Interventionen ist jedoch oft gering und es
gibt keine konkrete Anleitung fir die praktische Umsetzung im Setting Altenpflege. Zudem
fehlt eine adaquate Auseinandersetzung mit trainingswissenschaftlichen Prinzipien und Belas-
tungsnormativen.

Ziel dieser Dissertation war die Entwicklung, Uberpriifung der Machbarkeit und Wirksamkeit
einer Trainingsintervention zur Férderung motorischer und kognitiver Funktionen und des psy-

chosozialen Wohlbefindens fur nicht gehfahige Bewohnerinnen in der stationdren Altenpflege.

Methoden

Zu Beginn des Forschungsvorhabens stand zundchst die Entwicklung der Trainingsintervention
im Vordergrund. Daflir wurden Anhand von funf qualitativen Interviews die Bedurfnisse und
Ressourcen der Bewohnerlnnen einer Altenpflegeeinrichtung in Hamburg erhoben. Auf Basis
von Empfehlungen eines Expertengremiums fir ein Training mit Pflegebedrftigen, trainings-

wissenschaftlicher Prinzipien und den Ergebnissen aus den Interviews wurden zwei Multikom-



ponenten-Trainingsprogramme, eins fir die gehfédhigen und ein CBE Multikomponenten-Trai-
ning fur die nicht gehféahigen Bewohnerinnen in der stationdren Altenpflege entwickelt (Publi-
kation 1). Parallel zur Entwicklung der Intervention filhrte der Autor eine systematische Uber-
sichtsarbeit zu CBE in der Altenpflege durch, um den aktuellen Forschungsstand zu Interven-
tionen, die gezielt Nichtgehfahige Bewohnerlnnen ansprechen, zu erheben (Publikation 2). Zur
Uberpriifung der Machbarkeit, Wirksamkeit und Akzeptanz sowie der Evaluation des entwi-
ckelten Trainingsprogramms fiir gehfédhige Bewohnerlnnen diente eine Machbarkeitsstudie mit
N=24 Bewohnerlnnen im Setting Altenpflege (Publikation 3). Auf Basis der Ergebnisse aus
der Ubersichtsarbeit und der Machbarkeitsstudie wurde das Trainingsprogramm fir die Nicht-
gehféahigen modifiziert und weiterentwickelt. Das modifizierte Programm wurde im Rahmen
einer weiteren Machbarkeitsstudie im Pré-Post Design mit N=7 nicht gehfédhigen BewohnerIn-
nen in einer Altenpflegeeinrichtung durchgefiihrt und Veranderungen in der Alltagsfunktiona-
litdt untersucht (Publikation 4). Im Anschluss folgte eine randomisierte, kontrollierte Wirksam-
keitsanalyse des Trainingsprogramms (Publikation 5). Hierbei wurden die Motorik, Kognition
und das psychosoziale Wohlbefinden von N=52 nicht gehfédhigen Bewohnerlnnen aus vier Al-

tenpflegeeinrichtungen in Bremen und Chemnitz vor und nach 16 Wochen Training untersucht.

Ergebnisse

Das untersuchte CBE Multikomponenten-Trainingsprogramm verbesserte erfolgreich die mo-
torischen (Handkraft, Feinmotorik, Selbststdndigkeit, Gleichgewicht) und kognitiven (kogniti-
ver Status, Arbeitsgedédchtnis) Funktionen und stabilisierte die psychosozialen Ressourcen
(Wohlbefinden, Lebenszufriedenheit, Depressionsgrad) von nicht gehféhigen Bewohnerinnen,
wéhrend sich die Kontrollgruppe im Verlauf der 16 Wochen ohne Training in allen untersuch-
ten Parametern signifikant verschlechterte. Trainingswissenschaftliche Erkenntnisse aus dieser
Studie, den beiden Machbarkeitsstudien und der systematischen Ubersichtsarbeit zeigen, dass
ein CBE Multikomponenten-Trainingsprogramm mit einer moderate Belastungsintensitat, ei-
nem Belastungsumfang von 60 Minuten pro Trainingseinheit, einer Frequenz von zweimal pro
Woche an zwei nicht aufeinanderfolgenden Tagen, fir einen Zeitraum von insgesamt vier Mo-
naten als praktikabel und wirksam empfohlen werden kann. Bei der Umsetzung ist eine biopsy-
chosoziale Herangehensweise sinnvoll, die sich an dem Rahmenkonzept zur Multimorbiditat
orientiert. FUr eine hohe Lebensqualitat bis an das Lebensende ist dabei das Ziel individuelle
motorische und kognitive Ressourcen zu fordern, um die Funktionsfahigkeiten im Alltag zu

verbessern und die soziale Teilhabe zu stéarken.



Schlussfolgerungen

Die aus dieser Dissertation gewonnenen Erkenntnisse tragen dazu bei, die Forschungsliicke zu
Trainingsinterventionen fiir nicht Gehfahige zu schlielen, da hierflr gezielt die in der For-
schung unterreprasentierte Gruppe der nicht Gehfahigen adressiert wird. Dadurch entstehen
neue Erkenntnisse fur die Trainingswissenschaft durch Empfehlungen fur eine gezielte und be-
darfsgerechte Gestaltung und Steuerung eines wirksamen Trainings zur Férderung der gesund-
heitlichen Ressourcen. Zudem liefert die Dissertation einen besonderen Mehrwert durch Hand-
lungsempfehlungen fur Akteure in der Gesundheitsversorgung zur Umsetzbarkeit einer Trai-
ningsintervention im Setting Altenpflege, die auch die in der Forschung unterreprasentierten,

mobilitatseingeschrankten BewohnerInnen adressiert.

VI



Abstract

Background

Older adults, who live in nursing homes, are often characterized by multimorbidity, frailty and
a high prevalence of dependency in activities of daily living (ADL). Without physical training,
the residents are exposed to a constant decrease of motor resources such as hand grip strength,
balance and mobility. The loss of these motor resources is also associated with reduced well-
being and quality of life and a reduction in cognitive functions. Therefore, effective training
measures to strengthen health resources and to prevent or delay disabilities in older institution-
alized people have a high priority in health politics. Most interventional research studies in the
nursing home setting are aimed at residents who are still able to walk. Since a large proportion
of the residents in nursing homes often do not meet this motor inclusion criterion of the studies
for participating in the training interventions, a conceptual gap arises in health care research.
Hence, only little research that address the feasibility and effectiveness of a training program
for nursing homes residents who are unable to walk has been conducted. Chair-based exercise
(CBE) interventions represent an opportunity to make exercise possible for older people with
restricted mobility and thus to promote functional motor and cognitive resources. However, the
quality of studies on CBE interventions is often poor and there are no concrete instructions for
practical implementation in the nursing home setting. In addition, there is no adequate exami-
nation of exercise principles and training parameters.

The aim of this research project was the development, evaluation and investigation of effec-
tiveness of an exercise intervention to promote motor and cognitive functions and psychosocial

well-being for nursing home residents who are unable to walk.

Methods

First, an exercise intervention was developed. For this purpose and to investigate the needs and
resources of the residents, five qualitative interviews were conducted in a nursing home in
Hamburg. Based on the recommendations of a task-force report for exercise with people in need
of care, principles of exercise science and the results of the interviews, two multicomponent
exercise programs were developed, one for the ambulatory and one multicomponent CBE pro-
gram for the non-ambulatory nursing home residents (Publication 1). Simultaneously, the au-
thor carried out a systematic review on CBE interventions in nursing homes to ascertain the
current state of research on interventions that specifically target residents who are unable to
walk (Publication 2). Furthermore, a feasibility study was conducted to evaluate the exercise

VIl



program for N=24 ambulatory residents and to investigate its feasibility, effectiveness and ac-
ceptance (Publication 3). On the basis of the results from the review and the feasibility study,
the CBE program for those who are unable to walk was modified and further developed. The
modified CBE program was carried out as part of a further feasibility study with a pre-post
design to examine its effectiveness regarding N=7 non-ambulatory residents’ ability to perform
activities of daily living (Publication 4). This was followed by a two-arm single-blinded ran-
domized, controlled trial with N=52 non-ambulatory residents from four nursing homes in Bre-
men and Chemnitz (Publication 5). Motor function, cognition and psychosocial well-being were

examined when entering the study (T1) and after 16 weeks of training (T2).

Results

The investigated multicomponent CBE program increased the residents’ performance within
all four tests of motor function (ADL, clinical manual dexterity, dynamic sitting balance, and
hand grip strength), both cognitive tests (working memory and cognitive status) and remained
stable within psychosocial outcomes (depression status and physical and mental well-being)
while the control group showed continuous decrements over the course of 16 weeks. Moreover,
the results of this study, both feasibility studies, and the systematic review indicate that a mod-
erate intensity, 60 minutes per training session, two times per week, for a total of four months
are feasible and effective training modalities for CBE in nursing home settings. As part of the
implementation, a bio-psychosocial approach based on the framework concept for multimor-
bidity makes sense, with the aim of promoting individual motor and cognitive resources to im-
prove functional performance in ADL and strengthen social participation for a high quality of
life until the end of life.

Conclusion

The knowledge gained from this dissertation helps to close the research gap on exercise inter-
ventions for those who are unable to walk, a group which has so far hardly been considered in
research and specifically addressed for this purpose. Hence, new knowledge for exercise sci-
ence is gained by providing initial approaches and concrete recommendations for developing
and conducting effective exercise interventions and evidence-based guidelines to promote
health resources. In addition, this dissertation offers special added value for the practical im-
plementation of health-promoting exercise programs in the nursing home setting, which also
address residents who are unable to walk and are underrepresented in research.
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1 Einleitung

Die Zahl der Menschen im Alter von tber 80 Jahre steigt in Deutschland kontinuierlich an. In
Folge dieses Anstiegs erhoht sich auch die Zahl der Pflegebeddrftigen in vollstationérer Be-
treuung (Statistisches Bundesamt, 2021). Um diesen demografischen Verénderungen gerecht
zu werden, besteht ein erhohter Bedarf an préventiven Losungen zur Forderung motorischer
und kognitiver Funktionen sowie einer Reduktion der Pflegebedrftigkeit fiir mehr Lebensqua-
litat im hohen Alter. Forschung und Entwicklung von gesundheitsférdernden Interventionen fiir
diese hochaltrige Zielgruppe haben demnach eine hohe gesundheitspolitische Relevanz. Dafur
ist eine genaue Betrachtung des Gesundheitszustandes von pflegebedurftigen Bewohnerlnnen
der stationdren Altenpflege sinnvoll. Dieser ist gekennzeichnet durch Multimorbiditat, Ge-
brechlichkeit, Vulnerabilitat, ein hohes Risiko fur die Entstehung und das Fortschreiten von
Behinderungen sowie den Verlust der Gehféhigkeit (Ferrucci et al., 2004; Kuhlmey, 2009;
Scheidt-Nave et al., 2010; Valenzuela, 2012). Diese Faktoren fuhren zu starken Einbuen in
der Selbststdndigkeit bei Aktivitaten des taglichen Lebens (ADL), wie das An- und Auskleiden,
Aufsetzen und Umsetzen sowie das selbststandige Bewaltigen von Strecken im Wohnbereich
(Covinsky et al., 2003), um z.B. am gesellschaftlichen Leben in der Einrichtung teilzunehmen.
In Deutschland weisen 59% der Bewohnerlnnen in Altenpflegeeinrichtungen starke Limitie-
rungen innerhalb der ADL durch motorische und kognitive FahigkeitseinbuBen auf
(Statistisches Bundesamt, 2021). Zudem sind ohne regelméRiges korperliches Training die mo-
torischen Féahigkeiten fur die Austibung von ADL wie Handkraft, Gleichgewicht, Beinkraft und
Mobilitat einem stetigen Abbau ausgesetzt (Masciocchi et al., 2019; Seidler et al., 2010). Der
Verlust dieser motorischen Ressourcen steht zudem in Zusammenhang mit einem reduzierten
Wohlbefinden, einer reduzierten Lebensqualitidt (Kehyayan et al., 2016; Musich et al., 2018)
und einem Abbau kognitiver Funktionen (Herold et al., 2019; Seidler et al., 2010).

Durch das im Jahr 2015 in Kraft getretene Praventionsgesetz (8 5 Abs. 1 Satz 3 SGB XI) werden
TrainingsmalRnahmen zur Starkung der Gesundheitsressourcen und zur Vorbeugung oder Ver-
z6gerung von Behinderungen bei alteren pflegebedirftigen Menschen eine verstarkte gesund-
heitspolitische Prioritat eingerdumt. Dadurch ruckt die Forderung von vorbeugenden Leistun-
gen zur Reduktion des Ressourcenabbaus in Pflegeheimen bei Pflegeversicherungen vermehrt
in den Vordergrund. Es gilt dabei, dem Abbau motorischer und kognitiver Funktionen sowie
psychosozialer Ressourcen gezielt entgegenzuwirken. Vor diesem Hintergrund entstand 2017
das Projekt PROCARE (Préavention in stationdren Pflegeeinrichtungen), welches den For-

schungsrahmen fur die vorliegende Dissertation lieferte (Bischoff et al., 2018).



Um diese gebrechliche und vulnerable Zielgruppe zu adressieren, ist eine biopsychosoziale
Herangehensweise sinnvoll, bei der die pflegebedurftigen Menschen im ganzheitlichen Kontext
biologischer, psychologischer und sozialer Faktoren betrachtet werden (Wade & Halligan,
2017). Mit Rucksicht auf diese individuellen Kontextfaktoren sollen Trainingsprogramme auf
die Bedurfnisse und Ressourcen abgestimmt werden. Einen vielversprechenden, ressourcenori-
entierten Ansatz zeigen Studien zu gruppenbasierten Multikomponenten-Trainingsprogram-
men, die Ausdauer-, Kraftigungs-, Beweglichkeits- und Gleichgewichtsiibungen kombinieren
und positive Effekte auf die Selbststandigkeit zur Ausiibung von ADL bei Bewohnerinnen in
Altenpflegeeinrichtungen fordern (Crocker et al., 2013). Des Weiteren konnte ein positiver Ein-
fluss von Krafttraining auf kognitive Funktionen, wie z.B. exekutive Funktionen und das Ar-
beitsgedachtnis, in einer Ubersichtsarbeit nachgewiesen werden (Herold et al., 2019). Zudem
gibt es in einem Bericht der International Association of Gerontology and Geriatrics - Global
Aging Research Network (IAGG-GARN) (de Souto Barreto et al., 2016) Empfehlungen fir ein
Multikomponenten-Training mit mobilen Bewohnerlnnen der stationdren Altenpflege, es ist
jedoch bisher nicht abschlieBend erforscht, wie sich Trainingsinterventionen inhaltlich bedarfs-
gerecht strukturieren lassen, um neben motorischen Verbesserungen die Kognition und das psy-

chosoziale Wohlbefinden zu erh6hen oder zu erhalten.

Diese Empfehlungen beruhen ausschlieflich auf Untersuchungen zu alteren Menschen, deren
Gehfahigkeit noch erhalten ist. Altenpflegeheimbewohnerinnen, die in ihrer Mobilitat bereits
stark eingeschrankt und nicht mehr gehfahig sind, erfillen oft nicht die Einschlusskriterien fur
die Teilnahme an Studien zu Trainingsinterventionen und es entsteht eine konzeptionelle Liicke
in der Gesundheitsforschung (Schaeffer et al., 2016). Ein solcher Ausschluss von den Trai-
ningsinterventionen schrankt die Bewohnerlnnen zudem in ihrer Teilhabe an sozialen Aktivi-
taten ein und kann dazu beitragen, dass diese sich zunehmend sozial isolieren (Ridda et al.,
2010). Soziale Isolation und verminderte Teilhabe wirken sich wiederum negativ auf die Le-
bensqualitdt und das Wohlbefinden aus (Schaeffer et al., 2016) und tragen zu einem weiteren
Abbau motorischer Ressourcen bei. Um diesen Konsequenzen des physischen und psychosozi-
alen Ausschlusses nicht gehfahiger Bewohnerinnen entgegenzuwirken und um die Forschungs-
lucke zu schliel3en, bedarf es der Untersuchung von Trainingsinterventionen die gezielt die be-
sondere Situation nicht Gehféhiger und deren Bediirfnisse und Ressourcen berticksichtigen.
Studien die die Durchfuhrbarkeit und die Effektivitat solcher Trainingsprogramme fir hochalt-
rige, nicht gehfahige Bewohnerinnen in der stationdren Altenpflege adressieren fehlen bislang.

Daher mussen die bereits genannten Inhalte und Empfehlungen fur ein Multikomponenten-



Training in eine adaquate Intervention fur nicht gehfdhige Bewohnerinnen uberfiihrt und auf
deren Bedurfnisse angepasst werden.

Sogenannte chair-based exercise (CBE) Interventionen stellen eine Mdglichkeit dar, um ein
Training auch fir altere Menschen mit Mobilitatseinschrankungen moglich zu machen und so-
mit funktionelle motorische und kognitive Ressourcen bedarfsgerecht zu fordern (Anthony et
al., 2013; Baum et al., 2003; Cebria et al., 2014; Chen et al., 2015; Kuan et al., 2012; Nagai et
al., 2011; Robinson et al., 2016; Thurm et al., 2011). Die Studienqualitat von Untersuchungen
zu CBE Interventionen ist jedoch oft gering und es gibt keine konkrete Anleitung fur die prak-
tische Umsetzung im Setting Altenpflege. Zudem fehlt eine adédquate Auseinandersetzung mit
trainingswissenschaftlichen Prinzipien und Belastungsnormativen, wie genaue Informationen
zur Trainingsform und Inhalt und der Belastungssteuerung von Intensitat, Dauer, Umfang und
Frequenz, um motorische und/oder kognitive Funktionen sowie Wohlbefinden zu fordern
(Anthony et al., 2013; Mayer et al., 2011). Folglich bedarf es randomisiert kontrollierten Stu-
dien, um eine mit CBE modifizierte Multikomponenten-Trainingsintervention und deren Wirk-

samkeit flr die multimorbide Zielgruppe der nicht Gehféhigen zu untersuchen.

Die vorliegende Dissertation liefert mit einer solchen Studie neue Erkenntnisse fur ein gesund-
heitsforderliches CBE Training im Setting Altenpflege indem erstmalig trainingswissenschaft-
liche Belastungsnormative und Prinzipien gezielt und systematisch fiir die Zielgruppe der nicht
gehfahigen Bewohnerlnnen eingesetzt wurden, sodass daraus konkrete Handlungsempfehlun-
gen fur die Praxis abgeleitet werden kdnnen. Zudem werden dadurch erstmalig Lésungsansatze
zur Schlielung einer Forschungsliicke bei der bisher wenig untersuchten Kohorte der nicht geh-
fahigen Bewohnerinnen in der Altenpflege préasentiert. Dariiber hinaus bietet diese Forschungs-
arbeit einen besonderen Mehrwert durch Erkenntnisse fur die praktische Umsetzung einer Trai-
ningsintervention die nicht nur zu einer SchlieBung der Forschungsliicke beitragen, sondern

auch zur SchlieBung einer Versorgungslicke in der Altenpflege.

Fur die Umsetzung dieser Dissertation wurde das folgende VVorgehen gewéhlt. Zu Beginn stand
die Entwicklung und Bedarfsbestimmung (Publikation 1) eines Multikomponenten-Trainings-
programms zur Férderung motorischer und kognitiver Ressourcen und des psychosozialen
Wohlbefindens fur nicht gehfahige Bewohnerinnen in der stationdren Altenpflege. Zeitlich pa-
rallel wurde eine systematische Ubersichtsarbeit zur Evidenz von CBE zur Verbesserung mo-
torischer und kognitiver Ressourcen sowie des psychosozialen Wohlbefindens durchgefiihrt
(Publikation 2). Es folgte die Uberpriifung der Machbarkeit der Multikomponenten-Trai-
ningsintervention sowie die Untersuchung der Akzeptanz und Adh&renz der Bewohnerlnnen
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im Setting Altenpflege (Publikation 3 + 4). Abschlielend widmete sich die Dissertation der
Frage nach der Wirksamkeit einer Multikomponenten-Trainingsintervention, um motorische,
kognitive und psychosoziale Ressourcen von nicht gehféhigen Bewohnerinnen zu verbessern

oder zu erhalten (Publikation 5).



2 Theoretische Herleitung

2.1 Multimorbiditat im Alter

Grundlegend fur dieses Forschungsvorhaben ist die geriatrische Herausforderung einer progres-
siv steigenden Zahl von pflegebedirftigen Menschen (Statistisches Bundesamt, 2021). Bis zum
Jahr 2019 gab es in Deutschland bereits 4,1 Millionen Pflegebedurftige (vgl. Abbildung 1) mit
820,000 Personen in vollstationdrer Betreuung (Statistisches Bundesamt, 2021). In der statio-
naren Altenpflege zeichnet sich dieser Trend durch eine steigende Zahl pflegebedurftiger Men-
schen ab, die im hohen Mal3 vulnerabel und gekennzeichnet durch Multimorbiditét sind (Kojer,
2015; Scheidt-Nave et al., 2010).

Abbildung 1

Pflegebedurftige in Millionen (Statistisches Bundesamt, 2021)

Pflegebedirftige

in Millionen
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o 1! Statistisches Bundesamt (Destatis), 202)

Multimorbiditat wird definiert als mehrere gleichzeitig auftretende chronische oder akute Er-
krankungen (Horn et al., 2012), durch die die alltagsrelevante Funktionsfahigkeit deutlich ein-
schrankt und Betroffene zunehmend gebrechlicher werden (Peters et al., 2011) und einem er-
hohten Sterberisiko unterliegen (Nunes et al., 2016). Dadurch ist die Multimorbiditat ein erheb-
licher Belastungsfaktor fiir das Gesundheitssystem (Puth et al., 2017). Mit zunehmendem Alter
steigt zusatzlich zur Pflegebedirftigkeit auch die Wahrscheinlichkeit fur das Auftreten sowie
die Komplexitat von Multimorbiditat (Clegg et al., 2013; Kuhlmey, 2009) und macht sie

dadurch zu einer der wichtigsten Herausforderungen in der Gesundheitsforschung (Puth et al.,
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2017). Die u.a. von Fried und Kolleglnnen (2001) beschriebene Gebrechlichkeit bei alteren
Menschen ist eine Konsequenz der Multimorbiditat und gekennzeichnet durch ungewollten Ge-
wichtsverlust, verminderte Handkraft, langsame Gehgeschwindigkeit oder den Verlust der
Gehfahigkeit, Erschopfung und niedrige korperliche Aktivitat. Es besteht also eine Verbindung
zwischen Multimorbiditat und einer gesteigerten Gebrechlichkeit durch Einbul3en in den Kor-
perfunktionen (Slaets, 2006; Walston et al., 2006). Zudem konnte ein Zusammenhang zwischen
einer erhdhten Gebrechlichkeit und einer Reduktion des psychosozialen Wohlbefindens (Cro-
cker et al., 2019) und kognitiver Funktionen gezeigt werden (Furtado et al., 2020). Physische
und kognitive Gebrechlichkeit kénnen sich dabei gegenseitig verstarken (Canevelli et al.,
2015). Folglich nimmt die Pflegebedirftigkeit zu, wenn ein multimorbider Mensch den Alltag
aufgrund physischer, kognitiver und psychosozialer Einschrankungen nicht mehr allein bewal-
tigen kann (Scheidt-Nave et al., 2010).

Vor diesem Hintergrund und der steigenden Zahl Pflegebeddirftiger, wird die Notwendigkeit
von Forschung und praventiven MaRnahmen zur Gesundheitserhaltung und Gesundheitsforde-
rung dieser hochaltrigen Zielgruppe deutlich. Scheidt-Nave und Kolleglnnen (2010), liefern
dazu ein Rahmenkonzept zur Multimorbiditat, welches den pflegebedurftigen Menschen im
biografischen und gesellschaftlichen Kontext betrachtet. Dieses Modell beschreibt eine Viel-
zahl von Wechselwirkungen zwischen der Multimorbiditéat, den Korperfunktionen, personalen
und extrapersonalen Ressourcen sowie daraus resultierende Konsequenzen wie die Alltagsbe-
waltigung, soziale Teilhabe, selbstbestimmte Lebensfuhrung und Lebensqualitat (vgl. Abbil-
dung 2).



Abbildung 2

Rahmenkonzept zur Multimorbiditét (Scheidt-Nave et al., 2010)
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Die personalen und extrapersonalen Ressourcen unterstiitzen die alteren Menschen dabei, mit
den Herausforderungen von Multimorbiditdt und FunktionseinbulRen umzugehen oder diese zu
bewaltigen. Dabei wird deutlich, dass Einschrankungen der Kérperfunktionen durch Multimor-
biditat immer auch in Interaktion mit der Umwelt stehen und erst zu einer Behinderung werden,
wenn dadurch die Teilhabe eingeschrénkt ist (Peters et al., 2011). Bei dieser Interaktion spielt
es zudem eine entscheidende Rolle welche personalen und extrapersonalen Ressourcen einem
Menschen als Potential zur Verfligung stehen. Personale Ressourcen wie die Motivation zu
gesundheitsbewusstem Verhalten oder korperliche Fitness und extrapersonale Ressourcen wie
die Lebensbedingungen und Mdglichkeiten zur aktiven Lebensgestaltung im sozialen Umfeld,
beeinflussen im Wesentlichen den Umgang mit funktionellen Einschrdnkungen und Erkrankun-
gen. Dabei hat bei multimorbiden Menschen die Selbststdndigkeit im Alltag und die soziale
Teilhabe einen wesentlichen Einfluss auf eine hohere Lebenszufriedenheit (Kehyayan et al.,
2016). Weiter zeigt sich, dass gebrechliche, altere Menschen ein hoheres allgemeines Wohlbe-
finden aufweisen, wenn sie sozial gut eingebunden sind und an Aktivitaten teilnehmen kénnen

(van der Vorst et al., 2017). Dies deckt sich mit Bewohnerlnnenbefragungen, die gezeigt haben,
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dass die Mdglichkeit zur Teilhabe an Aktivitaten fir die Bewohnerlnnen in der Altenpflege
einen grof3en Stellenwert hat (Nygaard et al., 2020). Multimorbiditat kann allerdings auch durch
Funktionseinschrankungen die Teilhabemdglichkeiten an der Umwelt verandern und dadurch
die Selbststandigkeit reduzieren (Peters et al., 2011). Die aktive Auseinandersetzung mit der
Umwelt hat jedoch auch einen unbestreitbar positiven Einfluss auf die physische und psycho-
soziale Gesundheit (Peters et al., 2011) wahrend eine motorische und soziale Inaktivitat und
Isolation von der Umwelt einen negativen Einfluss auf die gesundheitsbezogene Lebensqualitét
aufweist (Kagwa et al., 2018).

Trotz Multimorbiditét gelingt es einem Teil der &lteren Menschen personale und extrapersonale
Ressourcen fir sich zu nutzen und sich dadurch einen ausreichenden Grad an Wohlbefinden zu
erhalten (Lacruz et al., 2010). Fir Akteure in der Gesundheitsférderung und Pravention gilt es
daher das Potential fur solche Ressourcen zu identifizieren und zu starken. Der Gesetzgeber hat
zu diesem Zweck 2015 das Préventionsgesetz zur Starkung der Gesundheitsforderung und der
Pravention in der stationdren Altenpflege (8 5 Abs. 1 Satz 3 SGB XI) verabschiedet, durch das
u.a. die Motorik, Kognition und psychosoziales Wohlbefinden von Pflegebedrftigen durch be-
darfsgerechte Interventionen gestéarkt werden sollen. Interventionen sollten demnach gezielt die
individuellen Ressourcen und Kontextfaktoren der Pflegebedurftigen berticksichtigen, um trotz
gegebener gesundheitlicher und funktioneller Einschrankungen, eine héchstmdgliche Selbst-
standigkeit bei bestmdglicher Lebenszufriedenheit zu erhalten (Riedl et al., 2013; Wohl et al.,
2017). Dabei gilt es, die Ressourcen der multimorbiden Menschen gezielt und teilhabeorientiert
zu fordern und vor dem Hintergrund der biografischen und gesellschaftlichen Rahmenbedin-
gungen und Kontextfaktoren bedarfsgerechte Interventionen zu entwickeln. Bei der Entwick-
lung geeigneter Trainingsinterventionen fir Bewohnerlnnen in der Altenpflege ist daher eine
an dem Rahmenkonzept zur Multimorbiditét (Scheidt-Nave et al., 2010) orientierte biopsycho-
soziale Herangehensweise (Wade & Halligan, 2017) sinnvoll, die den pflegebediirftigen Men-
schen ganzheitlich im Setting der Altenpflegeeinrichtung und dem Einfluss personaler und ext-
rapersonaler Kontextfaktoren und Ressourcen betrachtet. Im Vordergrund einer bedarfsgerech-
ten Prévention steht demnach nicht das Beseitigen von vorhandenen Erkrankungen und Ein-
schrankungen, sondern vielmehr eine Forderung der individuellen motorischen und kognitiven
Ressourcen, um die Funktionsfahigkeiten im Alltag und die soziale Teilhabe der BewohnerIn-

nen zu verbessern oder zu erhalten.



Dieses Ziel wird im Rahmen dieser Dissertation verfolgt, um aus den Ergebnissen Handlungs-
empfehlungen fur evidenzbasierte Trainingsinterventionen in der Altenpflege ableiten zu kon-
nen. Damit leistet die Dissertation einen Forschungsbeitrag mit dem Fokus auf eine in der For-
schung schwer erreichbare Zielgruppe mit besonderem Versorgungsbedarf. Die bisher wenig
untersuchten BewohnerInnen die in ihrer Mobilitét stark eingeschrankt und auf einen Rollstuhl
angewiesen sind, werden in dieser Dissertation gezielt adressiert. Zudem liefert die Dissertation
im folgenden Kapitel eine evidenzbasierte Auseinandersetzung mit den motorischen und kog-
nitiven Ressourcen von Bewohnerinnen in der Altenpflege unter Berticksichtigung trainings-

wissenschaftlicher Prinzipien und Belastungsnormative.

2.2 Training gesundheitlicher Ressourcen von Altenpflegeheimbewohnerinnen

2.2.1 Trainierbarkeit motorischer Ressourcen

Trotz Verdnderungen in der Anpassungsfahigkeit der Muskulatur und des Herz-Kreislaufsys-
tems im Alter (Blasco-Lafarga et al., 2020), ist es mittlerweile unumstritten, dass die motori-
schen Ressourcen Ausdauer, Kraft und Koordination auch im hohen Alter noch trainierbar sind
(Hottenrott, 2017; Chodzko-Zajko et al., 2009; Mayer et al., 2011; Zaleski et al., 2016). Dies
zeigt sich bei Untersuchungen mit Menschen im hohen Alter durch eine lohnende Trainierbar-
keit der Kraft und der Ausdauer (Cadore et al., 2014). Ein Training der Ausdauer fiihrt demnach
zu kardiovaskularen und kardiorespiratorischen Anpassungen im Sinne einer Okonomisierung
des Energiestoffwechsels mit verbesserter aerober Kapazitat (Cadore et al., 2014). Zudem zeigt
sich, dass durch Krafttraining auch im hohen Alter neuromuskulére Anpassungen im Sinne ei-
ner Zunahme der Maximalkraft und Kraftausdauer erzielt werden kénnen (Cadore et al., 2014;
Grgic et al., 2020). In weiteren Untersuchungen mit dlteren Menschen konnte eine gute moto-
rische Lernfahigkeit (Mooney et al., 2019) sowie neurophysiologische Anpassungen durch ein
Training fur das Gleichgewicht und die Koordination festgestellt werden (Dunsky, 2019). Diese
motorischen Ressourcen werden bei der Ausiibung von ADL benétigt und kénnen somit bei
BewohnerInnen in der Altenpflege durch ein an den Fahigkeiten und BedUrfnissen orientiertes
Training gefordert werden (Schaeffer & Buscher, 2009; Weening-Dijksterhuis et al., 2011).
Bleibt eine Forderung durch ein regelmafiiges Training aus, sind inaktive Bewohnerinnen je-
doch einem stetigen Abbau motorischer Ressourcen wie Handkraft (-2,2% monatlich), Bein-
kraft (-3,5% monatlich), Gleichgewicht (-2% monatlich) und Mobilitét (-2,1% monatlich) aus-
gesetzt (Masciocchi et al., 2019). Durch die Inaktivitdt kommt es zudem zu einem Abbau der
aeroben Ausdauer (Toraman, 2005) und einer Verstarkung funktioneller motorischer Ein-

schréankungen bei der selbststandigen Austibung von ADL (Douma et al., 2017; Jansen et al.,



2017; Valenzuela et al., 2018). Gezielte Trainingsinterventionen kdnnen den Prozess des fort-
schreitenden Verlustes der motorischen Funktionen verlangsamen (Crocker et al., 2013). Neu-
ere Studien zeigen, dass die Fahigkeiten zur Austibung von ADL bei Pflegeheimbewohnerin-
nen durch Multikomponenten-Training verbessert werden kann und sich dies positiv auf das
Wohlbefinden und die Lebensqualitat auswirkt (Campbell et al., 2021; Senik et al., 2021). Auch
tragen Interventionen mit Ausdauer-, Kraft- und/oder Koordinationstraining zu einer Verzdge-
rung des kognitiven Abbaus im Alter bei und kdénnen altersbedingte Erkrankungen verhindern
(Falck et al., 2019; Northey et al., 2018; Voelcker-Rehage et al., 2011). Es gibt solide Evidenz,
dass die neurobiologischen Anpassungen eines Krafttrainings, mit Ubungen zur Steigerung der
Muskelkraft oder fur die Muskelhypertrophie, auch einen wesentlichen Einfluss auf verschie-
dene kognitive Doménen wie das Arbeitsgedachtnis und die exekutiven Funktionen haben (He-
rold et al., 2019). Untersuchungen zeigten, dass durch Training das Wachstum von Nervenzel-
len im Hippocampus und neurochemische Konzentrationsveranderungen durch eine Ausschiit-
tung verschiedener Myokine wie den Wachstumsfaktor BDNF (Brain-derived neurotrophic fac-
tor) ausgeldst werden (Erickson et al., 2011). Dieser Effekt sorgt dafr, dass durch ein Aus-
dauer- oder Krafttraining neue Verknipfungen im Gehirn gebildet und somit die Gedachtnis-
und Lernfahigkeit stabilisiert oder verbessert werden kann (Basso & Suzuki, 2017; Marston et
al., 2019).

2.2.2 Trainingsform und Inhalt von Interventionen

Um eine geeignete Trainingsintervention zur Férderung motorischer, kognitiver und psychoso-
zialer Ressourcen fir die Zielgruppe der multimorbiden Altenpflegeheimbewohnerinnen zu
entwickeln, stellt sich zunéchst die Frage nach der passenden Trainingsform bezogen auf Trai-
ningsinhalt,-methode und -mittel. Studien zu Trainingsinterventionen fiir Bewohnerlnnen in
der Altenpflege unterscheiden sich stark in Bezug auf die Trainingsform und seine Inhalte
(Campbell et al., 2021). Eine Ubersicht von Schaeffer und Kolleginnen (2016) zeigte den Ein-
satz von Trainingsprogrammen zur Verbesserung der Beweglichkeit (Netz et al., 2007) oder
des Gleichgewichts (Toulotte et al., 2003) sowie Multikomponenten-Trainingsprogramme mit
einer Kombination aus mehreren motorischen Fahigkeitskomponenten wie Kraft, Ausdauer,
Gleichgewicht, Koordination und aufgabenspezifischem ADL-Training (Jansen et al., 2014;
Littbrand et al., 2009). AuBerdem zeigten Interventionen, die ein Multikomponenten-Training
mit zusatzlichen kognitiven Ubungen kombinieren, vielversprechende Ergebnisse hinsichtlich
einer Verbesserung motorischer (Jansen et al., 2015; Wollesen et al., 2017; Wollesen &
Voelcker-Rehage, 2014) und kognitiver (Schoene et al., 2015) Funktionen wie Aufmerksamkeit
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und exekutive Funktionen bei dlteren Erwachsenen sowie bei Menschen mit Demenz hinsicht-
lich einer Verbesserung der Funktionen fur ADL (Kruse et al., 2021; Machado et al., 2020).
Dariiber hinaus wird ein Multikomponenten-Training kombiniert mit kognitiv-motorischen
Ubungen als vielversprechende Mdglichkeit zur Férderung motorischer und kognitiver Res-
sourcen flr ein Training mit dlteren Menschen empfohlen (de Souto Barreto et al., 2016) und
scheint einem Training mit nur einer motorischen Komponente tberlegen zu sein (Cadore et
al., 2013). Eine Ubersichtsarbeit, die verschiedene Trainingsarten fir dltere Erwachsene ver-
gleicht, bestatigt die Empfehlung, dass mehrere Trainingskomponenten wirksam sind, um die
motorische und kognitive Gesundheit zu verbessern (Netz, 2019). Die Autorlnnen schlussfol-
gerten, dass ein motorisches Training kombiniert mit kognitiven Anforderungen im Sinne eines
Dual-Task Trainings eine effektive Moglichkeit darstellt, um kognitive Ressourcen zu verbes-
sern (Netz, 2019). Die meisten Studien zu Multikomponenten-Trainingsprogrammen unter-
suchten jedoch gesunde &ltere Erwachsene. Uber die Wirksamkeit von Multikomponenten-
Trainingsprogrammen, die Ausdauer, Kraft, aufgabenspezifisches Koordinationstraining fur
ADL und motorisch-kognitive Ubungen zur Gesundheitsforderung bei Pflegeheimbewohnerin-
nen integrieren, ist weniger bekannt. Erste Studien, die ein Multikomponenten-Programm ein-
schliellich Schritt- und Gehtibungen untersuchten, zeigten jedoch auch Vorteile hinsichtlich
motorischer Funktionen bei Altenpflegeheimbewohnerinnen (Arrieta et al., 2019; Arrieta et al.,
2018) sowie der Lebensqualitdt und ADL bei gebrechlichen &lteren Menschen (Campbell et al.,
2021).

2.2.3 Steuerung der Belastungsnormative

Zusétzlich zur sinnvollen Auswahl der Trainingsform gilt es die Belastungsnormative bedarfs-
gerecht und individualisiert auf die Zielgruppe abzustimmen, um somit die Trainingsbelastung
im Sinne eines optimalen Anpassungsprozesses zielfiihrend steuern zu kénnen (Herold et al.,
2019). Zu berucksichtigen sind dabei die Belastungsnormative Umfang, Intensitat, Dauer, Hau-
figkeit, Dichte und Ausfiihrung (Hottenrott, 2017). In der angloamerikanischen Literatur wer-
den die Belastungsnormative zur Trainingsgestaltung oft mithilfe der F.I.T.T. principles be-
schrieben (Garber et al., 2011). Diese zentrieren die Faktoren frequency (Trainingshaufigkeit),
intensity (Trainingsintensitdt), time (Trainingsdauer/Trainingsumfang) und type (Form des
Trainings). Eine Ubersicht Giber die fiir die Trainingsgestaltung relevanten Belastungsnormative
wird in Tabelle 1 dargestellt. Die kontinuierliche Anpassung des Trainingsvolumens an die in-
dividuelle Leistungsféhigkeit der Bewohnerlnnen und diese als progressive Herausforderung
(overload) zu organisieren, gilt als wichtige VVoraussetzung fur eine muskulére oder kardiovas-

kuldre Adaptation (Chodzko-Zajko et al., 2009; Donath & Faude, 2020; Herold et al., 2019;
11



Jahanpeyma et al., 2021; Schoenfeld et al., 2021). Eine solche — an trainingswissenschaftlichen
Prinzipien orientierte — Trainingssteuerung ist moglich durch eine Steigerung des Trainingsvo-
lumens im Sinne der Trainingsdauer (mehr Wiederholungen, mehr Trainingssatze, langere
Gehstrecke, langere Trainingszeit), Trainingshaufigkeit (mehr Trainingseinheiten pro Woche)

oder der Trainingsintensitat (Zusatzgewicht, erhohter Widerstand, schwerere Ubungsvariante).
Tabelle 1
Belastungsnormative fiir die Trainingsgestaltung (in Anlehnung an Donath & Faude, 2020)

Beschreibung
Trainingsintensitat Die Trainingsintensitat beschreibt den Grad der Anstrengung (nied-
rig, moderat, hoch)

Trainingshdufigkeit/  Die Trainingshaufigkeit wird definiert Giber die Anzahl an Trainings-
Trainingsfrequenz einheiten im Rahmen eines bestimmten Zeitintervall (3x Téglich, 2x

pro Woche)
Trainingsdauer/ Die Trainingsdauer gibt an wie lange oder wie oft eine bestimmte
Trainingsumfang Ubung ausgefiihrt werden soll (30 Wiederholungen) oder eine kom-

plette Trainingseinheit dauert (20 Minuten)

Trainingsform Die Form des Trainings wird definiert durch den Charakter oder den
Schwerpunk mit dem eine Trainingseinheit oder eine Intervention ge-
staltet wird (Ausdauer, Kraft, Koordination, Kognitiv-motorisches
Training)

Da Pflegebedirftige hinsichtlich ihrer Ressourcen und motorischen sowie kognitiven Leis-
tungsfahigkeit sehr heterogen sind (Gronstedt et al., 2011), stellt die Belastungssteuerung eine
besondere Herausforderung dar. Ein Bericht der IAGG-GARN enthélt grobe Empfehlungen zur
Steuerung der Belastung von Multikomponenten-Trainingsprogrammen flr pflegebedirftige
Menschen (de Souto Barreto et al., 2016). In diesem Bericht wird betont, dass eine moderate
Trainingsintensitat, die kontinuierlich an die F&higkeiten der Bewohnerlnnen angepasst wird,
am vorteilhaftesten ist. Herz- und Atemfrequenz sollten dabei spirbar erhoht werden, ohne
Atemnot oder iberméRige Erschdpfung zu verursachen (de Souto Barreto et al., 2016). Dariiber
hinaus sollte ein Training nach Darstellung der Autorinnen einen Trainingsumfang von 13-15
Wiederholungen in einem oder zwei Trainingssatzen umfassen sowie eine Trainingsfrequenz
und -dauer von zweimal pro Woche fur 45 Minuten anstreben (de Souto Barreto et al., 2016).
In vielen Interventionen fur Pflegeheimbewohnerinnen fehlen jedoch genaue Informationen
uber die Gestaltung und Uberwachung der Belastungsnormative. Es finden sich zwar Angaben

zu Trainingsumfang und -frequenz; die Trainingsintensitat wird jedoch haufig nur in niedrig,

12



moderat oder hoch eingestuft, ohne die gezielte Steuerung und Anpassung dieses Belastungs-
faktors zu beschreiben. Die Belastungssteuerung ist bei der Zielgruppe zwar eine besondere
Herausforderung, zugleich jedoch ein entscheidender Faktor, um Aussagen zu Dosis-Wir-
kungsbeziehungen treffen zu konnen (Herold et al., 2019). Es gilt die Gefahr einer Uberlastung
gering zu halten und gleichzeitig moglichst alle Teilnehmerlnnen einem fir eine Adaptation
ausreichend uberschwelligen Trainingsreiz auszusetzen. Eine Belastungssteuerung, die sich an
standardisierten Wiederholungszahlen und Ubungen orientiert, filhrt zu stark unterschiedlichen
Anpassungen bei Untrainierten (Bouchard & Rankinen, 2001) und kann daher nur einen Teil
der Bewohnerlnnen an ihrer individuellen Schwelle der Leistungsfahigkeit abholen. Fir die
Mehrheit ist es deshalb wahrscheinlich, dass ein trainingswirksamer Reiz durch Unterforderung
ausbleibt. Deshalb lassen sich aus vielen Interventionsstudien oft nur ungenaue Empfehlungen
zu einer geeigneten Belastungssteuerung ableiten, die flr eine Umsetzung in der Praxis aber
unbedingt nétig waren. Ein Trainingsprogramm sollte daher mit Riicksicht auf eine systemati-
sche und individuelle Belastungssteuerung konzipiert sein (Zaleski et al., 2016). Dafr ist eine
stetige Uberwachung und leistungsgerechte Anpassung des Trainings nétig, um die individuel-
len Féhigkeiten der Teilnehmerlnnen zu beriicksichtigen (Gronstedt et al., 2013; Pol et al.,
2020) und die motorischen Ressourcen im Sinne einer addquaten Reizsetzung optimal zu for-
dern (Hottenrott, 2017). Eine progressive Steigerung bedarf jedoch einer regelmaBigen Uber-
priifung der passenden Trainingsintensitat. Hierfur gibt es verschiedene Methoden, wie das
Messen der relativen Herzfrequenz in Bezug auf die alters-vorhergesagte maximale Herzfre-
quenz (Garber et al., 2011). Eine praktikable Lésung, die sich ohne technischen Aufwand um-
setzen lasst und bereits im Setting Rehabilitation eingesetzt wurde (Levinger et al., 2004,
Mitchell et al., 2019), ist die Abfrage des subjektiven Anstrengungsempfindens mithilfe der
Borg Skala (Borg, 1998). Ein Punktwert von 13-14 auf der Skala entspricht einer moderaten
Intensitét, die in dem Expertenbericht fur Sport mit Bewohnerinnen in der Altenpflege (de

Souto Barreto et al., 2016) empfohlen wird.

Grundsatzlich werden Trainingsform und Belastungssteuerung immer durch die Zielgruppe mit
Ricksicht auf die Zielstellung und das Ausgangsniveau bestimmt (Donath & Faude, 2020). Vor
diesem Hintergrund wurden bedarfsorientierte Trainingsprogramme mit Rucksicht auf eine ge-
zielte Belastungssteuerung im Setting Altenpflege im Hinblick auf die Aspekte Machbarkeit
und Wirksamkeit bisher noch nicht ausreichend untersucht (Horn et al., 2013; Richards et al.,
2018). Um diese Forschungsliicke zu schlieen, ist die Uberpriifung der Machbarkeit (Publika-
tion 3 + 4) und Wirksamkeit (Publikation 5) zentraler Bestandteil der vorliegenden Dissertation.
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2.3 Training fir nicht gehféahige BewohnerlInnen in der Altenpflege
Aufgrund von Muskelschwéche und Gleichgewichtsdefiziten bendtigen in deutschen Alten-
pflegeeinrichtungen etwa 40% einen Rollstuhl, um sich selbststandig fortbewegen zu kénnen
(Horn et al., 2012). Bei diesen nicht gehfahigen Bewohnerinnen in der stationdren Altenpflege
handelt es sich daher um Personen, die im hohen MaRe vulnerable sind und Alltagsaktivitaten
mit erheblichen motorischen Einschrankungen bewéltigen mussen (Karmarkar et al., 2011).
Verschiedene motorische und kognitive Ressourcen, um den Alltag weitestgehend autonom
bewéltigen zu kénnen sind zwingend erforderlich. Dies l&sst sich exemplarisch anhand eines
Ublichen morgendlichen Tagesablaufs vom Bett bis zum Frihstickstisch verdeutlichen. Das
Aufstehen beginnt mit einem Transfer vom Bett in den Rollstuhl und erfordert ein ausreichend
funktionelles Gleichgewicht (Tsang et al., 2015) sowie Kraft in den oberen Extremitaten (Tsai
etal., 2014). Beim An- und Auskleiden sowie der eigenstdndigen Korperpflege werden sowohl
kognitive (exekutive Funktion, Handlungsplanung) als auch motorische Fahigkeiten (Gleich-
gewicht, Kraft im Oberkdrper, Feinmotorik) bendtigt (Mlinac & Feng, 2016). Damit wird deut-
lich, dass die Leistungsfahigkeit im Oberkodrper einschlielich Kraft und Feinmotorik eine
wichtige Rolle bei ADL spielen (Woloszyn et al., 2021). Eine ausreichende Mobilitat um
schliel3lich den Weg vom eigenen Zimmer zum Frihstuckssaal mit dem Rollstuhl selbststandig
zu bewéltigen, erfordert raumliche Orientierungsfahigkeit (Ring et al., 2018; Wollesen et al.,
2020), Hand- und Armkraft, Ausdauer und Beweglichkeit der oberen Extremitaten (Requejo et
al., 2015). Als Konsequenz einer schwachen Muskulatur in den oberen Extremitaten empfinden
es viele BewohnerInnen als zu schwer, sich mit ihrem Rollstuhl fortzubewegen (Wotoszyn et
al., 2021). Sich selbststandig in der gewohnten Umgebung fortbewegen zu kénnen hat dabei
aber einen wesentlichen Einfluss auf die Lebensqualitat, das Wohlbefinden und die soziale
Teilhabe (Karakaya et al., 2009; Mortenson et al., 2012). Der aktive Gebrauch und das Training
dieser motorischen Ressourcen minimiert das Risiko fur die Entstehung von funktionellen Ein-

schrankungen und Limitationen bei ADL (Cunningham et al., 2020).

In der Forschung findet die Zielgruppe der nicht gehfahigen Bewohnerlnnen bisher kaum Be-
ricksichtigung. Gut untersuchte Trainingsinterventionen zur Verbesserung der Motorik umfas-
sen typischerweise Ubungen, die die Fahigkeit zum Stehen oder Gehen erfordern (Gillespie et
al., 2009; Jahanpeyma et al., 2021). Bestehende Trainingsempfehlungen fir BewohnerInnen in
der Altenpflege schlieRRen die Bewohnerinnen mit starken Mobilitatseinschrankungen nicht mit
ein (de Souto Barreto et al., 2016). Studien die Interventionen fir Gehféhige untersucht haben,
zeigten bereits Verbesserungen beztglich Gangsicherheit und Sturzrisiko (Bjerk et al., 2019;

Hewitt et al., 2018; Schoene et al., 2015; Thomas et al., 2010; Toots et al., 2018; Wollesen et
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al., 2017) sowie Gebrechlichkeit (Arrieta et al., 2019), ADL (Littbrand et al., 2009) und Leis-
tungsfahigkeit der oberen und unteren Extremitéaten (Arrieta et al., 2018). Allerdings kdnnen
sehr gebrechliche Bewohnerlnnen mit schwacher Balance und Mobilitat, die auf einen Roll-
stuhl angewiesen sind, nicht an Programmen mit Geh- oder Stehiibungen teilnehmen und erftl-
len somit nicht die Einschlusskriterien dieser Studien. Folglich existiert eine Licke in der Ge-
sundheitsforschung zu Trainingsinterventionen mit Hochaltrigen, die geschlossen werden muss
(Anthony et al., 2013). Denn durch diese Liicke werden die Ressourcen von nicht gehfahigen
BewohnerInnen in der Forschung nicht angemessen bericksichtigt. In der Praxis fehlt es daher
unweigerlich an gut untersuchten Empfehlungen fiir die Umsetzung angemessener Trainingsin-
terventionen fur Bewohnerlnnen die nicht gehen kénnen. Aufgrund mangelnder Empfehlungen
herrscht somit auch eine Versorgungsliicke. Die Bewohnerlnnen werden nicht ausreichend mit
Trainingsangeboten versorgt, die die individuellen Ressourcen nicht Gehféahiger bertcksichti-
gen. Daraus resultiert wie in einem Teufelskreis eine erhohte Inaktivitat und verminderte sozi-
ale Teilhabe, was wiederum den weiteren Abbau kognitiver und motorischer Ressourcen be-
gunstigt (vgl. Abbildung 3).

Abbildung 3

Teufelskreis aus mangelnder Teilhabe, Ressourcenabbau und einer Forschungs- und Versorgungsli-
cke in der Altenpflege (eigene Darstellung)

Forschungs

Versorgungs

liicke liicke

Ressourcen
abbau

Mangelnde
Teilhabe

Um den Teufelskreis zu unterbrechen, sind bedarfsgerechte Interventionen nétig, die auch nicht
gehfahige Bewohnerinnen einschliel}en. Hierfur bieten CBE Interventionen eine gute Maoglich-
keit, um ein Training in ausschlieBlich sitzender Position auch flr altere Menschen mit Mobi-

litatseinschrankungen mdglich zu machen und somit motorische und kognitive Ressourcen zu
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fordern (Anthony et al., 2013; Robinson et al., 2016; Robinson et al., 2018). Eine Studie, die
drei verschiedene CBE Trainingsprogramme mit je nur einer Trainingskomponente untersucht
hat, konnte zum Teil positive Effekte zur Aufrechterhaltung der Unabhéngigkeit und Mobilitat
in Pflegeheimen zeigen, kommt aber zu dem Schluss, dass ein CBE Trainingsprogramm mit
mehreren Komponenten bessere Ergebnisse liefern kdnnte und deshalb zukunftig untersucht
werden sollte (Cancela Carral et al., 2017). Das im Rahmen dieser Forschungsarbeit entwickelte
Multikomponenten-Trainingsprogramm fur nicht gehfahige Bewohnerlnnen orientiert sich an
den motorischen Einschrdnkungen und besonderen Bediirfnissen und Ressourcen der Ziel-
gruppe und wurde deshalb als CBE Trainingsprogramm konzipiert. Dieses adressiert im
Schwerpunkt Ubungen zur Férderung von den verschiedenen Komponenten Kraft, Ausdauer
und Koordination im Rumpf und Oberkdrper sowie eine gezielte Forderung der Fahigkeiten zur
Durchfiihrung von ADL. Die Trainingsform hat demnach den Charakter eines Multikomponen-
ten-Trainings, da es verschiedene Komponenten der motorischen Leistung fordert. Allerdings
ist es fiir die Umsetzung als CBE Training modifiziert. Damit wird der Ansatz verfolgt, ein auf
die spezielle Zielgruppe zugeschnittenes Training anzubieten und kein ,,one size fits all* Pro-

gramm fir alle Bewohnerlnnen zu entwickeln.

Ausgewahlt wurden Ubungen fiir die Kraft in den Handen, da eine Schwiéche der Handkraft ein
wesentliches Merkmal von Altenpflegeheimbewohnerlnnen darstellt (Granic et al., 2016) und
flr eine fortgeschrittene Gebrechlichkeit steht (Syddall et al., 2003). Neben der Kraft wird zu-
dem ein gutes funktionelles Gleichgewicht im Sitzen bei zahlreichen ADL, wie Schuhe anzie-
hen, Korperpflege oder der Transfer vom Rollstuhl ins Bett, ben6tigt (Katz-Leurer et al., 2009).
Daher zielen verschiedene Ubungen darauf ab, das funktionelle Gleichgewicht in sitzender Po-
sition zu férdern, indem sich der Oberkérper bei der Durchfiihrung in verschiedene Richtungs-
lagen begeben und dabei aktiv stabilisieren muss. Der Einsatz verschiedener Trainingsmateri-
alien, wie Bélle, Gymnastikstébe, Tlicher und Alltagsgegenstande, soll dabei helfen alltagsnahe
Situationen nachzustellen und die fur die Umsetzung nétigen motorischen und auch kognitiven
Funktionen aufgabenspezifisch zu trainieren. Bewohnerlnnen sollen in den Ubungen einen
Zweck erkennen, der flr die Bewaéltigung des Alltags bedeutsam und nachvollziehbar ist. So
soll das Trainingsprogramm eine moglichst hohe Adhérenz schaffen. Daflr wurden kognitiv-
motorische Ubungen, die sich bei Interventionen mit gehfahigen, alteren Erwachsenen als viel-
versprechend erwiesen haben (Wollesen & Voelcker-Rehage, 2014), fir die Durchfiihrung in
sitzender Position modifiziert. Dies ist sinnvoll, da auch nicht gehfahige Bewohnerlnnen bei
vielen Alltagsaktivitaten die Fahigkeit bendtigen, neben der motorischen Umsetzung zeitgleich

kognitive Informationen zu verarbeiten (Voelcker-Rehage & Alberts, 2007). Hierzu zéhlen das
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Kochen einer Tasse Tee oder das An- und Auskleiden. Das Training mit alltagsnahen Gegen-
stdnden schult zudem die Feinmotorik der Hande. Dies ist ebenfalls fur viele ADL, wie das
Schreiben mit einem Stift, das Offnen einer Tiir oder das Bezahlen mit Kleingeld, von Bedeu-
tung. Ein Abbau dieser Fahigkeiten ist im Alter Gblich und fiihrt zu vermehrten Einschrankun-

gen im Alltag (Hoogendam et al., 2014).

Unter Berucksichtigung trainingswissenschaftlicher Belastungsnormative wurde das Training
im Verlauf regelmaRig mithilfe der Borg Skala (Borg, 1998) auf den Grad der Belastung tber-
priift und wenn moglich progressiv gesteigert. Dies geschah bei Ausdauer- und Krafttibungen
Uber eine Anpassung von Belastungsumfang (mehr Wiederholungen von 5 — 10 -15- 20, mehr
Trainingssétze 1 — 2 — 3) oder Belastungsintensitat (Zusatzgewicht 1 oder 2 kg, erhéhter Wie-
derstand, schwerere Ubungsvariante). Bei koordinativen oder kognitiv-motorischen Ubungen
wurden der Schwierigkeitsgrad mit der Zeit gesteigert (z.B. zwei Bélle statt einem, zusétzlich
Ruckwartszahlen wahrend einer Ubung). Die konkrete Ubungsauswahl basiert auf der Grund-
lage von Empfehlungen der IAGG-GARN fur Bewohnerinnen von Pflegeheimen (de Souto
Barreto et al., 2016). Weiter wurden Ubungen beriicksichtigt, die sich in zuvor veroffentlichten
Interventionsstudien als vorteilhaft fir ein Training mit alteren Menschen (Baker et al., 2007;
Wollesen & Voelcker-Rehage, 2014) und Pflegebedurftigen (Arrieta et al., 2018; Valenzuela,
2012) erwiesen haben. Um die Ressourcen der nicht gehféhigen Bewohnerlnnen zu adressieren,
wurden die recherchierten Ubungen zum Teil fiir die Durchfiihrung in sitzender Position modi-
fiziert. Ein Auszug aus dem Multikomponenten-Trainingsprogramm mit Beispiellibungen l&sst
sich aus Publikation 5 im Anhang entnehmen.

Im Rahmen dieser Dissertation wurde somit ein innovatives Trainingsprogramm entwickelt und
auf die Bedirfnisse und Ressourcen von nicht Gehféhigen angepasst sowie auf Machbarkeit
und Wirksamkeit untersucht, um die Forschungsliicke zu schlieRen und den Teufelskreis zu
unterbrechen. Bewohnerlnnen die in ihrer Mobilitét stark eingeschrankt und auf einen Rollstuhl
angewiesen sind, wurden in dieser Dissertation nicht wie in der bisherigen Forschung ausge-
schlossen, sondern gezielt mit einer CBE Intervention adressiert. Aus den Ergebnissen kdnnen
trainingswissenschaftliche Empfehlungen fur eine CBE Intervention mit nicht gehféhigen Be-

wohnerlnnen in der stationdren Altenpflege abgeleitet werden.
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3 Forschungsfragen
Diese Dissertation widmet sich der Entwicklung und Bedarfsbestimmung (Publikation 1) eines
Multikomponenten-Trainingsprogramms zur Forderung motorischer und kognitiver Ressour-
cen und des psychosozialen Wohlbefindens fir nicht gehfahige Bewohnerlnnen in der statio-
néren Altenpflege. Zeitlich parallel zur Entwicklung des Trainingsprogramms wurde eine sys-
tematische Ubersichtsarbeit zur Evidenz von CBE durchgefiihrt (Publikation 2). Es folgten die
Untersuchung der Machbarkeit (Publikation 3 + 4) sowie der Wirksamkeit der Trainingsinter-
vention (Publikation 5). Ziel ist es, durch die Intervention einen weiteren Riickgang der funkti-
onellen motorischen und kognitiven Leistung zu verlangsamen und die Unabhangigkeit bei All-
tagsaktivitaten zu verbessern, um zu einem gesteigerten Wohlbefinden und einer héheren Le-

bensqualitat beizutragen.

Zusammenfassend bietet die Dissertation einen konkreten Losungsansatz zur Férderung einer
besonders vulnerablen Zielgruppe und tragt dadurch zur Schliefung der konzeptionellen Ver-
sorgungsliicke in der stationdren Altenpflege bei. Dartiber hinaus leistet die Dissertation einen
wertvollen Forschungsbeitrag zu den bisher unzureichend untersuchten nicht gehfahigen Be-

wohnerlnnen.
Die zentralen Fragestellungen, die diesen Forschungsprozess begleitet haben, sind:

1. Wie gestaltet sich eine Trainingsintervention zur Férderung motorischer, kognitiver und
psychosozialer Ressourcen basierend auf den Bedurfnissen und Ressourcen von Bewoh-
nerlnnen in Pflegeeinrichtungen? (Publikation 1)

2. Welche Evidenz haben CBE Interventionen zur Verbesserung motorischer und kognitiver
Ressourcen sowie des psychosozialen Wohlbefindens fur Bewohnerlnnen in Pflegeein-
richtungen? (Publikation 2)

3. Ist eine Multikomponenten-Trainingsintervention zur Férderung motorischer, kognitiver
und psychosozialer Ressourcen im Setting Altenpflege mit einer ausreichenden Akzep-
tanz und Adhérenz der Bewohnerlnnen sowie einer guten Umsetzbarkeit des Trainings
machbar? (Publikation 3 + 4)

4. Kann eine Multikomponenten-Trainingsintervention motorische und kognitive Res-
sourcen sowie das psychosoziale Wohlbefindens von nicht gehféahigen Bewohnerinnen

in der stationdren Altenpflege erhalten oder verbessern? (Publikation 5)

Die zugehorigen Publikationen dieser kumulierten Dissertationsschrift beschreiben den For-
schungsprozess zur Annéherung an die Forschungsfragen.
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4 Studien im Rahmen der vorliegenden Dissertation

4.1 Publikation 1 — Bedarfsbestimmung und Entwicklung einer Multikomponen-

ten-Trainingsintervention in der stationaren Altenpflege
Cordes, T., Bischoff, L. L., Schoene, D., Schott, N., Voelcker-Rehage, C., Meixner, C., Appel-
les, L. M., Bebenek, M., Berwinkel, A., Hildebrand, C., Jollenbeck, T., Johnen, B., Kemmler,
W., Klotzbier, T., Korbus, H., Rudisch, J., Vogt, L., Weigelt, M., Wittelsberger, R., Zwing-
mann, K., ... Wollesen, B. (2019). A multicomponent exercise intervention to improve physical
functioning, cognition and psychosocial well-being in elderly nursing home residents: a study
protocol of a randomized controlled trial in the PROCARE (prevention and occupational health
in long-term care) project. BMC Geriatrics, 19(1), 369. https://doi.org/10.1186/s12877-019-
1386-6 (IF: 3.927)

4.1.1 Die Bedarfsbestimmung

Ziel dieser Publikation war die Bedarfsbestimmung und die Entwicklung einer Multikompo-
nenten-Trainingsintervention in der stationdren Altenpflege. Im ersten Schritt wurden zur Be-
darfsbestimmung qualitative Interviews mit finf Bewohnerlnnen (vier Frauen und ein Mann)
in der Einrichtung durchgefiihrt. Die Interviews dauerten durchschnittlich 18 Minuten und um-
fassten insgesamt 17 Fragen, in denen vier Hauptbereiche bewertet wurden: (1) Aktivitaten des
Bewohners im taglichen Leben, (1) Unterstitzungsbedarf, (111) Teilnahme an sozialen Aktivi-
taten sowie ( IV) ihre Erwartungen und Winsche in Bezug auf ein Trainingsprogramm. Der
Tagesablauf der Befragten umfasste das Héren von Musik und Horbichern, Stricken, Zeichnen
und Spazierengehen. Dartiber hinaus wurde Uber den aktuellen Bedarf an Unterstitzung im
Alltag, etwa beim Anziehen, Duschen und Bewegung, berichtet. Drei Bewohnerlnnen duf3erten
sich unzufrieden Uber unerwiinschte Abhéngigkeiten und den Versuch, Aktivitaten wie person-
liche Hygiene so autonom wie mdglich durchzufiihren. Soziale Kontakte und Aktivitaten wur-
den hauptséachlich durch Gruppenaktivitdten (Gottesdienst in der Einrichtung, Gesang und
Stuhlgymnastik) realisiert. Dariiber hinaus zeigten die Befragten grof3es Interesse an Musik und
an spielerischen, gruppenbasierten Ubungen. Zusammenfassend waren der Wunsch nach mehr
sozialen Kontakten und Gesprachspartnerinnen und die Notwendigkeit nach mehr Unabhén-

gigkeit bei ADL Hauptthemen wahrend der Interviews.

4.1.2 Die Entwicklung der Trainingsprogramme
Auf Basis der Ergebnisse aus der Bedarfsbestimmung wurden im ndchsten Schritt zwei Multi-

komponenten-Trainingsprogramme speziell fur die Anforderungen und Bedurfnisse von Be-
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wohnerlnnen in der stationdren Altenpflege entwickelt. Ein Programm wurde fiir die gehfahi-
gen Bewohnerinnen entwickelt und enthalt verstarkt Ubungen im Gehen und Stehen. Ein wei-
teres CBE Trainingsprogramm wurde fur nicht gehfahige BewohnerInnen entwickelt, welches

ausschlieBlich in sitzender Position durchgefihrt werden kann.

Die Trainingsprogramme basieren neben den Ergebnissen der Interviews auf einer umfassen-
den Literaturrecherche zu Multikomponenten-Trainingsprogrammen und den Ergebnissen aus
einer systematischen Ubersichtsarbeit zu CBE (Publikation 2). Zudem wurde sich bei der Ent-
wicklung an den Empfehlungen der IAGG-GARN (de Souto Barreto et al., 2016) und des Ame-
rican College of Sports Science (Chodzko-Zajko et al., 2009) fir ein Training mit dlteren Men-
schen orientiert. Die konkrete Ubungsauswahl geschah mithilfe bereits verdffentlichter Ubun-
gen, die sich bei dlteren Erwachsenen in der Gemeinde als vorteilhaft fir den Erhalt motorischer
und kognitiver Funktionen erwiesen haben (Fiatarone et al., 1990; Littbrand et al., 2009; Liu &
Latham, 2009; Sherrington et al., 2008; de Souto Barreto et al., 2016; Thomas et al., 2010;
Wollesen et al., 2017; Wollesen et al., 2017; Wollesen & Voelcker-Rehage, 2014).

Das Training bestand aus 32 Einheiten, die tiber einen Zeitraum von 16 Wochen durchgefthrt
wurden. Eine Trainingseinheit dauerte 45-60 Minuten und fand zweimal pro Woche statt. Das
Programm fir die Gehfahigen konzentrierte sich auf Situationen des Alltags der BewohnerIn-
nen, die tiblicherweise mit einem erhohten Sturzrisiko verbunden sind. Daher wurden Ubungen
wie Starten, Stoppen, Bewéltigen von Hindernissen, Drehen und ziigiges Gehen sowohl unter
Einfachen- als auch unter Doppelaufgabenbedingungen trainiert. Ubungen fiir dynamisches
Gleichgewicht, Ausdauer und Kraft waren ebenfalls ein wesentlicher Bestandteil des Trainings.
Um den Winschen aus den Interviews mit der Zielgruppe gerecht zu werden, integrierte das
Training Musik sowie spielerische und motivierende Geréte (z. B. Balle, Luftballons, Schals
und Schwungtuch). Weitere Kleingerate wie Gymnastikstdbe und Alltagsgegenstande wurden
verwendet, um die Ubungen alltagsnah und aufgabenspezifisch zu gestalten. Zusatzgewichte
kamen zum Einsatz, um im Sinne einer progressiven Belastungssteigerung die Intensitat erho-

hen zu koénnen.

Um eine Uberprifbare Struktur zu erhalten, wurde das Programm wie folgt aufgebaut:
1. Mobilisation und Aufwarmen (ca. 5-10 min)

2. Koordination/Kognition inkl. Spielformen/Bewegungsgeschichten (ca. 8-10 min)

3. Gangbahnen: Gangstabilitat, Ausdauer, Doppelaufgaben und Sturzprévention (ca. 15-25 min

abhangig von Gruppengrofie)
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4. Kraftigung (5-10 min)
5. Auslockerung/Dehnen + Abschluss (ca. 5-10 min)

Im CBE Programm fur die nicht gehfahigen Bewohnerinnen wurden die Gangbahnen durch
alternative ADL Ubungen ersetzt und die Komponenten Kraft, Ausdauer, Beweglichkeit und
Koordination ausschlieBlich in sitzender Position trainiert. Fokussiert wurde die Alltagsmotorik
in Kombination mit Spielformen und Bewegungsgeschichten zur Férderung von Kognition und
psychosozialen Ressourcen. Ubungen mit Doppelaufgaben wurden ebenfalls fiir die Durchfiih-
rung im Sitzen modifiziert. Ein Multikomponenten-Training mit einer Kombination aus Dop-
pelaufgaben und CBE ist bisher nicht untersucht worden. Mit der Uberpriifung der Machbarkeit
und Wirksamkeit dieses innovativen Trainingsprogramms wurde daher eine konzeptionelle
Forschungsliicke geschlossen. Zudem stellen die Ergebnisse einen besonderen Mehrwert fiir
die in der Forschung wenig berticksichtigten, nicht gehfdhigen Bewohnerinnen dar, indem sie
die bestehenden allgemeinen Trainingsempfehlungen fir Pflegebedurftige entscheidend ergén-

zen.

In einem weiteren Schritt des Forschungsprozesses wurde eine systematische Ubersichtsarbeit
zur Evidenz von CBE (Publikation 2) durchgefuhrt.

4.2 Publikation 2 — Systematische Ubersichtsarbeit zur Evidenz von CBE in der
Altenpflege
Cordes, T., Schoene, D., Kemmler, W. & Wollesen, B. (2021). Chair-Based Exercise Interven-
tions for Nursing Home Residents: A Systematic Review. Journal of the American Medical
Directors Association, 22(4), 733-740. https://doi.org/10.1016/j.jamda.2020.09.042 (IF: 4.669)

Parallel zur Entwicklung des Trainingsprogramms wurde eine systematische Ubersichtsarbeit
verfasst, um die aktuelle Evidenz zu CBE Interventionen im Setting Altenpflege zusammenzu-
fassen. Nach bisherigem Kenntnisstand wurde bisher keine systematische Ubersichtsarbeit tiber
die Auswirkungen von CBE bei BewohnerInnen in der Altenpflege veroffentlicht. Eine Uber-
sichtsarbeit zu CBE Interventionen fur &ltere Menschen, unabhéngig ihres Mobilitatsstatus, be-
richtet zwar von positiven Effekten auf die Mobilitéat, Stabilitat und Wohlbefinden, allerdings
auch von niedriger Evidenz aufgrund einer schlechten Studienqualitat (Anthony et al., 2013).
Zudem wurden hier auch Trainingsprogramme eingeschlossen, die Ubungen im Stehen enthiel-
ten, da kein Konsens ber die Grundprinzipien von CBE besteht (Robinson et al., 2016). Es
bleibt offen, inwiefern die Empfehlungen auch auf nicht gehfahige BewohnerInnen in der Al-

tenpflege Ubertragbar sind.
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Zu einem ahnlichen Ergebnis kam auch die Ubersichtsarbeit dieser Dissertation. Hier zeigen
die Ergebnisse, dass ein CBE Trainingsprogramm die physische und kognitive Funktionsfahig-
keit und das Wohlbefinden von Altenpflegeheimbewohnerlnnen verbessern oder erhalten kann.
Allerdings fehlen bei einem GroRteil der Studien konkrete Angaben zur Belastungssteuerung
oder die Belastungsnormative variieren sehr stark, sodass sich hinsichtlich trainingswissen-
schaftlicher Aspekte nur wenige Empfehlungen aus der Ubersichtsarbeit generieren lassen. Er-
folgreiche Interventionen berichten tber eine Frequenz von zwei bis fiinf Mal pro Woche, einer
Dauer von 30 bis 60 Minuten pro Trainingseinheit, fir sechs Wochen bis sechs Monate Inter-
ventionszeit. Ein aufgabenspezifisches Multikomponenten-Training mit moderater Intensitét
erwies sich dabei als am besten geeignet. Dies steht im Einklang mit den Empfehlungen des
Taskforce-Berichts der IAGG-GARN, die ebenfalls ein Multikomponenten-Training mit mo-
derater Intensitat und einer Belastungsdauer von 35-45 Minuten sowie einer Belastungsfre-

guenz von zweimal pro Woche empfehlen (de Souto Barreto et al., 2016).

Die zentralen Ergebnisse aus der systematischen Ubersichtsarbeit lassen sich wie folgt zusam-

menfassen:

e Ein CBE Trainingsprogramm kann physische und kognitive Funktionen sowie das
Wohlbefinden von Altenpflegeheimbewohnerinnen verbessern oder erhalten

¢ Die Studienqualitat ist oft gering und es fehlen konkrete Angaben zur Belastungssteue-
rung

e Belastungsnormative variieren stark. Interventionen mit einer Frequenz von 2-5 Mal pro
Woche, eine Dauer von 30-60 Minuten tber einen Zeitraum zwischen 6 Wochen und 6
Monaten waren erfolgreich

e Ein Multikomponenten-Training erwies sich als eine geeignete Form des Trainings.

Die Ergebnisse konnen zwar die bestehenden Empfehlungen flr ein Trainingsprogramm fur
Bewohnerlnnen in der Altenpflege leicht ergénzen, jedoch schrénkt auch hier die fehlende
Trennung von mobilen und nicht gehfahigen Bewohnerinnen in den Analysen die Spezifitét
dessen ein, was konkret fiir diese Zielgruppe empfohlen werden kann. Diese Forschungsliicke
wurde bereits umfangreich erldutert und konnte auch mit dieser Ubersichtsarbeit nicht geschlos-
sen werden. Dennoch lassen sich aus der Zusammenfassung des aktuellen Forschungsstandes
einige Empfehlungen zu Trainingsform und Belastungssteuerung bei CBE ableiten, die zumin-
dest ein Stick zur Schlieung der Liicke beitragen kdnnen. Aufgrund der insgesamt nur magi-
gen Studienqgualitat und der oft kleinen Stichproben sind weitere randomisiert kontrollierte Stu-

dien mit groReren Stichproben dringend erforderlich. Diese sollten sich gezielt auf CBE fir
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nicht Gehfahige fokussieren oder die Analysen nach Mobilitatsstatus trennen, um bedarfsge-
rechte Empfehlungen bereitstellen zu kdnnen. Eine solche Trennung nach Mobilitatsstatus
wurde auch bei der Entwicklung der Trainingsprogramme in diesem Forschungsprojekt bertick-
sichtigt. Im n&chsten Schritt folgte eine Analyse beider Trainingsprogramme hinsichtlich der
Machbarkeit (Publikation 3 + 4) bevor das CBE Training im Rahmen einer Wirksamkeitsana-

lyse (Publikation 5) untersucht wurde.

4.3 Publikation 3 — Machbarkeit einer Multikomponenten-Trainingsintervention
im Setting Altenpflege
Bischoff, L. L., Cordes, T., Meixner, C., Schoene, D., Voelcker-Rehage, C., & Wollesen, B.
(2020). Can cognitive-motor training improve physical functioning and psychosocial wellbeing
in nursing home residents? A randomized controlled feasibility study as part of the PROCARE
project. Aging clinical and experimental research, 10.1007/s40520-020-01615-y. Advance
online publication. https://doi.org/10.1007/s40520-020-01615-y (IF: 3.636)

Um der Frage nach der Machbarkeit der Trainingsprogramme auf den Grund zu gehen, wurde
zunéchst das Trainingsprogramm fur die gehfahigen Bewohnerlnnen uberpruft und eine rand-
omisiert kontrollierte Machbarkeitsstudie mit N=24 Bewohnerlnnen (83,7 + 6,4, 21 weiblich)
in einer stationdaren Altenpflegeeinrichtung in Hamburg durchgefihrt. Ziel war es, dass neu
entwickelte Trainingsprogramm auf seine Machbarkeit und hinsichtlich einer Verbesserung

von motorischer Fitness, Kognition und Wohlbefinden zu (berprifen und zu evaluieren.

Insgesamt wurde das Multikomponenten-Trainingsprogramm gut akzeptiert und erwies sich
durch den Einsatz verschiedener motorischer Komponenten als eine sinnvolle Trainingsform,
um die BewohnerlInnen in ihren Ressourcen zu starken. Dies deckt sich mit den Empfehlungen
aus dem Bericht der IAGG-GARN (de Souto Barreto et al., 2016). Motorische Funktionen in
den unteren Extremitaten sowie die Handkraft der dominanten Hand konnten bei der Trainings-
gruppe gesteigert werden, wéhrend die Kontrollgruppe abbaute. Hinsichtlich des psychosozia-
len Wohlbefindens ergaben sich keine VVeranderungen. Die Lebenszufriedenheit konnte in der
Trainingsgruppe leicht gesteigert werden. Die Selbststdndigkeit in den ADL hat sich in beiden
Gruppen nicht signifikant verschlechtert. Es konnten zwar keine signifikanten Veranderungen
erzielt werden und dennoch kann ein Erhalt der Ressourcen als Erfolg gewertet werden, da die
Funktionen (blicherweise einem natlrlichen Abbau ausgesetzt sind (Masciocchi et al., 2019),

der in der Trainingsgruppe ausblieb.
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Fur eine gute Adhdrenz spricht die Teilnahmequote von durchschnittlich 75%. Die Belastungs-
dauer von 45-60 Minuten Training und die Frequenz an zwei nicht aufeinanderfolgenden Tagen
pro Woche war gut machbar und wurde von den TeilnehmerInnen ebenfalls gut angenommen.
Es kam zu keinen unerwiinschten Nebenwirkungen, wie Stlirzen oder Verschlechterungen der
gesundheitlichen Situation, die auf die Intervention zurtickzufiihren waren. Das Trainingspro-
gramm musste jedoch in verschiedenen Punkten angepasst werden. Der Belastungsumfang er-
wies sich flr einen Grof3teil der BewohnerInnen als zu hoch. So konnten viele aufgrund moto-
rischer Defizite in Kraft und Ausdauer die im Trainingsprogramm vorgesehenen Gangstrecken
nicht bewaltigen. Die Gangstrecken wurden verkurzt und die Pausenzeiten zwischen den Sétzen
erhoht. Auch ein unmittelbares Aufeinanderfolgen von Ausdauer und Kraftiibungen erwies sich
als eine zu hohe Belastungsintensitit. Somit wurden zur besseren Regeneration der Beinmus-
kulatur nach der Ausdauerleistung, die Oberkdrperkraftiibungen im Sitzen statt wie geplant im
Stehen durchgefiihrt. Weiter erwiesen sich die kognitiv-motorischen Ubungen fiir die Mehrzahl
der BewohnerInnen als zu komplex, aufgrund fortgeschrittener kognitiver Defizite. So wurden
Ubungen dahingehend modifiziert, dass beispielsweise die Dual-Task Aufgabe Riickwartszah-
len wahrend des Gehens nicht in 7er, sondern in ler Schritten erfolgte. Die beschriebenen An-
passungen wéhrend des Interventionsprozesses waren hilfreich, um die Akzeptanz bei den Teil-

nehmerinnen zu erlangen und sie auf ihrem passenden Leistungsniveau abzuholen.
Die zentralen Ergebnisse der Machbarkeitsstudie lassen sich wie folgt zusammenfassen:

o Gute Akzeptanz des Multikomponenten-Trainingsprogramms

e Motorische Funktionen in den unteren Extremitdten sowie die Handkraft hat sich bei
den Teilnehmerlnnen der Trainingsgruppe verbessert

e Die Lebenszufriedenheit konnte in der Trainingsgruppe leicht gesteigert werden

e Belastungsumfang und Belastungsintensitdt mussten reduziert werden, um sich dem
Leistungsniveau anzundhern

e Kognitiv-motorische Ubungen waren zunachst zu komplex und wurden vereinfacht.

Laut Berichten des Pflegepersonals waren einige Bewohnerlnnen zum Zeitpunkt der Postmes-
sungen nicht abkdmmlich oder mental nicht bereit, das recht umfangreiche Messprotokoll voll-
standig zu absolvieren. Aufgrund der dadurch entstandenen recht kleinen Stichprobe lasst sich
aus den Ergebnissen zur Wirksamkeit nur vorsichtig eine positive Richtung interpretieren. Wei-
tere Forschung sollte das Trainingsprogramm fiir die Gehfahigen mit Ricksicht auf die disku-
tierten Einschrankungen und Schwierigkeiten anpassen. Diese neue Version sollte dann mit

einer angemessenen Stichprobengrof3e auf ihre Wirksamkeit hinsichtlich einer Verbesserung
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der korperlichen und kognitiven Funktionsfahigkeit und des psychosozialen Wohlbefindens un-
tersucht werden. Eine solche Studie wurde im Rahmen des PROCARE Projekts durchgefihrt,
ist aber nicht Teil dieser Dissertation, die sich mit der Wirksamkeit des Trainingsprogramms
flr nicht Gehfahige befasst hat. Auf Basis der gewonnenen Erkenntnisse zur Belastungssteue-
rung wurde auch das Training fur die nicht Gehfahigen modifiziert bevor es im folgenden
Schritt ebenfalls in einer Machbarkeitsstudie (Publikation 4) untersucht wurde.

4.4 Publikation 4 — Machbarkeit einer CBE Intervention fur die Alltagsfunktiona-
litét bei nicht gehfahigen BewohnerlInnen

Cordes, T., & Wollesen, B. (2020). Bewegungsinterventionen zur Férderung der Alltagsfunk-
tionalitat fur nicht gehfahige Bewohnerinnen in der stationaren Altenpflege. In: Wollesen, B.,
Meixner, C., Gréaf, J., Pahmeier, I., Vogt, L., & Woll, A. (Hrsg.), Interdisziplindre Forschung
und Gesundheitsforderung in Lebenswelten. Bewegung fordern, vernetzen, nachhaltig gestal-
ten (1. Aufl., S. 86-91). Hamburg, Deutschland: Feldhaus (Schriften der Deutschen Vereini-
gung flr Sportwissenschaft, 289)

Ziel der Machbarkeitsstudie war es zu untersuchen, ob und wie eine CBE Intervention fir nicht
gehfahige BewohnerInnen in der stationaren Altenpflege durchfiihrbar ist und ob dadurch eine
Verbesserung der Alltagsfunktionalitat sowie eine Steigerung der Lebenszufriedenheit und des
Wohlbefindens erreicht werden kann. Die Machbarkeitsstudie zum Trainingsprogramm fur die
Gehfahigen (Publikation 3) lieferte bereits hilfreiche Evaluationsergebnisse. Dahingehend
wurde auch das Trainingsprogramm fir die nicht Gehfahigen modifiziert und weiterentwickelt,
um die Bedirfnisse und Ressourcen der Bewohnerinnen noch gezielter zu adressieren. Diese
Anderungen bestanden im Wesentlichen aus einer Vereinfachung der kognitiv-motorischen
Ubungen, die sich fiir die meisten Teilnehmerlnnen mit schon leichten bis mittleren kognitiven
Einschréankungen als zu komplex herausstellten. Zudem wurde die Belastungsintensitat und die
Belastungsdauer bei den Kraftiibungen leicht reduziert und die Belastungsdichte verringert, in-
dem die Pausenzeiten innerhalb einer Trainingseinheit ausgedehnt wurden. Das modifizierte
CBE Trainingsprogramm wurde im Rahmen einer weiteren Machbarkeitsstudie im Pra-Post
Design mit N=7 nicht gehfahigen BewohnerInnen in einer Altenpflegeeinrichtung durchgefihrt

und auf Veranderungen in der Alltagsfunktionalitat untersucht.

Studien zu Trainingsinterventionen mit Kraft-, Beweglichkeits- und Gleichgewichtstibungen in
der Gruppe zeigen positive Effekte auf die Alltagsfunktionalitat von Bewohnerlnnen im Alten-

pflegeheim (Crocker et al., 2013). Allerdings bleibt unklar, wie die Trainingsinterventionen
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konkret inhaltlich strukturiert sein sollten, um neben der Alltagsfunktionalitat, die Lebenszu-
friedenheit und das psychosoziale Wohlbefinden zu verbessern. Wie bereits beschrieben, zielen
die meisten Interventionen auf die Férderung von noch gehféhigen Bewohnerlnnen ab, obwohl

flr diese besonders der Erhalt der Alltagsfunktionalitat relevant ist (Schaeffer et al., 2016).

Ziel der Machbarkeitsstudie war es daher eine CBE Intervention gezielt fur nicht gehfahige
Bewohnerinnen in der stationdren Altenpflege auf ihre Durchfuhrbarkeit zu Gberprifen und
herauszufinden, ob dadurch eine Verbesserung der Alltagsfunktionalitat sowie eine Steigerung
der Lebenszufriedenheit und des Wohlbefindens erzielt werden kann. Es wurde angenommen,
dass ein Training noch bestehender motorischer Funktionen, wie Handkraft und das dynami-
sche Gleichgewicht im Sitzen, die Alltagsfunktionalitat erhalten oder verbessern und somit zu

einer gesteigerten Lebenszufriedenheit beitragen kann.

Die Ergebnisse zeigen, dass die Interventionsteilnehmerinnen ihre Handkraft erhohten und das
dynamische Gleichgewicht im Sitzen im Verlauf von 16 Wochen steigern konnten. Ohne regu-
lares Training wére in diesem Setting mit einer stetigen Abnahme von Handkraft und Gleich-
gewicht zu rechnen gewesen (Masciocchi et al., 2019). Das physische Wohlbefinden hat sich
von Beginn der Studie bis zur Abschlussmessung nach 16 Wochen ebenfalls verbessert, wah-
rend das psychische Wohlbefinden und die Lebenszufriedenheit stabil blieben. Obwohl hier
keine Verbesserung festgestellt wurde, ist selbst der Erhalt bei dieser multimorbiden Zielgruppe
als Erfolg zu werten, da auch die psychosozialen Funktionen in der Altenpflege durch eine
stetige Abnahme gekennzeichnet sind (Scheidt-Nave et al., 2010). Die Stabilisierung der ge-
sundheitlichen Situation und die Verhinderung einer Abwartsentwicklung stehen hierbei im
Vordergrund (Schaeffer & Buscher, 2009). Um motorische und psychosoziale Ressourcen von
nicht gehfahigen Bewohnerlnnen zu erhalten, erwies sich das CBE Trainingsprogramm als ge-
eignet und gut durchfihrbar. Dies entspricht auch der Wahrnehmung durch die betreuenden
Pflegekréfte, die die Fahigkeiten der Bewohnerlnnen fiir die Austibung von ADL als stabil be-
schrieben. Alle Teilnehmerinnen nahmen regelméalig an der Intervention teil, was fur eine hohe
Akzeptanz spricht. Die Belastungssteuerung erwies sich ebenfalls als gut durchfihrbar. Hier
wurde durch eine progressive Steigerung der Intensitédt ein trainingswirksamer Reiz gesetzt und
ein erwarteter Zuwachs der Komponenten Kraft und Gleichgewicht erzielt. Diese Steigerung
steht in direktem Zusammenhang mit einer verbesserten physischen Funktionsfahigkeit bezo-
gen auf die ADL (Covinsky et al., 2003) und wirkt sich somit positiv auf die Lebenszufrieden-
heit und das Wohlbefinden aus (Kehyayan et al., 2016).
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Die Ergebnisse der Machbarkeitsstudie fir das CBE Trainingsprogramm lassen sich wie folgt

zusammenfassen:

e Das CBE Trainingsprogramm erwies sich als machbar und wurde von den Bewohne-
rinnen gut akzeptiert

e Handkraft und das dynamische Gleichgewicht im Sitzen haben sich nach 16 Wochen
Training verbessert

e Das physische Wohlbefinden konnte gesteigert werden, wéhrend das psychische Wohl-
befinden stabil blieb

e Die betreuenden Pflegekrafte beschreiben die Fahigkeiten fiir ADL bei den teilnehmen-
den BewohnerInnen als stabil

e Eine progressive Belastungssteuerung erwies sich als gut durchfiihrbar.

Die Forschungsfrage zur Machbarkeit konnte somit fur beide Trainingsprogramme positiv be-
antwortet werden (Publikation 3 + 4). Die Stichprobe war jedoch gering und das Pra-Post Stu-
diendesign gibt lediglich Hinweise auf mdgliche positive Effekte. Um valide Aussagen zur
Wirksamkeit machen zu kénnen, bedarf es einer randomisiert kontrollierten Wirksamkeitsstu-

die, die im Forschungsprozess als nachstes folgte (Publikation 5).

4.5 Publikation 5 — Multikomponenten-Training zur Verbesserung von Motorik,
Kognition und Wohlbefinden bei nicht gehfahigen BewohnerlInnen in der Al-
tenpflege

Cordes, T., Zwingmann, K., Rudisch, J., Voelcker-Rehage, C. & Wollesen, B. (2021). Multi-
component exercise to improve motor functions, cognition and well-being for nursing home
residents who are unable to walk — A randomized controlled trial. Experimental Gerontology,
153, 111484. https://doi.org/10.1016/j.exger.2021.111484 (IF: 4.032)

Zentraler Bestandteil dieser Forschungsarbeit ist die Wirksamkeitsanalyse der Multikomponen-
ten-Trainingsintervention fur nicht gehféhige Bewohnerinnen mittels einer zweiarmigen, ein-
fach verblindeten, randomisiert, kontrollierten Studie mit dem Ziel herauszufinden, ob motori-
sche, kognitive und psychosoziale Ressourcen verbessert oder erhalten werden konnen. Hierfir
wurden N=52 Bewohnerlnnen mit einem Durchschnittsalter von 81 Jahren (SD+11, Alters-
spanne 70 bis 92 Jahre, 63% weiblich) aus vier stationdren Altenpflegeeinrichtungen in Bremen
und Chemnitz rekrutiert und im Anschluss in eine Interventionsgruppe (sofortiger Start mit dem
Training) und eine Wartelisten-Kontrollgruppe (Trainingsstart nach 16 Wochen) per Losver-

fahren randomisiert zugeteilt.
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Das untersuchte Multikomponenten-Trainingsprogramm verbesserte erfolgreich die motori-
schen (Handkraft, Feinmotorik, Selbststandigkeit, Gleichgewicht) und kognitiven (kognitiver
Status, Arbeitsgedachtnis) Funktionen und stabilisierte die psychosozialen Ressourcen (Wohl-
befinden, Lebenszufriedenheit, Depressionsgrad) von nicht gehfahigen Bewohnerinnen, wah-
rend sich die Kontrollgruppe im Verlauf der 16 Wochen ohne Training in allen untersuchten
Parametern signifikant verschlechterte. Dies deckt sich mit den Erkenntnissen der Forschungs-
gruppe von Masciocchi et al. (2019), die einen progressiven Verlust von Handkraft (-2,2% pro
Monat) und Gleichgewicht (-2,8% pro Monat) durch Inaktivitat bei Bewohnerlnnen zeigen
konnten. Dieser altersbedingte Riickgang durch Inaktivitat (Jansen et al., 2017) kdnnte auch die
Verschlechterung der motorischen Funktionen in unserer Kontrollgruppe erklaren. Neben den
Funktionsverlusten in der Motorik (Valenzuela et al., 2018) hat Inaktivitat auch einen negativen
Einfluss auf kognitive Funktionen (Northey et al., 2018), was sich ebenfalls bei der Kontroll-
gruppe in unserer Studie beobachten lieR. Auch psychosoziale Parameter verschlechtern sich
typischerweise mit zunehmenden Alter bei Altenpflegeheimbewohnerinnen (Henskens et al.,
2018; Scheidt-Nave et al., 2010). Daher kann das Ausbleiben einer Verschlechterung und die
Stabilisierung des Wohlbefindens und der Lebenszufriedenheit in unserer Trainingsgruppe als

Erfolg gewertet werden.

Ein Multikomponenten-Training, welches sich bei vielen Studien mit Gehféhigen als wirksam
erwiesen hat (Arrieta et al., 2018; Forbes et al., 2015; Gronstedt et al., 2013; Johnen & Schott,
2018; Kryger & Andersen, 2007; Weening-Dijksterhuis et al., 2011; Yumin et al., 2011), kann
unter Berlicksichtigung einer trainingswissenschaftlichen Belastungssteuerung zu einem CBE
Programm modifiziert und fir den Einsatz bei nicht gehfdhigen Bewohnerlnnen empfohlen

werden.

Hinweise flr eine geeignete Belastungssteuerung konnten in den Studien aus der Ubersichtsar-
beit zu CBE (Publikation 2) nur unzureichend gefunden werden. Die Umsetzung des Trainings-
programms orientierte sich deshalb an trainingswissenschaftlichen Grundsétzen zu den Belas-
tungsnormativen (Hottenrott, 2017) sowie an den allgemeinen Empfehlungen vom ACSM fur
altere Menschen (Garber et al., 2011) und der IAGG-GARN fur Pflegebedirftige (de Souto
Barreto et al., 2016). Die Ergebnisse dieser Studie zeigen, dass eine Belastungsumfang von 60
Minuten pro Trainingseinheit, eine Frequenz von zweimal pro Woche an zwei nicht aufeinan-
derfolgenden Tagen, fur einen Zeitraum von insgesamt vier Monaten als praktikabel und wirk-
same empfohlen werden kdnnen. Dies deckt sich mit den oben genannten Empfehlungen der
ACSM und der IAGG-GARN. Im Setting Rehabilitation hat sich gezeigt, dass die Borg-Skala
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(Borg, 1998) eine valide Methode zur Steuerung der Belastungsintensitat darstellt, aber bei Per-
sonen mit kognitiven Einschrankungen mit VVorsicht anzuwenden ist (Stuckenschneider et al.,
2020). Auch in unserer Studie erwies sich das Abfragen der wahrgenommenen Erschdpfung
Uber die Borg Skala als geeignetes Mittel fur die meisten Bewohnerlnnen. Mit dem Ziel einer
moderaten Intensitat wurde ein Skalenwert von 12 bis 14 angestrebt. Bei Abweichungen wurde
die Intensitat verringert oder im Sinne einer progressiven Belastungssteigerung regelméafig er-
hoht, um einen optimalen und ausreichenden Trainingsreiz fir eine metabolische Anpassung
zu setzen. Dies geschah ber eine Veranderung der Ubungskomplexitit, einer Erhohung der
Wiederholungs- und/oder Satzzahl, sowie durch Hinzunehmen zusétzlicher 1,5kg — 2kg Ge-
wichte. Wie bei der Studie von Stuckenschneider et al. (2020) berichtet, gab es auch bei unserer
Studie BewohnerInnen bei denen die Borg Skala aufgrund kognitiver Einschrankungen nicht
adaquat verwendet werden konnte. Hier wurde der Grad der Erschopfung anhand der Atemre-
aktion im Dialog wahrend des Trainings geschatzt. Uber die Schwierigkeit, die Intensitat bei
Trainingsinterventionen fir Menschen mit kognitiven Einschrankungen zu kontrollieren, wurde
auch in einer weiteren Studie berichtet (Pereira et al., 2018). Eine zusétzliche Kontrolle tber
andere Faktoren, wie beispielsweise die Herzfrequenz, kdnnte eine genauere Methode sein. Die
Praktikabilitat einer Belastungssteuerung tiber die Herzfrequenz im Setting Altenpflege sollte
in zukinftigen Studien untersucht werden. In dieser Studie haben wir die Trainingsintensitat
auf moderat begrenzt. Friihere Studien mit gehféhigen, dlteren Erwachsenen zeigten auch Wirk-
samkeit bei hochintensiven Geh- und Stehibungen (Conradsson et al., 2015; Littbrand et al.,
2009; Rosendahl, 2006). Ubungen mit héheren Intensitaten konnten auch fiir die Zielgruppe
der nicht Gehfahigen als CBE machbar und wirksam sein. Allerdings besteht bei einem Trai-
ning mit hohen Intensitaten und einer untrainierten Zielgruppe mit alteren Menschen ein ge-
wisses Risiko fur kardiovaskuléare Nebenwirkungen (Franklin et al., 2020) und sollte daher mit
Vorsicht durchgefiihrt werden. Diese Uberlegungen zeigen, dass eine gezielte Belastungssteu-
erung ein wichtiger Faktor bei Trainingsinterventionen ist und bei Studien mit multimorbiden
Bewohnerlnnen in der Altenpflege mehr in den Fokus riicken sollte. Dieser Aspekt ist bisher
unzureichend erforscht und kénnte zur Erweiterung der Richtlinien fiir Trainingsinterventionen
mit dieser Zielgruppe beitragen. Die Ergebnisse dieser Forschung liefern dazu bereits erste An-
haltspunkte, die es mithilfe weiterer Studien zu Dosis-Wirkung-Beziehungen auch bei einem

Training mit nicht Gehféhigen zu bestétigen gilt.

Ein weiterer Aspekt in unserem Trainingsprogramm war der gezielte Einsatz von kognitiv-mo-
torische Ubungen, die bereits in Studien mit dlteren Menschen in der Gemeinde (Wollesen &

Voelcker-Rehage, 2014; Wollesen et al., 2020) und bei Menschen mit Demenz (Schwenk et al.,
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2010) erfolgreich eingesetzt wurden. Solche kognitiv-motorischen Trainingsprogramme haben
sich als machbar erwiesen und kdnnten den groRten Einfluss auf die gleichzeitige Verbesserung
der motorischen und kognitiven Funktionen haben (Levin et al., 2017). Die Ergebnisse unserer
Studie zeigen, dass kognitiv-motorischen Ubungen auch wirksam sein konnen, wenn sie zu
CBE modifiziert und mit nicht gehfahigen Bewohnerlnnen durchgefihrt werden. Viele ADL,
wie das unabhéngige Fahren und gleichzeitiges Orientieren mit dem Rollstuhl oder gleichzeitig
eine Unterhaltung fihren und sich dabei eine Tasse Tee einschenken, erfordern motorische und
kognitive Leistung parallel und sind deshalb auch fiir nicht Gehféhige von hoher Relevanz. Im
Rahmen der systematischen Literaturrecherche zu CBE (Publikation 2), konnte eine Studie
identifiziert werden, die motorische Ubungen in Kombination mit mentalen und Gedéachtnis-
Ubungen in sitzender Position durchgefiihrt hat und damit die kognitiven Funktionen der Be-
wohnerlnnen verbessern konnte (Thurm et al., 2011). Eine vergleichbare VVerbesserung der kog-
nitiven Leistung wurde auch durch unsere Ergebnisse gezeigt. Eine andere kirzlich vertffent-
lichte Studie hat jedoch gezeigt, dass die Kombination aus kognitivem Training und Multikom-
ponenten-Training dem einfachen Multikomponenten-Training nicht Giberlegen zu sein scheint
(Rezola-Pardo et al., 2019). Die Anzahl der Studien mit Dual-Task Ubungen im Rahmen eines
CBE Programms sind selten. Studien die dabei gezielt die Wirksamkeit bei nicht gehféhigen
Bewohnerlnnen beobachten sind nicht bekannt und sollten weiter erforscht werden, um das
Potenzial von Dual-Task als CBE Programm zu untersuchen. Auch Dual-Task Aufgaben in
Kombination mit Ubungen der oberen Extremitéten sind machbar (Voelcker-Rehage & Alberts,

2007) und haben sich in dieser Studie als geeignet erwiesen.
Die zentralen Ergebnisse der Wirksamkeitsanalyse lassen sich wie folgt zusammenfassen:

e Trotz Mobilitatseinschrankungen verfuigen nicht gehfahige Bewohnerlnnen tiber moto-
rische, kognitive und psychosoziale Ressourcen, die durch ein bedarfsgerechtes Trai-
ning gefordert werden kénnen

e Die Multikomponenten-CBE Trainingsintervention kann motorische und kognitive
Funktionen zur Forderung der Selbststandigkeit bei ADL verbessern

e Einer Verschlechterung des psychosozialen Wohlbefindens kann durch das CBE Pro-
gramm gebremst werden

e Ein Multikomponenten-CBE Training mit kognitiv-motorischen Ubungen ist machbar
und kann unter Beriicksichtigung einer progressiven, trainingswissenschaftlichen Be-

lastungssteuerung fiir nicht gehfahige Bewohnerlnnen empfohlen werden
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e Diese Studie tragt mit neuen Erkenntnissen und Trainingsempfehlungen dazu bei, die
Auswirkungen von Multimorbiditat und den fortschreitenden Funktionsverlust bei nicht

gehfahigen Pflegeheimbewohnerinnen zu reduzieren.

Die Ergebnisse liefern ein besseres Verstandnis Gber Training mit nicht gehfahigen Bewohne-
rinnen in der Altenpflege, ein Bereich, der in der Forschung bisher noch stark unterrepréasentiert
ist. Ein Grund fiir diese Forschungsliicke kénnte die Angst vor Uberlastung und Verletzungen
sein, wenn dieselben Prinzipien fiir Ubungen angewendet werden, die fiir gehfihige, altere Er-
wachsene existieren. Ein weiterer Grund konnte die falsche Annahme sein, dass Trainingsin-
terventionen bei fortgeschrittener Gebrechlichkeit und Immobilitat die motorischen Funktionen
nicht mehr verbessern kdnnen (Ferrucci et al., 2004). Betreuungspersonal ohne sportwissen-
schaftlichen Hintergrund entscheidet sich aus Angst und/oder Unwissenheit eventuell lieber fur
leichte, wiederholende Bewegungsubungen ohne gezielte Belastungssteuerung, mit dem Ziel
zumindest Spal3, soziale Teilhabe und ein Minimum an korperlicher Aktivitat aufrechtzuerhal-
ten. Die Ergebnisse dieser Studie zeigen jedoch, dass selbst institutionalisierte und gebrechliche
BewohnerInnen in der Altenpflege, die nicht laufen kénnen, durch ein Multikomponenten-Trai-
ning die motorischen und kognitiven Ressourcen sowie das psychosoziale Wohlbefinden ver-
bessern oder aufrechterhalten konnen. Daflr ist es notig, die speziellen Ressourcen der nicht
gehfahigen Bewohnerlnnen gezielt zu beriicksichtigen, die Belastung addquat zu steuern und

das Trainingsprogramm auf diese Zielgruppe zuzuschneiden.
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5 Diskussion
Ziel dieser Dissertation war die Entwicklung, Uberpriifung der Machbarkeit und die Wirksam-
keitsanalyse einer CBE Multikomponenten-Trainingsintervention zur Férderung motorischer
und kognitiver Funktionen und des psychosozialen Wohlbefindens fur nicht gehfahige Bewoh-
nerinnen in der stationaren Altenpflege. Hierfur wurde der Forschungsprozess von zentralen
Fragestellungen begleitet, wie der Frage nach einer bedarfsgerechten Gestaltung einer Trai-
ningsintervention, die mit einer ausreichenden Akzeptanz und Adharenz der Bewohnerinnen
machbar ist. Eine weitere zentrale Fragestellung beschaftigt sich mit der Evidenz von CBE
Interventionen im Setting der stationdaren Altenpflege. Darauf aufbauend widmet sich die Dis-
sertation der Beantwortung der Frage nach der Wirksamkeit einer CBE Multikomponenten-
Trainingsintervention zur Férderung motorischer und kognitiver Ressourcen sowie des psycho-

sozialen Wohlbefindens von nicht gehfahigen Bewohnerlnnen.

Die zentralen Ergebnisse dieser Dissertation zeigen, dass ein Multikomponenten-Training
durchgefuhrt als CBE Programm eine praktikable und wirksame Intervention speziell fiir die
Forderung motorischer, kognitiver und psychosozialer Ressourcen bei stark mobilitatseinge-
schrénkten, nicht mehr gehfédhigen BewohnerInnen darstellt. Weiter zeigen die Ergebnisse, dass
der stetige korperliche Abbau durch Inaktivitat (Masciocchi et al., 2019) sowie die damit ver-
bundene erhéhte Gebrechlichkeit, eine verminderte kognitive Leistungsfahigkeit (Furtado et
al., 2020) und ein vermindertes Wohlbefinden (Crocker et al., 2019), auch bei nicht gehfahigen

BewohnerInnen durch eine bedarfsgerechte Intervention verlangsamt werden kann.

Um diese positiven Wirkungen zu erzielen wurde die Intervention so konzipiert, dass besonders
Bewohnerlnnen mit geringer Mobilitéat die haufig in ihrer sozialen Teilhabe eingeschréankt sind
bedarfsgerecht adressiert werden. Die durch eine solche Intervention gesteigerte Moglichkeit
zur sozialen Teilhabe hat einen wesentlichen Einfluss auf eine héhere Lebenszufriedenheit (Ke-
hyayan et al., 2016). Zudem weisen gebrechliche, &ltere Menschen ein hoéheres allgemeines
Wohlbefinden auf, wenn die soziale Teilhabe an Aktivitdten mdglich ist (van der Vorst et al.,
2017). Die Ergebnisse zum Wohlbefinden aus dieser Dissertation bestatigen diesen Zusammen-
hang. Hierbei konnten die psychosozialen Ressourcen, im Vergleich zum Abbau in der Kon-
trollgruppe, durch die Intervention stabil gehalten werden. Ein interessanter Aspekt fiir weiter-
fuhrende Forschung zur Lebensqualitat wére in diesem Kontext der Vergleich einer CBE Mul-
tikomponenten-Trainingsintervention mit einer Intervention die aktive Teilhabe ohne korperli-

ches Training fordert.

32



Die Wabhl einer geeigneten Trainingsform und die Untersuchung einer optimalen Belastungs-
steuerung fir ein Training mit multimorbiden, nicht gehfahigen Bewohnerinnen war ebenfalls
zentraler Bestandteil dieser Dissertation. Ein Multikomponenten-Training kombiniert mit kog-
nitiv-motorischen Ubungen wird als vielversprechende Méglichkeit zur Férderung motorischer
und kognitiver Ressourcen bei &lteren Menschen empfohlen (de Souto Barreto et al., 2016) und
die Kombination aus motorischen und kognitiven Anforderungen im Sinne eines Dual-Task
Trainings, stellt eine effektive Mdglichkeit dar, um kognitive Ressourcen zu verbessern (Kars-
semeijer et al., 2017; Netz, 2019; Bettina Wollesen & Voelcker-Rehage, 2014; Bettina Wolle-
sen, Wildbredt, et al., 2020). Ein solches Training wurde im Rahmen der Forschungsarbeit ent-
wickelt, fur die Durchfiihrung im Sitzen modifiziert und hat sich als machbar und wirksam
erwiesen. Kognitive (Arbeitsgedachtnis, kognitiver Status) und motorische Ressourcen (Hand-
kraft, Gleichgewicht, Feinmotorik, Selbststdndigkeit) konnten durch das Training verbessert
werden. Diese Ergebnisse bestatigen zudem die Erkenntnisse aus anderen Studien die durch ein
Multikomponenten-Training mit gehféhigen Bewohnerinnen Verbesserungen motorischer Res-
sourcen (Handkraft, Gleichgewicht, Selbststandigkeit) (Arrieta et al., 2019; Gronstedt et al.,
2013) erreichen konnten. Ein kognitiv-motorisches Training als CBE Programm bietet somit
einen vielversprechenden Ansatz fur eine gesundheitsfordernde Intervention im Setting Alten-
pflege. Die Ergebnisse aus der Machbarkeitsstudie dieser Dissertation bestatigen zwar die Prak-
tikabilitat eines solchen Trainings, zeigen allerdings auch Grenzen hinsichtlich des Schwierig-
keitsgrades besonders fiir kognitive Ubungen auf. Weitere Forschung sollte sich der Frage wid-
men, wie ein kognitiv-motorisches Training optimal an diese mobilitatseingeschrankte Ziel-
gruppe mit zum Teil kognitiven Defiziten angepasst werden kann und welche Bedeutung der
Anteil kognitiv-motorischer Ubungen in dem CBE Multikomponenten-Training hat um moto-
rische und kognitive Ressourcen zu fordern. Eine Studie die ein einfaches CBE Multikompo-
nenten-Training mit einem CBE Multikomponenten-Training inklusive kognitiv-motorischen
Ubungen vergleicht, kénnte Aufschluss dariiber geben. Ein dhnliches Studiendesign wurde be-
reits mit gehfahigen Bewohnerlnnen durchgefiihrt und kam zu dem Ergebnis, dass eine Ergan-
zung durch kognitiv-motorische Ubungen zwar wirksam ist, jedoch keinen zusatzlichen Vorteil
flr ein Multikomponenten-Training bringt um motorische und kognitive Ressourcen zu verbes-
sern (Rezola-Pardo et al., 2019).

Eine optimale Belastungssteuerung ist besonders bei heterogenen Zielgruppen ein entscheiden-
der Faktor, um Aussagen zu Dosis-Wirkungsbeziehungen treffen zu kénnen (Herold et al.,
2019). Dennoch ist dieser Aspekt in der Forschung zu CBE kaum berticksichtigt oder in Studien

berichtet. Die bestehenden Trainingsempfehlungen zu den Belastungsnormativen Intensitét,
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Haufigkeit und Dauer fiir mobile, &ltere Menschen (de Souto Barreto et al., 2016), erwiesen
sich als gut ubertragbar auf die Anforderungen an ein Training mit nicht gehfahigen Bewohne-
rinnen. Die Ergebnisse dieser Forschungsarbeit zeigen weiter, dass ein Training mit standardi-
sierten Wiederholungszahlen trotz gangiger Praxis bei Interventionen mit dlteren Menschen
ungeeignet scheint (Bouchard & Rankinen, 2001). Es wird deutlich, dass es flr Trainingsinter-
ventionen zur Forderung fiir diese Zielgruppe keinen ,,one size fits all*“ Ansatz gibt. Im Gegen-
teil kann bestatigt werden, dass die individuelle und bedarfsgerechte Anpassung der Belas-
tungsintensitat sowie deren Uberwachung einen entscheidenden Faktor fiir den Trainingserfolg
darstellt (Gronstedt et al., 2013; Pol et al., 2020; Zaleski et al., 2016).

Die aus dieser Dissertation gewonnen Erkenntnisse liefern zudem einen besonderen gesund-
heitspolitischen Mehrwert durch Empfehlungen zur Gesundheitsforderung multimorbider Pfle-
gebedurftiger. Multimorbiditat gilt als ein erheblicher Belastungsfaktor fur das Gesundheits-
system (Puth et al., 2017). Somit stellt sich die vorliegende Forschungsarbeit einer der wich-
tigsten Herausforderungen in der Gesundheitsforschung (Puth et al., 2017) und leistet einen
Beitrag zum Rahmenmodell der Multimorbiditadt von Scheidt-Nave et al. (2010), indem sie
Pflege- und Betreuungspersonal, Trainerinnen, Sport- und Gesundheitswissenschaftlerinnen,
Krankenkassen sowie politische Entscheidungstragerinnen dazu ermutigt, die multimorbide
und stetig wachsende Gruppe der Bewohnerlnnen in der stationdren Altenpflege in Bezug auf
motorische Ressourcen weiter zu differenzieren und im bio-psychosozialen Kontext zu betrach-
ten. Das Erkennen und Berucksichtigen von individuellen Bedirfnissen und Ressourcen sowie

der Kontextfaktoren multimorbider Menschen spielt dabei eine zentrale Rolle.
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6 Konsequenzen fur zukinftige Forschungsprogramme
Die in dieser Dissertation diskutierten trainingswissenschaftlichen Erkenntnisse liefern bereits
erste Losungsansatze zur Schliefung einer Forschungsliicke, indem konkrete Hinweise und
Empfehlungen fiir ein wirksames Training mit einer bisher kaum untersuchten Kohorte gegeben
werden. Weitere Forschungen und Interventionen, die sich mit Dosis-Wirkung-Beziehungen
und einer optimalen Belastungssteuerung beschéaftigen, kdnnten ebenfalls zu einer Bestétigung
der Ergebnisse dieser Dissertation fihren und dadurch zu einer Erweiterung von Trainingsemp-
fehlungen und Richtlinien fur nicht gehfdhige Bewohnerinnen sowie zu einer Schlieung der

Forschungslicke beitragen.

Hierbei konnte die Frage nach der optimalen Belastungsintensitat genauer untersucht werden.
Die Belastungsintensitat des erfolgreichen Trainingsprogramms dieser Dissertation kann als
moderat eingestuft werden. Neuere Studien berichten jedoch auch den erfolgreichen Einsatz
eines hoch-intensiven Trainings in der Altenpflege (Conradsson et al., 2015; Sondell et al.,
2018). Zu hoch-intensivem CBE Training fiir nicht gehfdhige Bewohnerlnnen sowie einem
Vergleich zwischen moderater und hoch-intensiver Belastungsintensitat bei der Zielgruppe,
sind bisher keine Forschungsarbeiten bekannt. Zudem sollten sich weitere Untersuchungen mit
der Frage der Wirksamkeit einer Multikomponenten-Trainingsintervention bei Bewohnerinnen
mit bereits fortgeschrittenen demenziellen Erkrankungen befassen. Erste Erkenntnisse mit
Empfehlungen zur Umsetzbarkeit eines &hnlichen Trainingsprogramms bei Bewohnerinnen mit

demenziellen Erkrankungen wurden bereits veroffentlicht (Kruse et al., 2021).

Darlber hinaus bietet das Setting der Neurorehabilitation ein &hnlich vulnerables Patientenkli-
entel im oft hoheren Alter mit motorischen Einschrénkungen in der Gehfahigkeit. Etwa 35%
der Schlaganfallpatienten mit einer Paraparese der Beine verfiigen nicht iber eine ausreichende
Funktion, um laufen zu kénnen und bendtigen einen Rollstuhl (Dobkin, 2005). Auch fur diese
Zielgruppe ware die Anwendbarkeit und Wirksamkeit eines CBE Multikomponenten-Trai-

ningsprogramms eine interessante Frage fir zukulnftige Forschungsarbeiten.

Der Einsatz von Musik, kognitiv-motorischen Spielformen und verschiedenen Trainingsmate-
rialien wie Hanteln, Stdbe und Baélle, erwies sich zudem als ein erfolgreicher, motivationaler
Faktor des Trainings und trugen zu einer gesteigerten Akzeptanz bei. Weitere Forschungen
sollten den Einsatz dieser und anderer motivationaler Faktoren gezielt bei BewohnerInnen in
der stationédren Altenpflege untersuchen, um somit die Adharenz und eine nachhaltig hohe Teil-
nehmerquote erreichen zu kdnnen. Hierbei stellt der Einsatz von sogenannten Exergames (Exer-

cise + Games) einen vielversprechenden, neuen Ansatz zur Steigerung der Trainingsmotivation
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fiir ein kognitiv-motorisches Training im Setting Geriatrie dar (Altorfer et al., 2021). Ebenso
der Einsatz von korperlichen Fitnessiibungen in Wettbewerbsform, erwies sich bei Bewohne-
rinnen in der Altenpflege als machbar und wirksam zur Férderung der Motivation und motori-

scher Ressourcen wie Gleichgewicht und Kraft (Charles et al., 2020).

Fur das Setting Altenpflege bietet diese Forschungsarbeit einen besonderen Mehrwert durch
Erkenntnisse fur die praktische Umsetzung eines gesundheitsforderlichen Trainings. Eine sol-
che Ubertragung von evidenzbasierten Praxisempfehlungen in das Setting der Pflegeeinrich-
tung hat international eine hohe Prioritét fir zukinftige Forschung in der Altenpflege (Morley
etal., 2014).

Die durch diese Dissertation gewonnenen Erkenntnisse und der daraus resultierende Mehrwert

fiir die Forschung lasst sich wie folgt zusammenfassen:

o Konkrete Hinweise und Empfehlungen fir ein wirksames Training und eine adaquate
Trainingssteuerung mit einer bisher kaum untersuchten Kohorte

e Erweiterung bestehender Empfehlungen und Richtlinien mit evidenzbasierten Empfeh-
lungen zur praktischen Umsetzung und Machbarkeit eines CBE Trainings mit nicht
gehfahigen Bewohnerlnnen

e SchlieRung sowohl einer Forschungsliicke als auch einer Licke in der Versorgung von
nicht gehfahigen Bewohnerinnen

e Unterbrechung des Teufelskreises aus Ressourcenabbau und verminderter, sozialer
Teilhabe

e Forderung der hochstmdglichen Selbststandigkeit bei ADL fir eine hohe Lebensquali-
tat unabhangig vom Mobilitétsstatus.

In der Konzipierung von wirksamen Trainingsprogrammen zur Gesundheitsforderung und der
Gewinnung evidenzbasierter Empfehlungen fur die Versorgung liegt eine der wichtigsten Her-
ausforderungen der zukinftigen Forschung (Horn et al., 2012). Diese Dissertation leistet daftr
einen Beitrag und tragt nicht nur zu einer SchlieRung der Forschungsliicke, sondern auch zur
Schlielung einer konzeptionellen Licke in der Gesundheitsversorgung bei, die durch weitere
Studien unterstitzt werden sollte. Denn eine Schlielung dieser Licken verfolgt das Ziel einer
universellen Prévention, die den Erhalt einer hchstmdglichen Selbststdndigkeit bei der Durch-
fihrung von ADL durch das Ausbremsen eines funktionellen motorischen und kognitiven Ab-
baus fordert. Im VVordergrund steht dabei die Unterstiitzung einer aktiven Teilhabe fir eine hohe

Lebensqualitat, unabhangig vom Mobilitatsstatus und bis ans Lebensende.
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Abstract

Background: Clder adults, who are living in nursing homes that provide a high level of long-term nursing care, are
characterized by multimorbidity and a high prevalence of dependency in activities of daily living. Results of recent
studies indicate positive effects of structured exercise programs during long-term care for physical functioning,
cognition, and psychosocial well-being. However, for frail elderly the evidence remains inconsistent. There are no
evidence-based guidelines for exercises for nursing home residents that consider their individual deficits and
capacities. Therefore, high-guality studies are required to examine the efficacy of exercise interventions for this
multimorbid target group. The purpose of this study is to determine the feasibility and efficacy of a
multicomponent exercise intervention for nursing home residents that aims to improve physical and cognitive
functicning as well as quality of life.

Methods: A twa-arm single-blinded multicenter randomized controlled trial will be conducted, including 48
nursing homes in eight regions of Germany with an estimated sample size of 1120 individuals, Participants will be
randomly assigned to either a training or a waiting time control group. For a period of 16 weeks the training group
will meet twice a week for group-based sessions (45-60 min each), which will contain exercises to improve physical
functioning (strength, endurance, balance, flexibility) and cognitive-motor skills (dual-task). The intervention is
organized as a progressive challenge which is successively adapted to the residents’ capacities. Physical functioning,
cognitive performance, and quality of life will be assessed in both study groups at baseline (pre-test), after 16-weeks
(post-treatment), and after 32-weeks (retention test, intervention group only).
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Clinical trial

Discussion: This study will provide information about the efficacy of a multicomponent exercise program in
nursing homes (performance, recruitment). Results from this trial will contribute to the evidence of multicomponent
exercises, which specifically focus on cognitive-motor approaches in the maintenance of mental and physical
functioning. In addition, it will help to encourage older adults to actively engage in social life, Furthermare, the
findings will lead to recommendations for health promotion interventions for frail nursing home residents.

Trial registration: The trial was prospectively registered at DRKS.de with the registration number DRKS00014957 on

Keywords: Nursing home, Intervention, Physical activity, Exercise, Cognition, Frailty, Aged, ADL, Physical function,

Background

The worldwide population is progressively aging, which
is why an increased demand for long-term care is ex-
pected [1]. Aging is associated with a decline in physical
and cognitive functioning as well as with an increased
occurrence of adverse health events. Consequently, the
prevalence of disabilities increases substantially in the
aging population, particularly after the age of 85 [2]. The
condition of old people living in nursing homes is often
characterized as multimorbidity at high risk of disability
onset or progression [3]. This might lead to a loss of in-
dependence in activities of daily living (ADL), which is
often closely associated with institutionalization and
death [4]. Moreover, the declining physical functional
status affects the overall quality of life of older adults [3].
Thus, effective interventions to strengthen health re-
sources and prevent or delay disabilities and the loss of
physical and cognitive functioning in older institutional-
ized people is a public health priority [3].

With the German Prevention Act of 2015, German
nursing care insurances must provide preventive services
in nursing homes that are aiming at promoting the
health of residents by maintaining or improving several
domains, such as physical functioning and mobility, cog-
nition and quality of life [5]. The PROCARE project uses
the BASE-program [6] to provide a strategy for the
health promotion process described in the prevention
guidelines [5].

The current project focusses on improving the above-
mentioned goals. Therefore, a multicomponent exercise
intervention program that takes the desires and prefer-
ences of the residents into account will be conducted.
There is strong evidence that structured exercise pro-
grams in healthy and pre-frail older individuals can ef-
fectively improve everyday functionality, mobility, while
reducing falls and physical frailty [7-12], In addition, the
positive effect of regular physical activity on cognition
and on the prevention of diseases (such as cardiovascu-
lar diseases, diabetes, osteoporosis or sarcopenia) has
already been demonstrated [1, 13-16]. In contrast, evi-
dence from exercise interventions in the nursing home

setting is less clear and inconsistent. A systematic review
[17] showed that intervention studies in very frail and
multimorbid populations cannot support the beneficial
effect of exercises on functional performance and hence
suggest that the degree of frailty might be critical, when
reviewing the effectiveness of exercising [17]. Confirm-
ing these findings, a study with a moderate intensity
group-exercise program positively influenced the reduc-
tion of falls and improved physical performance in pre-
frail, but not in frail elderly nursing home residents [18].
Contrary to the findings in community-dwelling older
individuals [18-20], exercise interventions have not been
able to reduce falls in nursing homes [21]. Nevertheless,
a few studies showed a positive impact of exercise on
ADL [1, 16] and functional capacity [12, 16, 22-24] for
people living in nursing homes. A systematic review in-
vestigating frail older people in nursing homes, residen-
tial care, and in the community [25] demonstrated that
most studies provide evidence that exercise interventions
have a positive impact on frailty. However, the definition
of the term ‘frailty’ was different and unclear among
most studies. Moreover, in the majority of studies, effect
sizes were small [1] and a clear recommendation for an
appropriate intervention was not given.

For cognitive outcomes and dementia, several studies
with nursing home residents indicated no differences be-
tween exercise and cognitive intervention groups com-
pared to the control group [26-31]. However, the
findings also demonstrate a prominent heterogeneity re-
garding type, duration and frequency of exercise and se-
verity of participants' dementia. On the other hand,
some studies addressing physical training and exercises
reported positive effects on  cognitive performance
(short-term memory recall, visuospatial abilities, mul-
tiple aspects of executive functions) in the setting of
nursing homes [1, 22, 23, 32-34]. The analysis of previ-
ous studies [1, 22, 23, 26-34] indicates that programs
using higher intensities (e.g., walking exercises with add-
itional weights) and longer training periods (> 3 months;
at least twice a week [35]) tend to have a greater impact
on cognitive performance, Moreover, most benefits on
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motor and cognitive performance seem to be reached by
dual-task training interventions [35].

For quality of life, exercise interventions have shown
to improve older adults’ well-being [23, 36], particularly
depressive symptoms were reduced in people with de-
mentia [37]. However, a large RCT, aimed at reducing
depressive symptoms to increase well-being among nurs-
ing home residents, conducted a moderately intense ex-
ercise program twice a week for 12 months and found
no effect [38]. A high-intensity functional exercise pro-
gram aiming to reduce depressive symptoms and im-
prove psychological well-being showed no effect among
older people living in residential care facilities, but posi-
tive effects among people with dementia [36]. Neverthe-
less, there is neither consistent evidence, nor evidence-
based physical activities, nor exercise guidelines to pro-
mote health-related outcomes (like physical and cogni-
tive functioning and quality of life) for very old,
multimorbid, and institutionalized people [39—41], Des-
pite the insufficient evidence, a recent report from the
International Association of Gerontology and Geriatrics
- Global Aging Research Network (IAGG-GARN) and
the TAGG European Region Clinical Section provides
first recommendations for physical activity in older per-
sons, who are in need of care [41]. To lower the risk of
developing a number of disabling medical conditions
and various chronic diseases, they propose a multicom-
ponent program administered in small groups, including
training of strength, endurance, mobility, and balance, in
combination with dual-task exercises in moderate inten-
sities twice a week for 35-45 min each. The report also
emphasizes continuously adapted training intensities in
relation to the residents' abilities. Also, progressive en-
hancement, inclusion of stimulating materials and music,
as well as training for movements that are often

Table 1 Description of the: intervention
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associated with falls (e.g., walking forward with changes
of direction) is advised. In addition, the preferences and
needs of the individuals should be discussed in advance,
in order to define feasible goals and to take the residents’
self-efficacy into account [42].

Overall, the effectiveness of preventive interventions in
nursing homes which address these recommendations
and cognitive-motor exercises is assumed, but not yet
examined. Thus, more high-quality studies are needed to
examine and to structure results of preventive interven-
tions, so they can be implemented into the health care
system [42].

Aims and research questions for the study

Based on the existing research and the physical activity
recommendations mentioned above, a multicenter inter-
vention study will be conducted, aiming to determine
the feasibility and efficacy of a multicomponent exercise
intervention program for residents of nursing homes.
Moreover, we assume that these effects will improve the
residents’ quality of life,

Methods/design
The SPIRIT statement [43] was used as a guideline for
this protocol paper.

Trial design

This study is a two-arm single-blinded randomized con-
trolled trial of an individually tailored multicomponent
intervention (see Table 1) for older men and women liv-
ing in nursing homes. The study will be aptly named
PROCARE - Prevention and occupational health in
long-term care, as part of the PROCARE project. A
stratified randomization is performed after the baseline
assessment. The assessment of primary and secondary
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outcomes takes place in all subjects upon entry to the
study (T1) by a blinded assessor and is repeated at 16
weeks (T2), and at 32 weeks (T3, retention test, interven-
tion group only) after randomization (see Table 2). The
trial is registered at DRKS.de with registration muonber
DRKS00014957.

Participants, interventions, and outcomes

Ethics approval

The trial is conducted in agreement with the principles
of the Declaration of Helsinki and the guidelines of
Good Clinical Practice (GCP). All participants or their
legal guardians give written informed consent prior to
the study enrollment, The ethics committee of the Ham-
burg Chamber of Physicians, Germany, has approved the
study protocol (PV5762).

Recruitment of nursing homes

Eight cities and their surroundings throughout various
regions in Germany (Bremen, Chemnitz, Frankfurt,
Hamburg, Karlsruhe, Nuremberg, Paderborn and Stutt-
gart) will recruit 48 nursing homes in total (six per site).
The institutions involved are deliberately selected based
on their basic structural figures (number of nursing
places, number of employees, urban or rural district,
social-economic status), in order to analyze the applic-
ability of the program under a wide range of conditions.
Therefore, a list of all nursing homes will be created. It
will then be stratified by their structural characteristics
and afterwards the nursing homes will be randomly se-
lected, Participation is voluntary and will not be remu-
nerated. In case a requested nursing home declines to
participate, another facility with similar characteristics
will be requested instead.

Recruitment of participants

Assessment of eligibility and recruitment of participants
with respect to inclusion and exclusion criteria will be
primarily based on nursing documentation and staff
consultation. Care management and lead investigators
will meet to discuss and create a list with suitable nurs-
ing home residents, prior to the study enroliment. It will
be made clear that the intervention is targeting everyone
who meets the inclusion criteria and not only those who
are very open to physical activities and therefore might
be more likely to show a positive response to the inter-
vention. Even the very institutionalized, frail residents
will be encouraged to participate. Nevertheless, it is a
voluntary intervention and there is still room for bias be-
cause the individual reasons for participation will remain
unclear. After the selection process, nursing staff will in-
form all suitable residents or their legal guardians about
the study goals and ask for voluntary participation. All
verbally consented participants or their legal guardians
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will give written informed consent prior to the study
enrollment.

Eligibility criteria

Inclusion criteria are i) willingness to participate, i) abil-
ity to participate in group activities, i) ability to sit un-
assisted on a chair or in a wheelchair, and iv) the ability
to understand and execute simple instructions. No other
inclusion or exclusion criteria will be applied.

Assignment of interventions

Assessment and data collection will be done by blinded
assessors in a strictly pseudonymized form to guarantee
a blinded data analysis.

To avoid performance bias, the measurements and the
intervention follow a standardized protocol. All partici-
pant information and data will be stored securely and
identified by a coded ID number only to maintain the
participants’ confidentiality.

To avoid selection bias, a stratified randomization will
be conducted to divide the participants into either an
intervention group or a waiting time control group. The
random allocation will be stratified and executed by lot
by the director of the study who will receive the pseudo-
nymized codes of the participants and their baseline
characteristics and will not be involved in neither the as-
sessment nor the intervention procedures. Stratification
will be based on comparable sex, age, and cognitive per-
formance (according to the Montreal Cognitive Assess-
ment MoCA-Score [44]) to avoid differences in the
baseline characteristics of the groups. After assigning the
participants to either the intervention or waiting time
control group, the pseudonymized participant codes will
be sent to the study investigators who are responsible
for the data management. The exercise scientist or
physiotherapist, who will conduct the intervention, will
receive only names of the participants in the interven-
tion group and after 16 weeks names of the waiting time
control group without being aware of the control group
design.

Outcome measures

The assessment will focus on three key domains: phys-
ical functioning, cognitive performance, and psycho-
social well-being. Apart from the following primary and
secondary outcomes, demographic and baseline charac-
teristics, like age, height, weight, Body Mass Index, and
sex, will be measured.

Primary outcomes
The following primary outcomes will be measured to
evaluate the efficacy of the intervention program:
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Table 2 Schedule of enralment, Interventions, and assessments

Study Period

Enrol Baseline Post-
Allocation 5
ment | Assessment Allocation

Close-out

ar 32 weeks

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS:

Intervention group e

Waiting time control group

l
l

ASSESSMENTS:

Baseline variables: Age, X
height, weight, BMI, sex

Barthel Index

Pl

MoCA

SFi2

Gait analysis

SST

VFT

SPPB

SWLS

Hand Grip Strengh

Frailty

CES-D

FES-1

X | X | X[ X | X|X|[X|H|[R]|H]|»x]>]| X

Functional reach

Falls

XIX|IX|X|X|X|X|X|X|RH]|R"]H]|HA]| =] X
XIX|IX|IX|X|[X|X|X|X|HX]|]H]|=%]|*¥

Drop outs

S7



Cordes et al, BMC Geriatrics (2019) 19:369

Physical functioning The Short Physical Performance
Battery (SPPB) [45] is a standardized instrument to test
the lower extremity functionality (balance, gait speed, leg
strength). Participants are required to show a stable
stand in an upright position under three conditions (legs
closed/feet together, semi-tandem stand, tandem stand).
After that, comfortable gait speed will be assessed by
measuring the time to walk a 4-m track, starting from a
standing position and stopping when the first foot is past
the 4-m line. Finally, a five times sit-to-stand transfer
will be completed as fast as possible. Each domain is
scored between 0 and 4 and SPPB overall scores range
from 0 (low mobility/functionality) to 12 (full mobility/
functionality), Clinically relevant improvements have
been demonstrated to range between 0.99 and 1.34
points for the SPPB [45].

Gait analysis (GAITRite: CIR Systems Inc., Clifton,
NJ, USA, Optogait: Microgate, Bolzano, ltaly, Mobility-
Lab: APDM Inc., Portland, USA, GaitUp: SA, Lausanne,
Switzerland or Zebris PDM, Isny, Germany). Gait per-
formance will be assessed by measuring step length, step
width, gait speed, and double support phase on a 10-m
track, using of one of the mentioned gait analysis sys-
tems. Each participant completes three trials: a test trial,
one trial at preferred walking speed, and one trial at
maximum walking speed. Measured data will be re-
corded and saved for later analysis by the gait systems
software. An accompanying validation study will secure
the comparability of the different gait measurement
systems.

Dual-task cognitive performance The Serial Sevens
Test (SST) [46] aims to assess cognitive functioning.
During the SST, participants are being asked to count
down from a certain number in steps of seven. Due to
the poor cognitive functioning of most participants, a
simpler version of the SST will be administered, in
which participants have to count down in steps of 3
(S3T) and steps of 1 (S1T). The S3T and SIT will be
tested during a single- and dual-task condition (i.e. dur-
ing gait), in order to evaluate the cost of dual-tasking for
cognitive functioning. The number of correct answers
within 15s will be recorded during single- and dual-task
conditions as well as the gait parameters step length,
step width, gait speed, and double support phase under
dual-task conditions with a gait analysis system.

The Verbal Fluency Test (VFT) is an additional test for
cognitive functioning and part of the MoCA [44]. The
VFT is a phonemic fluency test, in which participants
are asked to name as many words as possible in a certain
time, starting with a specific letter (not allowed are
names or numbers). It was shown that verbal fluency is
reduced in elderly people with mild cognitive impair-
ments as compared to their non-impaired peers [47]. In
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accordance to the S3T and S1T, the VFT will be admin-
istered during single- and dual-task conditions, to evalu-
ate the cost of dual-tasking for cognitive functioning.
The number of correct answers within 15s will be re-
corded during single- and dual-task conditions as well as
the gait parameters step length, step width, gait speed,
and double support phase under dual-task conditions
with a gait analysis system.

Psychosocial well-being The short form of the Health
Survey SF12 [48] is a questionnaire, which can be used
to examine the health-related quality of life of the partic-
ipants, who rate their quality of life via twelve items.
The items regard eight health concepts which are com-
monly represented in widely used surveys: (1) physical
functioning, (2) role limitations due to physical health
problems, (3) bodily pain, (4) general health, (5) vitality
(energy/fatigue), (6) social functioning, (7) role limita-
tions due to emotional problems, and (8) mental health
(psychological distress and psychological well-being)
[49]. The SF12 physical and mental component sum-
mary scales are scored using norm-based methods. Both
scales are transformed to have a mean of 50 and a stand-
ard deviation of 10 in the general U.S. population. All
scores above and below 50 are above and below the
average [49].

The Satisfaction with Life Scale SWLS [49] is a brief
instrument with five items to measure global cognitive
judgements of satisfaction with one’s life on a seven-
point Likert scale. High scores indicate a high satisfac-
tion with life, while low scores indicate a low degree of
satisfaction.

Secondary outcomes
The following secondary outcomes will be measured to
evaluate the efficacy of the intervention program:

Physical functioning The Barthel Index [50] is used to
systematically record the independence of participants
when performing basic ADL via ten items. Feeding,
personal toileting, bathing, dressing and undressing,
getting on and off a toilet, controlling bladder, control-
ling bowel, moving from wheelchair to bed and return-
ing, walking on level surface (or propelling a wheelchair
if unable to walk) and ascending and descending stairs
are rated on a scale from 0 to 15 points depending on
the item. Total possible scores range from 0 (totally
dependent) to 100 (fully independent) [50].

Hand Grip Strength is measured with a hydraulic hand
dynamometer (JAMAR, hydraulic hand dynamometer).
Three trials with each hand will be executed. Results will
also be used to assess the frailty index item weakness.

The Functional reach [51] is a clinical measure of bal-
ance. It assesses the difference between the arm’s length
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and maximal forward reach in cm, using a fixed base of
support. The test will be executed in a sitting position.
The participant sits against the back of a chair next to a
wall reaching forward as far as possible without losing
balance. Reach distance will be measured with a scale at-
tached to the wall.

For the measurement of Frailty this study will apply
the original operationalization of the Frailty Phenotype
from the Cardiovascular Health Study [52] to enable
comparability. A frailty index will be formed out of five
measured factors, including an unintentional weight loss
of more than 4.5kg in the past 12 months (shrinking),
BMI- and sex-adjusted hand grip strength (weakness),
frequency of fatigue in the last week by using two items
of the Center of Epidemiological Studies-Depression
Scale (CES-D, exhaustion), height- and sex-adjusted gait
speed (slowness) and sex-adjusted energy expenditure by
physical activity (modified Minnesota Leisure Time
Physical Activity Questionnaire).

The short form of the Falls Efficacy Scale-International
(Short-FES-I) [53] is a seven-item questionnaire with a
scoring range between one and four, which provides infor-
mation on the level of concern about falls for a range of
activities of daily living, The number of falls, fall-related
injuries and deaths occurring during the 32-week period
will be documented by nursing staff.

Cognitive performance The Montreal Cognitive Assess-
ment (MoCA) [44] is a brief screening tool of global cog-
nition to reveal mild cognitive impairment and an early
stage of Alzheimer's disease, It assesses several cognitive
domains, like short-term memory recall, visuospatial
abilities, multiple aspects of executive functions, atten-
tion, concentration and working memory, language and
orientation to time and place. MoCA scores range be-
tween 0 and 30. A score of 26 or above is considered to
be normal [44].

Psychosocial well-being The Center for Epidemiological
Studies Depression Scale (CES-D) [54] is used to screen
for depressive symptoms and mood disorders with an
eleven-items questionnaire, scoring between zero and
three points for each item. It has demonstrated validity
for research conducted in elderly populations [55]. Two
items regarding the exhaustion of residents (“Everything
was effort”; “I could not get going”) will also be used to
assess the 'exhaustion’ for the frailty index.

Intervention

The exercise program consists of 32 sessions for a
period of 16 weeks. One training session has a duration
of 45-60 min and takes place twice a week. Exercise ses-
sions will be administered by at least one certified exer-
cise scientist or physiotherapist with group sizes ranging
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from four to 15 participants. The program follows IAGG
guidelines and combines previously published exercises
that have proven to be beneficial for cognitive-motor
performance in older people in the community and in
need of care [7, 8, 12, 20, 35, 56-59]. Training focusses
on daily situations which are commonly associated with
an increased fall risk and it mostly includes challenging
walking exercises (e.g., brisk walking, starting, stopping,
avoiding obstacles, turns), During these exercises, partic-
ipants are also exposed to a variety of cognitive tasks
under single- and dual-task conditions, designed to chal-
lenge their focus of attention with acoustic and visual
stimuli and specific executive functions. Furthermore,
exercises for strength, balance and flexibility as well as
endurance performance associated with walking are
integrated.

To ensure a controllable structure, training sessions
are divided in five parts: 1. 5-10 min mobilisation and
warm-up (e.g.,, range of motion exercises for the wrists,
hip, shoulders, knees, and ankles). 2. 10 min coordin-
ation, balance, and cognitive exercises (e.g., standing bal-
ance, bodyweight shifting, motivational cognitive-motor
games with group interaction including balls and scarfs).
3. 20 min aerobic walking exercises (e.g., under different
single and dual-task conditions). 4. 10 min strength exer-
cises (e.g., chair rises, upper body and trunk exercises
with additional materials and weights, functional lower-
limb exercises). 5. 5-10 min calm down (e.g., stretching
and relaxing exercises).

During the first step of the conceptualization, qualita-
tive guided interviews were conducted with five residents
of a nursing home facility. The interviews assessed dif-
ferent domains regarding ADL, need of support, partici-
pation in social activities as well as expectations and
wishes regarding a training program. Moreover, a feasi-
bility study (currently under review) was conducted to
examine the adherence and acceptance of the program.
Taking into account these previously inquired desires
and preferences of the residents, a focus is set on every-
day skills to promote ADL, cognition and psychosocial
resources. For example, by using motivational equip-
ment with different colors and music during the exercise
sessions, a stimulating environment will be provided to
promote participant’s retention. The exercise program
will be continuously adapted to the residents’ capacity
and hence, it is organized as a progressive challenge to
expand participants’ resources in accordance to the
F.LLT, principle [60]. The intensity of exercises will vary
between moderate and vigorous. This will be ensured by
adjusting the duration, frequency, difficulty, range of
motion and/or intensity of the exercises. For example,
endurance exercises, like 15 m walks, will range from ten
up to 22 walks within one session. For residents who are
unable to walk a program will be conducted with
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exercises exclusively in a sitting position. Regarding re-
sistance exercises, progression will be ensured by adjust-
ing the number of repetitions (from 5 to 10 to 15 to 20),
the number of sets (1, 2 or 3), and/or by usage of add-
itional weights (1 or 2 kg). For executing static, dynamic
balance, and coordination exercises the difficulty level
will be raised by changing exercise positions {e.g., sitting,
standing, feet together, side-by-side, semi-tandem, tan-
dem, standing on one leg). To assess the intensity of
training, instructors will use the Borg Scale of Perceived
Exertion [61].

Discontinuation of the intervention may occur in case
of health decline or if a participant wishes to stop taking
part in the group intervention. To improve adherence
and to promote retention, the therapists will give expla-
nations about the purpose of the intervention and the
possible benefits of the exercises. Attendance of each
participant will be recorded and reasons for drop outs
will be documented. No other concomitant group exer-
cise interventions are permitted besides usual care and
physiotherapy. Control group participants will be asked
to continue their regular everyday activities.

Data collection, management, and analysis

Statistical analysis

We will evaluate the effects of the intervention on every
quantitative, qualitative, and ordinal outcome, using re-
peated measures or mixed models, “t” tests, Kruskall-
Wallis Mann-Witney tests or the Chi-square tests, de-
pending on the type of outcome and their normal or
non-normal distribution. The primary analysis will be a
mixed model between-group comparison of the SPPB,
gait variables, Serial Sevens, and Verbal Fluency Test,
utilising all available data points during follow-up. We
will use the Bonferroni correction to appropriately adjust
the overall level of significance for multiple comparisons.
Between-group differences for all primary and secondary
outcomes will be adjusted for baseline values, age, sex,
and education. Secondary outcomes will be analysed
with similar methodology, using repeated measures
mixed model between-group comparisons, All statistical
analyses will be performed using SPSS Statistics for
Windows (version 25.0, IBM). Statistical significance
level is set at p < 0.05.

Intention-to-treat analysis will be performed (par-
ticipants who are randomized into groups after the
collection of baseline data)., For the intention-to-
treat analysis, data of all trial patients in the groups
to which they were randomized will be processed,
regardless of whether they received or adhered to
the allocated intervention. It is assumed that the
majority of participants in the two arms will receive
the appropriate number of intervention sessions. In
addition, a per-protocol analysis of the participants
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who completed the study without major protocol
violation (e.g., who attended more than 80% of the
training sessions), will be performed. The per-
protocol analysis will be performed as a secondary
analysis, if there is a sufficient number of partici-
pants in the two arms, who do not receive the inter-
vention protocol or are lost to outcome assessment,
Data from those participants, who do not violate the
treatment protocols, will be included in the per-
protocol analysis. The multiple imputation (MI)
technique will be used for dealing with missing data
under the assumption that data are missing at
random.

Sample size estimate / power calculations

The required sample size was calculated with G*Power
(Version 3.1.9.2, Heinrich Heine University of Duessel-
dorf) [62]. The sample size calculation was approximated
with a 2 x 3-factorial analysis of variance (ANOVA) for re-
peated measures (within-between interaction, small effect
size, power of .80 [1-B], 2-sided a-error (95% CI), 2
groups, 3 measurements) based on the primary outcome
Short Physical Performance Battery (SPPB). The small ef-
fect size used for the calculation of required sample size is
based on literature reviews and assumptions of clinically
relevant changes for residents in nursing homes with
probable cognitive impairment [63]. One hundred eight
individuals per region are required in order to detect a
clinically meaningful change of 1.0 point with a SD of
0.99 points. To account for potential dropouts before
study completion, we will inflate the sample size by 30%
(20% losses during follow-up; 10% mortality), resulting in
a total sample size of 1120 individuals (140 per centre with
70 participants allocated to each group).

Monitoring

A data monitoring committee, responsible for data mon-
itoring, interim analyses and auditing, will not be estab-
lished, because no adverse events are to be expected.
However, study participants will be under the surveil-
lance of trained project staff, who will intervene, if a
negative reaction is observed during the measurements
and training interventions, Nevertheless, grant holders
are part of a PROCARE advisory board and responsible
for data audits every 5 months,

Dissemination

The results of the study will be published in open-access
and international journals. In addition, the results will be
presented at conferences as well as in the participating
nursing homes.
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Discussion

To determine the efficacy and feasibility of a multicom-
ponent exercise intervention for nursing home residents,
a multicenter intervention study will be conducted. We
assume improvements or a slower decline of frail and
pre-frail residents’ physical and cognitive functioning as
well as psychosocial well-being compared to a waiting
time control group.

Preventive physical activity interventions could pre-
serve the health-related quality of life of nursing home
residents, since a reduction is based particularly on a
loss of physical functioning [41]. We propose, that nurs-
ing home residents with severe physical and cognitive
impairment might benefit from participation in physical
activity interventions, because of their low functional
status at the beginning and a higher physiological adap-
tation to a progressive training intensity [41].

There are only vague guidelines for the content, inten-
sity, frequency, and duration of physical activity in the
nursing home setting [40], vet. High-quality studies are
required to close this gap and provide effective and effi-
cient exercise modalities for this setting. The results of
the present study will yield recommendations for exer-
cise interventions, which then can be implemented into
the health care system.

The intervention of this study program combines
components of exercise programs that have proven to
gain health benefits for residents in nursing homes [1,
12, 16] in residential care [7, 56}, and in older adults
living in the community [20, 35, 57-59], with a spe-
cial focus on cognitive-motor exercises, Furthermore,
based on this multicomponent program with strength,
balance, and dual-task components, the findings will
help to derive valid recommendations for activities
and guidelines for health promotion in nursing home
residents, Results from this trial will particularly con-
tribute to the evidence on cognitive-motor approaches
in the maintenance of mental and physical function-
ing. It will also offer potential ways to encourage
nursing home residents to participate actively in so-
cial life within the care setting, by providing a pro-
gram that is appropriate and adapted to residents’
capacities, needs and desires, To this end, the findings
may provide suggestions and support to deal with
present and future challenges, occurring at health
promotion initiatives in the setting of nursing homes,
a sector that likely will gain more relevance in times
of the demographic change. With the Prevention Act
of 2015, German health insurances have to provide
preventive services in nursing homes [5]. The trial
will show that universal prevention through physical
activity interventions in this setting in late life care is
possible and useful to improve health status and per-
sonal resources of nursing home residents.
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ABSTRACT

Keywords: Objectives: Despite mobility impairments, many residents have physical, cognitive, and psychosocial
Rursing home resources that should be promoted. The aim was to summarize the current evidence on chair-based
chair-based exercise {CBE) interventions for nursing home residents.

:;‘:r'n"::""“ Design: Systematic review registered with Prospero (registration number: CRD42018078196),

Setting and Participants: Nursing home residents in long-term care.

Methods: Five electronic databases were searched (MEDLINE, Embase, CINAHL, Cochrane Central, and
PsycINFO) from inception until July 2020, Title, abstract, and full-text screening as well as quality
assessment with the Downs and Black checklist was done by 2 independent reviewers. Studies were
eligible if they (1) were conducted in nursing home residents, (2} included participants with a mean age
of 65 years, (3) had at least 1 treatment arm with seated exercises only, (4) included active or inactive
controls, (5) measured outcomes related to physical andfor cognitive functioning and/or well-being and
(6) controlled studies or single-group pre-post design. Because of a heterogeneity in characteristics of
included studies, we refrained from conducting a meta-analysis,

Results: Ten studies met the inclusion criteria (n - 511, mean age 79 + 7 years, 65% female), Studies
differed in sample size (12-114) as well as in training type (multicomponent, Yoga/Qigong/breathing
exercise, range of motion) and dose (frequency 2 sessions/week to daily, intensity low to moderate, time
20-60 minutes/session, 6 weeks to 6 months). Overall, CBE appears to be feasible and safe. Studies found
task-specific improvements in physical and cognitive functions and enhanced well-being. Three studies
demonstrated improved lower body performance following a multicomponent CBE program in mobile
residents. Three studies only including residents unable to walk reported improved physical functions,
indicating that immobile residents benefit from CBE programs, There was a lack of separating mobile and
immobile residents in analyses.

Conclusions and Jmplications: The results indicate that CBE interventions may improve physical and
cognitive functions as well as well-being in nursing home residents. Task-specific multicomponent CBE
appears to be best for improving different domains of physical and cognitive functioning. More high-
quality trials are needed.

physical function

0 2020 AMDA — The Society for Post-Acute and Long-Term Care Medicine.

Nursing home residents deal with limitations in basic activities of
daily living (ADL)' and 70% have mobility restrictions including the
inability to walk or transfer from bed or chair.” These ADL are
fundamental for maintaining independence. About 50% of people who
are living in nursing homes are considered frail and 40% prefrail’
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1525-8610/ 2020 AMDA — The Society for Post-Acute and Long-Terms Care Medicine,

Reduced physical functioning in relation to ADL is associated with a
reduced health-related quality of life (HR-QoL).*" especially in nursing
home residents with dementia.”” Nonetheless, nursing home resi-
dents have resources relating to the trainability of physical func-
tioning,” cognition,” and improvements in psychosocial well-being. ™
The goal of prevention in geriatric care is to ensure the highest degree
of self-determination with the best possible HR-QoL.*'" Effective in-
terventions that strengthen these resources by improving or main-
taining current levels are therefore required.
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There is broad consensus that exercise is a type of intervention
that can improve physical and cognitive performance and psy-
chosocial well-being'" even in very frail and the oldest-old.” " In
nursing home residents, physical perfermance decreases over time
without appropriate exercise programs, which worsens the ability
to perform ADL and reduces HR-QoL.'™'"" However, most scientific
interventions are conceptualized for residents who are still able to
walk,""""" Because of physical limitations such as muscle weak-
ness and impaired balance,”’ many residents in nursing homes
use wheelchairs as their primary means of mobility,”" Thus,
participants who are unable to walk are excluded from these
trials. Yet it is our experience that most of the administered group
trainings in practice are chair-based. Hence, there is a conceptual
gap in the field of prevention in nursing home care that needs to
be closed.”

Chair-based exercise (CBE), performed in a seated position, is
used as an alternative and may be an acceptable and accessible form
of exercise for older people with physical limitations who may not be
able to take part in other exercise programs.” - To our knowledge,
no systematic review concerned with the effects of CBE in nursing
home residents has been published, In community-dwelling frail
older people, CBE was found to be beneficial for maintaining or
promoting independence and mability.”” However, the quality of
included studies was poor’* therefore, there is little guidance for
clinical practice. Precise information for training modalities, for
example, duration, frequency, and how to adjust a suitable intensity
to provide a sufficient stimulus for muscle adaptation is missing.
Dose-response relationships have yet to be clarified.”" The aim of this
systematic review is to summarize the current evidence on CBE in-
terventions for nursing home residents. The results of this review are
important for developing appropriate CBE interventions for nursing
home residents,

Objectives
We attempted to answer the following questions:

- Do CBE interventions improve or sustain physical functioning,
cognition and psychosocial well-being?

- Which types of CBE interventions are used and most effective?

- Are there any dose-response relationships and how should CBE
interventions be methodically adjusted?

Methods

The systematic review was registered with Prospero (registration
number: CRD42018078196) and applied to the PRISMA statement.”

Search Strategy and Eligibility Criteria

Five electronic databases (Embase, MEDLINE, CINAHL Cochrane
Central, PsycINFO) were searched from their inception until July 29,
2020, MeSH terms and relevant keywords were used to identify
studies. The search strategy used in MEDLINE is presented in
Supplementary Table 1.

Studies were considered to be eligible for inclusion using the
following criteria based on the PICO model™:

I. Population: participants aged >60 years or mean age 65 years
living in nursing homes or other institutionalized long-term
living facilities of geriatric care:

2. Intervention: 1 treatment arm with CBE only or same in-
terventions in all groups with added CBE in intervention

group only;

3. Comparison: active or inactive control conditions, including
usual care, sham nterventions, leisure activities, or other ex-
ercise interventions;

4. Outcomes: related to physical, cognitive functioning or psy-
chosocial well-being

Studies were excluded if they (1) investigated disease-specific
populations (other than multimorbidity, frailty. and dementia
because of their high prevalence in nursing care), and (2) contained
standing or walking exercises. Studies in languages other than English
or German and abstracts, theses, or protocol papers were also
excluded from analysis.

Study Selection and Extraction Process

Two independent reviewers (T.C., D.S.) scanned titles, abstracts,
and relevant full-text articles to identify eligible studies. Any
disagreement was resolved hy discussion or arbitration by a third
reviewer. Reference lists of relevant studies and systematic reviews
were cross-referenced by hand searching to identify additional articles
missed by the database searches.

Data extraction was performed by 2 independent reviewers (T.C,,
D.S,) using a specifically developed and piloted (2 studies) form. In
case of disagreement, a third reviewer was consulted, Information on
study design, aims, sample size and characteristics, intervention and
control group content and dose, outcome measures, and results were
extracted,

Assessment of Methedological Quality

The quality assessment was done independently by 2 reviewers
{T.C..D.S.) using the 27-item Downs and Black checklist.” The criteria
were (1) reporting, (2) external validity, {3) bias, {(4) confounding, and
(5) power, We modified the power item by scoring positive if an a
priori power calculation was performed, Answers were scored D or 1
(item 5 in reporting subscale 0 to 2). Downs and Black quality levels
are excellent {26-28), good (20-25), fair ( 15-19), and poor (<14).""

Assessment of the Intervention

The exercise programs were analyzed with regard to the content of
the intervention, their efficacy, specific characteristics of the training
methodology, and the components referred to as FITT (frequency,
intensity, time, and type) principle.’” This included principles of dose
adjustment and progression. A definition of the principles and exer-
cise recommendations for ambulatory older adults in nursing homes
who are dependent in basic ADL, retrieved from the International
Association of Gerontology and Geriatrics—Global Aging Research
Network {IAGG-GARN) taskforce’' are displayed in Table 1. The exer-
cise programs of included studies were analyzed and interpreted
based on these principles.

Data Analysis

Because of the heterogeneity in intervention characteristics and
outcome measures used, we refrained from conducting meta-analysis.
Instead, information was narratively synthesized.

Results

Database searches and reference lists dentified 1064 articles, of
which 10 were deemed eligible and used for analysis (Supplementary
Table 2). Figure 1 displays the flow of the study selection process.

Table 2 provides an overview of all included studies and their
characteristics. The main results of the studies and descriptions of the
interventions can be found in fable 3.
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Table 1
FITT Principles and Recommendations for Exercises for Older Adults in Nursing Homes Who Are Ambulatosy and Dependent in Basic ADL From a Taskforce Repart ™'
Definition Recommendations
Frequency Number of times per woek Twice a week. with an interval of af least 48 h between sessions, Higher
weekly frequency is sale and may be feastble for firter ressdents.
Intensity How hard the workout should be Moderate-intensity exercises are feasible, effective. and safe. Moderate
tratning can be achieved by performing (1) strength, 1 or 2 sets of
exercises, performed at 13-15 repetitions maximum; (2) serobic
exercises that noticeably increase heart and respiratory frequency.,
without generating breathlessness o undue fatigue (scoring 5 or 6 n
a 10-point scale of perceived effort), High-intensity exercises can be
executed, but it may require a closer monitoring.
Time How many minutes or repetitions of an exercise are needed at a 35-45 i per ion. Lesser durations may be Jedd during the
specified intensity during 1 session first weeks of exercise, Longer sessions are feasible for most people,
Type What kind of exercise {aerobic, muscle-strengthening, balance, The best exercise type is a multicomponent training compased of

fexibility) should be performed

maiscle strength and cardiorespiratory endurance exercises a5 the
core components. Other exercise types, particularly flexibility and
balance, should be added 1o the exercise program whenever possible.

Characteristics of the Participants

The sample size in the included studies ranged from 12 to 114
participants, Using weighted means, participants' age was 79 (76-92)
years and 65% were female. Three studies included wheelchair users
only, "> 3 studies integrated both ambulatory residents and par-
ticipants who were unable to walk,” ™" and 3 studies included
ambulatory residents only,““*' For 1 study, the mobility status could
not be determined.” ™ One study™ included only residents with
cognitive impairments. In all other studies, participants were

described as multimorbid. frail. andjor at early
dementia,*

stages of

Analysis of the Types of Exercise Programs and Their Efficacy

Multicomponent exercise programs

Six studies™™ "' vielded positive results. They combined
strength and/or aerobic training with flexibility, mobility, and
coordination exercises. Five studies ™~ “*" found significant im-
provements in physical function. Three studies™ ™ including 1

.
5 Records identified through Additional records identified
database searching through other sources
[N = 1058) [n=6)
_—
— Records after duplicates removed
{n=681) Records excluded
g (n = 640)
Different outcome
; (256)
Records screened Disease-specific (198)
(n=681) No chair-based exercise
L e intervention (65)
Age (51)
) Setting (61)
Full-text articles Abstract only (3)
g assessed for eligibility
(n=41) Full-text articles
] excluded
(n=31)
—) Abstract only (1)
- — Age (4)
Disease-specific (S)
No chair-based exercise
Studies included in (10)
(n=10) Different outcome (4)
—

Fig. 1. Process of selechon of studies for systematic review based on PRISMA flow diagram,
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Table 2
Characteristics of Included Studies
Author, Year Study Design Study Amms Sample Size Sample Charactedistics Outcomes Measures
Baum etal, 2003 RCT Determine whether 20 Age 75-99 y. nursing Physical function: TUG, BBS, PPT
Single-blind a strength and flexibility home residents, able Cognitive function: MMSE
program improved function to ambudate alone or Psychosocial: NA
with assistance Baseline, 3,6, 9, and 12 mo
Cebrid et al 20147 RCT Evaluate the effects of 117 81 Mean age 85 y, nursing Physical function: RM function
Single-blind and YRT on bome residents, 38% Cognitive function: NA
KM function wheelchair, 62% unable Psychosocial: NA
to walk ~10m Baseline, 3, 6, and 9 wk
Chen et al, 2015™ Cluster randomized Test the effectiveness of 114 Mean age 79 ( £7) y, 49 Physical function: ADM, lung capacity.
rrial G-manth wheelchair- female, nursing home upper bedy and lower body
No blinding bound senior elastic residents, using flexibility, hand grip strength,
band exercises on the wheelchalrs for mobility upper and lower hmb muscle
functional fitness endurance
Cognitive function: NA
Psychosocial: NA
Baseline, 3 and 6 mo
Kuan et al, 20127 Pre-post, Test the effects of a 12-wk 2 Mean age 76 (+12) y, Physical function: BP, HRY, DST
nanegquivalent Qigong exercise mabe (53%), nursing Cognitive function: NA
control program on the physwological home residents, Psychosocial: BSRS-5
No blinding and psychological health wheelchair-bound Baseline, 4, 8, and 12 wk
Lazowsk et al, 1999 RCT Evaluation of the FFLTC b4 Mean age 80 (2 1)y, nursing  Physical function: TUG, 885, gaic
Double-blind Program in comparison bome residents, 50% used speed. stair climbing power, FIM,
with a seated, group-based A walking ail, 40% used upper and lower extremities
program limited to range a wheelchair function, FR
of motion exercises Cognitive function: NA
Psychosocal: NA
Baseline, 4 mo
Nagatetal, 2011"7  Nonrandomized  Investigate the effects of 54 Mean age 83 (+7)y, 87% Physical function: Quadriceps strength,
crossover o2 and ankle rraining lemale, nursing home toe flexor force, balance, agility,
Single-blind residents, mohility TUG, FR, FES
status NR Cognitlve function: NA
Psychosocial: HR-Qol
Baseline, § wk
Payten et al, 1994 Pre-post Insvestigate the need for a 12 Age 82-101 v, 90% femate,  Physical function: NA
No blinding Separate exercise program nursing home residents, 8 Cognitive function: NA
and whether residents who ambulatory, 4 in wheeichalr Psychosocial: HR-QoL, secialization,
are not participating in the participation, attention span, sleep
farge group would benefit pattern, mood swings. depression,
from a smaller group wangdering, Aggression
exercise program Baseline, 8 and 16 wk
Pameroy, 1993 " Randamized Investigate whether the 24 Age 65-91 y, 66% female, Physical function: ADL mobility
CIOSSOVET provision of nursing home residents, assessment
No blinding physiotherapy Input not able to stand or walk  Cognitlve function: NA
improves or Psychosocial: NA
malntains mobility skilks Baseline, 6 and 12 wk
Thurmet al, 2011 Nonrandomized Investigate whether a 10wk 19 Age 74.92 y, 70X female, Physical function: ADL, IADL
controlled trial multimodal movement frail and demented Cognitive function: MMSE, ADAS-Cog.
Na blinding mtervention conducted in the nursing home residents, verbal Meency, phoaematic fluency
seated position can slow cognitive refied on walking aids Psychosocial: GDS-15
deterioration Baseline, 24 wk
Rieping et al, 2019"" Controlled trial Investigate the effectiveness of 2 CBE 47 Age 80 (+8) y. 1004 female.  Physical function: Back scratch, chair
No blinding programs on biofogic stress, physical ambulatory nursing stand, arm curl, TUG, FES, ADL 1ADL

Randomization NR  fitness, and functional autonomy

bome residents

Cognitive function: NA
Psychosocal: NA
Baseline, 14 wk

ADAS-Cog, Alzhesmier Disease Assessment Scale—Cognitive Subscale: BES, Berg Balance Scale; BP, systolic and diastolic blood pressure; BSRS-5, Brief Symptom Rating Scale~5;
DST, distal skin remperature; FES. Falls Efficacy Scabe; FFLTC, Functional Fitness For Long-Term Care: HM, Functional Independence Measure; FR, functional reach: GDS-15,
Geriatric Depression Scale—15; HRV, heart rate variability; (DADL (instrumental) activities ol daily living, ITT, inspisatory threshold training: MMSE, Mini-Mental State
Exam: NA, not assessed: NR, not reported: PPT. Physical Performance Test; RM, respiratory muscle; TUG, timed up and go test: YRT, yoga respiratory training,

cognitive-motor training,”’ which combined motor exercises with

mental and memory exercises, found improvements in cognitive
functions. Another study ™ administering aerobic exercises and slow
and rhythmic movements with various equipment and music found
paositive effects in cognition and well-being.

Yoga and breathing exercise programs

Both studies with Yoga, Qigong, and breathing exercises Te-
ported improvements in respiratory muscle function or blood
pressure,

33,35

Range of motion (ROM) exercise program

One study™ focused on upper body ROM exercises and found
improved shoulder strength but significant deterioration in hip
strength, mobility, and functional ability after 12 weeks of training.

Equipment

Five studies used motivational equipment to create an
engaging and joyful environment and to encourage training adher-
ence and well-being. Improvements in residents’ well-being were
found in the 2 studies that measured it.”*

V2,36 34
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Table 3
Intervention Characteristics and Kesults
Author, Year Intervention Charactenstics Intervention Content and Equipment Results
Baum et al. 2003 Type: Multicomponent strength and flexibility  Resistance training with ankle and wrist Physwcal function t

Cebria et al. 2014

Cleen et al, 2015*°

Kuan et al, 20127

Lazowski et al, 1999™

Nagai ec al, 2011'"

Payten et al, 19947

Pomeroy, 19937

Thurm et al, 2011

Rieping et al, 2019

program

Frequency: 3 times/wk

Time: 60 min each session. for 6 mo

Intensity: moderate, progression as tolerated
(one set of 5 reps progressed to 2 sets of 10
reps)

Type: Yoga and breathing exercise, 1= 1T, 12:
YRT

Frequency: 5 times)wk

Time: 20 min each session for 6 wk

Intensity: low-moderate, increasing
complexity, repetitions, and resistance as
tolerated

Type: Multicomponent elastic band exercise
program

Frequency: 3 times)wk

Timse: 40 min, 6 mo

Intensity: moderate, 1-3-mo basic, 4-6-ma
advanced (more exercses|

Type: Yoga and breathing exercise, Ho-gong
(type of Qigong)

Frequency: 5 limes)wk

Time: 35 min, 12 wk

Intensity: low

Type: Seated ROM
Frequency: 3 times/wk
Time: 45 min, 4 mo
Intensity: low

Type: Multicomponent
Frequency: Daily

Time: session time NR, 8 wk
Intensity: low

Type: Multicomponent

Frequency: 2 times/wk

Time: 20 min, 16 wk

Intensity: law, sbow, and gentle, 6 reps for cach
exercise

Type: Multicomponent

Frequency: 3 times)wk

Time: 30 min, & wk

Intensity: moderate

Type: Multicomponent

Frequency: 2 times/wk

Time: 45 min, 24 wk

Intensity: moderate, exerclses gradually
increasad in level of difficulty and complexity

Type: Two multcomponent programs

Frequency: 2-3 times/wk

Time: 45 min, 14 wk

Intensity: moderate, adapting the levels of
resistance, increasing movement complexity

weights: 2-4 Ib, Thera Bands: 2.5-9 Ib,
weighted hand-sized balls

Interval-based yaga and breathing exercise
conststing of 7 cvcles of 2 min work and
| min rest

Warmup, serobse motion, and harmanic
stretching with elastic band exercises

Energy-building exercises as well as methods
of adpusting the spine. soft self-massage,
breathing control and relaxing

ROM exercises for the fingers, hands, arms,
and legs, vocal exercises, word/memory
games, relaxation

Toe and ankle training with towels and
beanbags

Seated acrobecs 10 wheelchairs or armchairs,
show rhythmic exercises, orlentatson tasks,
music. colorful balls, balleons, and scarfs.
skipping rope, parachute

Music and movement, body awareness, major
Joints nt. Massage iques.
gympastic ball exercises, functional mobdity
training

Strengthening, covedination, balance, flexibility,
and stamina, mental journeys, repeated
memory aids, poal noodie

CAE: Aerobic mobility, dynamic stretching,
body weight exercises

CSE: elastic-band muscle strength resistance
training, stretching and beeathing

TUG 24 5 (P < 013). BBS score 5.3 points
(P < 013), PPT 2.7 points (P = 013)

Cognitive function 1

MMSE score 4.2 points (P < 013}

Psychosocial well-being NA

Physwcal function |

RM function F 6755 (P < 001)
Cognitive function NA
Psychosocial well-being NA

Physical function 1

ADL 4,74 (P < 032) lung capacity F 23,48
{P < .001), hand grip strength F9.92
(P« 002}, upper limbs muscle endurance
F37.76 (P < 001), lower limbs muscle
endurance F827 (P < 005)

Cognitive function NA

Psychosocial well-being NA

Physical function 1

BP 30 mm Hg, F86.75 (P < 001 DST401 C,
F78.06 (P < .001)

Cognitive function NA

Psychoseckal well-being 1

BSRS-5 score 5.9 points, F 10363 [P < .001)

Physical function | 1

TUG score 23%, (P« 05), FIM score 5%, [P« .05),
lower extremity strength 175, (P < 001}
shoulder flextbility 21%, (P < .05)

Cognitive function NA

Psychosocial well-being NA

Physical function 1

Quadriceps 0.13 Nm/kg (P < 05), FR
33 am (< 05), FES score 1.3 points (P < .054)

Cagaitive function NA

Psychosocial weil-being 1

HR-Q0L 0.9 points (P < 004)

Physical function NA

Cognitive function 1

Attention span 75X participants improved

Psychosocial well-being

HR-QoL 83% participants improved,
sacialization 83%, participation 83%, attention
span 75%, sleep pattern 84%, depression 10%

Physical function |

ADL mability 1,37 points (P < 043)

Cognitive lunction NA

Psychesocial well-being NA

Physical function -«

ADL, IADL

Cognitive function 1

ADAS-Cog F 10.76 (P < 007)

Psychosecial well-being —

GD5-15

Physical function 1

Arm curl CAE 32% (P < 05), moderate £S, chair
stand CSE 278 (P < 05), moderate effect size,
TUG CAE 23% (P < .05), moderate ES, FES CAE
53% (P < 05), moderate ES, IADL CSE 13%
{P < .D5), moderate ES

Cogmitive function NA

Psychosocial well-being NA

ADAS-Cog, Alzheimer Disease Assessment Scale—Cognitive Subscale; B8S, Berg Balance Scale; BP, systolic blood pressure: BSRS-5, Boief Symptom Rating Scale-5; CAE. chair
aerobic exercise program; CSE, chair strength exercise program: DST, distal skin temperature; ES, effect size; FES, Falls Efficacy Scale; FIM, Functional Independence Measure;
FR. functional reach: GDS-15, Gerlatric Depression Scale - 15; (DADL {instrumental) activities of daily living: ITT, inspiratory threshold training; MMSE. Mini-Mental State
Exam: NA, not assessed; NR, not reported: PPT, physical performance test: RM. respiratory musche; TUG, timed up and go test: YRT, yoga respiratory training. Intensity: If noc

reported, intensity levels were judg

| based on infi

in text following the FITT principles.
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Characteristics of the Exercise Programs

Intensity

Four studies identified the intensity of the intervention as fow ™"
or moderate."" All other studies only described the exercises
without defining intensity. To evaluate the intensity of all included
studies, the recommendations and principles of dose adjustment
displayed in Table | were used. Four studies were identified as
low" *" and 6 studies as moderately™ ““** ! intense. Five stud-
jes™ ¥4 and the control group of 1 study™ used moderate in-
tensities and reported the usage of progression. Because of the
insufficient reporting in some of the studies, it was not possible to
determine a clear dose-response relationship.

Duration, time, and frequency

Time and frequency ranged between 20 and 60 minutes for one
training session and 2 to 7 sessions per week. Intervention duration
ranged from 6 weeks to 6 months (Table 2). No clear dose-response
relationship could be determined.

Types of control group interventions

Nine studies™ "' comprised a control group, of which 7 took
part in usual care,”” 7" " One study’” conducted a recreational
group as control group with several nonexercise leisure activities, All
usual care activities and nonexercise control groups showed no effect
on measured outcomes. One study ' compared a CBE program with
ROM exercises to a multicomponent exercise program with both
seated and standing/walking exercises. Although the CBE group only
improved shoulder strength and deteriorated in hip strength and
mobility, the multicomponent group improved mobility, balance,
flexibility, knee, and hip strength, One study”' compared 2 different
CBE programs and a usual care control group.

Methedelogical quality

None of the studies reached an excellent quality level
(Supplementary Table 3). Three studies were rated as good,’ ™!
whereas the remaining studies were rated fair or poor. Only 2
studies™"' reported a power analysis. Two studies’ """ gave a suffi-
cient report about the intervention characteristics. No association
between methodological quality and intervention efficacy could be
determined.

Discussion

The aim of this systematic review was to summarize the current
evidence on CBE interventions for nursing home residents. We
attempted to find out whether and how CBE interventions are able to
improve or sustain physical functioning, cognition, and psychosocial
well-being, Ten studies that met the inclusion criteria of the review
could be found.

Efficacy of CBE Interventions

Nine of 10 studies reported significant improvements in at least |
of the measured outcome domains (physical function, cognitive
function, and well-being). Seven of 10 studies had a focus on physical
performance and found improvements in (instrumental) ADL,
lower body strength,’™" uppcr body strength,”™"' hand grip
strength,”**" hip extension, " respiratory muscle strength,”*** arm
muscle endurance,™ ™' joint flexibility,”""**" and functional
reach,”*’ These improvements can promote functional abilities and
prevent functional decline and therefore contribute to a better per-
formance in ADL for both ambulatory and wheelchair-bound resi-
dents,* Regardless of the positive effects, a high degree of
heterogeneity across study samples was observed. Nonetheless, CBE

interventions appear to be feasible and beneficial for nursing home
residents,

The findings of the review regarding physical functions of the
upper body (eg, shoulder flexibility, functional reach, and hand grip
strength), cardiorespiratory fitness (eg, BP and lung capacity) and
cognition are in concordance with results from studies that included
walking exercises in frail and multimorbid but ambulatory nursing
home residents and found improvements in  physical
function™'” "4 and ADL'"™* However, the lack of direct com-
parison between CBE and interventions including upright exercises
does not enable conclusions about the relative efficacy of these
training paradigms. With regard to the functions of the lower ex-
tremities (timed up and go test performance and lower extremity
strength), a multicomponent program with standing and walking
exercises is clearly superior to a CBE program with seated ROM ex-
ercises.”” This demonstrates the importance of task-specific training
with increased load due to carrying the own body weight and the
better transfer of standing and walking exercises into ADL However, 3
studies’™'™!" demonstrated an increased lower body performance
{quadriceps strength, chair stand, timed up and go test) following a
multicomponent CBE program without walking exercises, indicating a
transfer from seated to mobility tasks.

Three studies™ """ only including residents unable to walk
improved physical functions (eg, cardiorespiratory fitness,”” ADL, "
upper body strength™). Two'™'" of these studies administered
multicomponent CBE programs. This indicates that immobile resi-
dents benefit from participating in group-based CBE programs, The
findings are also in line with existing evidence from community-
dwelling older and [rail people, demonstrating that multicomponent
programs targeting several aspects of functioning are best for
improving various dimensions of functioning. However, ambulatory
residents may have other needs for a targeted training (fall preven-
tion, increased life space) than residents who are unable to walk
|upper body strength. {instrumental) ADL]. Therefore, it could be
helpful to separate groups according to functional abilities for con-
ducting targeted and needs-based multicomponent interventions.

One of the included studies*” showed that motor exercises com-
bined with mental and memory exercises were effective in improving
cognitive functioning. Other promising motor-cognitive interventions
are training under dual-task conditions™” and exergaming® ** which
demonstrated benefits for improving physical and cognitive perfor-
mance in older adults, including people with dementia and residents
from setirement villages and nursing homes. The effects of these in-
terventions incorporated in CBE have not been sufficiently investi-
gated yet. However, a small-scale RCT in community-dwelling older
people demonstrated improved gait performance following a seated
dual-task s_tcpping training compared to stepping under single-task
condition,””

It appears to be helpful to use motivational eqmpment ' such as
colored scarves, weights, balls, parachutes, or music. ™ In the current
review, the use of motivational equipment was reported to be easily
implemented and a way to ensure regular participation. As no
appropriate control group existed (ie, no motivational equipment),
additional studies are required.

Despite low mobility and high frailty levels, nursing home resi-
dents h.we he.ﬂth related resources that CBE interventions are able to
improve.”” " Because of the wide spectrum of effects of exercise in a
biopsychosocial context, every nursing home resident should be given
the opportunity to participate in an evidence-based training program
several times a week."””

Exercise Characteristics

Assessing the intensity and measures of progression is important
to provide an adequate stimulus for physical adaptation. The current
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analysis revealed that for beneficial effects on physical functions, in-
terventions using low and moderate intensities are feasible. Unfor-
tunately, only 2 studies assessed the intensity level using the Borg
Scale"" and 5 studies ' reported the use of progression. The
remaining studies only described the exercises without any specific
information about how they defined and assessed intensity. A reason
for this insufficient reporting might be the lack of knowledge on how
to adjust intensity as specific guidelines are lacking in this vulnerable
population, Current exercise guidelines for older adults are certainly
more appropriate for community-dwelling older adults and for those
who are dependent in ADLs but still able to ambulate than for insti-
tutionalized nursing home residents, including those who are unable
to walk."""" CBE guidelines for wheelchair-bound nursing home res-
idents are missing, The fear of overloading and subsequent injuries
when applying similar intensities as for healthy older adults might be
another reason for this lack.”” Additionally, it is sometimes wrongly
assumed that because of high frailty levels people would not benefit
from an exercise intervention.”™ Thus, simple repetitive seated ROM
exercises without progression are sufficient when only aiming at so-
cial participation, However, it has become increasingly clear that even
institutionalized and frail older adults tolerate CBE with moderate” or
even higher intensities”"” and can improve physical function and
ADL performance.

Despite a broad acceptance among health care professionals for the
need of traming in old age, many aspects of dose-response relation-
ships have vet to be clarified.”” This research gap has already been
criticized in previous studies.””"* The current review aimed at closing
this gap and contribute to specific guidelines, Although dose param-
eters varied greatly, successful interventions reported & frequency of 2
to 5 times per week, 30 to 60 minutes per training session, for 6 weeks
to 6 months of intervention time with low or mederate intensity. This
is in concordance with recommendations of the taskforce report on
exercise and physical activity for ambulatory nursing homes residents,
which suggests moderate intensity, 35 to 45 minutes for 2 times per
week or more often for residents with higher fitness levels.”’ How-
ever, because of the large heterogeneity, weak reporting, and the risk
of being underpowered, dose-response relationships could not be
clearly identified. This issue urgently requires further study.

Limitations

We need to acknowledge some limitations. First, only few studies
were included based on our inclusion criterfa. Most of the excluded
studies consisted of interventions of standing and walking exercises to
prevent falls, not enabling us to judge the seated program components
with regard to their effects on relevant outcomes, However, we believe
that excluding immobile residents from most studies has led to a gap
between research and practice. This review is the first to summarize
relevant information for CBE in nursing homes and thus helps to
implement interventions that are suitable for residents who are un-
able to walk. However, only 3 studies included only residents who
were unable to walk. Therefore, this review cannot provide an answer
to the question whether the efficacy of CBE differs when comparing
mobile and immobile residents, for instance because of differing
reserve capacities. Second, because of the low number of studies, the
variety in sample and intervention characteristics, choice of control
conditions, and poor reporting. it remains unclear what the optimal
content and dose parameters are for improving health-related factors
in nursing home residents, Many excluded studies focus on the
effectiveness of training programs for leg strength, balance, and
maobility, without providing precise information on training modal-
ities, for example, sitting or standing exercises, dose, and intensity. A
consensus definition for CBE is also lacking. ™

Finally, only studies published in English or German were included.
However, none of the potentially eligible titles, abstracts, or full texts
were excluded because of language.

Conclusions and Implications

Overall, this review finds evidence that CBE interventions have a
positive effect on physical and cognitive functions as well as psycho-
social well-being in nursing home residents, including those who are
unable to walk. For beneficial effects on multiple outcome domains,
interventions should administer multicomponent exercises and
include task-specific and motor-cognitive exercises. The current
findings complement the existing exercise guidelines for ambulatory
residents; however, the lack of separation of mobile and immobile
residents in analyses limits the specificity of what can be recom-
mended. High-quality RCTs with sufficient power focusing on specific
CBE modalities, separating analyses by mobility status, and adjust-
ment of intensity and progression are needed to provide more tar-
geted and evidence-based guidelines,

Supplementary Data

Supplementary data related to this article can be found online at
https:{/doiorg/ 10,1016/} jamda.2020,09.042,
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Abstract

Background A multi-component training program holds promises for the elderly, but still has to be tested on its feasibility
and effect in nursing homes,

Aims The aim of this study was (1) to design a multi-component training program which improves physical functioning and
psychosocial wellbeing and (2) to evaluate the feasibility of this intervention in nursing home residents,

Methods This study is a two-arm, stratified-randomized controlled feasibility trail, Twenty-four nursing home residents (aged
83.7 464, 21 women) were divided into an intervention and a waiting-list control group. The intervention group completed
a multi-component training {including dual-task, dynamic balance, endurance and strength exercises) for 16 weeks (twice
per week for 45-60 min). Primary outcomes were lower extremity functionality (SPPB), gait performance (GAITRite),
health-related quality of life (SF-12) as well as life satisfaction (SWLS).

Results Life satisfaction (SWLS}) and physical functioning (SPPB) increased in the intervention group after training whereas
the control group showed a decrease. Gait parameters could only be analyzed for n=35 participants of the intervention group
and n=2 of the control group and showed no time differences for the intervention group, The mean number of participants
was 12.5 4 1.9 per session (attendance ranged between 66% and 90%),

Conclusion A multi-component training seems (1) to lead to clinically relevant improvements in physical functioning as
well as in psychosocial wellbeing and (2) to be feasible and well accepted in nursing home residents, Nevertheless, the
complexity and progression of the program as well as the testing protocol have to be adapted. Further research should test
the effectiveness of this adapted program in a larger sample size.

Keywords Nursing home - Aged - Frail elderly - Training - Multi-component training - Dual task - Exercise

Introduction

Demographic changes force countries worldwide to deal
with an increasingly aging population and corresponding
policy changes are being discussed on all levels [1, 2]. The
4 Laura L. Bischoff incidence rates of age-associated diseases such as cancer,
lara.bischoif @uni-hamburg.de cardiovascular and neurodegencrative discases, as well as
Institute of Human Movement Science, University diabetes are rising, leading to further demands of treatment
of Hamburg, Mollerstrafie 10, 20148 Hamburg, Germany and long-term care due to cognitive and functional impair-
ments |3, 4|. Hence nursing home residents are increasingly
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control [12, 13], risk of falling [ 14] and navigation difficul-
ties [15] in older adults, As potential underlying mechanisms
of motor performance, it is proposed that motor aspects of
performance, like walking, are increasingly in need of cog-
nitive resources with advancing age [16]. Aging further
is accompanied with decrements in physical functioning
expressed in diminished physical fitness and muscle strength
which often result in lower grip strength [17], frailty [18]
or falls [ 19, 20]. Respectively, reduced scores of the activi-
ties of daily living (ADL’s) [21], the instrumental activities
of daily living (IADL’s) [22] or (lower extremity) physical
performance [23] are common in nursing home residents.

In light of the challenges of an aging population, many
European countries have taken political actions to enforce
prevention measures and interventions on healthy aging
[24]. Studies show that exercise interventions, for example
in rehabilitation settings. on different intensity levels can
prevent or slow the decline in the performance of everyday
activities [25-27]. functional performance [28. 29|, cogni-
tive performance [30, 31], depressive symptoms [32], and
improve quality of life [33-35].

Nevertheless. exercise intervention studies conducted in
the setting of nursing homes with very-old populations are
still rare, and results vary [36, 37]. A few studies indicate a
positive effect of multi-component exercise interventions on
physical functioning even in the very-old and frail popula-
tion in geriatric care [28, 38-44], whereas these results could
not be obtained in others [33]. Hereby. multi-component
training programs (e.g., strength training combined with gait
training [45] or strength training combined with functional
training [46]) show superior effects to single component
training. In a 3-month multi-component exercise interven-
tion focusing on strength, balance, stretching exercises, and
walking training, a significant improvement in physical func-
tioning was achieved in nursing home residents [38], Other
studies showed no superior effect of exercise interventions in
comparison to control groups with regard to cognitive out-
comes and dementia [30, 47, 48] and heterogencous effects
of exercise interventions on psychosocial wellbeing [34,
35, 49]. According to a systematic review by Horn et al.,
[37] there is a lack of adequate description of the conducted
exercise interventions 1o transfer existing study results with
older adults into the nursing home setting, Further, there is
a lack of studies addressing the association between motor
and cognitive decline.

That is, only a few studies have incorporated dual-task
(DT) elements in training programs for long-term residents
in nursing home settings [50, 51]. Nevertheless, DT elements
such as walking tasks combined with different cognitive
tasks and a variable task prioritizing training that includes
shifting of attentional control have shown to be effective in
improving cognitive-motor performance in older adults [52)
and even more effective than single task strength training or

@ Springer

no training in older adults [33], This seems to be particularly
true when a progression in DT difficulties is emphasized
in the training program [52, 54, 55]. In comparison to a
standard exercise intervention, a cognitive task-managing
motor learning intervention which applied goal oriented and
repetitive exercises enhanced walking performance in adults
over the age of 65 who had subclinical gait dysfunctions,
The motor learning exercise program included both stepping
and walking patterns [56]. Moreover, positive effects were
found for participants with mild cognitive impairments [51].

In summary, previous effective training intervention stud-
ies have combined different training aspects such as muscu-
lar strength training, endurance and balance exercises as well
as gail training in multimodal programs. From findings in
community-dwelling older adults. it appears that especially
exercises including both, motor and cognitive components,
such as DT walking should be included into the training
124, 53].

To our knowledge no prior study has assessed the fea-
sibility nor the appropriate exercise combination of such a
training program in long-term residents of nursing homes.

The aim of this study was (1) to design a targeted multi-
component training program applying a bottom-up approach
|57] which may improve physical functioning and psycho-
social wellbeing and (2) to evaluate the feasibility and pre-
liminary efficacy of this training intervention compared to a
control group in very-old nursing home residents. The pri-
mary outcomes were lower extremity functionality (SPPB).
gait performance (spatio-temporal parameters in the GAI-
TRite), health-related quality of life (SF-12) as well as life
satisfaction (SWLS). Secondary outcomes were activities of
daily living (Barthel Index), hand grip strength and cognitive
functioning (MoCA).

Methods

The extended CONSORT statement [58] was used as u
guideline to generate this feasibility study.

Study design and participants

A newly developed 16 week-multi-component training
program with motor and cognitive components for nurs-
ing home residents was designed as part of the PRevention
and Occupational health in long-term CARE project (PRO-
CARE). Recruitment and eligibility was based upon con-
sultation of senior management, nursing staff and nursing
documentation.

Twenty-four long-term nursing home residents {21
females, 83.7 £ 6.5 years old, cf. Table 2) between 72 and
100 years of age were recruited in a nursing home located in
the city of Hamburg, Germany. All nursing home residents
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or their legal guardians gave written informed consent prior
to the study enrollment. Inclusion criteria were (i) willing-
ness to participate, (ii) the ability to understand and execute
simple instructions, (iii) the ability to walk with or without
a walking aid for 10 m, and (iv) the ability to participate
in group activities. Eligibility criteria were assessed by the
senior management, nursing staff and nursing documentation
(cf. participant characteristics in Table 2).

Half of the included study participants were allocated in
a stratified-randomized way {gender. age and SPPB) by an
independent senior researcher via drawing of lots to (a) a
16 week exercise intervention group or (b) a waiting-list
control group who received 16 weeks of usual care and
could start the same exercise intervention after 16 weeks.

The study was approved by the Ethics Committee of
the Hamburg Chamber of Physicians (registration number
PV5762).

Description of the development of the intervention
program

The development of the tailored intervention followed two
steps.

(1) qualitative analysis of the requirements for a tailored
exercise program expressed by the nursing home residents
and

(2) integration of evidence based previous exercise
programs and their adaptation to an old and functionally
impaired target group.

Step (1)

During the first step, qualitative guided interviews were
conducted with five residents (four women and one man)
of the facility. The interviews had an average duration of
18 min and integrated a total of 17 questions assessing four
main domains: the resident’s (1) activities of daily living,
(11) need of support, (I11) participation in social activities,
as well as (IV) their expectations and wishes regarding a
training program.

The interviewee's daily routine included listening to
music and audio books, knitting, drawing and going for
a walk. Furthermore, the current need for support in eve-
ryday life, such as dressing. showering and immobility
was reported, Three residents expressed discontent about
unwanted dependency and the attempt to perform activi-
ties like personal hygiene as autonomous as possible. Two
residents were happy with the help provided by the facility’s
nurses. Social contacts and activities were mainly realized
through group activities (religious service in the facility,
singing and chair gymnastics). Further, the interviewees

expressed a great interest in music and in playful, group-
based exercises. In summary, a desire for more social con-
tacts and interlocutors and the need for more independence
in activities of daily living were main themes throughout
the interviews.

Step (2)

The multi-component training program was developed
based on wishes, needs and comments of the nursing
home's residents expressed in the interviews (cf. Step 1)
and previously published exercises that have proven to be
advantageous for cognitive-motor functions in older adults
in the community and in need of care [26, 52, 53, 59-65].
The exercise program consisted of 32 sessions for a period
of 16 weeks. One training session lasted 45-60 min and
took place twice a week.

The program focused on situations of a resident's daily
routine, which are commonly associated with an increased
risk of falling. Hence exercises like starting, stopping,
managing obstacles, turning and brisk walking were
trained. During these exercises, participants had to change
their focus of attention and task prioritization and switch
between tasks under single- and dual-task conditions.
Exercises for dynamic balance, endurance and strength
were also integrated (cf. Table 1).

To meet wishes and demands expressed by the target
group, music as well as playful and motivational equip-
ment (e¢.g. balls, balloons, scarfs and parachutes) were
used,

Training sessions were divided into five parts:

1. 5-10 min warm-up and mobilization — seated and
standing (e.g., range of motion exercises for hip, shoul-
ders, knees, wrists and ankles),

2. 10 min balance, coordination and cognitive exercises
(e.g., standing or sitting balance, bodyweight shifting,
cognitive-motor games with group interaction including
signs and pictures),

3. 20 min aerobic exercises while walking or sitting (e.g.,
under different single and dual-task conditions),

4. 10 min strength exercises (e.g., chair rises, trunk and
upper body exercises with additional weights, functional
lower-limb exercises),

3. 5-10 min cool down (e.g., relaxing and stretching exer-
cises),

As recommended by the American College of Sports
Medicine [66], the exercise program was continuously
adapted to the residents’ capacity by a certified trainer,
was organized as a progressive challenge and followed the
F.L'T.T. (Frequency, Intensity, Time, and Type of exercise)
principle (cf. Table 1).
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The training was administered by a certified exercise ther-
apist in a room located in the nursing home. To realize the
intended progression in the training program, the instructor
adapted intensity and type of exercises (designated difficulty
levels in the developed program, cf. Tablel) to participants’
performance.

Outcome measures

The measurements addressed the main aspects of feasi-
bility and two key domains of clinical outcomes: physi-
cal functioning and psychosocial wellbeing. Physical and
general health outcomes were collected at bascline and
after 16 weeks of training (post training). Outcome asses-
sors and data analysts were blinded. A week of testing
was scheduled before and after the intervention period.
Testing took place in the nursing home facility between
09:30 and 11:30 am, Each study participant was tested on
the same day at the same time before and after the inter-
vention period, Nursing home personnel accompanied the
resident to the room of testing, where residents were again
informed on all measurements and instruments before they
started the tests.

Feasibility

This study aims at assessing the feasibility of (i) the newly
developed intervention and (ii) the measurement protocol.

Feasibility of the intervention was determined by the cer-
tified trainer examining adherence of participants to each
intervention session (session completed, and tasks com-
pleted within each session) as well as the average time taken
for each session of training by an adherence list and notes
taken within each session.

Participant acceptance of the intervention was examined
by qualitative participants” group feedback and feedback of
the nursing personnel at the end of the 16-week interven-
tion. Feasibility of the measurement protocol was deter-
mined by completion of measurements of all outcomes in
all participants.

Primary outcomes

Lower extremity functionality including balance, gait speed.
and leg strength was tested with the Short Physical Perfor-
mance Battery (SPPB) |67]. The SPPB is scored from (0 to
12 and is composed of three tests: balance, gait speed and
chair stand. All subtests are scored from 0 to 4 with higher
scores representing better physical and functional ability.
Gait performance was assessed by measuring step
length, step width and gait speed on a 7.92-m track with the

GAITRite: CIR Systems Inc., Clifton, NJ, USA, Participants
received one practice trial and then data was recorded on
the second trial. The same assessor recorded all measures
for each participant and participants were given adequate
rests between tests. Participants walked with shoes and were
allowed to use their walking aid if required. Data was ana-
lyzed using the GAlTrite 4.5.5 software.

The short form of the Health Survey (SF-12) [68] was used
1o examine the health-related quality of life of the nursing
home residents with the physical and mental component sum-
mary score.

Global cognitive judgments of satisfaction with one’s life
was assessed with the German translation of the Satisfaction
With Life Scale (SWLS) adding the five items to a sum score
[69].

Secondary outcomes

To evaluate independence in performing basic activities of
datly living (ADL) the Barthel Index | 70] was recorded. Ten
items were rated on a scale from 0 to 15 points depending on
the item. Total possible scores range from O (totally dependent)
to 100 (fully independent).

Hand Grip Strength was assessed with a hydraulic hand
dynamometer (JAMAR, model 50301 1. J.A. Preston Corpora-
tion, Clifton, NJ). Three trials with each hand were executed to
assess the maximum hand grip strength of the dominant and
non-dominant hand (best trial).

The German version of the Monireal Cognitive Assessment
(MoCA) was used as a screening tool of global cognition,
assessing several cognitive domains, like short-term memory
recall, visuospatial abilities, executive functions, attention,
concentration and working memory, language and orientation
to time and place [71]). An overall score is calculated ranging
between 0 and 30 {scores above 26 are considered cognitively
healthy).

Statistical analyses

Descriptive data are presented as percentage, mean and stand-
ard deviation.

Statistical comparison pre and post training intervention of
only those participants who completed both baseline as well
as post training testing, was performed using Wilcoxon tests
(< (0.05) for the analyses of primary and secondary outcomes.
Furthermore, Mann-Whitney {/ tests were used to detect dif-
ferences between intervention and control groups (ax <(.03)
at pre- and post-test for primary outcomes. Following the
recommendations of Blanca et al. [72], we used a mixed
ANOVA for all primary outcomes. Effect sizes were calcu-
lated using Cohen’s d in all between-subject (group difler-
ences) and Cohen's d_, in all within-subject (time differences)
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Fig. ¥ Flowchart CONSORT-
Statement

Enrollment

Assessed for eligibility (n=120)

Excluded (n=96)

- Not meeting inclusion criteria (were
classified as ot being able 10 walk
with or wathout walking aid for 10
meters, 18 not able 10 take part in
group activities or did not want to

Randomized (n= 24)

take part)

l—i Allocation

A

Allocated to mtervention (n=12)
~ Receved allocated intervention (n=14)
due to (= 2) additions

Allocated to wait-list control group (n= 12)
Received allocated intervention (n=10) due
to (= 2) participants insisting on tking
part in the intervention

Follow up after 16
weeks

\d

Lost to follow-up (n= 1)
= Declined to participate in
(= 1)

Lost to follow-up (0= 6)
Declined to participate in

measurements (n=3)

© Died (n=3)

Analysed (n= 13 )
" Excluded from gait analysis due o
insecurnity {n=T7)

Analysed (n=4 )
- Excluded from gait analysis due to
insecurity (n= 2)

Table 2 Baseline characteristic of participants and dropouts, differences between groups using Mann—Whitney U Test (p)

Intervention group  Control group (n=10) Statistics p Dropouts (n=7) Statistics p

(n=14)
Females, N (%) 12(85.7) 9(90) 6 (85.7)
Age (mean +5SD) 83.6+73 R38+57 0.80 85,685 0.62
Weight (mean+SD) 63.3+96 68+£9.2 0.40 688+9.3 0.29
Barthel index (mean £ SD) 85+124 T5£16.6 0,12 T5+15.35 0.21
SF-12 mental health (mean +SD) 498+12.6 SL1zi24 1,00 2810 0.62
SF-12 physical hezlth (mean + SD) 478499 4064143 0.28 383+133 013
SWLS (mean £ SD) 2162487 1684122 0.29 92485 0.00
SPPB (mean +SD) 59430 57426 1.00 46413 .40
Grip Force right (kg) (mean + SD) 10846 123267 0.63 13.1£6.6 .45
Grip Force left (kg) (mean +SD) 98+47 8.8+33 0.35 £9426 .58
MoCa (mean + SD) 114638 11,6119 0.79 83443 .20
@ Springer
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comparisons. The statistical analyses were performed with
IBM SPSS Statistics (Version 25.0. Armonk, NY: IBM Corp.).

Results

Twenty-four long-term nursing home residents participated
in the feasibility study (cf. Fig. 1). Subject characteristics
are presented in Table 2. Residents were stratified randomly
(gender, age and SPPB) into two groups of twelve. Never-
theless, two participants of the control group insisted on
taking part in the intervention and are therefore to be found
in the baseline data of the intervention group (n= 14: control
group n = 10). Furthermore, not all participant’s data could
be fully analyzed post intervention (cf. Table 2). Besides
seven dropouts throughout the study. we faced issues with
the measurement protocol and missing data.

There were no significant differences in any of the base-
line characteristics between the intervention and the con-
trol group (cf. Table 2). Nevertheless, the seven dropouts
throughout the 16 weeks study (of which six were in the
control group) showed a significant lower score in the Sat-
isfaction With Life Scale (SWLS) at baseline (cf. Table 2).

Feasibility
Adherence

At the beginning of the first session we had four unexpected
participants who wanted to join the group. Two of them were
randomized into the control group and did not agree to stay
on the waiting list, Two other participants joined in spon-
taneously but did not agree (o take part in the pre and post
measurements. Due to ethical reasons we did not exclude
them from the training sessions. Residents were accompa-
nied by the nursing personnel to the intervention room, if
assistance or a reminder was wanted and needed,

Overall, the intervention group had the opportunity to
take part in 32 sessions, The mean participating rate was
12.5 4 1.9 participants per session (the individual partici-
pating rate ranged between 66 and 90% over the interven-
tion period) and only one person did not finish the training
intervention. Absence to the intervention was due to medical
reasons only. Adherence was assessed by the trainer using
a time log.

Performance quantity and quality of the intervention

A total of 45 min training duration was feasible for this target
group. There were no adverse events related to the interven-
tion reported. However, there were episodes of muscles sore-
ness reported by some participants (leading to unplanned
resting periods within the training session). In addition, (1)

some motor exercises (walking exercises, strength and bal-
ance) were left out by participants stating that they felt oo
difficult. Furthermore, (2) difficulties due to the complexity
of cognitive tasks were reported.

(1) Motor performance

The program integrated a progressive increase of the dis-
tance walked during training up to 14 laps (cf. Table 1).
A distance longer than fourteen gait laps could not be
realized due to reasons of fatigue (> 70% of the partici-
pants) and because additional time within the training
sessions to organize the walking tasks was not planned.
Therefore, the walking distance and the progression of
the DT complexity were reduced. Moreover, some of the
walking tasks needed to be deleted due to environmental
and safety aspects (e.g., walking side wards and stepping
over obstacles).

The combination of walking and strength training was
rated as too exhausting. Therefore, the strength exercises
were conducted while sitting after the walking perfor-
mance. The weights of the strength part were too heavy
for half of the participants at the beginning of the inter-
vention. Moreover, the application of the weight band
required a lot of time helping the participants. They were
replaced by exercises using gravity and one’s body weight
(e.g.. standing up for leg muscle strength).

At the beginning of the program (session | to 6) motor
coordination, balance performance and shoulder mobility
of the participants (50%) were reported by residents as
being too challenging and leading to problems in real-
izing the correct movements of the instructed exercises,
These exercises needed additional supervision, e.g., tasks
using air balloons,

(2) Cognitive complexity

Cognitive-motor games were only feasible when per-
formed at a low level of complexity and in seated posi-
tion. Main problems of the participants were difficulties
of spatial orientation (25% of participants) and tasks
including vision (12.5%) as well as executive function,
e.g., DT exercises as counting backwards by 2's from
100 (50-90%). However, the study participants tolerated
basic mental tracking tasks (e.g., naming animals, count-
ing backwards by 1's).

Therefore, task complexity while walking was reduced.
Cognitive training was realized through cognitive-motor
tales at the beginning of training sessions, i.e. a story of
how to take a shower while adding the required move-
ments.

Overall, the resting periods needed within the program
were underestimated. This aspect led to a reduction of
the total amount of exercises to be able to include flexible
resting periods.

@_ Springer
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The application of music was recognized to be positive
and helpful. Thus, periods with rhythmic tasks including
clapping and tapping were integrated.

Acceptability

To operationalize the acceptability of the training program,
participants were asked to give a qualitative feedback after
the training sessions. Most participants. who completed the
training, agreed that the program was an overall positive
experience. They rated the novelty of the exercises, achieved
gait performance as well as the qualification of the instructor
as very positive.

In addition. the nursing personnel qualitatively (subjec-
tively) reported that participants of the intervention gained
more mobility for their daily activities. Moreover. they noted
a positive attitude towards the training program with partici-
pants looking forward to and impatiently waiting for the next
training session and thus rated acceptability as high.

As a result of the study, nursing home staff permanently
implemented the training into the facility’s weekly program.

Feasibility of the measurement protocol

The measurement protocol was extensive to obtain as many
information as possible on different dimensions of physi-
cal functioning and psychosocial wellbeing. Whereas the
questionnaires and the SPBB were applicable and generally
well accepted in the nursing home residents, the measure-
ment of gait parameters at 12 was difficult (¢l Table 3). The
acceptance and feasibility of gait measurements was low in
the control group. Whereas we could complete the assess-
ment of gait parameters in five out of a potential of 14 nurs-
ing home residents in the intervention group after 16 weeks
of training, only two participants in the control group fully
completed measurements after 16 weeks of waiting.

Effects on outcome measures
Primary outcomes

The intervention group showed an increase in the Short
Physical Performance Battery (SPPB) scores as well as
in the Savisfaction with Life Scale (SWLS) scores after
16 weeks of training whereas the control group showed
a non-significant decrease (cf. Table 3). Statistical com-
parisons of primary outcomes (SPPB, SWLS, SF-12 and
gait parameters) pre and post training interveation of only
those participants who completed both baseline as well as
post training testing, was performed using a Wilcoxon test,
Nevertheless, these changes did not reach any significance,
except for gait speed and step length (for n =3 participants).

@ Springer

Changes in gait parameters over 16 weeks of training also
show large effect sizes.

Gait parameters during the preferred walking speed con-
dition could only be analyzed for n=35 participants of the
intervention group and n=2 of the control group. Differ-
ences between intervention and control group at pre- and
post-test for gait parameters could therefore not be analyzed
statistically sensible but are still reported in Table 3 for the
sake of completeness.

As shown in Table 3. the intervention group showed less
decrement in walking performance. especially in gait speed
and step width than the control group. These changes were
accompanied with a non-significant decrease in the Physical
Health score of the Healih Survey (SF-12) over the period
of 16 weeks. The Mental Health scores of the control group
improved after 16 weeks whereas the intervention group
showed a decline. However. this interaction failed to be
significant. Interestingly. using mixed ANOVAs, we found
a significant interaction only between measurement point
and allocated group for SWLS. F(1, 10)= 1041, p=0.009,
partial n°=0.51 (cf. Fig. 2).

Secondary outcomes

With regard to secondary outcomes, there was a decrease
in independence in performing basic activities of daily liv-
ing (ADL) assessed via the Barthel Index in both groups.
The decrease over 16 weeks did not reach significance nor
were there any significant differences between the groups
after training, Grip force increased in the intervention group
(n=12) from 10.8 +6 kg to 14.54 8.5 kg in the right and
from 9.8 +4.7 1o 12.2+6 kg in left hand after 16 weeks of
training. In the control group grip force decreased in the
right hand from 12,1 +5.7 to 1 1.7 £5.7 and increased from
943410 11.6 6.4 in the left hand over 16 weeks’ time.
These changes did not reach any significance.

Discussion

The aim of this study was (1) to design a multi-component
training program which improves physical functioning,
cognition and psychosocial wellbeing and (2) to evaluate
the feasibility of this intervention in nursing home residents
in long-term care. Overall, the multi-component exercise
program was accepted and the duration of 45 min training
twice a week was feasible in the majority of training ses-
sions and well accepted by participants (mean adherence
of 75%). It also may be promising in improving physical
functioning as well as psychological wellbeing. The score
of the SPPB increased by 0.7 points with a small effect size
(d=10.36) but failed to gain statistical significance. Neverthe-
less, the program improved the score of the SPPB in a cohort
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of participants that normally shows an overall decrease of
physical functioning over time [ 73, 74] which was—as to be
expected—observed in the control group. A small increase
and even no deterioration of physical functioning can be
considered a success in this population. This interpreta-
tion seems consistent with Perera et al. |75] who found an
increase of 0.5 points in the SPPB to be meaningful in long-
term care. Furthermore, our results are similar to findings
of Brustio et al. [55] where a DT training conducted twice a
week for 16 weeks showed a statistically significantly better
score between baseline and post-test in the Timed Up and Go
test (TUG) whereas no significant changes could be found in
single task (ST) training or in the control group. Neverthe-
less, they tested a population an average of 10 years younger
(mean age 74.4 +3.1) than ours who lived independently. In
addition to this, a recent study showed that a 12 week DT
multi-component exercise program significantly improved
physical function and gait performance in long-term nursing
home residents in Spain, with an improvement of even 1.6
points on the SPPB test (P <0.001; 4=0.99) [ 76]. Keeping
in mind European differences in care systems and a larger
nursing home facility. the results obtained in the present
feasibility study seem to be promising for future adaptions
of the developed DT program in larger sample size studies
in German and international nursing home settings.
Nevertheless. high adherence to the training program
was not transferable to the measurement protocol. The gait
measurements did not reflect the above mentioned improve-
ment of the SPPB and they did not seem to be feasible in
the way they were conducted for this group of nursing home
residents (as also indicated by the low participation rate in
the gait measurements). A potential reason for the low fea-
sibility of gait assessments post training was the attempt to
include as many residents as possible whether they were able
to walk autonomously or with walking aids at pre-testing
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(inclusion criteria was ability to walk with or without walk-
ing aid for 10 m based on consultation with the nursing staff
and nursing documentation). While testing the residents’ gait
with the GAITRire system, some were only comfortable to
walk with help and gait support from the research team.
The provided help was difficult to quantify in the analysis.
In addition, the data of residents with very low mobility
were difficult to capture by the GAITRire system and there-
fore often faulty. To avoid falls and to produce accurate data
the research team decided to conduct the gait assessment
at t2 only with those residents who were able to walk with-
out help on the day of testing. With these new established
inclusion criteria for the gait assessment, there were less
residents measured at the 12 assessment and thus less par-
ticipants included in the data analysis. This seems somewhat
counterintuitive since walking exercises during training pro-
gram were feasible and well accepted. This may be due to
the special situation on the testing day. higher motivation or
comfort with the known and trusted trainer instead of study
personnel on the day of testing or due to an overall longer
testing period (testing lasted approximately 60 min) than
the duration of the exercise intervention (45 to 60) min). For
future studies it might be necessary to integrate a different
walking test that also allows to assess the distance that the
participants are able to walk, e.g., a modified 6-min walking
test, the long distance corridor walk, or sensor based systems
[77. 78]. In addition, to gain more insights into gait stability,
the walking test should include measures of walking vari-
ability under simple single and dual-task conditions (e.g.,
with adding a verbal fluency test like naming animals). This
would also enable the examination of cognitive functions
relevant for mobility and falls prevention [79].

Keeping in mind the small sample size, the results of
the SWLS may support the observation of the nurses that
participants of the intervention group enjoyed the training
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intervention and might have improved their quality of life.
This might result from the decelerated decline of physical
functioning in comparison to the control group. However,
these results need to be proven within future RCTs with
larger sample sizes as well as structured interviews or ques-
tionnaires with the nursing staff.

In addition to the interpretation of these results, the test
and measurement battery used in this study needs to be
reflected critically. Overall, there were too many tests and
the whole procedure with a duration of more than 60 min
seemed too long for most of the participants. As a result of
these experiences we recommend separating the data col-
lection via questionnaires from physical examination tests.

Regarding the intervention itself, organizing a feasible
training program for this target group requires the integra-
tion of many different aspects. From an exercise science
point of view, a training needs a certain duration, frequency
and progression to foster cognitive and motor adaptions to
the regime [52, 80]. These adaptations can be better guided
and controlled if the group of participants is homogene-
ous. However, this will not be the case in residents of nurs-
ing homes. These participants have to deal with numerous
health issues that will have an impact on cognitive and/ or
motor training adaptations in many ways [73, 74]. At the
same time, there will be many participants with gait dif-
ficulties in need of walking aids. These participants should
not be excluded due to their restricted abilities. In the con-
trary, especially for this group of nursing home residents a
program including walking training should be desirable to
maintain physical resources and independence. Therefore,
a program presumably resulting in an overall reduction of
further decline in cognitive and motor function as shown
within our study is feasible for this target group. However,
the training program initially designed within this study was
too complex to handle all the different requirements of the
participants. The described adaptations during the interven-
tion process (reducing the cognitive complexity and walking
distance, separating walking and strength exercises) were
helpful to gain acceptance by the participants and resulted in
a good adherence as well as in a absence of adverse effects.
Moreover, the trainers were advised to adapt the progression
to the individuals® abilities. In addition, training duration of
45 to 60 min was suitable regarding the cognitive and motor
abilities of the participants as well as the time schedule of
the facility. The combination of exercise with music was
one of the wishes by some participants and was therefore
planned to be integrated into all sessions. It has been shown,
that music is helpful to reduce the rate of perceived exer-
tion, exercise tolerance and consequently fatigue onset [81,
82]. Nonetheless. we could not consistently use music for
all exercises in this program. Due to the heterogeneity of
motor, cognitive and cognitive-motor abilities as well as the
need for help by the instructor and verbal instructions during

complex exercises, music could not be used without endan-
gering safety or feasibility. Separating groups by ability level
may be one option to solve this issue, however, might not be
feasible in smaller nursing homes.

Changes made in reaction to the results of this feasibility
study resulted in a study protocol recently published within
the PROCARE project [83].

Limitations

This study has some limitations beyond a small sample size
and high dropout rates in the waiting-list control group due
to the nature of a feasibility study.

With a mean of 64% female residents in German station-
ary nursing homes [84], we included an even higher per-
centage of females in our sample (87.5%) than the German
average. This could be a source of selection bias. Some of
the chosen tests were not easily applicable in the stationary
nursing home setting. Some individuals appeared to be men-
tally too unstable on the day of testing, indicating the high
relevance of day-to-day fluctuations in this setting. Moreo-
ver, two participants allocated to the waiting-list control
group were fierce on wanting to take part in the intervention
group and were ultimately allowed to do so. This may have
altered study results.

One major limitation is the small sample size. However,
a study by Brustio et al. on a neuromotor training including
walking exercises in combination with mental training, was
able to recruit 35 participants in 4 nursing home with 249
inhabitants [85]. The nursing home of this feasibility study
accommodates only 100 long-term residents. Therefore. the
reached sample size can be judged positively considering
recruiting difficulties in this setting.

Conclusion

The results indicate that a targeted multi-component exer-
cise program, designed using a bottom-up approach, might
improve or sustain physical functioning and psychosocial
wellbeing within residents of nursing homes. This feasibil-
ity study indicates less decrements in walking performance,
especially in gait speed and step width, and a possible clini-
cal relevant improvement in the Short Physical Performance
Battery (SPPB) score as well as in the Satisfaction with Life
Scale (SWLS) score after 16 weeks of training in compari-
son to the control group, even though these results failed to
be significant. No deterioration of physical functioning and
cognitive capacity can be considered as a success in this frail
and very-old population. Further research should adjust the
training program according to the limitations and difficulties
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discussed in this feasibility study and evaluate the program’s
effectiveness in improving physical functioning and psycho-
social wellbeing including an adequate sample size.
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Bewegungsinterventionen zur Forderung der Alltagsfunktiona-
litat fiir nicht-gehfahige Bewohnerinnen in der stationdren Al-
tenpflege

Einleitung

Die Zahl der Menschen mit einem Alter tber 80 Jahre steigt progressiv an. Mit die-
sem Anstieg nimmt auch die Zahl an Pflegebedurftigen deutlich zu. Im Jahr 2017 gab
es in Deutschland bereits 3,41 Millionen Pflegebedirftige, wovon 0,82 Millionen in
Pflegeheimen vollstationar betreut wurden (Statistisches Bundesamt, 2018). Der Zu-
stand von pflegebediirftigen Bewohnerinnen der stationéren Altenpflege ist gekenn-
zeichnet durch Mehrfacherkrankungen, Gebrechlichkeit, ein hohes Risiko fiir die Ent-
stehung und das Fortschreiten von Behinderungen sowie den Verlust der Gehfahig-
keit (Ferrucci et al., 2004). Dies fuhrt zu starken Einbuen in der Selbststandigkeit
bei Aktivitaten des taglichen Lebens (ADL; Covinsky et al., 2003). 59% der Bewoh-
nerlnnen im Altenpflegeheim haben starke Limitierungen innerhalb der ADL durch
motorische und kognitive FahigkeitseinbuRen (Statistisches Bundesamt, 2015). So-
mit sind sie ohne kdrperliches Training einem stetigen Abbau physischer Funktionen
wie Handkraft, Gleichgewicht und Mobilitat ausgesetzt (Masciocci et al., 2019). Die-
ser Verlust von Alltagsfunktionen steht zudem in Zusammenhang mit einer reduzier-
ten Lebensqualitat (Kehyayan et al., 2016).

Studien zu Trainingsinterventionen mit Kraft-, Beweglichkeits- und Gleichgewichts-
tbungen in der Gruppe zeigen positive Effekte auf die Alltagsfunktionalitat von Be-
wohnerinnen im Altenpflegeheim (Crocker et al., 2013). Allerdings bleibt unklar, wie
die Trainingsinterventionen konkret inhaltlich strukturiert sein sollten, um neben der
Alltagsfunktionalitat, die Lebenszufriedenheit und das psychosoziale Wohlbefinden
zu verbessern. Uber Intensitat, Dauer und Frequenz des Trainings wird ebenfalls nur
wenig berichtet. Bis heute gibt es keine evidenzbasierten Richtlinien zur Férderung
der kdrperlichen Aktivitat bei multimorbiden Bewohnerinnen in der Altenpflege (De
Souto Barreto et al., 2016, Nelson et al., 2007). Statistisch sind etwa die Halfte der
Bewohnerinnen in der stationdren Altenpflege auf einen Rollstuhl angewiesen
(Shields, 2004). Dennoch zielen die meisten Interventionen auf die Férderung von
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noch gehfahigen Bewohnerinnen ab (Schaeffer et al.,2016). Ein Bericht von der In-
ternational Association of Gerontology and Geriatrics - Global Aging Research Net-
work (IAGG-GARN) und der IAGG European Region Clinical Section (De Souto Bar-
reto et al., 2016) gibt Empfehlungen fir kdrperliche Aktivitat bei Bewohnerlnnen der
stationdren Altenpflege und schlégt ein multikomponentes Ubungsprogramm mit In-
halten zur Kraftigung der Muskulatur und Steigerung der Ausdauer vor, welches mit
Gleichgewichts- und Beweglichkeitsibungen erganzt werden kann. Die Trainingsin-
tensitat sollte demnach moderat sein. Moderate Intensitat wird erreicht, indem die
Kraftibungen mit 13-15 Wiederholungen in ein bis zwei Satzen durchgefiihrt wer-
den. Bei Ausdauertibungen sollten Herz- und Atemfrequenz merkbar erhéht sein,
ohne dabei Atemlosigkeit oder ubermaBige Erschépfung hervorzurufen. Zudem
sollte das Training zweimal wochentlich fur 45 Minuten stattfinden. Studien, die diese
Empfehlung wissenschaftlich belegen sowie die Durchflhrbarkeit und die Effektivitat
eines solchen Trainingsprogramms flir hochaltrige, nicht-gehfahige Bewohnerinnen
in der stationaren Altenpflege adressieren, fehlen bislang.

Ziel der Machbarkeitsstudie war es daher zu untersuchen, ob und wie eine sitzgym-
nastische Trainingsintervention fur nicht-gehfahige Bewohnerinnen in der stationa-
ren Altenpflege durchfuhrbar ist, und ob dadurch eine Verbesserung der Alltagsfunk-
tionalitat sowie eine Steigerung der Lebenszufriedenheit und des Wohlbefindens er-
reicht werden kann. Es wird angenommen, dass ein Training noch bestehender phy-
sischer Funktionen wie Handkraft und Gleichgewicht die Alltagsfunktionalitat erhal-
ten oder verbessern und somit zu einer gesteigerten Lebenszufriedenheit beitragen
kann.

Methode

Studiendesign
Die Machbarkeitsstudie untersuchte im Pra-Post-Design die Wirksamkeit eines 16-
waochigen, sitzgymnastischen, multikomponenten Trainingsprogramms (Abb. 1).

Eingangsmessung = Training(ﬁr;t_lg)rv oD T\ Ausgangsmessung

t1 | (16 Wochen: 2x\Woche) ©

Abb. 1. Flow Diagramm der Machbarkeitsstudie.
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Probanden

Untersucht wurden N=7 multimorbide, nicht- gehfahige Bewohnerinnen mit einem
Durchschnittsalter von 85 Jahren (SD = 5.2) in einer stationaren Altenpflegeeinrich-
tung. Einschlusskriterien waren der freiwillige Wunsch zur Teilnahme, die Fahigkeit,
aufrecht sitzen zu kénnen sowie die Fahigkeit, einfache Aufgaben verstehen zu kén-
nen.

Intervention

Ein 16-wochiges, sitzgymnastisches, muitikomponenten Trainingsprogramm mit
progressiven Ubungen fir Kraft, Ausdauer, Beweglichkeit und Koordination wurde
zweimal pro Woche fiur 60 Minuten durchgefihrt. Zum Einsatz kamen motivierende
Materialien wie bunte Tlcher und Balle, Spielformen mit Alltagsbezug sowie
Ubungen mit leichten Gewichten, Stédben und Handtiichern. Die Auswahl setzte sich
aus Ubungen zusammen, die in anderen Seniorensportprogrammen erfolgreich
evaluiert und umgesetzt wurden (Schaeffer et al., 2016). Zur Ressourcensteigerung
wurden die Ubungen fiir ein ausschlieRlich sitzgymnastisches Programm modifiziert
und unter Zuhilfenahme der Borg Skala (Borg, 1982) hinsichtlich Intensitat und
Umfang stetig progressiv angepasst. Wahrend des Trainings wurde ein Borg
Skalenwert im Bereich 12-14 flir moderate/etwas anstrengende Intensitat
angestrebt. Fur eine Intensitatssteigerung wurde zunadchst die Anzahl der
Wiederholungen bzw. die Dauer einer Ubung erhéht. Im progressiven Verlauf
wurden zudem die Anzahl der Trainingsséatze von zwei auf drei erhéht und Gewichte
von 1-2 kg hinzugenommen.

Messinstrumente

Die Bestimmung der Alltagsfunktionalitat erfolgte Uber die Handkraft mit einem hyd-
raulischen Handdynamometer (JAMAR, hydraulic hand dynamometer) und das funk-
tionelle Gleichgewicht im Sitzen mit dem Functional Reach Test (Duncan et al.,
1990). Zudem wurde das physische und psychische, gesundheitsbezogene Wohlbe-
finden mit dem SF-12 (Ware et al., 1998) und die Lebenszufriedenheit mit der Satis-
faction with Life Scale (Glaesmer et al., 2011) Uberprift.

Statistik
Zur statistischen Analyse wurde der Wilcoxon-Test fur verbundene Stichproben
durchgefuhrt (p < 0,025).
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Ergebnisse

Die Auswertung zeigte eine hohere Handkraft von t1 (Mdn = 11 kg) zu t2 (Mdn = 18
kg, Z=2.38, p =.017). Zudem verbesserten sich die Bewohnerinnen functional reach
test von t1 (Mdn = 98 cm) zu t2 (Mdn = 119 cm; Z = 2.36, p = .018; Abbildung 2).
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Abb. 2. Handkraft und Gleichgewicht im Vergleich Eingangsmessung (t1) zu Ausgangsmessung (t2)

Abbildung 3 zeigt die positive Entwicklung des physischen Wohlbefindens von t1 zu
t2 (Z = 1.86, p = .063) sowie ein unverandertes psychisches Wohlbefinden von t1 zu
t2(Z=0,p=1).
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Abb. 3. Gesundheitsbezogene physische (links) und psychische (rechts) Wohibefinden. Ergebnisse von t1
Eingangsmessung (hellgrau) zu t2 Ausgangsmessung (dunkelgrau).
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Die Lebenszufriedenheit, dargestelit in Abbildung 4, ist mit einer leichten Steigerung
von t1 (Mdn = 22) zu t2 (Mdn = 23; Z = 0, p = 1) nahezu stabil geblieben.

Summenscore

Lebenszufriedenheit (SWLS)

timi2

Abb. 4. Lebenszufriedenheit mit der Satisfaction with Life Scale (SWLS). Ergebnisse von t1 Eingangsmes-
sung (hellgrau) zu t2 Ausgangsmessung (dunkelgrau).

Das Training wurde von allen Bewohnerlnnen als positiv fir den Erhalt von Alltags-
funktionen bewertet. Zudem gab es positive Ruckmeldungen zu Funktionsverbesse-
rungen im Alltag vom Betreuungspersonal.

Diskussion

Ziel der Machbarkeitsstudie war es, die Durchfiihrbarkeit und die Effektivitat eines
multikomponenten Trainingsprogramms zur Verbesserung der Alltagsfunktionalitat
von nicht-gehfahigen Bewohnerinnen in der stationdren Altenpflege zu untersuchen.
Zudem sollten die Ergebnisse Aufschluss dariber geben, ob ein Training der physi-
schen Funktionen die Alltagsfunktionalitat steigert und damit zu mehr Lebensqualitat
und Wohlbefinden beitragen kann.

Die Ergebnisse zeigen, dass die Interventionsteilnehmerinnen ihre Handkraft erhéh-
ten und das Gleichgewicht im Sitzen (Sit & Reach) im Verlauf von 16 Wochen stei-
gern konnten. Ohne reguléres Training ware in diesem Setting mit einer stetigen Ab-
nahme von Handkraft und Gleichgewicht zu rechnen gewesen (Masciocci et al.,
2019). Das physische Wohlbefinden hat sich von t1 zu t2 ebenfalls verbessert wah-
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rend das psychische Wohlbefinden und die Lebenszufriedenheit stabil blieben. Ob-
wohl hier keine Verbesserung festgestellt wurde, ist selbst der Erhalt bei dieser mul-
timorbiden Zielgruppe als Erfolg zu werten, da auch die psychosozialen Funktionen
in der Altenpflege durch eine stetige Abnahme gekennzeichnet sind (Scheid-Nave et
al., 2010). Die Stabilisierung der gesundheitlichen Situation und die Verhinderung
einer Abwartsentwicklung stehen hierbei im Vordergrund (Schaeffer et al., 2009). Um
motorische und psychosoziale Ressourcen von nicht-gehfahigen Bewohnerinnen zu
starken, erwies sich das muitikomponente Programm mit moderater Intensitat als
geeignet und gut durchfiihrbar. Durch eine progressive Steigerung der Intensitat
wurde ein trainingswirksamer Reiz gesetzt und ein erwarteter Zuwachs der Kompo-
nenten Kraft und Gleichgewicht erzielt. Diese Steigerung steht in direktem Zusam-
menhang mit einer verbesserten physischen Funktionsfahigkeit bezogen auf die ADL
(Covinsky et al., 2003) und wirkt sich somit positiv auf die Lebenszufriedenheit und
das Wohlbefinden aus (Kehyayan et al., 2016).

Weitere Untersuchungen sind erforderlich, um konkrete Empfehlungen zu Intensitat
und Trainingsinhalten geben zu kdnnen, die dazu beitragen, dass bei zukinftigen
Trainingsinterventionen auch die Bedarfe und Ressourcen der nicht-gehfahigen Be-
wohnerinnen beriicksichtigt werden. Eine Fallzahlberechnung (Effektstarke f: 0,3; a
err prob: 0,05; Power: 0,95) hat ergeben, dass randomisiert-kontrollierte Studien eine
StichprobengréRe von N=32 bendtigen um die Ergebnisse zu bestatigen. Zusam-
menfassend konnte die Durchflihrbarkeit des multikomponenten Trainingspro-
gramms belegt werden. Zudem steigerte die Intervention die Alltagsfunktionalitat und
stabilisierte die Lebenszufriedenheit und das Wohlbefinden von nicht-gehfahigen Be-
wohnerinnen in der stationaren Pflegeeinrichtung.
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7. Cordes e al.
1. Introduction

Roughly 25-50% of the population older than 85 years is estimated
to be frail (Clegg o1 al, 2013), In Germany 594 deal with strong limi-
tations on activities of daily living (ADL), 85% require help with per-
sonal care like brushing teeth, grooming and washing hands, and 70%
have mobility restrictions like the inability to walk or transfer to bed or a
chair (Schaeffer and Buscher, 2009). By the end of 2019, 4.1 million
people in Germany were in need of care with 0.82 million living in
nursing homes (Statistisches Bundesamt [Destans], 2019), Stmilar
numbers are reported for other western countries (0RO, 201 9). This
highlights the particular demand for health promotion and interventions
to prevent and delay disability in the heterogeneous group of elderly
persons, Furthermore, nursing home residents are often characterized by
multimorbidity, a high level of dependency, and low levels of mobility
with a high risk of losing the ability to walk (Ferruerl er al,, 2004;
Valenzuela, 2012). The loss of strength has important functional con-
sequences with regard to the residents' ability to walk (Williams er al,,
2005; Cadore et al.. 2019) and to perform ADL (Valenzuela, 2012).
Moreover, the loss of motor functions in refation to ADL is associated
with a higher degree of dependency, decline of cognitive abilities and
quality of life (Kehyayan er ul.. 2015). Therefore, resources of nursing
home residents related to motor functions (Kazoglu and Yuruk, 2020;
Ferruecd e al,, 2004) cognition (Forbes et al., 2013), and improvements
in psychosocial well-being (Conradsson o1 nl., 2015) need to be main-
tained by targeted exercise programs.

Due to physical and physiological limitations such as muscle weak-
ness and Impaired balance (Karmarkar et ul., 2011) most residents in
nursing homes use mobility devices such as wheelchairs as their primary
means of mobility (Karmarkar et al.. 201 1; Shields, 2004). Exercise in-
terventions to improve motor functions, however, typically comprise
exercises that require the ability to stand or to walk, also in clinical
practice (Bischoff ot al., 2020; Gillesple et al., 2012; Jahanpeyms et al.,
2021) and therefore do not incorporate the particularly vulnerable
group of residents not able to walk, This emphasizes the importance of a
differentiation within the heterogeneous group of nursing home resi-
dents, e.g. in terms of mobility. Very frail residents with weak balance
and mobility who depend on a wheelchair are unable to participate in
programs with walking or standing exercises. Hence, there is a con-
ceprual gap in the field of prevention in nursing home care that needs to
be closed (Anthony et al., 2013). This leads to the assumption that the
health situation of nursing home residents is not adequately addressed in
Intervention programs: wheelchair use seems to be a barrier to partici-
pate in physical activity interventions. Therefore, the lack of adequate
exercise interventions for nursing home residents who are unable to
walk might lead to further disability and mortality (Hirvensalo of ol
2000) as well as social isolation (Ridda ot al. 2010). The latter limits the
opportunities for participation and ultimately leads to a higher vulner-
ability and reduced well-being (Schacffer and Biischer, 2009),

Nevertheless, for ambulatory nursing home residents exercise in-
terventions with resistance (Crocker et sl 2013; Valenzoela, 2012
Weemng-Dijksterhun et al, 2011), mobility and balance training
(Crocker et al,, 2013) have been shown to positively affect independence
and the ability to perform ADL (Valenzuels, 2012). Moreover, it is well
investigated that frail individuals aged 80 and older are still able to
increase their muscle function through resistance training (Johnen ol
Schortr, 2018; Kryger and Andersen, 2007, Weening-Dijkstechuis et al.,
2011). Even nursing home residents in long-term care with reduced
motor functions can develop a higher independence (Arrietn e al,
2018) and increase their psychosocial resources through exercise (Lok
et al, 2017; Yomin et al, 2011), Additionally, it is clearly stated that
without exercise, physical performance in nursing home residents de-
creases over time which aggravates the ability to perform ADL and re-
duces well-being (Masciocchl er al, 2019; Valenzuels, 2012),
Furthermore, it has been shown that exercise interventions can lead to a
better cognitive function to perform ADL (e.g., working memory,
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executive functions, attention) in nursing home residents (Forbes o1 4l
2008; 1 ecal., 2019) and improve their psychophysiological well-being,
In this vein, a meta-analysis found that exercise increases fitness, motor
functions as well as cognitive functions and betters the mood in people
with dementia (Karssemedjer et al, 2017),

Chair based exercises (CBE) are used as an alternative form of ex-
ercise for multimorbid persons and may be feasible and accessibie for
older people with physical limitations who may not be able to take part
in other exercise programs (Anthony ef al., 2012; Robinson ef al,, 2016),
CBE have been shown to have a beneficial effect on maintaining or
promoting independence and mobility in residential care homes (Can-
cela Carral et al, 2017). A recently published review summarized the
current evidence on CBE Interventions for nursing home residents and
found out that multicomponent exercises appear to improve different
domains of motor and cognitive function (Cordes et al., 2020), However,
there is a lack of evidence for CBE due to low quality with small sample
sizes and poor methedological techniques (Cordes er al, 2020),
Accordingly, the existing studies only show small effects that may not
apply to all residents (Crocker et al, 20139) and studies with separation
of residents who are able and those who are unable 1o walk are rare
(Cordes et ul., 2020). Hence, specific guidance for clinical practice is
missing for nursing home residents who are unable to walk (Anthony
etal, 2003 Cordes e al., 2020). Also, there is a lack of consensus on the
fundamental principles of CBE (Robinson er ol 2016) and there s
limited evidence on how previous general recommendations are trans-
ferable to a population of nursing home residents who are unable to
walk, Although, these exercise effects were mostly demonstrated for
nursing home residents who are able to walk, we hypothesized that
similar effects might also be achieved through targeted CBE with resi-
dents who are unable to walk,

In addirion, the so far applied CBE differ largely with respect 1o the
type of exercise. Thus, it is still unclear which type and content of ex-
ervise yields the most beneficial results. Multicomponent exercise in-
terventions (e.g., a combination of strength, endurance, balance,
coordination and task-specific training on ADL) combined with cogni-
tive exercises (Jansen et al., 2015; Schoene et al., 2014; Wollesen et al.,
2017; Wollesen and Voelcker-Rehinge, 2014) have shown promising
results and might be beneficial against programs that use only one
physical conditioning-component (Cadore et sl 2013). However, most
multicomponent exercise studies investigated healthy older adults. Less
is known about the effectiveness of multicomponent exercise programs
integrating endurance, strength, coordination task-specific mraining on
ADL, and motor-cognitive dual-task exercises for health promotion in
nursing home residents. Nevertheless, first studies investigating multi-
component exercise Including stepping and walking exercises Indicate
benefits regarding motor functions (Arriera et ok, 2018; Arrleta e al.,
2019, In addition, motor-cognitive dual-task exercises are beneficial for
improving physical and cognitive performance in older adults (Wollesen
et al, 2020; Wollesen and Voelcker-Rehuge, 2014) and for patients with
dementia (Schwenk e al., 2010). Therefore, they should be integrated
into the multicomponent programs as nursing home residents are
vulnerable for cognitive decline.

Additionally, to the type of exercise, the training modalities should
be specified. A recent report from the International Association of
Gerontology and Geriatrics - Global Aging Research Network (IAGG-
GARN) and the JAGG European Region Clinical Section provides exer-
cise and intensity recommendations for multicomponent training in-
terventions for people in need of care (de Souto Barreto ef al, 2016), The
report emphasizes that moderate training intensities that are continu-
ously adapted to the residents' abilities are most beneficial. Strength
training should thus include 13-15 repetitions in one or two sets. For
endurance training, the heart and respiratory rate should be noticeably
increased, however, without causing breathlessness or excessive
exhaustion. In addition, the report recommends a training frequency
and duration of twice a week for 45 min (de Souto Barreto et al, 2010),
In order to achieve an effective training stimulus, training should be
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continuously adapted to the capacity of the residents and organized as a
progressive challenge (Herold et al. 2019 Jahanpeyma et al, 2021)
This can be ensured by adjusting the duration, frequency, and/or In-
tensity of the exercises in accordance with the F.LT.T. principles (fre-
quency, intensity, time, and type) (Garber ot ol 2011} Yet, in most of
the studies for nursing home residents, precise information for training
modalities, e.g. duration, frequency, and how to adjust a suitable in-
tensity to provide a sufficient stimulus for muscle adaptation is missing
(Cordes er al,, 2020),

Hence, the aim of the study was to examine the effectiveness of a
multicomponent CBE intervention for nursing home residents who are
unable to walk. The investigated key domains were motor function,
cognition and psychosocial well-being. This leads to the following main
research question: Can a tailored multicomponent CBE intervention
following the IAGG-GARN exercise recommendations and F.LT.T,
principles improve or sustain resources in the motor (such as hand grip
strength, dynamic sitting balance, clinical manual dexterity and inde-
pendence in ADL), cognitive (such as cognitive status and working
memory) and psychosocial (such as physical and mental well-being,
satisfaction with life, depressive symptoms) domains of nursing home
residents who are unable to walk? According to the above-mentioned
current literature, we hypothesized that such a multicomponent exer-
cise intervention is able to improve or sustain motor function resources
(hypothesis 1), cognitive resources (hypothesis 2) and psychosocial re-
sources (hypothesis 3) of nursing home residents who are unable to walk,

Expenimensal Gerontology 153 (2021) 111484
2. Methods
The CONSORT statement (Moher o al, 2010) was used as a guide
line for the reporting of this trial.
2.1, Trial design

This study was a two-arm single-blinded randomized controlled trial
of an individually railored multicomponent intervention for nursing
home residents who are unable to walk. The trial is part of the PROCARE
project {Prevention and cccupational health in long-term care) and a
study protocol (Cordes et sl 2019) is publicly avallable and registered
at DRKS.de with registration number DRKS00014957.

2.2, Participants and recruitment

Assessment of eligibility and recruitment of participants with respect
to Inclusion and exclusion criterla was primarily based on nursing
documentation and staff consultation. Care management and lead in-
vestigators met to discuss and create a list with (N = 82) suitable nursing
home residents (ability to participate In group activities, sit unassisted
on a chair or in a wheelchair, understand and execute simple in-
structions, and being unable to walk) out of 319 residents in total from
four nursing homes prior to the study enrollment. Nursing staff informed
all suitable residents or their legal guardians about the study goals and
asked for voluntary participation. A number of n = 30 residents did not
meet the inclusion criteria, In total N = 52 residents with a mean age of

Assessed for efgibility (n=82)

Excluded (n=30)

« Not meeting inclusion criteria (i)
willingness to participate, i) ability to
participate in group activities, i) ability to

sit unassisted on a chairorin a
wheelchalr, iv) the ability to understand
and execute simple instructions, and v)

Randomized (n=52)

being unable to walk with or without
assistance or helping devices)

v

Allocated to intervention (n=26)
+ Received allocated intecvention (n= 26)

Lost to follow-up (n=7)

« Dedlined to participate in measurements (n=2)
« lliness at the time of the measurements (n=3)
« Died (n=1)

« Severe cognitive decline (#=1)

Analyzed (n=19)
« Excluded from analysis (n=0)

v

Allocated to wait-list control group (n=26)
« Received allocated intervention (n= 26)

Los! to follow-up (n=7)

« Declined to participate in measurements (n=3)
« liness at the time of the measurements (n=2)
« Severe cognitive decline (n=1)

« Severe motor decline (n=1)

Anatyzed (n=19)
« Excluded from analysis (n=0)

Fig. 1. Participant flowchart.
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81 years (SD + 11, age range 70 to 92 years, 63% female) from four
different nursing homes in Bremen and Chemnitz, Germany were
included in the trial (ef. Fig. 1),

Criteria of suitability and study inclusion were i) willingness to
participate, ii) ability to participate in group activities (based on nursing
staff judgement about the residents psycho-social and mental stability),
iii) ability to sit unassisted on a chair or in a wheelchair, iv) the ability 1o
understand and execute simple instructions (Cordes er al, 2019), and
additionally v) being unable to walk with or without helping devices. No
other inclusion or exclusion criteria were applied.

Written informed consent was obtained from all participants or their
legal guardians prior to the study enrollment according to the Declara-
tion of Helsinki. The ethics committee of the Hamburg Chamber of
Physicians, Germany, has approved the previously published study
protocol regarding the group of nursing home residents who are able to
walk (Cordes e sl 2019) (PV5762). Subject characteristics of the par-
ticipants who are not able to walk are presented in Table 1. There were
no significant differences in any of the baseline characteristics between
N = 52 nursing home residents of the intervention group (IG) and the
wait-list control group (CG), A participant flowchart is presented In

Fig. 1.
2.3. Randomization and assignment to the intervention

To avoid selection bias, a stratified randomization was conducted
after the baseline assessment to divide the participants into elther an
intervention group or & wait-list control group. The assessment of the
outcomes took place in all subjects upon entry to the study (T1) by a
blinded assessor and was repeated at 16 weeks (T2) after randomization.

The random allocation was stratified and executed by lot by the di-
rector of the study who received the pseundonymized codes of the par-
ticipants and their baseline characteristics and was not involved in
neither the assessment nor the intervention procedures, Stratification
was based on comparable sex, age, and cognitive status (according to the
Montreal Cognitive Assessment MoCA-Score (Nasreddine o al., 2005))
to avoid differences within the two groups. After the director of the
study assigned the participants to the IG or CG, the pseudonymized
participant codes were sent to the study investigators responsible for
data management. The baseline characteristics can be found in Table 1.

2.4. Blinding

The exercise scientist or physiotherapist, who conducted the inter-
veation, only received names of the participants in the 1G and after 16
weeks names of the CG without being aware of the control group design.

Table 1
Baseline charactertstic of participants (mean = SD).
IGin=26) CGin= F-statistics p
o F » w
(1,51)
Females, N (W) 17 (65%) 16 (62%) 0.080 T 0002
Age (years, mean = 50) 8269 + 0.2 ¢ 0,736 595 0015
10.26 11.37
Body mass (g, mean + 66,60 + 7247 + 1.39% 243 0027
Spy 1621 19.42
Bady-mass-Index (kg/m?, 24.93 + 27,46 2.257 A39 0043
mean £ SD) 6.22 588
Barthel Index (scoce, 4200 + 37,50 ¢ 0.577 451 0012
mean & SD) 15.04 299
MotA (score, mean -+ SD) 1031 = 12.50 = 0957 a5 0029
6,87 618
CES-D {score, mean £ 8D) 5,19 & 600 + 166 285 0039
512 367

Note. IG = intervention group; CG = control group: MoCA = Montreal Cognitive
Assessment (Nastedding et ol |, 2005); CES-D ~ Center for Epidemiologic Studies
Depression Seale (fadlofl, 1977).
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Assessment and data collection were done by blinded assessors in a
strictly pseudonymized form to guarantee a blinded data analysis. These
blinded assessors were research assistants who conducted the assess-
ments without being aware of which group the residents belonged to. To
stay blinded the assessors were not involved in the organization of the
intervention or communication to the staff. To avoid performance bias,
the measurements and the intervention followed a standardized proto-
col, All participant Information and data were stored securely and
identified by a coded ID number only to maintain participants'
confidentiality.

2.5. Sample size estimate/power calculations

The required sample size was calculated with G*Power (version
3.1.9.2, Heinrich Heine University of Duesseldorf) (Faul er al., 2009).
The sample size calculation was approximated with a 2 x 2-factorial
analysis of variance (ANOVA) for repeated measures (within-between
Iinteraction, medium effect size (f = 0.3), power of (.80 [1 — p], 2-sided
w-ervor (95% CI), 2 groups, 2 measurements) based on all outcomes, A
medium effect (f = 0.3) was assumed, which is common in studies in the
geriatric setting, 32 participants were required in order to detect a
clinically meaningful change of =1.0 point with a SP of 0.99 points. To
account for potential dropouts before study completion, we inflated the
sample size by 30% (20% losses during follow-up; 10% mortality),
resulting in a total sample size of 42 individuals (21 participants allo-
cated to each group),

2.6. Multicomponent chair-based exercise program

The multicomponent CBE program follows IAGG guidelines, It was
also developed based on recommendations for nursing home residents
(dde Souto Bareeto er al, 2016), results from a review regarding CBE
(Cordes et s, 2020), and previously published exercises that have been
proven to be advantagecus for physical, and motor-cognitive function in
older people in the community (Baker et al, 2007, Wollesen pand
Voelcker-Rehage, 2014) and in need of care (Arrieta et al, 2018;
Valenzueln, 2012). The exercise program consisted of 32 sessions and
was conducted in a period of 16 weeks. One training session lasted 60
min and training took place twice a week, A training group consisted of
an average of 6-7 participants using their own wheelchairs or trans.
ferred to a chair with armrests. The training took place in a room inside
the nursing home. For each training session, the residents were brought
into the training room by the nursing staff and picked up again after-
wards, During the exercise sessions there was no further help from the
staff.

In order to create the exercises motivational and target-group-
specific music as well as playful and motivational equipment (e.g.,
balls, scarfs, and parachutes) were used, To ensure a controllable
structure, training sessions were divided into five parts:

1. 5-10 minute warm-up and mobilization (e.g., slow aerobic and range
of motion exercises for hip, shoulders, knees, wrists and ankles, chest
expansion, arm circles, hip rotation, rhythmic movements with
music, scarfs, parachute and other motivational equipment).

2, 15 minute coordination and motor-cognitive games with group
interaction under single and dual-task conditions (e.g., counting
backwards and react to signs while handling a ball),

3. 10 minute task-specific exercises for ADL skills with everyday objects
{e.g., towel, newspaper, cups).

4. 10-15 minute strength and aerobic exercises (e.g., progressive trunk,
upper- and lower body exercises with additional weights of 1-2 kg,
balls, and gymnastic sticks).

5. 5-10 minute calm down (e.g., relaxing and stretching exercises).

The moderate intensity of exercises was continuously adapted to the
residents' capacity and was organized as a progressive challenge. This
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was ensured by adjusting the duration, frequency, range of motion and/
or intensity of the exercises in accordance to the FLT.T principles
(Garber et al, 2011), Regarding strength or aerobic exercises, progres.
sion was ensured by adjusting the number of repetitions (from 5 to 10 to
15 to 20), the number of sets (1, 2 or 3), and/or by usage of additional
weights (1 or 2 kg). For coordination exercises, the difficulty level was
raised by introducing additional items (e.g., handling more than one ball
at once) and/or adding a secondary cognitive task, to train under dual-
task conditions such as counting backwards during the exercise. Based
on the trainer’s rating and residents’ perceived exhaustion, regular short
breaks were taken during the training sessions. The participants were
able to take individual breaks whenever they needed one.

No other concomitant group exercise interventions were permitted
besides usual care. OG participants were asked to continue their regular
everyday activities. An example of a training session with progression of
exercises over the course of the intervention is displayed in Table 2, The
training was administered by a certified exercise sclentist or physio-
therapist in a room located in the nursing home facility, During each
session of the interventions, adverse events (e.g. falls, illnesses or
dizziness) were monitored but no such event occurred, A feasibility
study (Bischoff o1 al, 2020) was conducted prior to the trial to evaluate
the multicomponent training intervention. As a result, adaptions for the
target group secured the feasibility In a nursing home and for the par-
ticipants who are unable 1o walk.

2.7. Owrcome measures

The assessment focused on three key domains: motor function,
cognitive performance, and psychosocial well-being. Apart from the
following outcomes, demographic and baseline characteristics (age,
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height, weight, body mass index, and sex) were assessed (Tabic 1), For
every of the following outcomes missing values due to reasons of prac-
tical measurement difficulties of the setting and the rtarget group
occurred (e.g. participants were absent sick or employed with other
appointments during measurements). The number of analyzed partici-
pant data for both groups is clearly stated in Talies 310 5,

The following outcomes were measured to assess the effectiveness of
the intervention:

Motor function outcones

Hand grip strength was measured with a hydraulic hand dyna-
mometer (JAMAR, hydraulic hand dynamometer, model 503031, J.
A, Preston Corporation, Clifton, NJ). Measurements were taken In a
seated position with the forearm resting on the arm of a chair or on
the table and the dynamometer placed in the participants' hand,
hanging in a free position. This pasition was recommended by the
American Soclety of Hand Therapists (Fess, 1951) and described in
the standard operating procedure for grip strength testing by the
Sheffield Clinical Research Facility (2012), Three trials with the right
hand followed by three trials with the left hand were executed, The
time between trials was about 15 s, which was the time needed to
read and record each score. Performance in kilogram of the three
trials was averaged for both hands separately.

The Barthel Index (Mahoney and Barthel, 1965) was used o sys-
tematically record the independence of participants when perform-
ing basic ADL via ten items. Feeding, personal toileting, bathing,
dressing and undressing, getting on and off a toilet, controlling
bladder, controlling bowel, moving from wheelchair to bed and
returning, walking on level surface (or propelling a wheelchair if
unable to walk) and ascending and descending stairs were rated by

Table 2
Exercise examples of training sessions with progression of exercises over the course of the intervention,
Training Level § Lavel 2 Level 3 Level 4
COmponents Week 1-4 Week 5-4 Werk 9-12 Week 10-16
Mobil and Mad, mohility and range of Moderate mobtlity and range of motion  Moderate mobility and range Moderate mohility and range of moticn
WA marion exercises for the wrists, hip,  exerckses for the wrists, hip, shoulders, of motion exercises for the exercises for the wrlsss, hip, shoulders,
shoulders, knees, and ankles knees, and ankles wrists, hip, shoulders, knees,  knees, and ankles
and ankles
Coordination snd Balls move clockwise snd/or + dual-task: verbal fluency task anming + duak-task: counting + dual-task: vounting backwards by 3%
motor-rognk « Jockwise ( left., of words with the same starting better backwards by 1's fram 100 from 100 during exercise
exercises tight-, both hands, commands w, during exercise
change of directions)
Participants throw 2 ball towards + dual-task: count throws, call each Throw ballooes, play + dual-task: coumt toaches and count
each other other's names erisscross without touching touches of the ground, call each other's
the ground counting touches  names
of the groumd
Cognitive.matar tales Memory games (e.g. "l packed my Cogaitive-motor tales Memuoey games (e.g. "1 packed my
[Incorporated mavement into sultease with, " or “When T wake up the  Gnoorporaced movement Into sudrcase with ™ ar “When | wake up the
staries ez, # visit in the garden, first thing | do is..."") combined with stocies €.8., @ visit in the first thing [ do is...") combined with
beach, or market) covrdination exercises based an ADL garden, beach, oc market) conrdination exercises based on ADL
matching the answers msatching the smswers
ADL Exercises with everyday objects (. Exercises with everyday objects (e.g., Exercises with everyday Exercises with everyday objects (e.5.,
8 towel, newspaper, cups) towel, newspaper, cups) objects (e,g., towel, towel, newspaper, cups)
newspaper, cups)
Throwing scarts o the alr and Throwing scarfs in the alr and carching Throwing scarfs inthealrand  Throwing scarfs I the alr and casching
catching with the same ve opposite  with the same or opposite hand catehing with the same or with the same or cpposite hind
hand oppesite hand
Strength and Bending and strerching koves, 20 Bending and stretching knees, 2 « 20 Bending and srretehing knees,  Bending and streteling knees, 3 < 15
arrobic exercises  repetitions repetitions 3 « 15 repetitions peti + 1-2 kg weagh
Rowing with stick, 15 repetitions Rowing wirth stick, 2 = 15 reperitions Rowing with stick, 3 =< 15 Rowing with stick, 4 « 15 repetitions
repetitions
Rotatsan of upper body, 10 Rogatlon of upper body, 2 + 15 Rotatlon of upper body, 3 » Rotatson of upper bedy, 3 « 15
repetitions repetitions 15 repetitions repetitions with 1-2 kg weights
Strength exercises with the towel Strength exercises with the towel, 10 « 5 Strength exercises with the Strength exercises with the towel, 20 « §
(.8, compress between knees) 10 (s wwel, 15 x 55, .

* 38

Bloeps Curls and making a fist, 1 «  Bleeps Curls and making a fist, 2 + 15
15 repetitions repetifions

Calm down Stretching exercises and Stretching exervises and progressive
peogressive musele relaxation muscle eelaxation

Hlceps Curls 1-2 kg weights,
2 % 15 repetitions
Stretching exercises and
progressive muscle relaxation

Bleeps Curls 1-2 kg weights, 3 « 15
repenitons

Stretching exercsses and progressive
muscle relaxation
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Table 3

Descriptive values and F-statistics for the 2 Time (Pre, Post) « 2 Groups (IG, CG) mixed measures ANOVAs for the motor function outcomes ADL (Barthel Index),
clinical manual dexterity (Purdue Pegboard: for both hands), dynamic sitting balance (modified functional veach test) and hand grip strength {dynamometer; mean

value of keft and right).

ADL (Baethel Index)

n Pre Post Fstaristics
M (£50) (=} M (£5D) <l 4 F P “
Lower Upper Lawer Upper Time 1 1,785 189 0.040
1G 2 40.91 (£19.92) 31.55 50.27 43.41 (£21.46) 34.24 5258 Group 1 0,805 375 0.018
«a px] 3957 (£23.40) 30.41 4872 3348 (£21.18) 2451 4244 Time « Group 1 10,229 003 0.192
Clinical manual dexterity (Purdoe Pegboard )
n Pre Past F-statistics
M (=8D) (&} M (£5D) o df ¥ P x5
Lowes Upper Lower Upper Time 1 2931 100 0,155
1G 10 4.50 (£5.17) L42 7.58 5.30 (£4.25) 279 7.81 Group 1 0.597 451 0,036
oG 8 488 (£3.72) La: B.32 200 (£2.98) 081 441 Time « Group 1 9193 D08 0.365
Dynamic sitting balance (Modified Functional Reach Test)
L] Pre Past Fstatistics
M (£SD) o M (£5D) « df ¥ » "
Lower Upper Lawer Upper Time 1 1.105 302 0.036
1G 17 2082 [19.89) 16.00 25.65 2571 (£10,81) 20,32 31,09 Group 1 1,796 190 0.056
G 15 22.73 (£9.54) 1759 27.87 14.80 (£10.94) Q.07 20.53 Time « Group 1 19.489 <001 0.394
Hand grip strength (Dyanmometer)
n Pre Past Fstatistics
M (=5D) o M (£5D) (o] o F P »
Lower Upper Lower Upper Time 1 0354 So5 0.010
1G 15 12,67 (£5.28) 945 1549 13,86 (+4.79) 1.27 16,45 Group 1 0106 746 0.003
oG 18 13.53 (£6.44) 10.71 16,35 11,80 (£5.95) 922 14.39 Time » Group 1 10.816 ooz 0.241
Note. IG = intervention group: CG = control group.
T p <05
Tope oL
Table 4

Descriptive values and F-statistics for the 2 Time (Pre, Post) « 2 Groups (1G, CG) mixed measures ANOVAs for the cognitive outcomes counting backwards (steps of
ane) and cognitive status (MoCA).

Counting backwards
n Pre Post Feszatistics
™ (£SD) < M50} a dr F » "
lLower Upper Lower Upper Teme 1 1582 173 0.07%
G 1" 386 (£4.07) 1.50 6.22 5.04 (£4.89) 3.00 422 Group 1 0171 683 0.007
oG n 7184{+4,51) 452 9,85 372 (£4.36) 0.82 .64 Tume « Growp 1 19.542 <001 0,459
Cognitive stans (MaCA)
n Pre Past Fustatistics
M (+5D) o M (£50) & of F P .
Lower Upper Lower Upper Tlme 1 3755 61 0.106
1G 16 10,31 (LH.87) 700 1363 11,06 (£7.50) 740 1473 Group 1 0053 B9 0,002
G 18 12.50 (£6.18) 9.38 15.63 9.94 (£6.93) 649 13.40 Time « Group 1 12687 A01 0.284
Note. [G = intervention group: CG ~ control group; MoCA ~ Mantreal Cognitive Assessment.
¥ p < .05
T p< 0L

the help of the mentoring nurses in scale steps from 0 to 15 points
depending on the item. A total score was created as the sum of all
ftems. Scores ranged from 0 (totally dependent) to 100 (fully inde-
peadent) (Mahoney and Barthel, 1965).

The Modified Functional Reach Test (Lynch et al, 1998) assessed
the dynamic sitting balance. The test was executed in a sitting

position with feet positioned stable on the ground. The participant
was sitting against the back of a chair next to a wall reaching forward
as far as possible withour losing balance, The difference between the
arm's length and maximal forward reach distance in cm was
measured with a scale attached to the wall. For every participant,
one measurement was conducted.
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Table 5
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Descrelptive values and F-statistics for the 2 Time (Pre, Post) « 2 Groups (1G, OG) mixed measures ANOVAs for the psychosocial outcomes physical well-being (SF-12
physicall, mental well-being (SF-12 mental), satisfaction with life (SWLS) and depression status (CES-D).

Physical well-belng (SF-12 physicall

participants’ clinical manual dexterity. The board consists of two
parallel rows of 25 holes each and pins in cups located at the top of
the board. Using both hands simultaneously the participants placed
as many pins as possible in the holes within & 30 s time period in one
trial. The average number of pins per hand was recorded.
Cognitive outcomes

The Montreal Cognitive Assessment (MoCA) (Nasreddine o1 al,
200%) is a brief screening tool of global cognition to reveal mild
cognitive impairment and an early stage of Alzheimer's disease. It
was used to assess several cognitive domalins, Including short-term
memory recall, visuospatial abilities, multiple aspects of executive
functions, attention, working memory, language and orientation to
time and place, The MoCA ranges between 0 and 30, A score of 26 or
above is considered to be cognitively healthy, The average score for
mild cognitive impairment is 22 (range 19-25) and the average score
for mild Alzheimer's disease is 16 (11-21) (Nasreddine e al, 2003).
Very low scores in this study were not used as an exclusion criterion.

To assess the cognitive domain working memory, a serial sub-
traction test (SST) was used. While the SST, as part of the Mini-
Mental State Examination (Folsteln er al,, 1983) Involves counting
backwards in increments of seven, we adapted the incremental steps
to one, in order to meet the level of cognitive function present in our
study population, The numbers 200 and 300 were used as starting
peint and participants needed to count backwards for 15 s in one
trial, For the SST the number of correct answers within 15 s was
recorded. Subsequently correct subtractions after an error occurred
were counted as correct answer, A clear standardized Instruction of
the test was given before the test started. The assessor asked the

n Pre Post F-statistics
M (+5D) o M{=50) al of F P “
Lower Upper Lawer Upper Time 1 0129 722 0.004
16 16 3961 (18.49) 34,48 4475 43,44 (L9.73) 38,38 48.50 Group 1 0.391 537 0.013
s 16 4090 (+11.41) 577 4603 34.28 (£10.09) 3322 4334 Time « Group 1 3604 065 0109
Mental well-being (SF-12 mental)
o Pre Post Fistatistics
M (<80 [} M(£8D) (%] dr ¥ P "
Lower Upper Lower Upper Time 1 0.002 S68 ~0.001
16 16 5373 (£7.56) 49,29 58.17 56.34 ( +6.75) 51.76 0,92 Group 1 1.925 176 0.060
oG 16 5270 (<9.71) 46,26 57.15 50.24 (£ 10.74) 45.66 54,82 Time « Groap 1 2023 165 0.063
Satisfaction with life {SWLS)
] Pre Post F-statiatics
M (=50) c 1 (£5D) =] if F » 03
Lower Upprer Lower Upper Time 1 1.803 191 0.063
1G 15 24,33 (£6.14) 2063 28,04 2413 (46.41) .22 28.04 Group 1 0.569 457 0.021
9 14 23,93 (+7.82) M.0% .77 2093 (+8.50) 10,88 2498 Time « Group 1 1.380 250 0,049
Depression status (CES-D)
n Pre Post Fostatistics
M (+5D) o M (£5D) (W] df ¥ P W
Lawer Upper Lower Upper Time 1 0.672 A19 0.023
16 16 519({+512) 2.5 7.48 4,38 (£4.62) 2.35 6.40 Groap 1 2186 150 0,070
o6 15 6.00 (+3.67) 3.64 8.3 773 (4311) 5.64 6.82 Time » Groap 1 5.135 0381 0.150
Note. 1G = intervention group; CG = control group; SF-12 = short form of the health survey; SWLS = Satisfaction with Life Scale; CES-D = Center for Epidemiological
Studies Depression Scale.
T p< 05
The Purdue Pegboard Test (11110 and Asher, 1945) assessed the participants If they understood the Instructions and therefore

secured that the participants were able to conduct the task.
Psychosocial outcomes

The short form of the Health Survey SF-12 (Ware et al,, 2002) was
used to examine the health-related physical and mental well-being of
the residents via twelve items in the domains: physical function (2
items), role limitations due to physical health problems (2 items),
physical pain (1 ltem), general health (1 Item), vitality (energy/fa-
tigue; 1 item), social function (1 item), role limitations due to
emotional problems (2 items), and mental health (psychological
distress and psychological well-being; 2 items) (Ware ol ol 2002),
Composite scores for mental and physical well-being were calculated
from the short form of the Health Survey SF-12 (Ware o1 al. 2002),
Scores above 50 are above average and scores below 50 are below
average. No missing values or imputations occurred.

The Satisfaction with Life Scale (SWLS) (Glacsmer e al, 2011) is
an instrument with five questions and was used 1o measure global
cognitive judgements of satisfaction with one's life on a seven-point
Likert scale from 7 (total agreement) to 1 (no agreement at all). For
the SWLS (Glaesmer ¢t al., 2011) a total sum was calculated with a
possible range from 5 to 35 points,

The Center for Epidemiological Studies Depression Scale (CES-D)
{Radloff. 1977) has demonstrated validity for research conducted in
elderly populations (Karim e1 al., 2014), The eleven-item question-
nalre was used fo screen for depressive symptoms and mood disor-
ders. Answers were given on a scale ranging from “rarely/not at all”
(0 points) to "sometimes” (1 point) and “mostly/all the time” (2
points). The scoring of positive items (questions 3 and 11) Is
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reversed, For the CES-D (Radlolf, 1977) a sum score out of the 11
irems was calculared, ranging from 0 to 22,
Training modalities and feasibility criteria

To assess the intensity of strength and aerobic exercises and to
provide an appropriate progression, Instructors used the Borg Scale
of Perceived Exertion (RPE) (Bore, 1995) during the training sessions
aiming at a moderate intensity which corresponds to 12-14 poinison
the RPE scale.

The examination of acceptance was twofold: (1) To examine the
acceptance of the intervention attendance of each participant was
recorded and reasons for dropouts were documented. Minimum
participation of 75% was required to be included in the evaluation,
(2) Acceptance of the intervention content was examined by quali-
tative participants' group feedback and feedback of the nursing staff
at the end of the 16-week intervention. The exercise instructor made
notes to collect and analyze the qualitative dara from participants
and nursing staff,

2.8 Statistical analysis

Descriptive data are presented as percentage {sex), mean and stan-
dard deviation, First, all outcome values were tested for normal distri-
bution using Kolmogorov-Smirnow-test.

For participants who compieted both baseline and post training
testing  statistical comparison between pre. and post- training
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intervention was performed using a 2 = 2-factorial mixed measures
analysis of variance (ANOVA), with Group (1G-CG) as between-subject
factor and time (pre-post) as within-subject factors. The statistical
analysis was performed with IBM SPSS Statistics (Version 25.0. Armonk,
NY: 1BM Corp.). For all ANOVAs, Greenhouse-Gelsser adjustment was
used in case the sphericity assumption was violated, By use of the Lev-
ene’s Test, homogeneity of variances was asserted and, in case of
violation, corrected p values were used. Effect sizes are reported as
partial eta squared (q,z,). In all statistical analyses p values < .05 were
regarded as significant,

Moreover, we conducted an intention-to-treat analysis with the
whole group (including the seven dropouts of IG and the seven dropouts
of CG) to aveid the risk of unbalanced groups at the end of the trial.
Based on the study by Twick et ol (2020), we carried out the intention-
to-treat analysis with and without imputation,

3. Results
As visible in the participant flowchart (Fig. 1), data of 19 participants

for each group, experimental and control, were analyzed, This sample
was applled for pre- as well as for post measurement data.

3.1. Motor function outcomes

Within all four motor function outcomes (ADL, clinical manual

Clinical manual dexterity (Pegboard)
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Number of pegs
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Fig. 2. Mean and SD (opaque lines) and Individual changes (semi-opague lines) for motor function outcomes In the 1G (green solld lines) and walt-lst CG (red dashed
lines). (For interpretation of the references to color in this figure legend, the reader is refesred to the web version of this article,)
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dexterity, dynamic sitting balance, and hand grip strength) we found a
significant time = group interaction (¢f. Table 3 for description and
statistics), In all tests, the IG improved its performance while the CG
showed performance deteriorations from pre to post (cf. Table 3 &
Fig. 2). For ADL (Barthel index) the IG averagely improved 2.5 (=1.54)
points while the CG decreased by 6.09 (+2.22) points from pre to post.
For clinical manual dexterity skills (Purdue Pegboard test), the 1G
averagely had 0.8 (:+0.92) more pins pre to post while the CG decreased
its manual dexterity by 2.88 {+0,74) pins. For dynamic sitting balance
(modified functional reach test) the most distinet mean difference from
pre to post within the 1G (4.89 + 0,92 em) as well as the CG (7,93 +
1.36 c¢m) was observed. Finally, IG improved its hand grip strength by
1.19 (+0.49) kg from baseline to post measurement while the CG
showed a decrease by 1.73 (=0.49) kg, All positive changes of the 1G
with respect to the CG were confirmed by significant interaction effects
obtained from the mixed ANOVAs while no significant main effects were
found for group or time (cf, Table 3).

3.2, Cognitive outcomes

Similar to the motor function outcomes, we were also able to show a
significant time by group interaction for the cognitive outcomes (cf.
Table 4 for descriptive data and statistics), Both cognitive outcomes
(counting backwards (working memory) and cognitive status) revealed
an improvement for the IG and a decrease in performance for the CG,
illustrated in Table 4 and Fig. 3. When conducting the counting back-
wards task, the 1G averagely accomplished an increase of 1.78 (=0.82)
correct elements in 15 s from pre to post measurement. The CG declined
their performance with 3.46 (+0.15) elements pre to post. For the
cognitive status (MoCA) (Nasreddine ot al,, 2005), IG on a scale from
0 to 30 showed a mean increase of 0.75 (£0.63) points between mea-
surements, while the CG decreased its performance by averagely 2.50
(£0.75) points. As for motor function outcomes, ANOVAs confirmed
significant effects for group x time interaction, however not for any
main effects of group or time (¢f. Table 4),

3.3, Psychosocial outcomes

Concerning the psychosocial outcomes (cf. Table 5 for statistics and
Fig 4), the depression status (CES-D) (Hadloff, 1977) was the only
parameter showing a significant difference between groups over time,
with a mean improvement of 0.81 (+0.5) points from pre to post for the
intervention and a mean decline of 1.73 (+0.56) points for the CG. This
was confirmed by a significant group = time interaction effect. All other

Cognitive function (McCA)
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psvchosocial parameters either showed no changes (satisfaction with
life; minus 0.2 + 0.27 points averagely) or slightly improved (physical
and mental well-being; plus 3.83 4+ 1,24 points and plus 2.61 + 0.81
points) for the IG and declined for the CG.

3.4, Training modalities and feasibility outcomes

In total, 92% of the IG accepted the intervention and regularly
participated the training (attendance >75%). One participant died and
one was unable to participate regularly (attendance <75%) until the end
of the intervention due to severe cognitive decline. Additionally, five
participants (two of 1G and three of CG) declined the post measurements
for no apparent reason and five participants (three of IG and two of CG)
could not attend the post measurements due to illness, In the CG one
participant died and one was unable to continue the study due to severe
motor decline. In summary, 14 dropouts (27%, seven of IG and seven of
CG) were recorded at follow-up. After 16 weeks (12) n = 38 residents
were Included in the analysis,

The intention-to-treat analysis as well as the imputation strategy
according to Twisk et al. (2020) did not reveal any significant differ-
ences in addition to the reported results,

Additionally, qualitative participants’ group feedback and feedback
of the nursing staff revealed that the tailored structure of the training
and the individually adapted intensity with regard to the F.LT.T. prin-
ciples were well accepted. Most of the time, the RPE scale was a feasible
tool to reach moderate intensity in the range of 12-14 points during the
exercises. However, for some of the residents, the RPE scale was not
eligible to control & moderate intensity due to cognitive limitations. In
those cases, exercise inténsity was estimated on participants’ respiratory
response (o dialogue during exercise performance. No harms or adverse
events occurred during the training.

4, Discussion

The primary aim of the study was to investigate the effectiveness of a
CBE intervention for nursing home residents who are unable to walk for
improving (or sustaining) resources in the domains motor function,
cognition and psychesocial well-being. We expected the CBE interven-
tion to be effective with respect to maintaining the residents’ resources
and their performance in these domains. The results showed that the IG
increased their performance within all four tests of motor function (ADL,
clinical manual dexterity, dynamic sitting balance, and hand grip
strength), both cognitive tests (working memory and cognitive status)
and within psychosocial outcomes {depression status and physical and

Counting backwards
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Fig. 3. Mean and SD (opaque lines) and individual changes (semi-opaque lines) for cognitive outcomes in the [G (green solid lines) and wait list CG (red dashed
lines). (For Interpretation of the references to color In this figure legend. the reader Is referred to the web version of this article.)
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Physical well-being (SF-12)
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Fig. 4. Mean and SD (opaque lines) and individual changes {semi-opaque lines) for psychosocial outcomes in the 1G (green solid lines) and wait-list CG (red dashed

lines). (For interp of the refi
mental well-being) while the CG showed continuous decrements over
the course of 16 weeks. For one psychosocial parameter (satisfaction
with life) the IG remained stable while the CG declined.

In line with findings by Masciocchi et al, (2019), who described a
progressive decrease In hand grip strength (2.2% per month) and dy-
namic balance {2.8% per month), motor performance deteriorations in
our CG might have resulted from an age-related loss of muscle function
when being inactive. As the multicomponent CBE intervention was
sultable to stabilize these metor functions and prevented a downward
trend in the IG, the intervention can be considered as beneficial for
nursing home residents, who are exposed to a severe age-related decline
(Masciocehl et al, 2019), Analog 1o the motor function outcomes, the
examined cognitive paramerters (counting backwards and cognitive
status with the MoCA) slightly improved in the IG and severely
decreased in the CG. Concerning the psychosocial outcomes, a reduction
in symptoms of depression was detected for the IG compared to an in-
crease in depressive symptoms in the CG. The other psychosocial pa-
rameters either stayed on the same level (satisfaction with life) or
improved (physical and mental well-being) in the 1G, while all param-
eters declined for the CG. This is in line with previous findings, showing
that these psychosocial parameters typically decline in elderly nursing
home residents (Henskens et al., 2018; Scheidi-Nave et al, 2010).
Hence, our first hypothesis that a multicomponent CBE intervention is
able 1o improve moror functions for nursing home residents who are

to color in this figure legend, the reader is referred to the web version of this article,)

unable to walk can be accepted. In addition, the second hypothesis that
the intervention Is able to improve cognition ¢an be accepted as well,
Hypothesis three can be accepted since the psychosocial well-being
cither improved or remained stable within the IG.

Overall, the results of this RCT are In line with results from previous
exercise studies investigating frail and multimorbid nursing home resi-
dents who are able to walk and revealed improvements in motor func-
tion (Gronstedt et al., 2013; Haritz Arrieta et al., 2018; Jolinen and
Schot, 2018; Kryger and Andersen, 2007; Weening-Dijksterhuis et al.,
2011), cognitive function (Forbes et al, 2013), and well-being (Chin A
Paw et al., 2004; Yimin et al., 2011). Therefore, the results support our
assumption that, in addition to ambulatory nursing home residents,
multicomponent CBE Interventions can be conducted with, and are
effective in a similar population with nursing home residents who are
unable to walk. The exercises conducted for this study were beneficial
for the target group despite their reduced mobility, Moreover, the
Iincreased functional abilities can be assumed to be associated with &
better performance in ADL (Covinsky et al.. 2003) which might also
have additional positive effects on satisfaction with life and well-being
(Kehyayan e al, 2016).

In particular residents who are unable to walk are often ar risk of
being socially isolated due to their limited mobility. A previous study
suggested a possible association between physical inactivity, cognitive
decline, and soclal isolation in nursing home residents as described by
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Schremplt et al. (2019). Therefore, effects of inactivity and social
isolation might reinforce each other and lead to a vicious circle, The
results of our study showed a cognitive decline for the Inactive and
possibly more socially isolated CG without training. Thus, the assump-
tion of a possible association between physical inactivity, cognitive
decline, and social isolation can be confirmed. With respect 1o accep-
tance and feasibility and compared to a program for residents who were
able to walk with a similar multicomponent structure (Bischoff et al,
20205 Coedes er al,, 2019), the CBE program was equally accepred and
well rolerated by the nursing home residents who are unable to walk.
92% of the residents participated regularly and no harms or adverse
events oceurred during the intervention. A reason for the high level of
acceptance might be the tailored structure of the training and the indi-
vidually adapted intensity. Therefore, future interventions should be
tailored to the needs of the residents and consider their individual
functional abilities.

In the current intervention we explicitly added motor-cognitive ex-
ercise as carlier studies with community dwelling older adults (Waollesen
et al, 2020; Wollesen and Voelcker-Rehage, 2014) and people with
dementla {Schwenk er al, 2010). These combined cognitive-motor in-
terventions have been shown to be feasible and might have the highest
impact to improve motor and cognitive function simultaneously (Levin
eral, 2017). The results of our study indicate that these motor-cognitive
dual-task exercises might aiso be effective when conducted with resi-
dents who are unable to walk. Many ADL such as moving independently
with the wheelchair while orienting, dressing or handling a cup of tea
while talking require motor and cognitive performance simultaneously.
One study showed that chair-based motor exercises combined with
mental and memory exercises were effective in improving cognitive

function of nursing home residents (Thurm ef al., 2011). A comparable
improvement of cognitive performance was also demonstrated by our
results. However, a recent study by Sezola-Pardo et ol (2019) showed

that the combination of cognitive tralning and multicomponent training
does not seem to be superior to simple multicomponent training. As the
number of studies with dual-task CBE tailored for residents who are
unable to walk is rare, further research is desirable in order to investi-
gate the possible potential of dual-task CBE e.g., including upper limb
tasks according to Voelcker-Rehinge and Alberts (2007],

Positive benefits of exercise in old age are broadly accepted, How-
ever, many aspects concerning the required training Intensity to gain
effects on physical function, cognition and psychosocial well-being are
yet to be clarified (Mayver ot al., 2011). Precise information for training
modalities, e.g, duration, frequency, and how to adjust a suitable in-
tensity to provide a sufficient stimulus for muscle adsptation is missing.
In order to deal with this lack of standardized training modalities the
program was structured according to the F.LT.T, principles (Garbes
otal, 2011), to general recommendations from the IAGG for older adults
in long term care (de Souto Barreto et al., 20106) and to interventions for
frailty (Fretherger et al,, 2016). The results of this study indicate that 60
min per training session, two times per week, for a total of four months
are feasible and effective modalities for CBE in nursing home settings
and thus correspond to the recommendations of the IAGG (d¢ Soutn
Barreto et al, 2016), In rehabilitation settings, the Borg scale has been
shown to provide a valid method to achieve target exercise intensity
(Stuckenschneider et al., 2020). Therefore, in our study the intensity was
controlled using the Borg scale for perceived exertion (Borg. 1995) as
well, targering a scale value of 12-14 for moderate intensities, Addi-
tionally, a constantly adapted progression was adjusted by raising ex-
ercise sets, level of difficulty, and repetitions. In cases where perceived
ratings of exertion could not be used due to cognitive limitations, ex-
ercise intensity was estimated on participants' respiratory response to
dialogue during exercise performance. The difficulty of controlling the
intensity during exercise interventions for people with cognitive limi-
tations has also been reported (n other studies (Perelin o al, 2018;
Stuckenschneider ot al, 2020). With the successful application of the
Borg scale to adjust the intensity, a progressive training can, however,
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lead to physiclogical adaptations even in very old age,

In this study, we limited exercise intensities 10 moderate, Previous
studies with ambulatory older adults also showed effectiveness for high
intensity walking and standing exercises (Conradsson et al, 2015; Lite-
brand et al, 2009 Rosendohl, 2006). Exercises at higher intensities
might also be effective and feasible for a non-ambulatory target group
like the one in this study. On the contrary, exercises with high intensity
might have a certain risk of cardiovascular events for those who do not
exercise regularly (Franklin eral,, 2020) and should therefore be carried
out with caution. Hence, we applied the controlled F.LT.T. principles
and dose parameters for the CBE program according to the results and
recommendations of a previously conducted review (Cordes of al,
2020). Nevertheless, more research concerning dose-response relation-
ships is needed to support these findings and to contribute to the
development of specific guidelines for future CBE interventions for
nursing home residents including those who are unable to walk,

The findings of this study contribute to research concerning exercises
for nursing home residents who are unable to walk - a field which is still
underrepresented in the existing literature. A reason for this research
gap might be rthe fear of overloading and injuries when applying the
same principles for exercises existing for ambulatory adults. Another
reason might be the false assumption that due to frailty and immobility
interventions would not benefit motor functions of the participants
(Ferruced et al . 2004). Therefore, simple repetitive range of motion
exercises without progression are typically administered, with the goal
1o maintain social participation and a basic level of physical activity
rather than aiming at regaining function and independence. However,
there is no conclusive evidence for this assumption. On the contrary, the
results of this study indicate that even institutionalized and frail older
adults who are unable to walk benefit from a multicomponent CBE
intervention.

4.1. Limitations

Next to the strengths of this study e.g., the assessment and data
collection were done by blinded assessors, there are some limitations
that need to be addressed. First, there might be a possible bias in data of
the Barthel Index because it was assessed by the caregivers who were not
blinded. Due to daily changes of the responsible nurses it was not
possible to control which caregiver was aware of the study and the
intervention. Therefore, caregivers who were aware of a resident's
participation might have tended to expect and perceive a better per-
formance in ADL and may therefore have rated a higher score on the
Barthel Index. Moreover, due to ethical reasons the nursing home resi-
dents were aware of receiving or not receiving the intervention and
therefore they were more likely to provide biased answers during the
assessments. This could particularly affect the answers within the
questionnaires about physical and mental health. Although the random
allocation was stratified by age, the age range of 22 years might have
caused an effect on motor function responses. This should be considered
in the stratification of the groups in future research, Nevertheless, this
age range represents the real-life conditions in nursing home setting,
Independent of age they are in the need of care due to multimorbidity.

Moreover, participation was voluntary and the main reason for
exclusion was that residents refused to participate. Hence, the majority
of the participants might associate a positive connection between ex-
ercise and health. Therefore, they might have been biased. We could not
be sure whether participants who refused participation would also
benefit from physical activity, Finally, the dropout rate was 27% at
follow-up measurements for different known and unknown reasons. The
main reason was that individuals felt unwell or appeared to be physi-
cally or mentally too unstable on the day of the assessment. This in-
dicares a high relevance of day-to-day fluctuations within nursing
homes. Nevertheless, given the expected dropout rate of 30% for nursing
home residents, the sample size achieved can be judged positively and
fulfills the previous calculated power.
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Another interesting aspect might be the association between the
participants level of education and the cognitive function. Unfortu-
nately, the level of education was not assessed In this study and should
be considered in future research.

. Conclusions

A multicomponent CBE intervention was &ble to improve motor
functions (hand grip strength, sitting balance, elinical manual dexterity,
ADL), cognition {cognitive status, working memory) and psychosocial
resources {symptoms of depression (CES-D)) in nursing home residents
who are unable to walk. Moreover, other psychological factors such as
satisfaction with life (SWLS) and physical and mental well-being (SF-12)
remained stable within the IG. Although we could not find an increase in
these factors, we still consider the absence of a deterioration to be a good
result. The CG not participating in the exercise intervention showed a
significant decrease in all of the investigated parameters after 16 weeks.
Thus, we concluded that a multicomponent CBE program that takes F.L
T.T. principles into account and progressively increases the intensity can
lead to physiological adaptations even in very old age. The results of this
study are important for developing and conducting appropriate CBE
interventions and evidence-based guidelines for nursing home residents
Including those who are unable to walk. The study results might
encourage caregivers, clinicians and policymakers to further differen-
tiate the heterogeneous group of nursing home residents concemning
mobility aspects and to include CBE as a feasible program for health
promotion. More research and interventions might also help the sub-
population of frail nursing home residents with mobility restrictions to
prevent further decline of functional performance and maintain inde-
pendence in ADL for a better physical and mental well-being.
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Abschluss Master of Science
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Abschluss Bachelor of Arts
Universitit Bremen

Abitur Gymnasiale Oberstufe
Schulzentrum Kurt-Schumacher-Allee, Bremen

111



Anhang G: Eidesstattliche Erklarung

Eidesstattliche Erklarung nach 8§ 7 (4) der Promotionsordnung des Instituts fir Bewegungswis-
senschaft der Universitat Hamburg vom 18.08.2010

Hiermit erklare ich an Eides statt,

1. dass die von mir vorgelegte Dissertation nicht Gegenstand eines anderen Prifungsverfahrens
gewesen oder in einem solchen Verfahren als ungentigend beurteilt worden ist.

2. dass ich die von mir vorgelegte Dissertation selbst verfasst, keine anderen als die angegebe-
nen Quellen und Hilfsmittel benutzt und keine kommerzielle Promotionsberatung in Anspruch
genommen habe. Die wortlich oder inhaltlich ibernommenen Stellen habe ich als solche kennt-
lich gemacht.

Hamburg, 27.07.2022

(Ort, Datum)

(Thomas Cordes, M. Sc.)

112



