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Abstract

Background: Dementia is not only characterized by cognitive changes but also has
an impact on motor performance. Compared to cognitively unimpaired older adults,
individuals with dementia (IWD) show a decreased motor performance and are fre-
guently affected by motor impairments, e.g. in gait, balance, mobility, and strength.
Motor impairments are related to an increasing loss of independence and a high need
for care. Furthermore, they reduce quality of life and represent huge challenges for
affected individuals and their caregivers. Considering the high prevalence of dementia,
there is a great need for effective treatments of this disease. So far, there are no causal
therapy strategies, and pharmacological approaches are associated with various side
effects. Therefore, non-pharmacological strategies such as physical activity are be-
coming increasingly important. Numerous studies investigate the effectiveness of
physical activity on motor, gait, and cognitive performance in IWD. Due to methodo-
logical limitations, however, evidence is still limited. This thesis focuses on the investi-
gation of the effectiveness of physical activity on motor and gait performance in IWD.
It pursues the following objectives: 1) to establish a high-quality methodological ap-
proach to investigate the effectiveness of physical activity in IWD, and 2) to perform a
high-quality randomized controlled trial examining the effects of a dementia-specific

multimodal exercise program on motor and gait performance in IWD.

Methods: The above-mentioned objectives were carried out on the basis of two pri-
mary and four secondary research questions, from which seven hypotheses were de-
rived. In a first step, a high-quality methodological approach was established based on
a comprehensive examination of the current state of research and previous studies. It
focused on the evaluation of the adequateness of motor assessments previously ap-
plied in IWD. In addition, a study design, which fulfills quality criteria derived from the
current state of research and considers specific characteristics of IWD, was developed
within the framework of a study protocol. In a second step, this high-quality methodo-
logical approach was applied in a randomized controlled trial. For this purpose, 319
individuals with mild to moderate dementia were randomly assigned to an intervention
or control group. The intervention group participated in a 16-week multimodal exercise
program specifically tailored to IWD. In order to examine the effects of this multimodal
exercise program, motor and gait performance of all participants was assessed with a

comprehensive assessment battery before and after the intervention. In addition to
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determining time*group effects on motor and gait performance, responder-non-re-
sponder-analyses and multiple linear regression models were used to identify prereg-
uisites and impacts of changes in underlying motor and cognitive performance on

changes in gait performance.

Results: Based on the limitations of previous studies as identified in recent reviews,
various methodological quality criteria were defined. In addition to a general high-qual-
ity methodological approach, the use of adequate motor assessments and interven-
tions tailored to IWD were determined as key issues. A qualitative examination of motor
assessment used in previous studies emphasized the importance of adequate assess-
ments for the target group. In addition, the use of a sequential approach, a selection
of eight motor assessments, and the allowance of standardized repetitions of instruc-
tions as well as use of walking aids were recommended. Based on a quantitative eval-
uation, eight motor assessments, which are characterized by sufficient relative reliabil-
ity, assumed sensitivity, and frequent use in previous studies were recommended.
Considering insufficient absolute reliability, the adequateness of these motor assess-
ments, however, is limited for examining intra-individual changes. Taking into account
these findings on adequate motor assessments, a high-quality study design was de-
veloped. In addition, a randomized controlled trial examining the effectiveness of a
multimodal exercise program showed no statistically significant time* group effects on
motor and gait performance in IWD. In further exploratory analyses, differences in
baseline performance of gait, mobility, strength, and severity of cognitive impairments
were observed between positive, non-, and negative responders. Moreover, the im-
pacts of changes in strength and function of lower limbs, mobility, executive function,
attention, and working memory explained up to 39.4 % of the variance of changes in

gait performance.

Conclusion: This thesis presents an important contribution to improving the method-
ological quality of studies investigating the effectiveness of physical activity on motor
and gait performance in IWD. It includes a comprehensive examination of adequate
motor assessments and suggests an overall high-quality methodological approach,
which can be useful for future studies. Nevertheless, additional investigations are re-
quired to further improve methodological approaches in this field of research. For ex-
ample, the theoretically established recommendations on motor assessments must be
evaluated in appropriate studies and new motor assessments specifically tailored to

IWD are needed. In addition to these methodological recommendations and research
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perspectives, this thesis provides important findings for designing and implementing
future physical activity interventions that consider the specific characteristics of the
target group. The hypothesis that a dementia-specific multimodal exercise program
has a positive effect on motor and gait performance in IWD could not be confirmed.
This shows that a standardized physical activity intervention is only suitable to a limited
extent for this heterogeneous target group. A proportion of up to 40 % of positive re-
sponders as well as the identification of necessary prerequisites and changes in un-
derlying motor and cognitive performance allow the assumption that the effectiveness
of physical activity is dependent on more complex mechanisms and requires the con-
sideration of individual characteristics. Therefore, approaches from individualized med-
icine offer promising perspectives. In line with this, it is assumed that the effectiveness
of physical activity can be increased if appropriate interventions are tailored to individ-
ual prerequisites of participants. Such approaches must be specified and investigated
in future studies. For example, the identification of specific characteristics represents
a promising research perspective that allows to better describe IWD and to define dif-
ferent clusters of participants with various prerequisites. In addition to the derivation of
numerous research perspectives, the results of this thesis also have important appli-
cation-oriented implications that emphasize its practical relevance. These include indi-
cations on designing and implementing physical activity interventions for IWD, but also
the concrete application of recommendations on motor assessments and the multi-
modal exercise program in everyday life of care facilities. In summary, physical activity
offers great potential for dealing with dementia in our society. High-quality research
such as the manuscripts included in this thesis contribute to exploit this potential and
may enable IWD and their caregivers to benefit from the positive effects of physical

activity.
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Zusammenfassung

Hintergrund: Demenzerkrankungen kennzeichnen sich nicht nur durch Veranderun-
gen der Kognition, sondern beeinflussen auch die motorische Leistungsfahigkeit. Im
Vergleich zu kognitiv gesunden alteren Menschen, zeigen Personen mit Demenz eine
reduzierte motorische Leistung und sind haufiger von motorischen Beeintrachtigungen
betroffen, z. B. im Bereich des Ganges, des Gleichgewichts, der Mobilitat oder der
Kraft. Motorische Beeintrachtigungen fuhren u. a. zu einem zunehmenden Verlust der
Selbststandigkeit und einem erhéhten Pflegebedarf. Sie haben einen negativen Ein-
fluss auf die Lebensqualitat und stellen eine grol3e Herausforderung fur Betroffene und
ihre Angehdrigen dar. Unter Bertcksichtigung der hohen Demenzprévalenz besteht
ein grof3er Bedarf an effektiven Behandlungsmaoglichkeiten von Demenzerkrankungen.
Bislang gibt es keine ursachlichen Therapiestrategien und medikamentése MalRnah-
men gehen mit verschiedenen Nebenwirkungen einher. Daher gewinnen nichtmedika-
mentose Ansétze wie z. B. kdrperliche Aktivitat zunehmend an Bedeutung. Zahlreiche
Studien untersuchen den Einfluss korperlicher Aktivitat auf die Motorik, den Gang und
die Kognition bei Personen mit Demenz. Aufgrund methodischer Limitationen dieser
Studien liegt bisher jedoch keine gesicherte Evidenz vor. Im Mittelpunkt dieser Thesis
steht die Untersuchung der Effekte korperlicher Aktivitat auf die Motorik und den Gang
bei Personen mit Demenz. Hierbei werden zwei Ziele verfolgt: 1) die Erarbeitung eines
gualitativ hochwertigen methodischen Ansatzes zur Untersuchung der Effektivitat kor-
perlicher Aktivitat bei Personen mit Demenz und 2) die Durchflihrung einer qualitativ
hochwertigen randomisierten kontrollierten Studie, die die Effekte eines demenzspezi-
fischen multimodalen Bewegungsprogrammes auf die Motorik und den Gang bei Per-

sonen mit Demenz Uberpruft.

Methoden: Die Bearbeitung der oben genannten Ziele erfolgte anhand von zwei tiber-
geordneten und vier untergeordneten Fragestellungen, aus denen sieben Hypothesen
abgeleitet wurden. In einem ersten Schritt wurde aufbauend auf einer umfangreichen
Analyse des aktuellen Forschungstandes sowie bisherigen Studien ein qualitativ hoch-
wertiges methodisches Vorgehen erarbeitet. Der Schwerpunkt lag hierbei auf der Be-
wertung der Eignung bisher verwendeter motorischer Testverfahren flr Personen mit
Demenz. Dartber hinaus wurde im Rahmen eines Studienprotokolls ein Studiendesign

entwickelt, das aus dem Stand der Forschung abgeleitete Qualitatskriterien erfullt und
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die Besonderheiten von Personen mit Demenz beriicksichtigt. Dieses erarbeitete qua-
litativ hochwertige methodische Vorgehen wurde in einem zweiten Schritt im Rahmen
einer randomisierten kontrollierten Studie eingesetzt. Hierflir wurden 319 Personen mit
leichter bis mittelschwerer Demenz randomisiert einer Interventions- oder Kontroll-
gruppe zugeteilt. Die Interventionsgruppe absolvierte ein 16-wdchiges multimodales
Bewegungsprogramm, das die Besonderheiten der Zielgruppe bertcksichtigt. Zur
Uberprifung der Effekte dieses Bewegungsprogrammes wurden die motorische und
die Gangleistung aller Teilnehmenden vor und nach der Intervention mit einer umfang-
reichen Testbatterie Uberprtft. Neben der Bestimmung von Zeit*Gruppen Effekten auf
die Motorik und den Gang, wurden mithilfe von Responder-Nicht-Responder-Analysen
und multiplen linearen Regressionen Voraussetzungen und zugrundeliegende Anpas-
sungen identifiziert, die mit den beobachteten Anderungen der Gangleistung zusam-

menhéangen.

Ergebnisse: Anhand von Limitationen bisheriger Studien, die in aktuellen systemati-
schen Reviews identifiziert wurden, wurden verschiedene methodische Qualitatskrite-
rien definiert. Neben einem allgemeinen qualitativ hochwertigen methodischen Vorge-
hen, wurden v. a. die Verwendung von geeigneten motorischen Testverfahren und an
die Zielgruppe angepassten Interventionen als wesentliche Qualitatsmerkmale ermit-
telt. Eine qualitative Uberprifung bisher eingesetzter motorischer Tests unterstreicht
die Bedeutung von fur die Zielgruppe geeigneten Verfahren. Zudem wurde die Ver-
wendung eines sequenziellen Ansatzes, eine Auswahl an acht motorischen Testver-
fahren sowie das Zulassen von standardisierten Wiederholungen der Instruktionen und
des Einsatzes von gangigen Hilfsmitteln empfohlen. Basierend auf einer quantitativen
Bewertung wurden acht motorische Tests empfohlen, die sich durch ausreichende re-
lative Reliabilitat, angenommene Sensitivitat und haufige Verwendung in bisherigen
Studien auszeichnen. Allerdings sind diese Testverfahren aufgrund ihrer ungentgen-
den absoluten Reliabilitat nur begrenzt geeignet um intraindividuelle Veranderungen
der motorischen Leistung zu erfassen. Unter Bertcksichtigung dieser Erkenntnisse zu
geeigneten motorischen Testverfahren, wurde ein qualitativ hochwertiges Studiende-
sign entwickelt. Darliber hinaus zeigte eine randomisierte kontrollierte Studie zur Uber-
prifung der Wirksamkeit korperlicher Aktivitat keine statistisch signifikanten Zeit*Grup-
pen Effekte auf die motorische und die Gangleistung von Personen mit Demenz. In

weiteren explorativen Analysen wurden Unterschiede in der Ausgangsleistung des
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Ganges, der Mobilitat, der Kraft und dem Grad der kognitiven Beeintrachtigung zwi-
schen Positiv-, Nicht- und Negativ-Respondern beobachtet. Zudem erklaren Anderun-
gen der Kraft und Funktion der unteren Extremitaten, der Mobilitat, der exekutiven
Funktion, der Aufmerksamkeit und des Arbeitsgedachtnisses 39.4 % der Varianz der
Anderung der Gangleistung.

Schlussfolgerungen: Die vorliegende Thesis leistet einen wichtigen Beitrag zur Ver-
besserung der methodischen Qualitat von Studien zur Uberprifung der Wirksamkeit
korperlicher Aktivitat auf die motorische und die Gangleistung von Personen mit De-
menz. Sie beinhaltet eine umfangreiche Auseinandersetzung mit motorischen Testver-
fahren, die fur Personen mit Demenz geeignet sind, und schlagt ein qualitativ hoch-
wertiges allgemeines methodisches Vorgehen vor, an dem sich zukinftige Studien ori-
entieren kbnnen. Dennoch besteht weiterer Forschungsbedarf zur Verbesserung des
methodischen Vorgehens im Forschungsfeld. Beispielsweise missen die theoretisch
erarbeiteten Empfehlungen fur motorische Testverfahren in entsprechenden Studien
Uberpruft und neue motorische Tests speziell fir Personen mit Demenz entwickelt und
untersucht werden. Neben diesen methodischen Empfehlungen und Forschungsper-
spektiven liefert die Thesis wichtige Erkenntnisse fir die Gestaltung und Umsetzung
von Bewegungsprogrammen, die an die Besonderheiten der Zielgruppe angepasst
sind. Die Hypothese, dass ein demenzspezifisches multimodales Bewegungspro-
gramm sich positiv auf die motorische und die Gangleistung von Personen mit Demenz
auswirkt, konnte nicht bestatigt werden. Damit I&sst sich zeigen, dass ein standardi-
siertes Bewegungsprogramm fir die heterogene Zielgruppe von Personen mit De-
menz nur begrenzt geeignet ist. Ein Anteil von bis zu 40 % an Positiv-Respondern
sowie die Identifizierung von notwendigen Voraussetzungen und Anpassungen der zu-
grundeliegenden motorischen und kognitiven Leistung, erlauben die Annahme, dass
die Wirksamkeit korperlicher Aktivitat auf komplexeren Mechanismen beruht und eine
Berucksichtigung des Individuums erfordert. Daher bieten Anséatze aus der individua-
lisierten Medizin vielversprechende Perspektiven. Es wird davon ausgegangen, dass
die Effektivitat korperlicher Aktivitat gesteigert werden kann, wenn Interventionen an
die individuellen Voraussetzungen der Teilnehmenden angepasst sind. Entspre-
chende Ansétze missen in zukinftigen Studien konkretisiert und untersucht werden.
Beispielsweise stellt die Identifikation charakteristischer Merkmale eine vielverspre-

chende Forschungsperspektive dar, die es erlaubt Personen mit Demenz besser zu
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beschreiben und verschiedene Cluster mit unterschiedlichen Anforderungen zu defi-
nieren. Neben der Ableitung zahlreicher Forschungsperspektiven erlauben die Ergeb-
nisse dieser Thesis wichtige anwendungsbezogene Implikationen, die ihre praktische
Relevanz unterstreichen. Hierzu zahlen grundlegende Hinweise zur Gestaltung und
Umsetzung von Bewegungsprogrammen fur Personen mit Demenz, aber auch die
konkrete Anwendung der Empfehlungen zu motorischen Testverfahren und des multi-
modalen Bewegungsprogrammes im Alltag von Pflegeeinrichtungen. Kérperliche Akti-
vitat bietet ein grol3es Potential fir den Umgang mit Demenzerkrankungen in unserer
Gesellschaft. Qualitativ hochwertige Forschung wie diese Thesis tragen dazu bei, dass
dieses Potential ausgeschopft werden kann und méglichst viele von der Erkrankung
betroffene Personen und ihre Angehdrigen die Mdéglichkeit haben von den positiven

Effekten korperlicher Aktivitat zu profitieren.
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1 Introduction

1.1 Research problem and relevance

The worldwide trend of the aging population results in a dramatic increase of individu-
als with non-communicable diseases, such as dementia (Alzheimer’s Disease Interna-
tional, 2015; Alzheimer's Association, 2019; Lin & Lewis, 2015). In 2018/2019, 50 mil-
lion people worldwide were living with dementia. According to current estimates, this
prevalence will further increase reaching 152 million cases in 2050 (Alzheimer’s Dis-
ease International, 2018, 2019). “Dementia is the greatest global challenge for health
and social care in the 21t century” (Livingston et al., 2017, p. 2673). It is associated
with economic impacts, high demand for care, and burdens for affected families (Alz-
heimer’s Disease International, 2015; Alzheimer's Association, 2019; Du et al., 2018;
Livingston et al., 2017; Schulze, van den Bussche, Kaduszkiewicz, Koller, & Hoffmann,
2015). For example, the total estimated worldwide costs of dementia amounted to one
trillion US Dollars in 2018, which are assumed to double until 2030 (Alzheimer’s Dis-
ease International, 2018). Moreover, dementia represents one of the major causes of
disability and dependency in older adults and thus considerably compromises the qual-
ity of life of individuals with dementia (IWD) (Alzheimer's Association, 2019; Hausdorff
& Buchman, 2013; Livingston et al., 2017).

Dementia is primarily associated with cognitive impairments and behavioral changes
(Waldemar et al., 2007). However, it also affects motor and functional performance,
such as balance, mobility, gait, strength and function of lower limbs (Harlein et al.,
2009, 2009; ljmker & Lamoth, 2012; Pettersson, Olsson, & Wahlund, 2005; Suttanon
et al., 2012). Based on the importance of motor and cognitive performance for safe
and effective gait, this thesis considers gait as an example of functional performance
frequently impaired in IWD (Beauchet et al., 2008). As motor and gait impairments
impede autonomy in everyday life, they belong to the most problematic aspects of the
disease for IWD and their caregivers (Hageman & Thomas, 2002). More detailed, mo-
tor and gait impairments are related to loss of independence, immobility, impaired per-
formance of activities of daily living (ADL), and increased risk of falls. As a conse-
quence, IWD are frequently affected by functional decline, disability, admission to
emergency department, institutionalization, and mortality (Allali & Verghese, 2017; Am-
boni, Barone, & Hausdorff, 2013; Eggermont et al., 2010; Harlein et al., 2009; Ma-

zoteras Muioz et al., 2010; Nakayama, Suzuki, & Hamaguchi, 2019; Suttanon et al.,
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2012; Thomas, Vandenberg, & Potter, 2002). Together with the above-mentioned gen-
eral impacts of dementia, these consequences emphasize the need for effective strat-
egies for reducing dementia-related motor and gait impairments (Brett, Traynor, & Sta-
pley, 2016; Hausdorff & Buchman, 2013; McGough, Logsdon, Kelly, & Teri, 2013).

Currently, there is no cure for neurodegenerative and vascular dementia (VD) and
available medication does not enable disease-modifying therapies. Dementia-specific
drugs, e.g. cholinesterase inhibitors or memantine, as well as antidepressants or neu-
roleptics, are used for symptomatic treatment (Hugo & Ganguli, 2014; Versijpt, 2014).
Besides, nonpharmacological treatments such as behavior management therapies are
effective in treating behavioral and psychological symptoms (Dyer, Harrison, Laver,
Whitehead, & Crotty, 2018). With respect to motor and gait impairments, physical ac-
tivity is the preferred nonpharmacological treatment option due to its wide range of
benefits, few side effects, and low economic burden (Du et al., 2018). In cognitively
unimpaired older adults, the effectiveness of physical activity on motor and gait perfor-
mance is supported by various studies (Chodzko-Zajko et al., 2009; Giné-Garriga,
Roqué-Figuls, Coll-Planas, Sitja-Rabert, & Salva, 2014; Hortobagyi et al., 2015; Lat-
ham, Bennett, Stretton, & Anderson, 2004; Liu & Latham, 2009; Liu, Shiroy, Jones, &
Clark, 2014; Mian, Baltzopoulos, Minetti, & Narici, 2007). Even though a growing body
of research has demonstrated a positive impact of physical activity on motor and gait
performance in IWD, the evidence in this population is still limited, as previous studies
frequently show methodological limitations and high risk of bias (Du et al., 2018; Fa-
rina, Rusted, & Tabet, 2014).

In addition to performing further studies, it is thus necessary to focus on methodological
approaches and to develop high-quality study designs. Accordingly, this thesis aims to
establish a high-quality methodological approach for investigating the effectiveness of
physical activity on motor and gait performance in IWD and to perform a high-quality
randomized controlled trial (RCT). Besides determining the overall effects of a demen-
tia-specific multimodal exercise program (MEP), this RCT also considers characteris-
tics of responders of the MEP and impacts of changes in underlying motor and cogni-
tive performance on changes in gait performance. Therefore, this thesis provides a
valuable contribution to improving research practices and developing effective physical
activity interventions specifically tailored to IWD.
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1.2 Structure of the thesis

The overarching aim of this thesis is to investigate the effectiveness of physical activity

on motor and gait performance in IWD. Figure 1 summarizes its structure.

Intreduction (Chapter 1)
Research problem and relevance - Structure of the thesis

Theoretical foundation and background (Chapter 2)

[ Dementia ) [ Understanding gait impairments in WD ‘
Cognitive, motor, and gait impairments Gait, brain, cognitive and motor performance

Current state of research (Chapter 3}

[ Eﬂedlvgneas = pljyslcal activity [ Limitations in previous studies
Motor, gait, and cognitive performance

i | l l

Formulation of research questions and hypotheses (Chapter 4)

H Research gaps and perspectives }—l

Research guestions l Research guestion
Al & A2 A

- -,

Establishing a high-guality methodological

7

approach (Chapter &) Research
Research question questions
Motor assessments B1 B2-B4
Qualitative & quantitative Study design Hypathesis 1 Hypotheses
examination (Manus 27

(Manuscript 1 & 2)

L J L J

.-f/PErfDrming a high-quality RCT investigating the
effectiveness of physical activity (Chapter )

Gait performance

Motor performance
COwerall effects
(Manuscript 4)

General discussion (Chapter 7)

Conclusion and perspectives (Chapter 8)

Figure 1. Structure of the thesis (IWD: individuals with dementia, RCT: randomized controlled trial).



INTRODUCTION 4

Chapter 1 provides a brief introduction to the overall research problem and its rele-
vance. The aim to investigate the effectiveness of physical activity on motor and gait
performance in IWD is pursued from two perspectives: i) establishing a high-quality
methodological approach and ii) performing a high-quality RCT. Pertinent research
guestions and hypotheses are based on theoretical considerations and the current

state of research.

Chapter 2 builds a theoretical foundation and summarizes cognitive, motor, and gait
impairments associated with dementia as well as influences on dementia-specific gait
impairments and potential underlying mechanisms. Following, Chapter 3 gives a de-

tailed overview of the current state of research.

With respect to the aim to establish a high-quality methodological approach, Chapters
2 and 3 intent to build a theoretical basis to answer the following questions:

- Which cognitive and motor impairments in IWD need to be considered when se-
lecting motor assessments and developing physical activity interventions specifi-
cally tailored to IWD? (Chapters 2.1.1 and 2.1.2)

- Is there any relation between motor and cognitive performance in IWD, which sup-
ports the application of interventions combining physical and cognitive activity?
(Chapter 2.2, using the example of gait performance)

- Which limitations of previous studies need to be considered when designing high-
guality studies to investigate the effectiveness of physical activity on motor and gait
performance in IWD? (Chapter 3.4)

The theoretical foundation and the current state of research also form an important
basis for performing a high-quality RCT investigating the effectiveness of physical ac-
tivity on motor and gait performance in IWD. This RCT firstly considers overall effec-
tiveness on motor performance, and secondly focuses on gait performance aiming to
determine overall effectiveness, characteristics of responders, and impacts of changes
in underlying motor and cognitive performance on changes in gait performance. With
respect to the aim to investigate the overall effectiveness on motor performance, Chap-

ters 2 and 3 summarize findings which allow to answer the questions presented below:

- Which motor impairments that can potentially be influenced by physical activity oc-
cur in IWD? (Chapter 2.1.2)

- What is known about the effectiveness of physical activity on motor performance in
IWD? (Chapter 3.1)
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Focusing on the aim to determine overall effectiveness, characteristics of responders,
and impacts of changes in underlying motor and cognitive performance on gait perfor-

mance, requires a theoretical foundation with regard to the subsequent questions:

- In which spatiotemporal gait parameters, that are potentially sensitive to physical
activity, impairments do occur in IWD? (Chapter 2.1.3)

- Are there any differences in cognitive, motor, and gait performance between indi-
viduals with different severities and etiologies of dementia, potentially influencing
the effectiveness of physical activity on gait performance? (Chapter 2.1)

- Which cognitive and motor functions are associated with gait performance in IWD
and thus may contribute to explain intervention-induced changes in gait perfor-
mance? (Chapters 2.2.2 and 2.2.3)

- What is known about the effectiveness of physical activity on gait performance in
IWD? (Chapter 3.2)

- Are there any indications for the effectiveness of physical activity on cognitive per-
formance in IWD, which allow assuming intervention-induced cognitive impacts on

changes in gait performance? (Chapter 3.3)

Chapter 4 focuses on the formulation of research questions and derived hypotheses.
It starts with a summary of research gaps and perspectives related to the current state
of research. Based on this summary two primary and four secondary research ques-
tions are established. These are investigated on the basis of seven hypotheses, which

are built on theoretical foundations.

Elaborated research questions and derived hypotheses are examined in five research
articles presented in Chapters 5 and 6. Chapter 5 focuses on establishing a high-qual-
ity methodological approach (primary research question A), while Chapter 6 reports
findings of a high-quality RCT investigating the effectiveness of physical activity on

motor and gait performance in IWD (primary research question B).

The subsequent general discussion in Chapter 7 aims to answer the research ques-
tions. It summarizes and critically discusses related findings of research articles. The
thesis ends with conclusions in Chapter 8 highlighting the relevance of observed find-

ings, possible research perspectives, and practical implications.
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2 Theoretical foundation and background

2.1 Dementia

According to the International Statistical Classification of Diseases and Related Health
Problems, 10th Revision (ICD-10) criteria dementia (FO0-F03) is defined as
[...] syndrome due to disease of the brain, usually of a chronic or progres-
sive nature, in which there is disturbance of multiple higher cortical func-
tions, including memory, thinking, orientation, comprehension, calculation,
learning capacity, language, and judgement. Consciousness is not clouded.
The impairments of cognitive function are commonly accompanied, and oc-
casionally preceded, by deterioration in emotional control, social behaviour,
or motivation. This syndrome occurs in Alzheimer disease, in cerebrovas-

cular disease, and in other conditions primarily or secondarily affecting the
brain. (World Health Organization, 2016)*

The definition shows that dementia is not a single disease, but a syndrome including
various etiologies. Related to different severities and etiologies of dementia, several
initial predisposing factors and lifelong events, IWD are characterized by large hetero-
geneity with respect to cognitive, motor, and functional impairments (Cohen-Mansfield,
2000; Mitnitski, Graham, Mogilner, & Rockwood, 1999; Suttanon, Hill, Said, & Dodd,
2010).

Accounting for 50-60 % of dementia cases, Alzheimer’s disease (AD) is the most fre-
guent etiology of dementia followed by VD and mixed dementia (Brunnstrém, Gus-
tafson, Passant, & Englund, 2009; Kumfor, Halliday, & Piguet, 2017; Livingston et al.,
2017; Salardini, 2019). Other etiologies like Lewy body dementia or frontotemporal
dementia are less common (Brunnstrém et al., 2009; Livingston et al., 2017; Salardini,
2019) and thus are not considered more detailed herein. The neuropathological hall-
marks of AD include neuritic plaques of amyloid-beta protein and hyperphosphorylated
tau neurofibrillary tangles. The progressive pathology of AD starts with aggregations
of intraneuronal tau in limbic regions as well as the temporal lobe and continues with
plaque depositions in associated cortices. Consequently, further and more widespread
cortical tangle formations arise. It is suggested that these pathologic processes cause
neurodegenerations resulting in increasing brain atrophy over time (Kumfor et al.,
2017). However, it is not finally clarified if they actually induce neurodegeneration or
rather are symptoms of other disease mechanisms (Castellani, Lee, Zhu, Perry, &

1 Original quote in British English.
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Smith, 2008). In contrast, VD emerges from global or focal effects of cerebrovascular
lesions evoked by cerebrovascular diseases such as atherosclerosis, small vessel dis-
ease, or cerebral amyloid angiopathy. More detailed, infarction, hemorrhage, white
matter lesions, or microvascular ischemia lead to brain tissue destructions of different
sizes and locations (Haaland, 2015; Walker, McAleese, Erskine, & Attems, 2019). Ac-
cordingly, there are several subtypes of VD including cortical VD/multi-infarct demen-
tia, strategic infarct dementia, and subcortical VD/small vessel dementia (Rockwood,
2002). Mixed dementia occurs when the disease pathology includes cerebrovascular
and neuropathological causes (e.g. combination of VD and AD; Walker et al., 2019).
In the following, this thesis distinguishes between AD and non-AD etiologies (e.g. VD,

mixed dementia, and other degenerative etiologies), when reporting research findings.

Independent of etiology, dementia is characterized by brain atrophy and destructions
of brain tissue, which are related to various cognitive, motor, and functional impair-
ments (Albert, 2011; Bennett et al., 2012; Parihar, Mahoney, & Verghese, 2013; Val-
kanova & Ebmeier, 2017). These vary across different severities and etiologies of de-
mentia with respect to time and extent of occurrence (Cohen-Mansfield, 2000). The
following sections summarize characteristic cognitive, motor, and functional impair-

ments associated with dementia considering different severities and etiologies.
2.1.1 Dementia and cognitive impairments

Cognitive impairments are the hallmark of dementia (Albert, 2011; Waldemar et al.,
2007). Dependent on the etiology and severity of dementia, several cognitive functions
are affected (Weintraub, Wicklund, & Salmon, 2012). Memory deficits are the most
prominent symptoms of AD (Stopford, Thompson, Neary, Richardson, & Snowden,
2012; Weintraub et al., 2012). In early disease stages, AD is characterized by a pro-
gressive decline of episodic memory. With advancing severity other dimensions of
memory, e.g. semantic memory, are affected and additional cognitive decline in lan-
guage, executive function, attention, working memory, and visuospatial function occurs
(Lindeboom & Weinstein, 2004; Perry & Hodges, 1999; Weintraub et al., 2012). In VD,
cognitive impairments vary depending on localization and size of cerebrovascular le-
sions. Despite no single characteristic neurological profile exists for VD, a decline of
executive function is common (Desmond, 2004a; A. Y. Lee, 2011). Moreover, VD is
often attributed to stepwise deterioration (Rockwood, 2002). A closer look at VD sub-
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types, however, shows different patterns of cognitive impairments. Cortical VD is char-
acterized by abrupt onset of cognitive impairments, language deficits, and loss of ex-
ecutive function. In mild severities, it is very weak and typically progresses stepwise.
Compared to that, cognitive impairments considerably differ among strategic infarct
dementia, but often include a decline of memory, as various cortical or subcortical ar-
eas are affected. In contrast, impaired executive function is the most prominent symp-
tom of subcortical VD, which is commonly located in specific areas in the prefrontal
subcortical circuit. Additionally, memory deficits less pronounced than in AD occur
(Desmond, 2004b; Rockwood, 2002). In mixed dementia, AD and VD often coexist
(Rockwood, 2002). Related to the combination of different pathophysiologies, additive
or synergistic effects of both etiologies on cognitive impairments have been suggested
(Attems & Jellinger, 2014).

Summarizing these cognitive impairments, dementia is typically characterized by pro-
gressive decline affecting memory, language, executive function, attention, working
memory, and visuospatial function (Beauchet et al., 2008; Weintraub et al., 2012). Es-
timating impacts of these impairments when performing studies with IWD, it is worth to
take a more detailed look at involved cognitive domains. Table 1 includes short de-

scriptions of cognitive domains impaired in IWD and related impacts.

Table 1. Description of cognitive domains impaired in individuals with dementia and related impacts

Description of cognitive domains

Impacts of cognitive impairments

Memory Episodic memory: “recollection of past Impaired ability to learn and remember
events in their context of time and space” new information (Weintraub et al., 2012)
(Lindeboom & Weinstein, 2004, p. 84)

Semantic memory: knowledge of con- Negative effects on language, as seman-
cepts and facts (Lindeboom & Weinstein, tic memory also includes meanings of
2004) words (Weintraub et al., 2012)

Language  Ability to express thoughts into words or Impacts on speech expression, naming,
symbols for communication purposes in- and comprehension (Lindeboom & Wein-
cluding language production (e.g. speak- stein, 2004) affecting word-finding, verbal
ing, writing) and comprehension (e.g. fluency, object naming, semantic catego-
comprehending, reading; Tang-Wai & rization, sentence comprehension, or dis-
Graham, 2008) course cohesion (Kempler & Goral, 2008;

Tang-Wai & Graham, 2008; Weintraub et
al., 2012)
Executive  Higher cognitive capacities including goal Disturbed concept formation, affected
function formulation, initiation, planning, organiz- mental manipulation of information, im-

ing, and regulation of goal-directed behav-
ior (Lezak, 2012; Lindeboom & Weinstein,
2004; Rockwood, 2002)

paired problem solving, inadequate cue-
directed behavior, apathy, loss of initiative
or conversely disinhibition and impulsivity,
and perseveration (Lindeboom & Wein-
stein, 2004; Perry & Hodges, 1999; Wein-
traub et al., 2012)
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Attention Closely related to executive function Inability to concentrate, easy distractibility,
(Lindeboom & Weinstein, 2004; Wein- and difficulties in complex tasks requiring
traub et al., 2012) effective allocation of attentional re-
Selective attention: focusing on a single Sources (e.g. dual tasks), disengagement,
relevant stimulus, while ignoring irrelevant  Or shifting of attention (Perry & Hodges,
Divided attention: sharing attention be-
tween two simultaneous stimuli (Perry
& Hodges, 1999)

Sustained attention: maintaining focus
over an extended period (Perry & Hodges,
1999)

Working Closely related to executive function Problems with memory span, digit rever-

memory (Lindeboom & Weinstein, 2004; Wein- sal, spelling, calculation, and encoding of
traub et al., 2012) lists of stimuli in selective or divided atten-
Processing system temporarily storing in-  tion tasks (Stopford et al., 2012)
formation of immediate focus, which sup-
ports human thinking by connecting per-
ception, long-term memory, and action
(Baddeley, 2003)

Visuo- Multi-faceted set of functions including ori- Problems of spatial thinking, impaired

spatial enting attention, appreciating positions of construction abilities, deficits in spatial ori-

function stimulus-objects in space, integrating ob- entation, especially in less familiar sur-

jects into a coherent spatial framework,
mental operations involving spatial con-
cepts and navigation learning (Geld-
macher, 2003; Possin, 2010)

roundings, and forgetting where personal
items have been placed (Karantzoulis &
Galvin, 2011; Kirova, Bays, & Lagalwar,
2015; Lindeboom & Weinstein, 2004;
Weintraub et al., 2012)

Impacts of cognitive impairments in dementia reflect challenges related to everyday
life and in dealing with IWD. Based on these impacts, especially impairments in
memory, language, executive function, and attention may affect investigations with
IWD. It is important to appropriately consider these impairments, particularly with re-
spect to adequate assessments and interventions.

2.1.2 Dementia and motor impairments

Compared to cognitive impairments, motor impairments are less frequently considered
associated with dementia. The ICD-10 criteria for dementia do not include indications
for motor impairments. Other diagnostic criteria mention motor impairments only for
some etiologies or with advanced severity. In AD, motor impairments, for instance, are
frequently regarded as late symptoms not affecting mild severities (McKhann et al.,
1984, Pettersson et al., 2005). However, there are several studies showing impaired
motor performance in various etiologies and even in mild dementia (Pettersson et al.,
2005).
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Generally, these studies show that IWD are characterized by poorer motor perfor-
mance compared to cognitively unimpaired older adults and individuals with mild cog-
nitive impairment (MCI) (Allan, Ballard, Burn, & Kenny, 2005; Eggermont et al., 2010;
Gras et al., 2015; Kato-Narita, Nitrini, & Radanovic, 2011; Leandri et al., 2009; Petters-
son et al., 2005; Pettersson, Engardt, & Wahlund, 2002; Suttanon et al., 2012; Tangen,
Engedal, Bergland, Moger, & Mengshoel, 2014). With respect to the severity of de-
mentia, decreasing motor performance is observed with increasing cognitive impair-
ments (Coelho et al., 2012; Leandri et al., 2009; McGough et al., 2013; Tangen et al.,
2014). Moreover, differences in motor performance between different etiologies are
reported. In detail, individuals with non-AD, perform worse than those with AD (Allan
et al., 2005; Pettersson et al., 2005). With respect to different domains of motor perfor-
mance, Table 2 summarizes available findings for balance, mobility, strength, endur-
ance, and functional performance comprising several motor domains by exemplarily

showing the results of previous cross-sectional studies.

Table 2. Summary of motor impairments in individuals with dementia observed in previous studies con-
sidering the severity and etiology of dementia

Observed motor impairments

Influence of severity and etiology of
dementia

Balance Poorer balance performance is consist- Greater balance impairments are asso-
ently reported for IWD compared to cog- ciated with lower cognitive performance
nitively unimpaired older adults and indi- (Kato-Narita et al., 2011; Leandri et al.,
viduals with MCI (Allan et al., 2005; Gras 2009; Mazoteras Mufioz et al., 2010;
et al.,, 2015; Kato-Narita et al., 2011; McGough et al., 2013; Tangen et al.,
Leandri et al., 2009; Pettersson et al., 2014).

2002; Pettersson et al., 2005; Suttanon  gajance impairments also occur in mild
etal., 2012; Tangen et al., 2014). dementia (Allan et al., 2005; Gras et al.,
2015; Leandri et al., 2009; Pettersson et
al., 2002; Tangen et al., 2014).
Individuals with non-AD show more bal-
ance impairments than individuals with
AD (Allan et al., 2005; Pettersson et al.,
2005).
Mobility Studies investigating mobility impair- Worse mobility performance and greater

ments in IWD frequently focus on spatio-
temporal gait parameters. Appropriate
findings are summarized in Chapter
2.1.3 and not considered herein.

IWD show worse mobility performance
than cognitively unimpaired older adults
and individuals with MCI (Eggermont et
al., 2010; Gras et al., 2015; Pettersson
et al., 2005).

mobility impairments, respectively are
observed in moderate compared to mild
AD (Coelho et al., 2012) and non-AD
compared to AD (Pettersson et al.,
2005).
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Strength It is concluded that muscle weakness is  No investigations identified.
common in IWD (Nakayama et al.,
2019).

No differences in functional lower-limb
strength are observed between IWD and
cognitively unimpaired older adults and
individuals with MCI. However, a high
amount of missing values may have re-
sulted in insufficient power (Eggermont
et al., 2010).

Different motor strategies for sit-to-stand
movements are reported for IWD com-
pared to cognitively unimpaired older
adults (Manckoundia, Mourey, Pfitzen-
meyer, & Papaxanthis, 2006).

Endurance 63.6 % of IWD have poor cardiorespira- No investigations identified.
tory endurance, which however is not
further specified (Arshinta, Fitriana,
Adikusuma, Rohaedi, & Putri, 2018).

No investigations comparing the endur-
ance performance of IWD and cogni-
tively unimpaired older adults/individuals
with MCI identified.

Functional No investigations identified. A statistically significant correlation be-
performance tween functional performance and
comprising global cognition reflects greater func-
several motor tional performance impairments with in-
domains creasing cognitive impairments in IWD

(McGough et al., 2013).

IWD: individuals with dementia, MCI: mild cognitive impairment

Summarizing the findings of previous studies shows that IWD are frequently affected
by motor impairments. These impairments and related declines in motor performance
exceed those observed in healthy aging. While balance and mobility impairments in
IWD are reported in several studies, information on strength, endurance, and functional

performance is rare.

2.1.3 Gait characteristics associated with dementia as an example for functional

impairments

Gait characteristics commonly change with increasing age (Jahn, Zwergal, &
Schniepp, 2010). For instance, walking speed decreases by 1 % per year from the age
of 60 (Ashton-Miller, 2005). Gait impairments exist when there is a “demonstrable gait
abnormality beyond the normal age-related slowing” (Jahn et al., 2010, p. 307). Gait
impairments are common in IWD (Annweiler et al., 2012; van lersel, Hoefsloot,
Munneke, Bloem, & Olde Rikkert, 2004) and affect more than 50 % (Allali & Verghese,
2017).
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Gait impairments in dementia is a frequently considered research topic. Appropriate
reviews and research articles, combine main findings and thus give a good overview
of the current knowledge. Typical gait impairments associated with dementia comprise
decreased walking speed, shortened stride/step length, increased double support time,
and enhanced step to step variability (Alexander & Hausdorff, 2008; Beauchet et al.,
2008; Coelho et al.,, 2012; Dorfman, Mirelman, Hausdorff, & Giladi, 2014; ljmker
& Lamoth, 2012; Scherder et al., 2007; Sheridan, Solomont, Kowall, & Hausdorff,
2003; Valkanova & Ebmeier, 2017; van lersel et al., 2004). Similar to motor impair-
ments, gait impairments in IWD are more pronounced than in cognitively unimpaired
older adults and in individuals with MCI (Amboni et al., 2013; Beauchet et al., 2008;
Dorfman et al., 2014; ljmker & Lamoth, 2012; Mc Ardle et al., 2017; Scherder et al.,
2007; Sheridan et al., 2003; Valkanova & Ebmeier, 2017; van lersel et al., 2004), and
increase with advancing severity of dementia (Allali & Verghese, 2017; Amboni et al.,
2013; Annweiler et al., 2012; Beauchet et al., 2008; Scherder et al., 2007; Valkanova
& Ebmeier, 2017; van lersel et al., 2004). Moreover, gait impairments are greater in
non-AD, especially in VD, compared to AD (Allali & Verghese, 2017; Beauchet et al.,
2018; Dorfman et al., 2014; Mc Ardle et al., 2017; Valkanova & Ebmeier, 2017; van
lersel et al., 2004). Nevertheless, Scherder et al. (2007) conclude based on the main
findings of several studies that gait impairments are present in all etiologies of demen-

tia and even affect mild severities.

Besides assessing gait in single task conditions, several studies also apply dual tasks.
Herein, they examine gait performance while participants perform an additional cogni-
tive task, such as counting backwards or naming animals (Kressig & Beauchet, 2006).
Findings on gait impairments of studies using dual tasks are comparable to those ob-
served in single task conditions. However, dual tasks enhance the sensitivity of gait
assessments. Some studies, are only able to detect gait impairments during dual task
conditions (Valkanova & Ebmeier, 2017). In line with this, gait impairments are more
pronounced than in single task conditions (Amboni et al., 2013; Valkanova & Ebmeier,
2017). Moreover, dual task costs are larger in IWD than in cognitively unimpaired older
adults and related to the severity of dementia (Amboni et al., 2013).

Aiming to get a closer insight into gait impairments of IWD, findings of individual studies
are exemplarily summarized in Table 3. Several studies investigate numerous spatio-
temporal gait parameters and compare findings in different severities and etiologies of

dementia.
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Table 3. Summary of gait impairments in individuals with dementia observed in previous studies considering the severity and etiology of dementia

Observed values of spatiotem-
poral gait parameters
(considered studies)

Observed gait impairments

Influence of severity and etiol-
ogy of dementia

Findings on gait impairments
in dual task conditions

Walking
speed

IWD: 36.0-110.9 cm/s
Cognitively  unimpaired
adults: 70.0-149.0 cm/s
MCI: 75.0-122.0 cm/s

(Allali et al., 2016; Beauchet et
al., 2018; Beauchet, Allali,
Launay, Herrmann, & Annweiler,
2013; Cadore et al., 2015; Egger-
mont et al., 2010; Gillain et al.,
2009; Gras et al., 2015; Ijmker
& Lamoth, 2012; Lamoth et al.,
2011; Maquet et al., 2010;
Merory, Wittwer, Rowe, & Web-
ster, 2007; Muir et al., 2012; Nad-
karni, Mawji, Mcllroy, & Black,
2009; Nakamura et al., 1997;
Rucco et al., 2017; Theill, Martin,
Schumacher, Bridenbaugh, &
Kressig, 2011; Visser, 1983;
Webster, Merory, & Wittwer,
2006; Wittwer, Webster, & Menz,
2010)

older

The majority of previous studies
report statistically significant
lower walking speed in IWD com-
pared to cognitively unimpaired
older adults and individuals with
MCI (except Lamoth et al., 2011,
Muir et al., 2012).

Statistically  significant  lower
walking speed is observed in
moderate compared to mild de-
mentia (Beauchet et al., 2018) or
only in moderate to severe de-
mentia compared to cognitively
unimpaired older adults, but not
in mild severities (Nakamura et
al., 1997) as well as in non-AD
compared to AD (Allali et al.,
2016) or only for non-AD com-
pared to cognitively unimpaired
older adults (Rucco et al., 2017).

With one exception (Lamoth et
al., 2011), all studies observe
statistically  significant slower
walking speed in IWD compared
to cognitively unimpaired older
adults and individuals with MCI
during dual task conditions (Gil-
lain et al, 2009; Ijmker
& Lamoth, 2012; Lamoth et al.,
2011; Muir et al., 2012; Rucco et
al., 2017; Theill et al., 2011).

Cadence and
stride/step
frequency

Different reported values
(steps/min, strides/s, Hz) are not
directly comparable and thus are
not presented.

(Gillain et al., 2009; Lamoth et
al., 2011; Merory et al.,, 2007;
Nadkarni, Mawiji et al., 2009;
Rucco et al., 2017; Visser, 1983,;
Wittwer et al., 2010)

Most studies observe no statisti-
cally significant differences for
cadence and stride/step fre-
quency (Gillain et al.,, 2009;
Lamoth et al.,, 2011; Merory et
al., 2007; Wittwer et al., 2010).

Statistically significant lower ca-
dence is reported for individuals
with non-AD compared to cogni-
tively unimpaired older adults,
but not for individuals with AD
(Rucco et al., 2017).

Cadence assessed in dual task
condition is statistically signifi-
cantly lower in IWD compared to
cognitively  unimpaired older
adults (Rucco et al., 2017).
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Stride/step
length

IWD: 49.0-119.6 cm/43.0-62.0
cm

Cognitively  unimpaired older
adults: 103.0-141.0 cm/58.4-
77.0cm

MCI: 111.3-136.0 cm/N/A

(Allali et al., 2016; Beauchet et
al., 2018; Gillain et al., 2009;
Merory et al., 2007; Nadkarni,
Mawiji et al., 2009; Nakamura et
al., 1997; Webster et al., 2006;
Wittwer et al., 2010)

With one exception (Wittwer et
al., 2010), all studies observe
statistically significant shorter
stride/step length in IWD com-
pared to cognitively unimpaired
older adults and individuals with
MCI.

Statistically  significant  lower
stride length is reported for mod-
erate compared to mild severity
of dementia (Beauchet et al.,
2018; Nakamura et al., 1997)
and non-AD compared to cogni-
tively unimpaired older adults or
individuals with AD (Allali et al.,
2016; Merory et al., 2007; Rucco
et al., 2017).

In dual task conditions, statisti-
cally significant shorter stride
length is observed for IWD com-
pared to cognitively unimpaired
older adults and individuals with
MCI (Merory et al., 2007; Rucco
et al., 2017).

Stride/step
time

IWD: 1.1-1.3 s/0.58 s

Cognitively  unimpaired
adults: 1.0-1.2 s/0.55 s

MCI: 1.1-1.2 s/N/A

(Allali et al., 2016; Beauchet et
al.,, 2018; Choi et al., 2011;
ljimker & Lamoth, 2012; Lamoth
et al., 2011; Muir et al., 2012;
Nadkarni, Mawji et al., 2009;
Rucco et al., 2017; Wittwer et al.,
2010)

older

Results are inconsistent, with
one third of considered studies
observing statistically significant
larger stride/step time in IWD
compared to cognitively unim-
paired older adults and individu-
als with MCI (Beauchet et al.,
2018; ljmker & Lamoth, 2012;
Nadkarni, Mawiji et al., 2009).

Stride time is statistically signifi-
cantly larger in moderate com-
pared to mild severity of demen-
tia (Beauchet et al., 2018) and
non-AD compared to cognitively
unimpaired older adults, but not
in AD (Rucco et al., 2017).

All but one (Lamoth et al., 2011)
studies report statistically signifi-
cant larger stride time in IWD
compared to cognitively unim-
paired older adults during dual
task conditions (Ijmker
& Lamoth, 2012; Lamoth et al.,
2011; Muir et al., 2012; Rucco et
al., 2017).

Stride/step
width

IWD: 9.2-12.3 cm

Cognitively  unimpaired
adults: 8.9-10.0 cm

MCI: 9.8-10.0 cm

(Allali et al., 2016; Beauchet et
al., 2018; Merory et al.,, 2007;
Nadkarni, Mawji et al., 2009;
Rucco et al.,, 2017; Webster et
al., 2006; Wittwer et al., 2010)

older

The majority of studies does not
observe statistically significant
differences in stride/step width
between IWD and cognitively un-
impaired older adults or individu-
als with MCI (Merory et al., 2007;
Nadkarni, Mawji et al., 2009;
Webster et al., 2006; Wittwer et
al., 2010).

Stride width is statistically signifi-
cantly larger in moderate than in
mild severity of dementia (Beau-
chet et al., 2018) and in non-AD
compared to AD (Allali et al.,
2016). In contrast, Rucco et al.
(2017) observe a statistically sig-
nificant larger stride width com-
pared to cognitively unimpaired
older adults only in AD, but not in
non-AD.

No investigations identified.




THEORETICAL FOUNDATION AND BACKGROUND

15

IWD: 0.71-0.91 s and 0.40-0.41 s

Cognitively  unimpaired older
adults: 0.52-0.76 sand 0.41 s

MCI: 0.79-0.81sand 0.42 s

(Allali et al., 2016; Beauchet et
al., 2018; Gras et al, 2015;
Rucco et al., 2017)

Half of the considered studies re-
port statistically significant higher
stance time and/or lower swing
time in IWD compared to cogni-
tively unimpaired older adults
and individuals with MCI (Beau-
chet et al.,, 2018; Gras et al.,
2015).

Besides statistically significant
higher stance time compared to
cognitively  unimpaired older
adults in individuals with non-AD,
but not in individuals with AD
(Rucco et al.,, 2017), no differ-
ences with respect to severity
and etiology of dementia are ob-
served for stance and swing time
(Allali et al., 2016; Beauchet et
al., 2018; Rucco et al., 2017).

No investigations identified.

Stance and
swing time
Double and
single
support
(time/percent
of cycle)

IWD: 0.35-0.51 s/18.8-24.2 %
and 0.40-0.41 s/N/A

Cognitively  unimpaired older
adults: 0.21-0.35 s/11.0-24.7 %
and 0.41 s/N/A

MCI: 0.37-0.38 s/N/A and 0.42
s/N/A

(Allali et al., 2016; Beauchet et
al.,, 2018; Merory et al., 2007;
Nadkarni, Mawiji et al., 2009;
Nakamura et al., 1997; Rucco et
al., 2017; Visser, 1983; Wittwer
et al., 2010)

With single exceptions (Wittwer
et al., 2010) statistically signifi-
cant higher double support and
lower single support values are
reported for IWD compared to
cognitively  unimpaired older
adults and individuals with MCI.

Statistically significant smaller
double support times are shown
for mild compared to moderate
dementia and in moderate to se-
vere dementia compared to cog-
nitively unimpaired older adults,
while findings comparing mild de-
mentia and cognitively unim-
paired older adults are incon-
sistent and no differences are re-
ported for single support time
(Beauchet et al., 2018; Naka-
mura et al., 1997). No differences
with respect to etiologies are ob-
served (Allali et al., 2016; Merory
et al., 2007; Rucco et al., 2017).

No investigations identified.

IWD: individuals with dementia, MCI: mild cognitive impairment, N/A: not available
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Besides spatiotemporal gait parameters, step-to-step variability is frequently examined
in previous studies (Allali et al., 2016; Beauchet et al., 2013; Beauchet et al., 2018;
Choi et al., 2011; Ijmker & Lamoth, 2012; Lamoth et al., 2011; Muir et al., 2012; Naka-
mura et al., 1997; Rucco et al., 2017; Visser, 1983; Webster et al., 2006; Wittwer et al.,
2010). Large heterogeneity of assessed parameters exists and variability differs de-
pendent on assessed parameters. Inconsistent findings between studies compromise
drawing conclusions. For walking/stride speed, stride length, and stride/step time pre-
vious studies predominately report statistically significant higher variability in IWD com-
pared to cognitively unimpaired older adults (Beauchet et al., 2013; Beauchet et al.,
2018; Choi et al., 2011; ljmker & Lamoth, 2012; Nakamura et al., 1997; Webster et al.,
2006; Wittwer et al., 2010).

Based on previous studies gait impairments including reduced walking speed, short-
ened stride/step length, enhanced stance time, and increased double support can be
assumed in IWD. Findings on other gait parameters are inconsistent. Moreover, avail-
able studies do not allow profound conclusions on the influence of severity and etiology
of dementia, as most focus on AD and do not distinguish between different severities
of dementia. Nevertheless, there are some indications for increased gait impairments
in advanced severities of dementia and non-AD. These findings are in line with those

reported in previous reviews (Mc Ardle et al., 2017; van lersel et al., 2004).

2.2 Understanding gait impairments in individuals with dementia

Often, gait is considered primarily as an “automated, over-learned, rhythmic motor
task” (Hausdorff, Yogev, Springer, Simon, & Giladi, 2005, p. 541). However, several
investigations show the importance of cognitive function in gait (Dorfman et al., 2014;
R. Morris, Lord, Bunce, Burn, & Rochester, 2016). More detailed, gait involves axial
musculature, balance, and movements of bilateral upper and lower extremities, but
also cognitive control of these motor processes, as well as the incorporation of sensory
feedback (J. A. Cohen, Verghese, & Zwerling, 2016). Accordingly, gait is a complex
non-linear process, which requires input from the cerebellum, the motor cortex, the
basal ganglia, as well as visual, vestibular, and proprioceptive feedback (Hausdorff,
2007).

This chapter considers gait and gait impairments in the context of different causes,
relations, and influences. At first, gait impairments and underlying structural changes
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in the brain are briefly discussed. Afterward, knowledge about relations between cog-
nitive and gait performance in IWD are summarized. Finally, motor performance and

its influence on gait are regarded.
2.2.1 Gait performance and brain changes in individuals with dementia

There are various pathologic processes in the brain associated with dementia and gait
impairments such as ischemia, inflammation, neurodegeneration, and cerebral white
matter hyperintensities (Parihar et al., 2013; Rosano et al., 2005; Valkanova & Eb-
meier, 2017). Cortical regions like temporal and frontal lobes comprising primary motor
areas and the hippocampus, frontal subcortical circuits encompassing basal ganglia,
and the cerebellum are affected by such pathologic processes. These brain structures
are involved in movement planning, initiation, processing of information, and gait con-
trol (Annweiler et al., 2012; Beauchet et al., 2008; Beauchet, Launay, Sekhon, Mon-
tembeault, & Allali, 2019; Parihar et al., 2013). There seems to be a linked alteration
between structural changes and gait impairments (Alexander & Hausdorff, 2008; Mc
Ardle et al., 2017). Recent reviews give a comprehensive overview of relations be-
tween pathologic processes and gait impairments in cognitively unimpaired older
adults and IWD (see Annweiler et al., 2012; Tian et al., 2017; Valkanova & Ebmeier,
2017). Nevertheless, studies with IWD are rare and most of them focus on individuals
with AD. Thus, only isolated findings of previous investigations can be presented.
These include relations between increased gait impairments and lower cerebral blood
flow in prefrontal cortex and basal ganglia (Nakamura et al., 1997), statistically nonsig-
nificant trends for a negative association between hippocampal volume and stride time
variability (Beauchet et al., 2019), and statistically significant correlations between
overall white matter hyperintensities and stride length/walking speed (Nadkarni, Mcll-
roy, Mawiji, & Black, 2009).

Despite these rare findings, causal relations between structural brain changes and gait
impairments in IWD can be assumed based on several theoretical indications pre-
sented above. Additionally, these brain changes do not only induce gait impairments
but also cognitive impairments, which might explain associations between gait and
cognitive performance in IWD (Alexander & Hausdorff, 2008; Ferrer, 2010; Mc Ardle
et al., 2017; Nelson et al., 2012).



THEORETICAL FOUNDATION AND BACKGROUND 18

2.2.2 Gait and cognitive performance in individuals with dementia

A close connection between gait and cognitive performance is postulated (Scherder et
al., 2007). Such associations exist in cognitively unimpaired older adults and IWD (Al-
exander & Hausdorff, 2008). Moreover, it is suggested that gait impairments in IWD
may be a specific sign of disease-related cognitive decline (Annweiler et al., 2012;
Beauchet et al., 2008). Based on the consequences and high prevalence of gait im-
pairments and cognitive decline in older adults and IWD, research focusing on relations
between gait and cognition has gained increasing attention in the last decade (Amboni
et al., 2013).

Focusing on IWD, relations between gait performance and several cognitive functions
are observed, especially for executive function, attention, and working memory (Allali
et al., 2016; Amboni et al., 2013; Montero-Odasso, Verghese, Beauchet, & Hausdorff,
2012; R. Morris et al., 2016; Valkanova & Ebmeier, 2017). In line with this, there is
evidence that safe and effective gait requires high-level cognitive input involving exec-
utive function, attention, and memory (Hausdorff et al., 2005; Scherder et al., 2007,
Valkanova & Ebmeier, 2017; Yogev-Seligmann, Hausdorff, & Giladi, 2008). Table 4
exemplarily summarizes, substantial findings of previous studies investigating associ-

ations between gait and cognitive performance in IWD.

Table 4. Summary of relations between gait and cognitive performance in individuals with dementia
observed in previous studies

Relation between gait and cognitive
performance in single task conditions

Relation between gait and cognitive
performance in dual task conditions

Global Moderate to high statistically significant Moderate to high statistically significant
cognition correlations of global cognition with walk- correlations of global cognition with walk-
ing speed, cadence, step length, stride ing speed and changes in stride-to-stride
time, and stride time variability are ob- variability between single and dual task,
served in IWD (Bruce-Keller, Brouillette, but not with stride length and cadence are
Tudor-Locke, Foil, Gahan, Nye et al., reported in IWD for dual task conditions
2012; ljmker & Lamoth, 2012; Lamoth et (Bruce-Keller, Brouillette, Tudor-Locke,
al., 2011). Foil, Gahan, Correa et al., 2012; Sheridan
et al., 2003).
Executive  Moderate statistically significant correla- Moderate to high statistically significant
function tions of executive function with cadence correlations of executive function with

and step length, inconsistent findings for
walking speed, and no correlations with
stride time and stride time variability are
shown in IWD (Bruce-Keller, Brouillette,
Tudor-Locke, Foil, Gahan, Nye et al,
2012; Lamoth et al., 2011).

walking speed, stride speed, cadence,
and changes in stride-to-stride variability
between single and dual task, but not with
stride length are observed in IWD for dual
task conditions (Bruce-Keller, Brouillette,
Tudor-Locke, Foil, Gahan, Correa et al.,
2012; Coelho et al., 2012).
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Attention

No correlations of attention with gait per-
formance in a sample of IWD and cogni-
tively unimpaired older adults are reported
(ljmker & Lamoth, 2012).

No investigations identified.

Working
memory

No correlations with gait performance are
shown in a sample of IWD and cognitively
unimpaired older adults (ljmker & Lamoth,
2012).

No investigations identified.

Memory

No correlations of memory with walking
speed, stride time, and stride time varia-
bility are observed in IWD (Lamoth et al.,
2011).

No investigations identified.

Verbal
fluency

Moderate to high statistically significant
correlations of verbal fluency with walking
speed, cadence, step length, stride time,
and stride time variability are reported in
IWD (Bruce-Keller, Brouillette, Tudor-
Locke, Foil, Gahan, Nye et al.,, 2012;
ljmker & Lamoth, 2012; Lamoth et al.,
2011).

Moderate statistically significant correla-
tions of verbal fluency with changes in
stride-to-stride variability between single
and dual task, but no correlation with spa-
tiotemporal gait parameters are shown in
IWD for dual task conditions (Bruce-Kel-
ler, Brouillette, Tudor-Locke, Foil, Gahan,
Correa et al., 2012; Sheridan et al., 2003).

IWD: individuals with dementia

Summarizing these findings, previous studies show statistically significant associations
between lower gait performance and decreased cognitive performance in global cog-
nition, executive function, and verbal fluency. Moreover, reviews and overview article
strongly indicate that gait performance in IWD is related to attention and working
memory. In contrast, the examination of exemplary studies does not support this as-
sociations. However, only one study focusing on these two cognitive domains was
identified, which includes IWD and cognitively unimpaired older adults. This may not
reflect actual associations. Moreover, no correlations with memory are observed, but

again only one study was considered.
2.2.3 Gait and motor performance in individuals with dementia

Besides cognition, sensory and motor systems are important for safe and effective gait
(Callisaya et al., 2009). Associations between impaired gait performance, e.g. slower
walking speed or reduced step length, and motor performance, e.g. strength, balance,
or reaction time, have been suggested in cognitively unimpaired older adults and IWD
(Alexander, 1996; Bruce-Keller, Brouillette, Tudor-Locke, Foil, Gahan, Nye et al., 2012;
Callisaya et al., 2009; J. A. Cohen et al., 2016; Suzuki et al., 2012; Tiedemann, Sher-
rington, & Lord, 2005). In both populations, a decrease in motor performance is com-
mon and may contribute to gait impairments (Callisaya et al., 2009; J. A. Cohen et al.,

2016; Tiedemann et al., 2005). This chapter exemplarily presents studies examining
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the relationship between gait and motor performance (see Table 5). As research in
IWD primarily focuses on cognitive influences, it starts with findings of older adults to

build a fundamental basis, which is supplement by specific results in IWD.

Table 5. Summary of relations between gait and motor performance in cognitively unimpaired older
adults and individuals with dementia observed in previous studies

Motor Relations between gait and motor performance
domain
Strength Better quadriceps strength is a predictor of faster walking speed and reduced

double support phase (only in women), and moreover is associated with
higher step length, faster cadence, and gait variability measures (Callisaya
et al., 2009; Callisaya, Blizzard, McGinley, Schmidt, & Srikanth, 2010).

Balance Better postural sway is a predictor of faster walking speed (only in men) and
reduced double support phase, and moreover is associated with higher step
length, smaller step width, and gait variability measures (Callisaya et al.,
2009; Callisaya et al., 2010).

Cognitively unimpaired older
adults

Reaction Better reaction time is a predictor of faster walking speed and reduced double

time support phase, and moreover is associated with higher step length, faster
cadence, and gait variability measures (Callisaya et al., 2009; Callisaya et
al., 2010).

Strength Knee extension strength is a statistically significant predictor of gait perfor-

8 mance (Suzuki et al., 2009; Suzuki et al., 2012). Moreover, statistically sig-
S nificant correlations between knee extension strength and independence
GE) level of gait are observed (Nakayama et al., 2019).

o » . .

< Balance Positive associations between walking speed/cadence and balance are re-
= ported, while associations between double support phase/stride length vari-
% ability/stride time variability and balance are negative (McGough et al., 2013).
,'5 Functional Positive associations between walking speed/cadence and functional perfor-
% perfor- mance (including balance, mobility, and strength) are reported, while associ-
£ mance ations between double support phase/stride length variability/stride time var-

iability and functional performance are negative (McGough et al., 2013).

Studies investigating cognitively unimpaired older adults and IWD show similar find-
ings. With respect to motor performance, especially lower limb strength and balance
performance seem to be related to gait performance. Consistently, associations differ
depending on the gait parameter considered. In line with this, Alexander (1996) sug-
gests that changes related to musculoskeletal function, e.g. strength, potentially limit
gait parameters determined by energy expenditure, such as walking speed or
stride/step length, while balance deteriorations rather may affect postural gait param-

eters like double support time.



THEORETICAL FOUNDATION AND BACKGROUND 21

Summary
Theoretical foundation for establishing a high-quality methodological approach

- Cognitive impairments especially in memory, language, executive function, and
attention, as well as motor impairments in balance, mobility, and strength, fre-
quently occur in IWD and need to be considered when selecting motor assess-
ments and developing physical interventions specifically tailored to IWD.

- Established using the example gait, there is a close relationship between motor
and cognitive performance in IWD. In general, safe and effective gait requires
higher cognitive input and is dependent on several motor functions. Moreover,
associations between gait and cognitive performance support the application of
combined physical activity and cognitive interventions.

Theoretical foundation for performing a high-quality RCT investigating the effective-
ness of physical activity on motor performance in IWD

- In IWD, impairments in balance, mobility, and strength occur, which can poten-
tially be influenced by physical activity.

Theoretical foundation for performing a high-quality RCT investigating the effective-
ness of physical activity on gait performance, characteristics of responders, and im-
pacts of changes in underlying motor and cognitive performance on changes in gait
performance

- Reduced walking speed, shortened stride/step length, enhanced stance time,
and increased double support are characteristic gait impairments in IWD. Incon-
sistent findings are available for stride/step time. These spatiotemporal gait pa-
rameters may be sensitive to physical activity.

- There are several differences in cognitive, motor, and gait performance between
individuals with varying severities and etiologies of dementia. With advancing
cognitive impairments, cognitive, motor, and gait performance decreases in IWD.
Furthermore, cognitive impairments differ related to underlying pathophysiology.
Additionally, greater motor and gait impairments are reported for individuals with
non-AD compared to individuals with AD. These differences associated with the
severity and etiology of dementia potentially influence the effectiveness of phys-
ical activity.

- Several associations of spatiotemporal gait parameters with cognitive and motor
performance are reported in IWD. Based on theoretical considerations and em-
pirical findings these include executive function, attention, and working memory,
as well as strength, balance, and functional performance. Thus, changes in these
cognitive and motor functions may contribute to explain intervention-induced
changes in gait performance.
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3 Current state of research

Physical activity is discussed as an important therapeutic strategy for dementia
(Ahlskog, Geda, Graff-Radford, & Petersen, 2011). There are various studies and re-
views investigating the effectiveness of physical activity on motor and cognitive perfor-
mance in IWD (e.g. Blankevoort et al., 2010; Bossers et al., 2015; Brett et al., 2016;
Groot et al., 2016; Schwenk, Dutzi et al., 2014). This chapter aims to summarize the
current state of research focusing on motor performance in general and specifically on
gait as functional performance related to motor and cognitive performance, frequently
impaired in IWD. It is based on two systematic searches supplemented by findings of
recent reviews (2010 or later). The first search was performed to identify RCT investi-
gating the effectiveness of physical activity on motor performance in IWD?. The second
search focuses on studies examining the effectiveness of physical activity on spatio-
temporal gait parameters?. Since the number of RCT is limited in this field of research
the second search includes studies of all designs applying inferential statistics. Subse-
quently, a short summary of the effectiveness of physical activity on cognitive perfor-
mance in IWD is given. This summary only considers the findings of recent reviews.
Finally, Chapter 3 ceases with an overview discussing the limitations of previous stud-

ies, which are important to consider when concluding on evidence.

3.1 Effectiveness of physical activity on motor performance in individuals with

dementia

The current state of research on the effectiveness of physical activity on motor perfor-
mance is based on 46 RCT and eight recent reviews. RCT assess the effects of differ-
ent physical activity interventions on balance, mobility, strength, endurance, flexibility,
and functional performance, while recent reviews summarize findings of previous in-

vestigations.

2 The first systematic search was performed for manuscript Il (Trautwein, Maurus, Barisch-Fritz, Hadzic,
and Woll (2019)). Further details are given in chapter 5.2. This systematic review does not consider the
effectiveness of physical activity on motor performance, but focuses on motor assessments applied in
RCT investigating effectiveness of physical activity. Accordingly, RCT were identified to summarize ap-
plied motor assessments.

3 The second systematic search belongs to a systematic review assessing the effectiveness of physical
activity on spatiotemporal gait parameters in IWD (Trautwein, Hadzic, Barisch-Fritz, Maurus, and Woll
(in prep.)). Further details are provided at the International Prospective Register of Systematic Reviews
(registration number: CRD42018106370).
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Seven recent reviews conclude that physical activity generally has positive effects on
motor performance in IWD (Blankevoort et al., 2010; Brett et al., 2016; Hernandez et
al., 2015; Lam, Huang et al., 2018; Pitkala, Savikko, Pdysti, Strandberg, & Laakkonen,
2013; Potter, Ellard, Rees, & Thorogood, 2011; Suttanon et al., 2010). However, sta-
tistically significant positive effects are not found for all motor domains and are depend-
ent on applied interventions (Blankevoort et al., 2010; Brett et al., 2016; Lam, Huang
et al., 2018; Pitkala, Savikko et al., 2013; Potter et al., 2011; Suttanon et al., 2010).
Accordingly, derived evidence is not rated consistently throughout recent reviews,
ranging from limited (Suttanon et al., 2010) to some (Potter et al., 2011) and low to

moderate grade of evidence (Pitkala, Savikko et al., 2013), respectively.

As the effectiveness of physical activity in IWD mostly seems to be depending on the
motor domain and applied interventions, these two aspects are taken into account
more detailed. Therefore, findings of identified RCT and recent reviews are summa-

rized.
3.1.1 Balance

Balance is examined in 27 RCT using different balance assessments. For static bal-
ance, seven of ten RCT observe statistically significant improvements with small to
large effect sizes (Arcoverde et al., 2014; Bossers et al., 2015; Burgener, Yang, Gilbert,
& Marsh-Yant, 2008; Kampragkou, lakovidis, Kampragkou, & Kellis, 2017; Miu, Szeto,
& Mak, 2008; Suttanon et al., 2013; Vreugdenhil, Cannell, Davies, & Razay, 2012 vs.
Netz, Axelrad, & Argov, 2007; Rolland et al., 2007; Wesson et al., 2013). Moreover,
statistically significant improvements are found in four of five RCT assessing postural
sway (Schwenk, Dutzi et al., 2014; Toulotte, Fabre, Dangremont, Lensel, & Thévenon,
2003; Wiloth, Werner, Lemke, Bauer, & Hauer, 2018; Yoon et al., 2013 vs. Suttanon
et al., 2013) and in thirteen of sixteen RCT applying balance scales reaching medium
to large effect sizes (Arcoverde et al., 2014; Christofoletti et al., 2008; Dawson, Judge,
& Gerhart, 2019; Francese, Sorrell, & Butler, 1997; Hauer et al., 2012; Hauer et al.,
2017; M.-J. Kim et al., 2016; Kovacs, Sztruhar Jonasné, Karoczi, Korpos, & Gondos,
2013; Padala et al., 2017; Santana-Sosa, Barriopedro, LOpez-Mojares, Pérez, & Lucia,
2008; Telenius, Engedal, & Bergland, 2015a; Toots et al., 2017; Yoon et al., 2013 vs.
Burgener et al., 2008; Lam, Liao, Kwok, & Pang, 2018; Padala et al., 2012). In contrast,
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only one RCT examining dynamic balance reports statistically significant improve-
ments (Bossers et al., 2015), while two others do not (Suttanon et al., 2013; Wesson
et al., 2013).

In line with findings observed in individual RCT, six of seven recent reviews report
positive effects on balance (Blankevoort et al., 2010; Brett et al., 2016; Hernandez et
al., 2015; Lam, Huang et al., 2018; Potter et al., 2011; Suttanon et al., 2010 vs.
Littbrand, Stenvall, & Rosendahl, 2011). More detailed, their estimations range from
potential improvements (Hernandez et al., 2015) through limited evidence (Potter et
al., 2011) to strong evidence (Lam, Huang et al., 2018), while pooled effect sizes of
1.08, [0.31 to 3.79] (large effect; Blankevoort et al., 2010) and effect sizes ranging
between 0.07, [-0.62 to 0.76] (no effect) and 3.29, [2.17 to 4.41] (large effect; Suttanon
et al., 2010) are reported. With predominately moderate to large effect sizes, there are
indications that the effects of physical activity on balance and mobility are greater than

on other motor domains (Suttanon et al., 2010).

Based on observations in RCT and recent reviews, it can be concluded that physical
activity has a positive effect on balance. This especially applies for balance assessed
with balance scales, but also for static balance and postural sway. Conclusions on the
effects on dynamic balance cannot be drawn, as only a few RCT with inconsistent
results are available and recent reviews do not distinguish between different balance

abilities.
3.1.2 Mobility

The effectiveness of physical activity on mobility is assessed in 31 RCT. A detailed
consideration of spatiotemporal gait parameters, often assigned to mobility, is provided
in Chapter 3.2. Accordingly, appropriate results are not more closely considered in this
section but are taken into account for overall conclusions. Regarding get up and go
tasks, results are inconsistent. Nearly half of identified RCT observe statistically signif-
icant improvements with small to large effect sizes (Arcoverde et al., 2014; Cancela,
Ayan, Varela, & Seijo, 2016; Hauer et al., 2012; Kampragkou et al., 2017; Kovacs et
al., 2013; Santana-Sosa et al., 2008; Toulotte et al., 2003; Vreugdenhil et al., 2012),
while the remaining ones report no effects (Aguiar, Monteiro, Feres, Gomes, & Melo,
2014; Bossers et al., 2015; Christofoletti et al., 2008; Lam, Liao et al., 2018; Netz et
al., 2007; Padala et al., 2012; Rolland et al., 2007; Sobol et al., 2016; Suttanon et al.,

2013; Yoon et al., 2013). Similarly, inconsistent results are reported for spatiotemporal
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gait parameters (see Chapter 3.2) and mobility index scores (Roach, Tappen, Kirk-
Sanchez, Williams, & Loewenstein, 2011 vs. Pomeroy et al., 1999; Roach et al., 2011,
Schwenk, Dutzi et al., 2014).

Compared to individual RCT, findings of recent reviews are more consistent, with six
of seven reviews showing improvements in mobility (Blankevoort et al., 2010; Brett et
al., 2016; Lam, Huang et al., 2018; Pitkala, Savikko et al., 2013; Potter et al., 2011,
Suttanon et al., 2010) and one reporting inconsistent results (Littbrand et al., 2011).
Based on these findings, recent reviews conclude on limited (Littbrand et al., 2011),
moderate (Pitkald, Savikko et al., 2013), and strong evidence (Lam, Huang et al.,
2018). Small pooled effect sizes (0.28, [-0.25 to 2.37]; Blankevoort et al., 2010) and no
(0.00, [-0.36 to 0.36]) to large effects (1.85, [0.97 to 2.73]; Suttanon et al., 2010), re-
spectively, are reported. With predominately moderate to large effect sizes, effects of
physical activity on balance and mobility are greater than on other motor domains (Sut-
tanon et al., 2010).

Overall, inconsistency in RCT does not allow drawing clear conclusions on the effec-
tiveness of physical activity on mobility in IWD. Nevertheless, recent reviews clearly
support effectiveness and several previous RCT also suggest potential effectiveness.

3.1.3 Strength

Aiming to examine the effects of physical activity on strength, 16 RCT apply different
strength assessments. For simple sit-to-stand (STS) assessments, eight RCT report
statistically significant improvements with small to large effect sizes (Arcoverde et al.,
2014, Bossers et al., 2015; Dawson et al., 2019; Hauer et al., 2012; Hauer et al., 2017,
Santana-Sosa et al., 2008; Schwenk, Dutzi et al., 2014; Vreugdenhil et al., 2012), while
five observe no effects (Lam, Liao et al., 2018; Netz et al., 2007; Sobol et al., 2016;
Suttanon et al., 2013; Telenius et al., 2015a). Comparably, qualitative ratings of STS
performance show statistically significant improvements with large effect sizes (Werner
et al., 2017), while results of technical examinations are inconsistent (Hauer et al.,
2017; Werner et al., 2017 vs. Suttanon et al., 2013). Moreover, all RCT assessing
lower-limb strength with dynamometers or fithess machines observe statistically sig-
nificant improvements with medium to large effect sizes (Bossers et al., 2015; Hauer
et al., 2012; Schwenk, Dutzi et al., 2014). Additionally, statistically significant effects
are shown for other strength assessments (Francese et al., 1997; Hauer et al., 2012;

Santana-Sosa et al., 2008), which however are just applied in one RCT in each case.
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In contrast, results concerning handgrip strength are inconsistent with one RCT report-
ing statistically significant improvements (M.-J. Kim et al., 2016) and two showing no
effects (Hauer et al., 2012; Schwenk, Dutzi et al., 2014).

Similar to previous RCT, five of five reviews report positive effects of physical activity
on strength (Blankevoort et al., 2010; Herndndez et al., 2015; Lam, Huang et al., 2018;
Potter et al., 2011; Suttanon et al., 2010). Most focus on lower-limb strength, but one
also takes upper-limb strength into account (Suttanon et al., 2010). Despite these con-
sistent findings, derived conclusions are different and range from potential improve-
ments (Hernandez et al., 2015) to strong evidence (Lam, Huang et al., 2018). For
lower-limb strength, a pooled effect size of 0.85, [-0.04 to 3.14] (large effect) is reported
(Blankevoort et al., 2010).

Apart from handgrip strength, the majority of RCT and all recent reviews report positive
effects of physical activity on different strength outcomes. Accordingly, it can be con-

cluded that physical activity is effective in improving lower limb strength in IWD.
3.1.4 Endurance

Endurance is assessed in eleven RCT. Those applying 6-minute walk test (6min WT)
or 2-min step tests mainly report statistically significant improvements (Bossers et al.,
2015; Miu et al., 2008; Santana-Sosa et al., 2008; Tappen, Roach, Applegate, & Stow-
ell, 2000; Venturelli, Scarsini, & Schena, 2011 vs. Roach et al., 2011), while RCT uti-
lizing other versions of simple walk tests (WT) observe no effects (Cott, Dawson,
Sidani, & Wells, 2002; Pomeroy et al., 1999; Sobol et al., 2016). Moreover, a 3-speed
walking test (Pedrinolla et al., 2018) and cycle ergometer tests (M.-J. Kim et al., 2016;

Sobol et al., 2016) show statistically significant improvements of endurance.

Comparably to RCT, three of three reviews observe positive effects of physical activity
on endurance (Blankevoort et al., 2010; Hernandez et al., 2015; Lam, Huang et al.,
2018) and one reports large effect sizes (1.08, [0.31 to 3.79]; Blankevoort et al., 2010).
Again, derived conclusions range from potential improvements (Hernandez et al.,

2015) to strong evidence (Lam, Huang et al., 2018).

With some exceptions, previous RCT and recent reviews observe statistically signifi-
cant improvements in endurance outcomes. Accordingly, it can be concluded that

physical activity has positive effects on endurance.
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3.1.5 Flexibility

The effectiveness of physical activity on flexibility is rarely assessed in previous RCT
and recent reviews. Two RCT (Santana-Sosa et al., 2008; Toulotte et al., 2003) and
four of four reviews (Hernandez et al., 2015; Lam, Huang et al., 2018; Potter et al.,
2011; Suttanon et al., 2010) observe statistically significant improvements with large
effect sizes for lower- and upper-limb flexibility. Based on these few RCT and recent
reviews no reliable conclusions are possible. In line with this, the evidence seems to
be small, as reviews conclude on potential improvements (Hernandez et al., 2015) and
weak evidence (Lam, Huang et al., 2018). The reported positive effects nevertheless

indicate that physical activity may be effective in improving flexibility in IWD.
3.1.6 Functional performance

Besides taking into account single motor domains, previous RCT also consider func-
tional performance combing different motor domains or focusing on performance-
based ADL. One RCT observes statistically significant improvements in the Short
Physical Performance Battery (SPPB) (Hauer et al., 2017), while two found no effects
(Pitkald, Poysti et al., 2013; Souto Barreto et al., 2017). With respect to performance-
based ADL, one RCT shows statistically significant improvements (Bossers et al.,
2016) and another one reports no effects (Henskens, Nauta, Drost, & Scherder, 2018).
For all other functional performance measures no effects are observed (Steinberg, Le-
outsakos, Podewils, & Lyketsos, 2009; Suttanon et al., 2013; Wesson et al., 2013).
Comparable outcomes are not considered in recent reviews. Based on these incon-
sistent results, no clear conclusions towards the effectiveness of physical activity on

functional performance in IWD are possible.

3.1.7 Effectiveness of physical activity on motor performance in relation to applied

physical activity interventions

Based on the expected influences of applied interventions, the effectiveness of physi-
cal activity on motor performance is considered in relation to the type and duration of
different exercise programs utilized in previous RCT supplemented by appropriate con-
clusions of recent reviews. Therefore, Table 6 groups previous RCT in those reporting
positive effects and those showing no effects for different interventions and motor out-

comes.
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Table 6. Effectiveness of physical activity on different motor domains in relation to applied interventions grouping previous randomized controlled trials in those
reporting positive effects and those showing no effects

Number of studies showing positive/no
effects of multimodal exercise on motor
performance

Number of studies showing positive/no
effects of aerobic exercise on motor
performance

Number of studies showing positive/no
effects of other exercises on motor
performance

Balance

Positive effects: 12 (Bossers et al., 2015;
Christofoletti et al., 2008; Dawson et al.,
2019; Hauer et al., 2012; Hauer et al., 2017;
Kovacs et al.,, 2013; Santana-Sosa et al.,
2008; Schwenk, Dutzi et al., 2014; Telenius
et al., 2015a; Toots et al., 2016; Toulotte et
al., 2003; Vreugdenhil et al., 2012)

No effects: 4 (Netz et al., 2007; Rolland et al.,
2007; Suttanon et al., 2013; Wesson et al.,
2013)

Positive effects: 5 (Arcoverde et al., 2014;
Kampragkou et al., 2017; M.-J. Kim et al.,
2016; Miu et al., 2008; Yoon et al., 2013)

No effects: 1 (Bossers et al., 2015)

Positive effects: 1 (Wiloth et al., 2018)

- Balance training

Positive effects: 1 (Padala et al., 2017)

No effects: 1 (Padala et al., 2012)

- Wii-Fit intervention

Inconsistent effects: 1 (Burgener et al., 2008)
- Taiji

No effects: 1 (Lam, Liao et al., 2018)

- Whole body vibration training

Mobility

Positive effects: 11 (Dawson et al., 2019;
Hauer et al., 2012; Kemoun et al., 2010; Ko-
vacs et al., 2013; Roach et al., 2011; Rolland
et al., 2007; Santana-Sosa et al., 2008;
Schwenk, Zieschang et al., 2014; Schwenk,
Zieschang, Oster, & Hauer, 2010; Toulotte et
al., 2003; Vreugdenhil et al., 2012)

No effects: 12 (Aguiar et al., 2014; Bossers
et al., 2015; Christofoletti et al., 2008; Hauer
et al., 2017; Netz et al., 2007; Pedrinolla et
al., 2018; Schwenk, Dutzi et al., 2014; Souto
Barreto et al., 2017; Steinberg et al., 2009;
Suttanon et al., 2013; Telenius et al., 2015a;
Toots et al., 2017)

Positive effects: 3 (Arcoverde et al., 2014;
Cancela et al.,, 2016; Kampragkou et al.,
2017)

No effects: 3 (Bossers et al., 2015; Sobol et
al., 2016; Yoon et al., 2013)

No effects: 1 (Padala et al., 2012)
- Wii-Fit intervention

No effects: 1 (Lam, Liao et al., 2018)
- Whole body vibration training

No effects: 1 (Pomeroy et al., 1999)
- Two-weeks individual physiotherapy

Strength

Positive effects: 8 (Bossers et al., 2015;
Dawson et al., 2019; Hauer et al., 2012;
Hauer et al.,, 2017; Santana-Sosa et al.,
2008; Schwenk, Dutzi et al., 2014; Vreug-
denhil et al., 2012; Werner et al., 2017)

No effects: 3 (Netz et al., 2007; Suttanon et
al., 2013; Telenius et al., 2015a)

Positive effects: 2 (Arcoverde et al., 2014;
M.-J. Kim et al., 2016)

No Effects: 2 (Bossers et al., 2015; Sobol et
al., 2016)

No effects: 1 (Lam, Liao et al., 2018)
- Whole body vibration training
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Endurance Positive effects: Bossers et al., 2015; Ped-
rinolla et al.,, 2018; Santana-Sosa et al.,
2008; Venturelli et al., 2011

No effects: 1 (Roach et al., 2011)

Positive effects: 5 (Bossers et al., 2015; M.-
J. Kim et al., 2016; Miu et al., 2008; Sobol et
al., 2016; Tappen et al., 2000)

No effects: 1 (Cott et al., 2002)

No effects: 1 (Pomeroy et al., 1999)
- Two-weeks individual physiotherapy

Flexibility Positive effects: 2 (Santana-Sosa et al., Not applied Not applied
2008; Toulotte et al., 2003)
Functional Positive effects: 2 (Bossers et al.,, 2016; Positive effects: 1 (Bossers et al., 2016, Not applied

performance  Hauer et al.,, 2017)

No effects: 6 (Henskens et al., 2018; Pitkala,
Pdysti et al., 2013; Souto Barreto et al., 2017;
Steinberg et al., 2009; Suttanon et al., 2013;
Wesson et al., 2013)

smaller than the effects of multimodal exer-
cise)
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Comparing the number of RCT reporting positive effects with those showing no effects,
findings for different physical activity interventions often do not allow clear assump-
tions. Overall, most RCT apply multimodal exercise including at least two components
of balance, strength, endurance, walking, functional training, coordination, and flexibil-
ity. Interventions focusing on other exercises are rarely investigated which hampers
drawing conclusions on the type of physical activity. Multimodal exercise seems to be
effective for all motor domains, with some restrictions for mobility. Similarly, most RCT
applying aerobic exercise report positive effects for balance, endurance, and functional
performance, while only potential effectiveness for mobility and strength can be as-
sumed, due to inconsistent findings. In contrast, other types of exercise are less effec-
tive in enhancing different motor outcomes, with exceptions for balance training im-
proving balance. However, such interventions are rarely applied and some types of
interventions such as single-component strength training are not included in identified
RCT. Furthermore, conclusions regarding the duration of physical activity can only be
drawn for mobility, as no clear associations are observed for other motor domains.
Considering mobility, physical activity interventions need to comprise at least twelve
weeks, as no positive effects are reported in shorter interventions (Bossers et al., 2015;
Hauer et al., 2017; Lam, Liao et al., 2018; Padala et al., 2012; Pomeroy et al., 1999).

Findings towards applied interventions and effects observed in previous RCT are in
line with conclusions of recent reviews. With respect to the type of physical activity,
recent reviews support two hypotheses:

1. Multimodal interventions (e.g. a combination of endurance, strength, and bal-
ance) seem to be more effective than single-component ones (Blankevoort et
al., 2010; Brett et al., 2016; Hernandez et al., 2015; Lam, Huang et al., 2018;
Pitkala, Savikko et al., 2013)

2. Interventions are beneficial when they are targeted on and include components
related to the outcome measure (Blankevoort et al., 2010; Brett et al., 2016;
Lam, Huang et al., 2018; Littbrand et al., 2011)

Additionally, appropriate intensity and duration seem to be important. Pitkala, Savikko
et al. (2013) conclude that both, intensive and long-term physical activity interventions
may improve motor performance. In line with this, two other reviews observe that in-
terventions with higher intensity or larger training volumes are more effective than less

intensive or shorter ones (Blankevoort et al., 2010; Potter et al., 2011). Accordingly,
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interventions should include regular intensive physical activity of around 45-60min, two
to three times per week for at least 12 to 16 weeks to provide sufficient intensity/dura-
tion allowing changes in motor performance (Blankevoort et al., 2010; Brett et al., 2016;
Lam, Huang et al., 2018; Pitkéala, Savikko et al., 2013).

3.2 Effectiveness of physical activity on gait performance in individuals with

dementia

The current state of research on the effectiveness of physical activity on gait perfor-
mance in IWD considers the findings of 32 previous studies and six recent reviews.
This chapter summarizes related findings for single and dual task conditions and addi-
tionally focuses on possible influences, such as study designs, methods to assess

spatiotemporal gait parameters, and interventions.
3.2.1 Spatiotemporal gait parameters (single task condition)

Walking speed and time to walk a certain distance, respectively, are most frequently
assessed in previous studies. Eleven of thirty studies observe statistically significant
improvements of walking speed/time to walk a certain distance in intervention group
(IG) or time*group interaction effects in favor for IG (Ahn & Kim, 2015; Aman &
Thomas, 2009; Bossers, Scherder et al., 2014; Hauer et al., 2012; Kemoun et al., 2010;
J.-S. Kim, Kang, Moon, & Oh, 2017; Manckoundia, Taroux, Kubicki, & Mourey, 2014;
Perrochon, Tchalla, Bonis, Perucaud, & Mandigout, 2015; Rolland et al., 2007;
Schwenk, Zieschang et al., 2014; Toulotte et al., 2003). All other studies report no
effects (Bossers et al.,, 2015; Cadore et al., 2014; Dawson et al., 2019; Hageman
& Thomas, 2002; Hauer et al., 2017; Junge, Knudsen, & Kristensen, 2018; Kuiack,
Campbell, & Evans, 2004; McCaffrey, Park, Newman, & Hagen, 2014; Pedrinolla et
al., 2018; Ries, Hutson, Maralit, & Brown, 2015; Schwenk, Dutzi et al., 2014; Sobol et
al., 2016; Souto Barreto et al., 2017; Steinberg et al., 2009; Suttanon et al., 2013; Tay,
Lim, Chan, Ali, & Chong, 2016; Telenius et al., 2015a; Thomas & Hageman, 2003;
Toots et al., 2017). Thus, results on the effectiveness of physical activity on walking

speed in IWD are inconsistent.

In contrast to inconsistent findings of previous studies, six of six recent reviews con-
sistently observe statistically significant effects in majority of included studies and thus
conclude that physical activity is effective in improving walking speed in IWD
(Blankevoort et al., 2010; Brett et al., 2016; Lam, Huang et al., 2018; Littbrand et al.,
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2011; Potter et al., 2011; Suttanon et al., 2010). However, they differently rate the
guality of evidence varying between some (Littbrand et al., 2011) and strong evidence
of moderate quality (Lam, Huang et al., 2018). More detailed, they report statistically
significant improvements with weighted mean differences of 0.06 m/s, [0.01 to 0.1] and
0.13 m/s [0.03 to 0.24], respectively (Lam, Huang et al., 2018; Potter et al., 2011).
Related effect sizes are small (d=0.29, [-0.11 to 0.50]; Blankevoort et al., 2010) or
range between small (standardized mean difference=0.23, [-0.13 to 0.60]) and medium
effects (standardized mean difference=0.55, [0.10 to 1.01]; Suttanon et al., 2010)%.

With respect to further spatiotemporal gait parameters, previous studies predominately
show statistically significant improvements in IG or time*group interaction effects in
favor for 1G for stride length (Coelho et al., 2013; Kemoun et al., 2010; J.-S. Kim et al.,
2017; Orcioli-Silva et al., 2018; Perrochon et al., 2015; Schwenk, Zieschang et al.,
2014 vs. Pedrinolla et al., 2018; Schwenk, Dutzi et al., 2014), stride time (Orcioli-Silva
etal., 2018; Schwenk, Zieschang et al., 2014), step time (J.-S. Kim et al., 2017), double
support time (Kemoun et al., 2010), and stride frequency (Perrochon et al., 2015). With
few exceptions, no effects are reported for step length (Bossers et al., 2015; Hageman
& Thomas, 2002; Pedrinolla et al., 2018; Suttanon et al., 2013 vs. Hauer et al., 2012),
step width (Schwenk, Zieschang et al., 2014; Suttanon et al., 2013), and percent of
single support (Pedrinolla et al., 2018), while results are inconsistent for stride speed
(Orcioli-Silva et al., 2018 vs. Coelho et al., 2013), percent of double support (Schwenk,
Zieschang et al., 2014 vs. Orcioli-Silva et al., 2018; Pedrinolla et al., 2018), and ca-
dence (Hauer et al., 2012; J.-S. Kim et al., 2017; Orcioli-Silva et al., 2018; Schwenk,
Zieschang et al., 2014 vs. Coelho et al., 2013; Schwenk, Dutzi et al., 2014). These
inconsistent findings and the small number of available studies (predominately one to
two studies for each parameter, maximal eight studies) compromise drawing meaning-
ful conclusions on the effectiveness of physical activity on further spatiotemporal gait

parameters in IWD.

Recent reviews rarely consider further spatiotemporal gait parameters. Herein, statis-
tically significant improvements are reported for stride/step length and double support
(Brett et al., 2016; Lam, Huang et al., 2018). While no more detailed information is

available for stride length and double support, statistically significant effects resulting

4 These effect sizes also refer to walking speed assessed during 2min WT. Recent reviews do not strictly
distinguish between walking performance of different assessments. This thesis only considers spatio-
temporal gait parameters of short distance walk tests and instrumented gait analyses. However, no clear
differentiation was possible in this case.
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in an increased step length of 5 cm, [2 to 8] are revealed and strong evidence of high

quality is concluded (Lam, Huang et al., 2018).

Overall, previous studies and recent reviews support the effectiveness of physical ac-
tivity on gait performance for stride length and double support, and with some re-
strictions for walking speed and step length. Moreover, indications for improving
stride/step time and stride frequency/cadence can be suggested based on findings of

previous studies.
3.2.2 Spatiotemporal gait parameters (dual task condition)

Besides assessing spatiotemporal gait parameters in single task conditions, six previ-
ous studies additionally examine the effectiveness of physical activity on gait perfor-
mance in dual task conditions (naming animals, counting backward). They observe
positive effects for stride time (Orcioli-Silva et al., 2018) and no effects for double sup-
port (Orcioli-Silva et al., 2018), while findings on walking speed, stride length, stride
speed, and cadence are inconsistent (Cadore et al., 2015; Coelho et al., 2013; Junge
et al., 2018; Orcioli-Silva et al., 2018; Sobol et al., 2016; Tay et al., 2016). Furthermore,
Schwenk et al. (2010) also investigate gait performance in dual task conditions but only
report dual task costs and no spatiotemporal gait parameters. While they observe sta-
tistically significant time*group interaction effects in favor of IG for almost all parame-
ters with serial three backward calculation, no effects are shown for less complex serial

two forward calculation.

The effectiveness of physical activity on gait performance in dual task conditions in
IWD is rarely examined in recent reviews. Only one review refers to this outcome and
found weak evidence of low quality against the effectiveness of non-specific exercise
for improving dual task performance (Lam, Huang et al., 2018). These findings are not
specifically related to spatiotemporal gait parameters. Two of three studies including
IWD apply the cognitive Timed Up & Go Test (TUG), while the third considers dual task

cost but no spatiotemporal gait parameters itself.

Summarizing these findings of previous studies and recent reviews, no clear conclu-
sion on the effectiveness of physical activity on gait performance in IWD can be drawn
for dual task conditions. Accordingly, the effectiveness of physical activity on spatio-

temporal gait parameters during dual task conditions is questionable.
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3.2.3 Factors potentially impacting findings on spatiotemporal gait parameters

Comparing studies investigating the effectiveness of physical activity on spatiotem-

poral gait parameters reveals large heterogeneity with respect to study designs, meth-

ods to assess spatiotemporal gait parameters, and interventions (see Table 7). These

factors may affect findings on the effectiveness of physical activity and thus need to be

considered.

Table 7. Heterogeneity of previous studies assessing the effectiveness of physical activity on spatio-
temporal gait parameters considering study design, assessment methods, and applied interventions

Studies

Study design

(Cluster) randomized
controlled trials

Bossers et al., 2015; Dawson et al., 2019; Hauer et al., 2012; Hauer
etal.,, 2017; Kemoun et al., 2010; Pedrinolla et al., 2018; Rolland et
al., 2007; Schwenk, Dutzi et al., 2014; Schwenk, Zieschang et al.,
2014; Sobol et al., 2016; Souto Barreto et al., 2017; Steinberg et al.,
2009; Suttanon et al., 2013; Telenius et al., 2015a; Toots et al.,
2017; Toulotte et al., 2003

Controlled trials

Bossers, Scherder et al., 2014; Coelho et al., 2013; Manckoundia et
al., 2014; Orcioli-Silva et al., 2018

Uncontrolled trials

Ahn & Kim, 2015; Aman & Thomas, 2009; Cadore et al., 2014;
Hageman & Thomas, 2002; Junge et al., 2018; J.-S. Kim et al., 2017;
Kuiack et al., 2004; McCaffrey et al., 2014; Perrochon et al., 2015;
Ries et al., 2015; Tay et al., 2016; Thomas & Hageman, 2003

Assessment methods

Short distance walk
tests

4 m: Souto Barreto et al., 2017; Toots et al., 2017

5 m: Cadore et al., 2014

6 m: Aman & Thomas, 2009; Bossers et al., 2015; Bossers,
Scherder et al., 2014; Hageman & Thomas, 2002; Kuiack et al.,
2004; McCaffrey et al., 2014; Rolland et al., 2007; Tay et al., 2016;
Telenius et al., 2015a; Thomas & Hageman, 2003

8 m: Ahn & Kim, 2015

10 m: Junge et al., 2018; Manckoundia et al., 2014; Sobol et al.,
2016; Toulotte et al., 2003

8 ft: Dawson et al., 2019; Hauer et al., 2012; Hauer et al., 2017;
Steinberg et al., 2009

Instrumented gait
analysis systems

GAITRite: J.-S. Kim et al., 2017; Pedrinolla et al., 2018; Ries et al.,
2015; Schwenk, Dutzi et al., 2014; Schwenk, Zieschang et al., 2014

Kinematic video analysis: Coelho et al., 2013; Orcioli-Silva et al.,
2018

Locométrix triaxial accelerometer: Perrochon et al., 2015
NeuroCom Balance Master: Suttanon et al., 2013
Bessou locometer: Kemoun et al., 2010

Applied
interventions

Multimodal exercise

Aman & Thomas, 2009; Bossers et al., 2015; Bossers, Scherder et
al., 2014; Cadore et al., 2014; Coelho et al., 2013; Dawson et al.,
2019; Hauer et al., 2012; Hauer et al., 2017; Junge et al., 2018; Ke-
moun et al., 2010; Manckoundia et al., 2014; Orcioli-Silva et al.,
2018; Pedrinolla et al., 2018; Perrochon et al., 2015; Rolland et al.,
2007; Schwenk, Dutzi et al., 2014; Schwenk, Zieschang et al., 2014;
Souto Barreto et al., 2017; Steinberg et al., 2009; Suttanon et al.,
2013; Tay et al., 2016; Telenius et al., 2015a; Toots et al., 2017;
Toulotte et al., 2003
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Single-component Pelvic tilt exercises: J.-S. Kim et al., 2017
exercise Balance training: Ries et al., 2015

Resistance training: Ahn & Kim, 2015; Hageman & Thomas, 2002;
Kuiack et al., 2004; Thomas & Hageman, 2003

Aerobic exercise: Sobol et al., 2016
Chair yoga: McCaffrey et al., 2014

In previous studies, findings between different study designs are comparable. Never-
theless, most evidence generally can be derived from RCT. Considering recent re-
views, all assess the methodological quality of included studies and one performs sen-
sitivity analyses for walking speed only including studies with high methodological qual-
ity still resulting in statistically significant but slightly smaller improvements of 0.08 m/s,
[0.01 to 0.15] (Lam, Huang et al., 2018). Accordingly, RCT of high methodological

guality are most meaningful when concluding on evidence.

With respect to assessment methods, instrumented gait analysis systems enable de-
tailed examinations of gait performance, while simple short distance WT do not allow
to measure various spatiotemporal gait parameters. Accordingly, the influence of the
assessment method can only be examined for walking speed, which is easily assess-
able by both methods. Herein, less than one third of those studies applying simple
short distance WT report statistically significant effects. In contrast, one half of those
using instrumented gait analysis systems support the effectiveness of physical activity
on walking speed. As recent reviews do not include information on influences of as-
sessment methods, no further conclusions can be drawn in this context. This is also
related to the fact that all reviews focus on short distance WT and only three consider
studies utilizing instrumented gait analysis. Based on observations in previous studies,
instrumented gait analysis systems seem to be more appropriate in examining the ef-
fectiveness of physical activity on spatiotemporal gait parameters. Compared to simple
short distance WT, instrument gait analysis systems allow determining various gait
parameters and may be more sensitive for small intervention-induced changes in spa-

tiotemporal gait parameters.

Comparing findings of previous studies with different types of interventions shows sim-
ilar proportions of studies with and without statistically significant effects. This obser-
vation does not support the superiority of one type of physical activity. However, it is
important to take into account that often only individual studies investigate these inter-
ventions, which may affect conclusions. In contrast, recent reviews consistently ob-

serve lager improvements of multimodal exercise compared to progressive resistance
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training alone (Blankevoort et al., 2010; Lam, Huang et al., 2018). Considering single
previous studies combining motor and cognitive exercise, those performing both task
simultaneously (Coelho et al., 2013; Orcioli-Silva et al., 2018) rather contribute to im-
provements in spatiotemporal gait parameters than those without coincidental inter-
ventions of motor and cognitive exercise (Cadore et al., 2014; Junge et al., 2018; Tay
et al., 2016). Focusing on the duration and/or intensity, recent reviews particularly find
improvements for high-intensity interventions (Potter et al., 2011) or interventions com-
prising physical activity of 45 to 120 min, two to three times per week for at least 15
weeks (Lam, Huang et al., 2018). Overall, especially interventions applying multimodal
exercise of sufficient intensity and duration may be effective. Additionally, promising

indications for combined motor and cognitive exercises are available.

3.3 Effectiveness of physical activity on cognitive performance in individuals

with dementia

This chapter comprises a short summary of the current state of research on the effec-
tiveness of physical activity on cognitive performance in IWD, which is based on nine
recent reviews. These reviews focus on cognition in general or global cognition and

rarely consider cognitive subdomains.
3.3.1 Global cognition

Six of nine reviews observe statistically significant improvements in global cognition or
reduced decline in the majority of studies included and derive evidence for effective-
ness of physical activity (Brett et al., 2016; Du et al., 2018; Farina et al., 2014; Groot
et al., 2016; Hernandez et al., 2015; Karssemeijer et al., 2017). However, this relation-
ship is not observed in all studies, and recent reviews refer to the risk of bias, low
methodological quality, and methodological heterogeneity. Thus, conclusions are lim-
ited and should be considered with caution (Brett et al., 2016; Du et al., 2018; Farina
et al., 2014). Meta-analyses in recent reviews reveal standardized mean differences of
0.75,[0.32to 1.17] (Farina et al., 2014), 0.42,[0.23 t0 0.62] (p<0.01; Groot et al., 2016),
and 0.36, [0.12 to 0.60] (p<0.00; Karssemeijer et al., 2017), respectively, indicating
small to medium effects. In contrast, three reviews report no clear effects and/or evi-
dence of physical activity on global cognition (Forbes, Forbes, Blake, Thiessen, & For-
bes, 2015; Littorand et al., 2011; Ohman, Savikko, Strandberg, & Pitkala, 2014). All

three reviews refer to low methodological quality as well as inadequate interventions
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of insufficient intensity and conclude that the effectiveness of physical activity on cog-
nition in IWD remains unclear, possibly ranging between minimal harms and substan-
tial benefit (Forbes et al., 2015; Littbrand et al., 2011; Ohman et al., 2014).

3.3.2 Cognitive subdomains

Recent reviews rarely assess the effectiveness of physical activity on specific cognitive
subdomains. In this context, Farina et al. (2014) indicate an insufficient number of stud-
ies to explore the effects on cognitive subdomains. Inconsistent findings in recent re-
views reflect this insufficient research. While Herndndez et al. (2015) conclude that
exercise may improve cognitive subdomains such as sustained attention, visual
memory, and frontal cognitive function, Karssemeijer et al. (2017) observe no effects
in domain-specific analysis for executive function/attention (standardized mean differ-
ence=0.38, [-0.21 to 0.97] ,p>0.05) and memory (standardized mean difference=0.02,
[-0.35 to 0.39], p>0.05). In between, Ohman et al. (2014), observe no effects on cog-
nitive subdomains in studies of moderate quality but report some effects on executive
function in studies of poorer quality. Moreover, they find no effects on attention, de-

layed recall, working memory, declarative memory.

3.3.3 Effectiveness of physical activity on cognitive performance in relation to applied

physical activity interventions

When discussing the effectiveness of physical activity on cognition, it is important to
conclude on the characteristics of effective interventions. However, appropriate find-
ings are rare in recent reviews. Farina et al. (2014) refer to the heterogeneity of study
designs, which imped conclusions on optimum interventions. Other reviews suggest
interventions consisting of several components and/or including aerobic tasks (Brett et
al., 2016; Groot et al., 2016). Referring to this, positive effects are observed for multi-
modal (standardized mean difference=0.59, [0.32 to 0.86], p<0.01) and aerobic inter-
ventions (standardized mean difference=0.41, [0.05 to 0.76], p<0.05), but not for sin-
gle-component non-aerobic interventions (standardized mean difference=-0.10, [-0.38
to 0.19], p=0.51; Groot et al., 2016). However, this does not include interventions only
compromising walking exercise at a self-selected pace (Littbrand et al., 2011). Further-
more, positive effects are also observed for interventions combining motor and cogni-

tive tasks (Karssemeijer et al., 2017).
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3.4 Limitations in previous studies examining the effectiveness of physical

activity in individuals with dementia

When drawing conclusions or deriving evidence, recent reviews consistently indicate
limitations or risk of bias of previous studies (Blankevoort et al., 2010; Brett et al., 2016;
Du et al., 2018; Farina et al., 2014; Forbes et al., 2015; Groot et al., 2016; Hernandez
et al., 2015; Karssemeijer et al., 2017; Lam, Huang et al., 2018; Littbrand et al., 2011,
Ohman et al., 2014, Pitkala, Savikko et al., 2013; Potter et al., 2011; Suttanon et al.,
2010). Generally, several previous studies are of poor quality and suffer from method-
ological problems (Blankevoort et al., 2010; Ohman et al., 2014; Pitkala, Savikko et al.,
2013; Suttanon et al., 2010). A short summary of substantial limitations is given there-

after.

Several studies, do not adhere to recommendations of Consolidated Standards of Re-
porting Trials (CONSORT) statements (Hauer, Becker, Lindemann, & Beyer, 2006).
For example, information on sample size calculation, randomization, details on inter-
ventions, or dropouts is imprecise or missing (Blankevoort et al., 2010; Brett et al.,
2016; Forbes et al., 2015; Littbrand et al., 2011; Ohman et al., 2014, Pitkala, Savikko
et al., 2013; Potter et al., 2011; Suttanon et al., 2010). Accordingly, applied methods
are not comprehensible, which impedes conclusions on actual methodological quality.
Moreover, recent reviews frequently criticize small sample, as they result in low statis-
tical power (Brett et al., 2016; Du et al., 2018; Ohman et al., 2014; Pitkald, Savikko et
al., 2013; Potter et al., 2011; Suttanon et al., 2010). Other limitations include hetero-
geneity of participants within studies, which is mostly not considered for assessments
and interventions, as well as during analysis (Hauer et al., 2006; Littbrand et al., 2011;
Suttanon et al., 2010). At the content level, previous studies frequently show limitations
referring to inappropriate, non-standardized, or insensitive motor assessments (Hauer
et al., 2006; Suttanon et al., 2010) as well as unspecific and inadequate interventions
of short duration (Du et al., 2018; Hauer et al., 2006; Ohman et al., 2014). With respect
to data analysis, inadequate statistical methods and infrequent use of intention-to-treat
analyses are mentioned (Hauer et al., 2006; Ohman et al., 2014). In this context, only
including complete cases in analyses can introduce a potential risk of bias (Ohman et
al., 2014; Pitkala, Savikko et al., 2013).

Besides the limitations of individual studies, heterogeneity of available investigations

needs to be considered. For instance, recent reviews indicate heterogeneity related to
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methods, participants, interventions, and applied assessments (Blankevoort et al.,
2010; Brettet al., 2016; Du et al., 2018; Gongalves, Cruz, Marques, Demain, & Samuel,
2018; Groot et al., 2016; Karssemeijer et al., 2017; Ohman et al., 2014). These heter-
ogeneities hamper the comparability of previous studies (Blankevoort et al., 2010; Du
et al., 2018; Gongalves et al., 2018; Groot et al., 2016; Karssemeijer et al., 2017; Oh-
man et al., 2014).

All those limitations and risk of bias potentially influence results (Brett et al., 2016).
Findings of studies observing no effects can be caused by limitations or reflect the
limited potential of physical activity to positively affect motor and cognitive performance
in IWD (Hauer et al., 2006). Together with heterogeneity between studies, limitations
prevent drawing firm conclusions and deriving evidence (Blankevoort et al., 2010; Brett
et al., 2016; Du et al., 2018; Hauer et al., 2006). Accordingly, recent reviews consist-
ently refer to the urgent need of further high-quality research aiming to support current
evidence on the effectiveness of physical activity in IWD (Blankevoort et al., 2010; Brett
et al., 2016; Du et al., 2018; Farina et al., 2014; Forbes et al., 2015; Groot et al., 2016;
Karssemeijer et al., 2017; Lam, Huang et al., 2018; Littbrand et al., 2011; Ohman et
al., 2014; Suttanon et al., 2010).
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Summary

Theoretical foundation for establishing a high-quality methodological approach

Previous studies frequently show limitations related to insufficient reporting, small
and heterogeneous samples, inadequate interventions and assessments, as well
as inappropriate data analyses. These limitations induce a risk of bias and thus
compromise conclusions on evidence. Accordingly, they need to be considered
when designing high-quality studies to investigate the effectiveness of physical
activity on motor and gait performance in IWD.

Theoretical foundation for performing a high-quality RCT investigating the effective-
ness of physical activity on motor performance in IWD

Findings in previous RCT and recent reviews allow concluding on the effective-
ness of physical activity on balance, strength, and endurance. Due to inconsistent
findings, some restrictions exist for mobility but overall potential effectiveness can
be assumed. In contrast, no clear conclusions are possible for flexibility and func-
tional performance due to insufficient research and inconsistent results. Never-
theless, limitations in previous studies require further high-quality studies. With
respect to interventions, especially multimodal exercise of sufficient duration/in-
tensity seems to be effective.

Theoretical foundation for performing a high-quality RCT investigating the effective-
ness of physical activity on gait performance, characteristics of responders, and im-
pacts of changes in underlying motor and cognitive performance on changes in gait
performance

Based on previous studies and recent reviews the effectiveness of physical ac-
tivity on gait performance can be supported for stride length and double support,
and with some restrictions for walking speed and step length. Further indications
are available for stride/step time and stride frequency/cadence. However, find-
ings of previous studies are inconsistent and some spatiotemporal gait parame-
ters are only rarely considered. There is a need for further research characterized
by RCT designs, application of an instrumented gait analysis, and multimodal
exercise interventions. Furthermore, research assessing spatiotemporal gait pa-
rameters during dual task conditions is rare.

Recent reviews provide indications for the effectiveness of physical activity on
global cognition. Due to the limitations of previous studies, related conclusions
should be considered with caution. Information concerning specific cognitive sub-
domains is rare and does not allow clear assumptions. Again, multimodal exer-
cise seems to be the most effective. Based on these findings, intervention-in-
duced cognitive impacts of physical activity on changes in gait performance are
conceivable.
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4 Formulation of research questions and hypotheses

4.1 Research gaps and perspectives related to the current state of research

Summarizing the current state of research allows assuming the effectiveness of phys-
ical activity on motor and gait performance in IWD. However, evidence cannot be en-
sured and several research gaps still exist. In order to examine open research ques-
tions, it is necessary to address methodological research gaps and related limitations

first.
4.1.1 Considerations towards methodological limitations and research gaps

The examination of previous studies and recent reviews identifies various methodolog-
ical limitations. Among those, especially assessments and interventions seem to have
essential influences on determining the effectiveness of physical activity in IWD. Ac-
cordingly, the following sections focus on considerations and approaches towards mo-
tor assessments and physical activity interventions first and afterward summarize re-

guirements for high-quality studies.

The selection of adequate assessments is identified as an important aspect for detect-
ing intervention-induced effects on motor and gait performance (Blankevoort et al.,
2010; Hauer et al., 2006; Suttanon et al., 2010). Accordingly, appropriate, valid, relia-
ble, sensitive, and standardized assessments are required (Blankevoort et al., 2010;
Goncalves et al., 2018; Hauer et al., 2006; Hernandez et al., 2015). However, espe-
cially in motor assessments, psychometric properties are not thoroughly examined in
IWD, which is probably related to the specificity of this population (Blankevoort et al.,
2010). Moreover, it is questionable, whether common motor assessments developed
for cognitively unimpaired older adults are appropriate for IWD. Considering cognitive
impairments and other specific characteristics of IWD, their performance in motor as-
sessments may not be solely determined by motor capacities but potentially influenced
by cognitive or emotional status. Associated problems, for instance, refer to not under-
standing instructions or missing motivation (Hauer et al., 2006). Based on the im-
portance of motor assessments for investigating the effectiveness of physical activity,
identifying assessments fulfilling the above-mentioned criteria is essential. However,

research on motor assessments in IWD is rare. Accordingly, a comprehensive exami-
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nation considering various qualitative and quantitative aspects is required. An im-
portant first step is to summarize, analyze, and discuss available findings concerning

motor assessments in IWD.

The effectiveness of physical activity certainly dependents on the characteristics of
interventions. Previous studies and recent reviews allow some conclusions on the type
of exercise, frequency, duration, and intensity (see Chapter 3.1.7, 3.2.3, 3.3.3). Be-
sides general training scientific issues, specific characteristics, capabilities, needs, and
preferences of IWD need to be adequately addressed (Forbes et al., 2015). Based on
significant differences in motor and cognitive status (Baddeley, Logie, Bressi, Della
Sala, & Spinnler, 1986; Manckoundia et al., 2006; Mc Ardle et al., 2017; Perry
& Hodges, 1999; Suttanon et al., 2012), effective interventions for IWD may need some
modifications compared to those developed for cognitively unimpaired older adults
(Suttanon et al., 2010). Appropriate modifications refer to training scientific (e.g. inten-
sity adapted to reduced capacity) and didactic aspects (e.g. communication adapted
to language deficits) and may improve feasibility and adherence (Forbes et al., 2015;
Suttanon et al., 2010). However, physical activity interventions specifically tailored to
capabilities, needs, and further characteristics of IWD are rarely applied in previous
studies (Hauer et al., 2006). Another promising approach with regard to interventions
is the combination of motor and cognitive tasks within one intervention. Previous stud-
ies and recent reviews show the potential effectiveness of physical activity on motor
and cognitive performance (see Chapter 3). Moreover, positive effects are also re-
ported in some studies applying cognitive-focused interventions (Thom & Clare, 2011).
It is assumed that interventions combining both activities will enhance effectiveness
(Thom & Clare, 2011), as observed in cognitively unimpaired older adults (Fabre, Cha-
mari, Mucci, Masse-Biron, & Prefaut, 2002). Additional benefits are particularly shown
in cognitive performance (Fabre et al., 2002). Beyond this, combined interventions may
also be more effective with respect to gait performance, as it is associated with motor
and cognitive performance (Beauchet et al., 2008; Thom & Clare, 2011; Valkanova
& Ebmeier, 2017). There are only a few studies combining physical and cognitive ac-
tivity in IWD. Some include both interventions types but perform each of them sepa-
rately (e.g. Cadore et al., 2014; Junge et al., 2018; Tay et al., 2016), while studies
simultaneously applying motor and cognitive tasks are rare (e.g. Coelho et al., 2013;
Orcioli-Silva et al., 2018; Schwenk et al., 2010) and predominately show methodolog-

ical limitations, which indicates the need for further research.
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As mentioned above, high-quality studies are required to be able to answer open re-
search questions (see Chapter 3.4). High-quality studies are characterized by profound
designs and methods including accurate reporting, large and homogeneous samples,
relevant outcomes measured with valid, reliable, and sensitive assessments, specific
interventions of sufficient duration and intensity tailored to IWD, as well as appropriate
presentation and statistical analysis of data (Blankevoort et al., 2010; Brett et al., 2016;
Du et al., 2018; Farina et al., 2014; Forbes et al., 2015; Groot et al., 2016; Hauer et al.,
2006; Hernandez et al., 2015; Littbrand et al., 2011; Ohman et al., 2014; Suttanon et
al., 2010). Concrete details are given in Table 8.

Table 8. Criteria for high-quality studies indicated in systematic reviews

Criteria characterizing high-quality studies

Reporting Compliance with CONSORT statement guidelines and accurate reporting of meth-
odological aspects (randomization, blinding, attrition rates, reasons for dropouts,
adherence to interventions), sample characteristics, and details of intervention
(detailed descriptions of exercises, duration, frequency, intensity levels, progres-
sion; Blankevoort et al., 2010; Forbes et al., 2015; Groot et al., 2016; Hernandez
et al., 2015; Littbrand et al., 2011; Suttanon et al., 2010)

Sample Sufficiently large and homogenous samples with respect to severity and etiology
of dementia (Hauer et al., 2006; Ohman et al., 2014; Suttanon et al., 2010)

Outcomes and Relevant outcomes (e.g. motor and cognitive performance, falls, dual task ability,

assessments activities of daily living, quality of life) assessed with valid, reliable, and sensitive
assessments appropriate for individuals with dementia, allowing a comprehensive
evaluation of motor domains and cognitive subdomains (Blankevoort et al., 2010;
Farina et al., 2014; Forbes et al., 2015; Hauer et al., 2006; Lam, Liao et al., 2018;
Suttanon et al., 2010)

Interventions Specific interventions of sufficient duration and intensity tailored to individuals with
dementia (Brett et al., 2016; Hauer et al., 2006; Ohman et al., 2014; Suttanon et
al., 2010)

Statistical Appropriate and comprehensive presentation of data (e.g. means and standard

analysis deviations of baseline and post-intervention performance and changes, compre-

hensive statistical characteristics) and adequate handling of missing data (e.qg.
intention-to-treat analysis; Blankevoort et al., 2010; Forbes et al., 2015; Hernan-
dez et al., 2015)

CONSORT: Consolidated Standards of Reporting Trials

4.1.2 Research perspectives

Besides indicating the general need for further research investigating the effectiveness
of physical activity on motor, cognitive, and gait performance in IWD, recent reviews
establish related research perspectives. These comprise but are not limited to moder-
ators and mediators. Exploring possible moderators and mediators is highly relevant
and allows conclusions on characteristics of responders and changes in underlying

motor and cognitive performance related to observed effects of physical activity. For
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example, it is valuable to know whether effects of physical activity vary between par-
ticipants showing different characteristics and to examine several moderating factors
such as sex, age, as well as severity and etiology of dementia (Blankevoort et al., 2010;
Littbrand et al., 2011; Suttanon et al., 2010). Moreover, the identification of mediators
is important to learn about changes in underlying motor and cognitive performance
required to translate positive effects on motor and cognitive subdomains into improve-
ments in functional or cognitive performance on activity/participation-level (e.g. gait
performance, ADL; Blankevoort et al., 2010; Farina et al., 2014; Lam, Huang et al.,
2018). Knowledge about such possible impacts can help to optimize the effectiveness
of physical activity interventions and to enhance individual responses of IWD with dif-
ferent characteristics (Blankevoort et al., 2010; Farina et al., 2014; Suttanon et al.,
2010).

4.2 Research questions and hypotheses

A detailed examination of the current state of research emphasizes the potential effec-
tiveness of physical activity in IWD but simultaneously identifies various research gaps.
Accordingly, this thesis aims to evaluate the effectiveness of physical activity on motor
and gait performance in IWD. Considering the limitations of the current state of re-
search, this aim is pursued in two steps, which are based on the following primary

research questions:

Research question A:

How high-quality studies need to be designed to enhance evidence concerning
the effectiveness of physical activity on motor and gait performance in IWD?

(RQA)

Research question B:

Is physical activity effective in reducing the decline of motor and gait perfor-
mance in IWD?

(RQe8)

With regard to research question A, the current state of research refers to less investi-

gated and inappropriate motor assessments in IWD. Accordingly, secondary research

questions Al and A2 focus on motor assessments for IWD (see Figure 2).
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Limitations in previous studies

Problem
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High-quality methodological approach to investigate the effectiveness of physical activity on motor and
gait performance in individuals with dementia

Conclusion

Figure 2. Theoretical considerations and approach to examine primary research question A
(RQ: research question).

Research question Al:
Which motor assessments are appropriate for IWD based on qualitative exami-
nation?
(RQaz)
Research question A2:

Which motor assessments can be recommended for IWD based on quantitative
outcomes, especially psychometric properties?
(RQn2)

Based on observed findings and the examination of previous studies as well as the

current state of research, a study design to examine research question B is established
(research questions A3). Besides attaching importance to high quality in general and
motor assessments adequate for IWD, it is characterized by a dementia-specific MEP,

which combines motor and cognitive tasks (see Figure 2).
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Research question A3:

How high-quality studies and dementia-specific physical activity interventions
need to be designed to investigate the effectiveness of physical activity on motor
and gait performance in IWD?

(RQn3)

Based on the established methodological high-quality approach, an RCT investigating
effectiveness of physical activity in IWD contributes to answering research question B.
Herein, research question B1 focuses on motor performance, while research questions

B2-B4 refer to gait performance.

Research question B1:

Is a dementia-specific MEP combining motor and cognitive tasks effective in reduc-
ing the decline of motor performance in IWD?

(RQe1)

Derived from research question B1, hypothesis 1 is formulated. It is based on promis-

ing findings in previous research (see Chapter 3.1, Figure 3).

Hypothesis 1:

A dementia-specific MEP combining motor and cognitive tasks in addition to con-
ventional treatment® is more effective in reducing the decline of motor perfor-
mance in IWD than conventional treatment alone.

(H1)

Considering the high prevalence of gait impairments in IWD and their consequence,
research questions B2-B4 focus on gait performance. Herein, overall effectiveness,
characteristics of responders, and impacts of changes in underlying motor and cogni-

tive performance on changes in gait performance are examined.

Research question B2:

Is a dementia-specific MEP combining motor and cognitive tasks effective in reduc-
ing the decline of gait performance in IWD?

(RQg2)

Derived from research question B2, Hypothesis 2 is formulated. It is based on promis-

ing findings of previous research (see Chapter 3.2, Figure 3).

5 Standard care in care facilities (e.g. medication, care, or therapeutic applications).
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Hypothesis 2:

A dementia-specific MEP combining motor and cognitive tasks in addition to con-
ventional treatment® is more effective in reducing the decline of gait performance
in IWD than conventional treatment alone.

(H2)

With respect to heterogeneity in IWD, it is assumed that physical activity interventions
do not show the same effect on gait performance in all IWD. Accordingly, research
guestion B3 intends to consider specific characteristics of IWD, while examining posi-

tive, non-, and negative responders.

Research question B3:

Regarding gait performance, do positive, non-, and negative responders of the
MEP differ in specific characteristics closely related to gait performance?

(RQe3)

Derived from research question B3, Hypotheses 3, 4, and 5 are formulated. They are

based on relations of gait performance with motor and cognitive performance, as well

as the etiology of dementia (see Chapters 2.1.3, 2.2.2, 2.2.3, Figure 3).

Hypothesis 3:

Regarding gait performance, positive, non-, and negative responders of the MEP
differ in the motor baseline performance (gait, balance, mobility, strength and func-
tion of lower limbs, and use of walking aids).
(Hs)
Hypothesis 4:

Regarding gait performance, positive, non-, and negative responders of the MEP
differ in the baseline severity of cognitive impairments (global cognition, execu-
tive function, attention, and working memory).
(Ha)
Hypothesis 5:

Regarding gait performance, positive, non-, and negative responders of the MEP
differ in the etiology of dementia (AD vs. non-AD).
(Hs)

Considering close associations of gait performance with motor and cognitive perfor-
mance, impacts of changes in underlying motor and cognitive performance on changes

in gait performance will be investigated.
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Research question B4:

Which changes in underlying motor and cognitive performance have an impact
on changes in gait performance in IWD who participated in a dementia-specific

MEP?
(RQs4)

Derived from research question B4, Hypotheses 6 and 7 are formulated. They are

based on prerequisites and impacts of motor and cognitive performance on changes

in gait performance (see Chapter 2.2.2, 2.2.3, Figure 3).

Hypothesis 6:

Changes in underlying motor performance (balance, mobility, strength and func-
tion of lower limbs) have an impact on changes in gait performance in IWD who
participated in a dementia-specific MEP.

(He)

Hypothesis 7:

Changes in underlying cognitive performance (executive function, attention, and
working memory) have an impact on changes in gait performance in IWD who
participated in a dementia-specific MEP.

(H7)
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Figure 3. Associations and expected effects of physical activity on motor and gait performance in indi-
viduals with dementia, considering characteristics of participants and impacts of changes in underlying
motor and cognitive performance on changes in gait performance (H: Hypotheses).

The two primary and four secondary research questions, as well as the seven hypoth-
eses, are examined in five research articles presented in Chapters 5 and 6. Manu-
scripts I and Il focus on research questions A1 and A2. By considering current research
practices and providing an example for a high-quality study design, manuscript Il ad-
dresses research question A3, and simultaneously builds an important basis to answer
research question B. Manuscript IV considers research question B1 and hypothesis 3.
Finally, manuscript V concentrates on research questions B2, B3, and B4 as well as

hypotheses 4-7.
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5 Establishing a high-quality methodological approach to
investigate the effectiveness of physical activity in individuals

with dementia

5.1 Qualitative examination of motor assessments for individuals with

dementia
Manuscript |

Summary: Inappropriate motor assessments are among the methodological limita-
tions of previous studies (Blankevoort et al., 2010; Hauer et al., 2006; Suttanon et al.,
2010). Applied motor assessments usually were developed for cognitively unimpaired
older adults and thus are not tailored to specific characteristics and needs of IWD.
Accordingly, manuscript | aims to qualitatively analyze motor assessment applied in
previous RCT, discuss possible adaptions, and derive recommendations for assessing
motor performance in IWD. Herein, it focuses on research question Al and builds an
important basis for establishing a high-quality methodological approach to investigate

the effectiveness of physical activity on motor and gait performance in IWD.
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5.1.1 Abstract

Background: Recommendations for assessing motor performance in individuals with
dementia (IWD) are rare, and most existing assessment tools previously applied in
IWD were initially developed for healthy older adults. However, IWD and their healthy
counterparts differ in motor and cognitive capabilities, which needs to be considered
when designing studies for this population. This article aims to give recommendations
for motor assessments for IWD and to promote standardisation based on a structured

discussion of identified assessment tools used in previous trials.

Methods: Appropriateness and standardisation of previously applied motor assess-
ments for IWD were intensively discussed using a qualitative approach during an ex-
pert panel. Furthermore, the use of external cues and walking aids, as well as psycho-
metric properties were considered. Starting with a comprehensive overview of current
research practice, the discussion was gradually specified and resulted in the elabora-

tion of specific recommendations.

Results: The superior discussion emphasised the need for tailoring motor assessments
to specific characteristics of IWD and attaching importance to standardised assess-
ment procedures. Specific recommendations include the use of sequential ap-
proaches, which incorporate a gradual increase of complexity from simple to more dif-
ficult tasks, a selection of motor assessments showing sufficient relative reliability and
appropriateness for IWD, as well as allowing external cues and walking aids when

restricted to repeated instructions and commonly used devices, respectively.

6 Manuscript | is published in a British journal and thus is written in British English. Some minor formal
adaptions were made to the version presented in this thesis to ensure uniform formatting.
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Conclusions: These are the first recommendations for assessing motor performance
in IWD based on a comprehensive qualitative approach. Due to limited evidence, it
was not possible to address all existing questions. It is therefore important to evaluate
these recommendations in studies with IWD. Besides tailoring and evaluating available
assessments, future research should focus on developing specific tools for IWD. More-
over, further progress in standardisation is necessary to enhance comparability be-
tween different trials. This article provides initial approaches for overcoming existing
limitations in trials with IWD by giving recommendations and identifying future research
guestions, and therefore contributes to enhancing evidence regarding efficacy and ef-

fectiveness of physical activity interventions.

Keywords: Dementia, Physical activity, Exercise, Motor performance, Motor assess-

ments
5.1.2 Background

Designing studies to investigate the efficacy and effectiveness of physical activity on
motor and cognitive performance in individuals with dementia (IWD) is challenging.
Despite increasing research in this area (Ahlskog et al., 2011), there still is insufficient
evidence, which can be explained by methodological limitations, unspecific interven-
tions, or inappropriate assessments (Brett et al., 2016; Goncalves et al., 2018; Hauer
et al., 2006). This emphasises the need for further high quality studies guided by sug-

gestions for optimised interventions and sensitive assessment tools.

Previous trials which aimed at improving motor performance in IWD frequently applied
interventions and assessment tools not adapted to the target population (Fox, Hen-
wood, Keogh, & Neville, 2016; Hauer et al., 2006). Considering significant differences
in cognitive and motor performance (Allan et al., 2005; Baddeley et al., 1986;
Manckoundia et al., 2006; Perry & Hodges, 1999; van lersel et al., 2004), however, it
is not possible to directly translate study designs developed for healthy older adults to
IWD. Especially interventions and assessments need to be tailored to the specific char-
acteristics of IWD, such as decreased executive functioning, reduced attentional and
memory capacities (Baddeley et al., 1986; Perry & Hodges, 1999), diminished ability
to develop and perform new complex motor sequences (Hauer & Oster, 2008), and
impaired gait and balance performance (Allan et al., 2005; van lersel et al., 2004). For

motor assessments, it is important to consider these cognitive and motor impairments,
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as both aspects hamper a successful participation. Besides research, this is also im-
portant for clinical practice considering prognostic, diagnostic, and therapeutic reasons
(Mancini & Horak, 2010; Zijlstra & Aminian, 2007).

Due to cognitive impairment, IWD are often not able to concentrate on comprehensive
or complex, unknown tasks, and frequently show difficulties in comprehending instruc-
tions, developing appropriate motor actions, and remembering these during execution
(Hauer & Oster, 2008). Considering this, there are indications that cognitive impair-
ment may influence the outcome of motor assessments and compromise their feasibil-
ity (Rockwood, Awalt, Carver, & MacKnight, 2000). Appropriate assessments therefore
need to be tailored to cognitive impairments. It has been suggested that assessments
should be of short duration, use appropriate instructions (e.g. no verbal focus, demon-
stration of the task, clear, short, and repeated instructions; Hauer & Oster, 2008), and
include simple motor tasks. Moreover, previous studies discuss the use of external
cues thereby considering decreased cognitive abilities. For example, van lersel,
Benraad, and Olde Rikkert (2007) emphasise the need for external cues, which are
required to ensure feasibility and to achieve high relative reliability. In contrast, Hauer
and Oster (2008) argue that external cues could influence the results and possibly
reflect speed, reliability, and quality of external cues rather than actual performance of
IWD.

Considering motor influences, disease-specific gait and balance impairments are often
accompanied by age-related degeneration, such as frailty (Hajek et al., 2016). To-
gether, they frequently compromise the ability of IWD to walk independently, to com-
plete more complex balance tasks, and to cover longer distances (Suttanon et al.,
2012; van lersel et al., 2004), which are necessary to participate in many assessments.
Thus, appropriate assessments also need to be tailed to motor impairments. In this
context, it is important to discuss the use of walking aids during assessments. IWD are
frequently dependent on walking aids (van lersel et al., 2007), which ensure partici-
pants’ safety. However, an investigation in geriatric patients without or with mild to
moderate cognitive impairment found that walking aids impede the detection of gait or
mobility deficits and thus adversely affect identifying changes over time (Schwenk,
Schmidt, Pfisterer, Oster, & Hauer, 2011).



ESTABLISHING A HIGH-QUALITY METHODOLOGICAL APPROACH
TO INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY
IN INDIVIDUALS WITH DEMENTIA 54

Furthermore, the significance of assessments depends on sound psychometric prop-
erties, which are necessary to draw meaningful conclusions (Fox et al., 2016). Investi-
gations determining psychometric properties of motor assessment tools in IWD are
rare, especially concerning validity (Bossers, van der Woude, Boersma, Scherder, &
van Heuvelen, 2012). Considering test-retest reliability, intraclass correlation coeffi-
cients ranging between .42 and .99 and high intra-individual variability were found for
most previously applied assessment tools, indicating fair to excellent relative reliability
but insufficient absolute reliability (Alencar, Dias, Figueiredo, & Dias, 2012,
Blankevoort, van Heuvelen, & Scherder, 2013; Bossers, van der Woude, Boersma,
Scherder, & van Heuvelen, 2014; Farrell, Rutt, Lusardi, & Williams, 2010; Fox, Hen-
wood, Neville, & Keogh, 2014; McGough et al., 2013; Ries, Echternach, Nof, & Gagnon
Blodgett, 2009; Suttanon, Hill, Dodd, & Said, 2011; Tappen, Roach, Buchner, Barry, &
Edelstein, 1997; Thomas & Hageman, 1999; van lersel et al., 2007; Wittwer, Webster,
Andrews, & Menz, 2008). Summarising these results, it has been concluded that the
considered motor assessments are appropriate for detecting inter-individual differ-
ences in cross sectional or controlled intervention studies, whereas the intra-individual
variability was too large to be suitable for investigating intra-individual performance
changes (Blankevoort et al., 2013; Ries et al., 2009).

Considering all above-mentioned aspects leads us to the question which motor as-
sessments are actually appropriate for IWD. Unfortunately, there is currently a lack of
recommendations or guidelines on how to assess motor performance in IWD. In two
of the few studies addressing this issue, Bossers et al. (2012) and McGough et al.
(2019) performed a systematic and scoping review, respectively, and recommended
using the Berg Balance Scale, the Performance Oriented Mobility Assessment, the
Timed Up & Go Test (TUG), short distance walk tests (WT), sit-to-stand (STS) tests,
isometric strength assessments, and the 6-min WT for IWD in mild to moderate stages
of the disease. Both research groups derived their recommendations based on fre-
guency of use and observed outcome effect sizes in previous trials. They also consid-
ered investigations of psychometric properties. However, the authors noted large het-
erogeneity in the assessment tools used across trials and indicated that insufficient
information about feasibility, sensitivity to change, and psychometric properties was

frequently provided.
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These systematic reviews provide first indications for appropriate motor assessment
tools for IWD. However, these recommendations predominantly concern quantitative
aspects, and subsequently do not sufficiently consider specific characteristics. There
are no comprehensive qualitative approaches focusing on tailoring motor assessments
to IWD.

Besides tailoring motor assessments to the specific characteristics of IWD, their stand-
ardisation is also important. Gongalves et al. (2018) note that large heterogeneity in
outcomes and assessment tools limits evidence of the efficacy and effectiveness of
physical activity in IWD. A detailed review of previous trials also shows that different
variations of motor assessment tools were used, which hampers comparability. This

emphasises the urgent need to standardise existing motor assessments used in IWD.

This article describes the outcome of a consensus meeting of an international expert
panel that aimed to derive recommendations for assessing motor performance in IWD.
Due to limited information available for appropriate assessments and their standardi-

sation, the specific goals of the panel were:

1. To discuss the selection of appropriate existing motor assessments, and the
standardisation of assessment procedures.

2. To develop standards and procedures for using external cues and walking aids
during assessments.

3. To examine psychometric properties of recommended assessments.
5.1.3 Methods
5.1.3.1 Organisation and participants of the expert panel

The international expert panel was organised by, and held at the Karlsruhe Institute of
Technology (KIT) at the Institute of Sports and Sports Science (Karlsruhe, Germany).
It was composed according to two main aspects: interdisciplinary variety and practical
relevance. Interdisciplinarity and methodological variety was achieved by inviting re-
searches from motor and cognitive sciences as well as the humanities, social, and
natural sciences. Practical relevance was obtained by involving researchers with direct
experience in the development and evaluation of motor assessments or with experi-
ence in dementia research. The initial group invited to this expert panel comprised 27
international researchers, who were chosen based on existing relations with the KIT
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and a literature screening aimed to identify researchers located within geographical

proximity who were interested in motor assessments in IWD.

The expert panel consisted of two interrelated one-day meetings, aiming to achieve an
iterative structure. At the first meeting in December 2014, the participants were twelve
researchers from five institutions in two countries (Germany and Australia) in the dis-
ciplines sports science (especially focusing on biomechanics, human movement sci-
ence, motor control and learning, sports psychology, sports therapy, and training sci-
ence), movement and sport gerontology, and psychology. The second meeting in Feb-
ruary 2015, comprised a group of five researchers from Germany and the Netherlands
covering the disciplines sports science (especially focusing on biomechanics, human
movement science, sports therapy, and training science), as well as movement and
sport gerontology. With one exception, all researchers of the second meeting also par-
ticipated in the first. More information on participating researchers is given in the dec-

laration section (see Authors’ information).
5.1.3.2 Discussion and guiding questions during the expert panel

Prior to the first meeting, the host institution (KIT) elaborated guiding questions based
on challenges in assessing motor performance in IWD identified by literature review.
These questions included aspects of appropriateness and standardisation of motor
assessments used in previous trials with IWD, use of external cues and walking aids
during assessments, and psychometric properties of the considered tools (see Table
9). To enable these guiding questions to be discussed, the KIT research group pre-
sented an introductory overview of current research practises and participating re-
searchers introduced their own research experiences with IWD at the first meeting.
The discussion was stimulated by the research team of the host institution and one

participating researcher supported its guidance.

Table 9. Guiding questions for the discussion during the expert panel

Guiding questions

Appropriateness and Are existing motor assessments appropriate for investigating motor per-
standardisation formance in IWD?

Which motor assessments can be recommended for IWD?
How can these motor assessments be standardised?
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Use of external cues and Should the use of external cues during motor assessments in IWD be
walking aids allowed or not?

If yes, which kind of external cues should be allowed?
How can external cues be standardised?

Should the use of walking aids be allowed during motor assessments in
IWD or not?

If no, what if IWD are not able to perform task without?
If yes, which kind of walking aids should be allowed?

Psychometric properties Are existing motor assessments valid and reliable to investigate motor
performance in IWD?

IWD: individuals with dementia

The first meeting focused on the appropriateness of available motor assessments. In
a first step, specific characteristics of IWD and derived demands for motor assess-
ments were considered. Subsequently, these demands were applied to motor assess-
ment tools used in previous trials, which were identified in randomised controlled trials
initially analysed for a systematic review assessing effects of physical activity on motor
and cognitive performance in IWD (Scharpf, Servay, & Woll, 2013), supplemented by
studies of Bossers et al. (Bossers et al., 2015, 2016; Bossers, Scherder et al., 2014;
see Table 10). Each tool was then rated whether it sufficiently considered specific char-
acteristics of IWD or could be tailored to them. Specific criteria that impacted this eval-
uation were duration, instructions, and complexity of each assessment tool, as well as
physical strains caused in participants. To address standardisation, descriptions and
variations of identified motor assessments were considered and possible modifications
were discussed. The discussion concerning the use of external cues and motor as-
sessments focused on the two contrary points of view identified in literature: their need
to ensure feasibility and safety vs. the influence of external cues and walking aids on
the results of motor assessments. Finally, psychometric properties of the identified mo-

tor assessments were considered based on available investigations.
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Table 10. Selection of motor assessments 2 discussed in the expert panel

Assessments

Outcomes assessed in
previous trials

Description

Balance

Static balance assessments

One-leg balance test
(Vellas et al., 1997)

Single leg stance

Frailty and Injuries: Co-
operative Studies of In-
tervention Technique -
subtest 4 (Rossiter-
Fornoff, Wolf, Wolfson, &
Buchner, 1995)

Posturography platforms
assessing postural sway

Functional Reach Test
(Duncan, Weiner, Chan-
dler, & Studenski, 1990)

Balance (Rolland et al.,
2007)

Lower leg strength and
balance (Burgener et al.,
2008)

Balance, static balance
(Bossers et al., 2015;
Bossers, Scherder et al.,
2014)

Balance (Toulotte et al.,
2003)

Balance and stability
(Netz et al., 2007)

Standing on one leg while participants’ abil-
ity to maintain this stance for 5 seconds is
recorded.

Standing on a single leg alternately for 60
seconds with both eyes open and closed
while time is recorded.

Performing four different stances for 10
seconds while participants’ ability to main-
tain these stances is evaluated: (1) feet to-
gether, (2) semi-tandem, (3) tandem, (4)
single-leg.

Standing quietly on a posturography plat-

form for 60 seconds with eyes open while

elliptical area covered by moving centre of
gravity is recorded.

Standing next to a wall, holding one arm
parallel to a metre stick attached to the wall
at shoulder height, and reaching forward as
far as possible without losing balance or
changing foot position, while distance from
starting to end position is recorded.

Dynamic balance assessments

Figure of Eight Test (Jo-
hansson & Jarnlo, 2009)

Groningen Meander
Walking Test (Bossers,
van der Woude et al.,
2014)

Balance, dynamic bal-
ance (Bossers et al.,
2015; Bossers, Scherder
etal., 2014)

Balance, dynamic walk-
ing ability (Bossers et al.,
2015)

Walking a lap of a standard figure-eight tra-
jectory as quickly and accurately as possi-
ble while walking speed and number of
oversteps are recorded.

Walking over a meandering curved line as
quickly and accurately as possible while
time and number of oversteps are recorded.
Use of a walking aid is allowed.

Balance scales

Berg Balance Scale
(Berg, 1989)

Performance Oriented
Mobility Assessment
(Tinetti, 1986)

Functional balance, bal-
ance impairment (Bur-
gener et al., 2008; Chris-
tofoletti et al., 2008; Fa-
jersztajn, Cordeiro, An-
dreoni, & Garcia, 2008)

Gait and balance (Hauer
et al., 2012; Santana-
Sosa et al., 2008)

14-item functional balance assessment with
simple everyday tasks (reaching, bending,
transferring, standing and rising) which are
graded on a five-point ordinal scale (0 to 4).

Scale with two parts, assessing balance
(sitting balance, rising from a chair and sit-
ting down, standing balance with eyes open
then closed and turning balance) and gait
(gait initiation, step length, height, sym-
metry and continuity, as well as path direc-
tion and trunk sway).
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Mobility and gait

Get up & go tests

Get-Up and Go Test
(Mathias, Nayak, &
Isaacs, 1986)

Timed Up & Go Test
(Podsiadlo & Richardson,
1991)

8-foot up-and-go test (Ri-
kli & Jones, 2006)

Manual Timed Up & Go
Test (Lundin-Olsson,
Nyberg, & Gustafson,
1998; Shumway-Cook,
Brauer, & Woollacott,
2000)

Cognitive Timed Up &

Go Test (Shumway-Cook
et al., 2000)

Not specified (Rolland et
al., 2007)

Mobility, functional mobil-
ity, balance, dynamic bal-
ance, locomotion, mus-
cle-nerve coordination,
agility (Bossers et al.,
2015; Bossers, Scherder
et al., 2014; Christofoletti
et al., 2008; Fajersztajn
et al., 2008; Hauer et al.,
2012; Netz et al., 2007;
Toulotte et al., 2003)

Speed, agility, and bal-
ance while moving (San-
tana-Sosa et al., 2008)

Mobility (Fajersztajn et
al., 2008)

Mobility (Fajersztajn et
al., 2008)

Standing up from a chair, walking 3 metres,
turning around, walking back to the chair,
and sitting down, while performance is eval-
uated from 1 to 5 (1=no instability to 5=very
abnormal). Use of a walking aid is allowed.

Standing up from a chair, walking 3 metres,
turning around, walking back to the chair,
and sitting down, while time is measured.
Use of a walking aid is allowed.

Standing up from a chair, walking 8 feet,
turning around, walking back to the chair,
and sitting down, while time is measured.

Timed Up & Go Test with additional manual
task (carrying a glass of water).

Timed Up & Go Test with additional cogni-
tive task (counting backwards by threes).

Walk tests / instrumented gait analysis

6-metre walk test (Gural-
nik, Seeman, Tinetti,
Nevitt, & Berkman, 1994)

10-metre walk test
(Guralnik, Seeman et al.,
1994)

Instrumented gait analy-
sis (Bessou, Dupui, Mon-
toya, & Pages, 1988;
Kressig & Beauchet,
2006)

Mobility, walking speed
(Bossers et al., 2015;
Bossers, Scherder et al.,
2014; Rolland et al.,
2007)

Walking speed (Toulotte
et al., 2003)

Walking speed, stride
length, double limb sup-
port time (Kemoun et al.,
2010)

Walking 6 metres with comfortable pace
while time is recorded. Use of walking aid is
allowed.

Walking 10 metres with comfortable pace
while time is recorded. Use of walking aid is
allowed.

Walking at a comfortable pace over an
electronic walkway while spatiotemporal
gait parameters are recorded.
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Strength

Sit-to-stand tests

Five Times Sit-to-Stand
Test (Csuka & McCarty,
1985)

30-s chair-stand test
(Jones, Rikli, & Beam,
1999)

Modified 30-s chair-stand
test, use of upper limbs
allowed (Blankevoort et
al., 2013; Jones et al.,
1999)

Lower extremity muscle
strength and muscle en-
durance (Hauer et al.,

2012; Netz et al., 2007)

Muscle dynamic strength
endurance of legs (San-
tana-Sosa et al., 2008)

Lower body strength, leg
strength (Bossers et al.,
2015; Bossers, Scherder
etal., 2014)

Performing five repetitions of the sit-to-
stand task without upper extremity assis-
tance while time is recorded.

Performing as many repetitions of the sit-to-
stand task as possible within 30 seconds
with arms folded across chest.

Performing as many repetitions of sit-to-
stand task as possible within 30 seconds
with upper extremity assistance.

Stair-climbing perfor-
mance (Reuben & Siu,
1990)

Functional performance
(Hauer et al., 2012)

Climbing a flight with 13 stairs while time is
recorded.

Instrumented assessments

Maximal isometric
strength assessed with
dynamometers (Verkerke
et al., 2003)

One-repetition maximum
in leg press

Maximal isometric mus-
cle strength, maximal
knee extension strength
(Bossers et al., 2015;
Bossers, Scherder et al.,
2014; Hauer et al., 2012)

Maximal dynamic con-
centric muscle strength
in hip and knee exten-
sors (Hauer et al., 2012)

Pushing as hard as possible against the dy-
namometer after adopting a standardised
position while maximum strength and inte-
gral over time are recorded.

One-repetition maximum as achieved in the
leg-press training machine.

Upper limbs strength

Handgrip dynamometer

Arm curl test (Rikli
& Jones, 2006)

Handgrip strength (Hauer
etal., 2012)

Muscle dynamic strength
endurance of upper body
(Santana-Sosa et al.,
2008)

Putting maximum force on a dynamometer
while maximal handgrip strength is rec-
orded.

Performing as many biceps curls as possi-
ble within 30 seconds holding a hand
weight of 5 pounds (women) / 8 pounds
(men).

Endurance

Walk tests

2-min walk test (Cooper,
1968)

6-min walk test (Enright,
2003)

Modified 6-min walk test,
use of walking aids al-
lowed (Tappen et al.,
1997)

Ambulation (Cott et al.,
2002)

Walking performance
(Venturelli et al., 2011)

Walking endurance,
functional mobility (Boss-
ers et al., 2015; Bossers,
Scherder et al., 2014;
Tappen et al., 2000)

Walking for 2 minutes while distance is rec-
orded. Use of usual walking aids is allowed.

Walking for 6 minutes without use of walk-
ing aids while distance is recorded.

Walking for 6 minutes while distance is rec-
orded. Use of usual walking aids / physical
assistance is allowed.

2-min step test (Rikli
& Jones, 2006)

Aerobic endurance (San-
tana-Sosa et al., 2008)

Performing as many full steps as possible
within 2 minutes, raising knees to a point
midway between the patella and iliac crest.
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Flexibility

Chair sit-and-reach test
(Rikli & Jones, 2006)

Back scratch test (Rikli
& Jones, 2006)

Flexibility, flexibility of
lower body (Santana-
Sosa et al., 2008; Tou-
lotte et al., 2003)

Flexibility of upper body
(Santana-Sosa et al.,
2008)

Stretching one leg keeping heel on the floor
and trying to touch the toes with the fingers
while sitting on a chair while distance be-
tween the fingers and toes is recorded.

Reaching over the shoulder with one hand
and up the middle of the back with the other
hand while the distance between extended
middle fingers is recorded.

Functional performance

(Modified) Short Physical
Performance Battery
(Guralnik, Simonsick et
al., 1994)

Senior Fitness Test (Rikli
& Jones, 2006)

Physical Performance
Test (Reuben & Siu,
1990)

Erlangen Test of Activi-
ties of Daily Living
(Graessel et al., 2009)

Functional performance
(Hauer et al., 2012)

Functional capacity (San-
tana-Sosa et al., 2008)

Performance based mo-
tor function activities of
daily living (Bossers et
al., 2016)

Performance based ac-
tivities of daily living
(Bossers et al., 2016)

Assessment battery with three subtests in-
cluding standing balance (tandem, semi-
tandem, and side-by-side stands), walking
speed over an 8-foot walking course, and
Five Times Sit-to-Stand Test are graded on
a five-point ordinal scale (O to 4).

The modified version comprises two sub-
tests including the Five Times Sit-to-Stand
Test and gait performance (maximum walk-
ing speed, step frequency, cadence).

Assessment battery including

(1) 30-s chair stand and arm curl test,
(2) chair sit-and-reach and back scratch
test,

(3) 8-foot up-and-go test, and

(4) 2-minute step test

Assessment battery with seven items (writ-
ing a sentence, simulated eating, lifting a
book onto a shelf, putting on a jacket, pick-
ing up a coin from the floor, walking 50 feet,
and turning 360°), which are scored on a 4-
point Likert scale.

Assessment battery with five items (pouring
a drink, spreading and cutting a sandwich,
opening a small cupboard with a key, wash-
ing hands, and tying a bow on a present),
which are rated according to correctly per-
formed substeps (0-6 points).

aMotor assessments displayed in Table 10 were identified in trials initially analysed for a review as-
sessing effects of physical activity on motor and cognitive performance in IWD (Scharpf et al.,
2013), supplemented by studies of Bossers et al. (Bossers et al., 2015, 2016; Bossers, Scherder et

al., 2014).

The discussion of all guiding questions was gradually specified from open brain storm-

ing to personal estimations and final feedback rounds. Thereby, advantages and dis-

advantages of individual assessment tools and general procedures were gathered and

discussed. In doing so, the first meeting elaborated a comprehensive decision basis

for the second meeting and developed specific questions for each assessment tool.

Based on the results of the first meeting, the second meeting aimed to derive specific

recommendations in a smaller group setting. It started with a summary of the results,
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which were then examined based on common research practice and own research
experiences. In the next step, guiding questions were again critically reflected and spe-
cific questions for each assessment tool were discussed in detail. As described above,
the discussion again was gradually specified. Finally, the appropriateness of assess-
ment tools and use of external cues and walking aids was established by voting. Con-
sensus was defined as an 80 % majority. If consensus was not directly reached, an-

other discussion round was started.
5.1.4 Results

The discussion on current research practices and experiences resulted in a consensus
for applying a sequential approach to assess motor performance in IWD. This means
that the level of difficulty is gradually increased, starting with simple and proceeding to
more complex tasks, if possible. Such an approach takes specific characteristics and
needs of the target population into account, and also considers their heterogeneity and
reduced physical capacity. This guarantees appropriate requirements tailored to indi-
vidual performance and improves the feasibility of assessments and comparability of
results. For the further discussions, this sequential approach was supposed to be a

basic assumption.

5.1.4.1 Recommendations for appropriateness and standardisation of motor

assessments

Estimating the appropriateness of motor assessments was performed separately for
different physical domains: balance, mobility and gait, strength, endurance, flexibility,
and functional performance. To ensure a clear understanding of assessments, short

descriptions are given in Table 10.

Based on several underlying considerations extensively described in the following sec-
tions, the discussion resulted in recommending the motor assessments summarised
in Table 11. As the selection of outcomes and assessments depends on specific ob-
jectives and the framework of investigations or aims of clinical examinations, we do not
recommend a fixed assessment battery but rather propose a possible selection.
Hence, several alternatives are given in Table 11. When composing an assessment
battery, it is of great importance to consider the limited capacity of IWD. Thus, we ad-

vise restricting the maximum duration of assessments, including rests, to 60 min.
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Table 11. Recommended motor assessments

Outcome Assessments

Balance Frailty and Injuries: Cooperative Studies of Intervention Technique - sub-
test 4 (Rossiter-Fornoff et al., 1995)

Groningen Meander Walking Test (Bossers, van der Woude et al., 2014)
If the investigation/clinical examination focuses on balance: Berg Bal-
ance Scale (Berg, 1989) or Performance Oriented Mobility Assessment
(Tinetti, 1986)

Mobility and gait Timed Up & Go Test (Podsiadlo & Richardson, 1991)
6-metre walk test (Guralnik, Seeman et al., 1994)

Instrumented gait analysis (GAITRite, comfortable pace, single and dual
tasks; Kressig & Beauchet, 2006)

Lower limb strength Modified 30-s chair-stand test (Blankevoort et al., 2013; Jones et al.,
1999), including time for five repetitions

Endurance With constraints, if endurance is an important outcome: 2-min walk test
(Cooper, 1968) or 6-min walk test (Enright, 2003)

Functional performance  Short Physical Performance Battery (Guralnik, Simonsick et al., 1994)
Physical Performance Test (Reuben & Siu, 1990)

5.1.4.1.1 Balance assessments

To investigate balance, previous trials applied static (one-leg balance test [Vellas et
al., 1997], single leg stance, Frailty and Injuries: Cooperative Studies of Intervention
Technigue - subtest 4 [FICSIT-4; Rossiter-Fornoff et al., 1995], posturography plat-
forms, and Functional Reach Test [Duncan et al., 1990]) and dynamic approaches
(Figure of Eight Test [Johansson & Jarnlo, 2009] and Groningen Meander Walking
Test [GMWT,; Bossers, van der Woude et al., 2014]). They also utilised balance scales
(Berg Balance Scale [Berg, 1989] and Performance Oriented Mobility Assessment

[Tinetti, 1986]) encompassing both static and dynamic tasks.

To assess static balance, we recommend the FICSIT-4. Compared to one-leg balance
tests, this assessment fulfils the requirement of a sequential approach, starting with a
less demanding postural position (parallel stance) which is gradually increased (semi-
tandem, tandem, and one-leg stance). Assessment tools recording postural sway, like
posturography platforms or force plates, can provide more precise information on static
balance. However, many of these assessments cannot be recommended for IWD,
since they overtax their physical and balance capabilities. In this context, Ruhe, Fejer,
and Walker (2010) performed a systematic review considering various ages and health
groups and suggested that three to five repetitions of 90 s each are necessary to reach

acceptable reliability values for centre of pressure sway measures. Based on our own
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experiences, we thus queried feasibility for the majority of IWD. The same applies for
the Functional Reach Test. Assuming a non-satisfactory execution, like not leaning
forward as far as possible due to fear of falling (Allan, Ballard, Rowan, & Kenny, 2009),
we concluded that the Functional Reach Test is not a valid assessment for static bal-

ance in IWD.

The Figure of Eight Test and the GMWT both assess dynamic balance by determining
speed and accuracy while walking a prescribed course — a figure of eight trajectory
and a meandering curved line, respectively. Compared to the Figure of Eight Test, the
walking course of the GMWT was simplified and thereby tailored to the specific char-
acteristics of IWD (Bossers, van der Woude et al., 2014). Therefore, we recommend

using the GMWT to assess dynamic balance in IWD.

Compared to single balance assessments, balance scales like the Berg Balance Scale
or the Performance Oriented Mobility Assessment include various items predominately
focusing on important tasks for everyday life. With small restrictions concerning the
tasks of leaning forward and one-leg stance, all items seem to be feasible for IWD.
Thus, we consider both balance scales appropriate to use with IWD. Even though
these scales evaluate balance more comprehensively than single assessments, their
longer duration needs to be considered. Therefore, we recommend balance scales for
investigations or clinical examinations focusing on balance, but suggest using single

assessments in trials and clinical examinations investigating various physical domains.
5.1.4.1.2 Mobility and gait assessments

Common mobility and gait assessments in IWD include get up and go tests (Mathias
et al., 1986), WT (Guralnik, Seeman et al., 1994), and gait analyses (Kressig & Beau-
chet, 2006). All of these assessments are of short duration, apply simple instructions,
and include familiar tasks from everyday life. Based on these estimations, we recom-
mend using all three types of mobility and gait assessments for IWD. However, differ-
ent variations of get up and go tests and WT exist why standardisation of assessment

procedures is very important.

Regarding get up and go tests, different versions vary concerning scoring methods and
walking distances. The TUG, a get up and go test version introduced by Podsiadlo and
Richardson (1991), allows a quantitative evaluation through timing and is also the most

frequently used approach. We therefore recommend using this version of get up and
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go tests. However, the TUG and other available get up and go test versions consist of
various short tasks, which need to be remembered during execution. Thus, the appro-
priateness of the TUG for IWD is somewhat limited and predominantly applies for IWD
in mild stages of the disease or tailored approaches allowing the use of external cues

(see below).

There are WT for different walking distances and paces. Considering spatial limitations
and relevance for short distance walking situations in everyday life, we recommend
assessing walking at a comfortable pace over a course of six metres. Instrumented
gait analysis systems, such as GAITRite® (CIR Systems Inc., Franklin, NJ), can be
valuable in providing further detailed information on different spatiotemporal gait pa-
rameters. Additionally, dual task conditions can reveal interactions between cognition
and gait more clearly (Montero-Odasso et al., 2012; Muir et al., 2012). Besides GAI-
TRite®, which is widely used and has been successfully applied in IWD (Sterke, van
Beeck, Looman, Kressig, & van der Cammen, Tischa J M, 2012; Verghese, Wang,
Lipton, Holtzer, & Xue, 2007), other instrumented gait analysis systems also might be

appropriate, but rarely have been investigated in IWD.
5.1.4.1.3 Strength assessments

Concerning strength outcomes, available tools can be classified as lower limb (STS
tests [Csuka & McCarty, 1985], stair-climbing performance [Reuben & Siu, 1990], and
instrumented strength assessments) or upper limb strength assessments (handgrip

dynamometers and arm curl test [Rikli & Jones, 2006]).

For lower limb strength, we recommend STS tests, in particular a modified 30-s chair-
stand test, which allows the use of armrests (Blankevoort et al., 2013; Jones et al.,
1999). Although STS performance only partly depends on lower limb strength (Lord,
Murray, Chapman, Munro, & Tiedemann, 2002; McCarthy, Horvat, Holtsberg, &
Wisenbaker, 2004) and using armrests reduces knee and hip moments (Janssen,
Bussmann, & Stam, 2002), it is a functional task, which is of high relevance for every-
day life. Moreover, many IWD show reduced physical capacity, and thus may not be
able to perform the task without the use of armrests. Compared to the Five Times Sit-
to-Stand Test, which records the time required to perform five repetitions, the modified
30-s chair-stand test counts the number of repetitions within 30 s and fulfils the criteria

of a sequential approach by allowing each participant to be rated independently of the
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number of STS repetitions. Additionally, the time required for five repetitions can be
simultaneously assessed for all participants reaching this threshold. However, we do
not recommend other lower limb strength assessments without constraints. Although
stair-climbing performance is a clinically relevant measure of leg power (Bean, Kiely,
LaRose, Alian, & Frontera, 2007), its feasibility may be compromised by practical
(availability of standardised flight of stairs) and safety (risk of falling) reasons. With
regard to instrumented strength assessments (e.g. dynamometers, isokinetic tools, fit-
ness machines, or other apparatus assessing weights), it has been suggested that
such assessments are generally too complex and impractical for assessing large
groups (Netz, Ayalon, Dunsky, & Alexander, 2004). Moreover, their suitability for IWD
is questionable, as task-specific strength assessments are partly based on complex
motion sequences, which are not related to everyday motor experiences, and therefore
conflict with the decreased ability to develop and perform new or complex motor se-
guences of IWD (Hauer & Oster, 2008).

We cannot recommend any of the available assessments for upper limb strength with-
out constraints. Dynamometers assessing handgrip strength were scarcely applied in
IWD and first need to prove feasibility. The arm curl test was deemed unsuitable for
IWD, because it involves a motion sequence unrelated to everyday life (see instru-

mented strength assessments).
5.1.4.1.4 Endurance assessments

The 6- or 2-min WT (Cooper, 1968; Enright, 2003), as well as the 2-min step test from
the Senior Fitness Test (SFT) (Rikli & Jones, 2006) are available for endurance as-
sessments. We do not recommend these assessments without constraints. All assess-
ments require participants to stand or walk for two or six minutes, respectively. In con-
trast, IWD often suffer from multiple motor impairments, frequently affecting the perfor-
mance of standing or walking. Thus, available endurance assessments seem unsuita-
ble for IWD. Consequently, we suggest limiting the use of such assessments only if
specifically indicated by the study design or aim of clinical examination. Nonetheless,
developing novel, feasible endurance assessments for frail IWD and examining feasi-
bility of existing assessments well-established in other populations, such as ergometer

tests, are indicated.
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5.1.4.1.5 Flexibility assessments

Only few previous investigations have incorporated flexibility assessments in IWD. Ac-
cordingly, the discussion did not consider flexibility assessments in detail. Examples
are the chair sit-and-reach test, as well as the back scratch test from the SFT (Rikli
& Jones, 2006). As information on their feasibility in IWD is scarcely available, we sug-
gest not using these flexibility assessments, unless flexibility is a central outcome

measure.
5.1.4.1.6 Functional performance assessments

Looking at functional performance assessments, previous trials applied the Short
Physical Performance Battery (Guralnik, Simonsick et al., 1994), the Physical Perfor-
mance Test (Reuben & Siu, 1990), the Erlangen Test of Activities of Daily Living
(Graessel et al., 2009), and the SFT (Rikli & Jones, 2006). Among these, Freiberger et
al. (2012) recommend both the Short Physical Performance Battery and the Physical
Performance Test for unimpaired older adults. Both assessments apply tasks relevant
to everyday life (e.g., simulated eating, putting on a jacket, standing up from a chair,
and walking), and previous trials have demonstrated feasibility in IWD. Thus, our rec-

ommendation is to include both assessments to assess functional performance in IWD.

The Erlangen Test of Activities of Daily Living, specifically developed for IWD, is easy
and short to administer and includes tasks demonstrating relevance for everyday life
(e.g. pouring a drink or washing hands; Graessel et al., 2009). This indicates its appro-
priateness for IWD. However, it seems to be too easy for individuals with mild dementia
(Luttenberger, Schmiedeberg, & Grassel, 2012), and therefore we do not recommend
it without constraints. Moreover, we do not recommend the SFT for IWD, because it
comprises tasks such as the arm curl, chair sit-and-reach, back scratch, and 2-min

step tests that were deemed unsuitable for IWD (for details please see above).

5.1.4.2 Recommendations for the use of external cues and walking aids during

assessments

Previous trials assessing motor performance in IWD frequently allowed the use of ex-
ternal cues. However, their influence on results has not yet been well-established. Nev-
ertheless, external cues seem to be important to ensure the feasibility of motor assess-
ments in IWD, and are especially necessary for assessments consisting of many short
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tasks, such as the TUG (van lersel et al., 2007). In this context, we note the heteroge-
neity in external cues applied across previous trials and emphasise the need for stand-
ardisation for comparability reasons. Thus, we suggest allowing the exact repetition of
instructions but no other external cues, if not otherwise indicated in the assessment
protocol. Moreover, we advise a careful documentation and reporting of used external
cues. This recommendation of allowing a restricted use of external cues contributes to
tailoring motor assessments to specific characteristics of IWD, and is a first step to-
wards standardisation, which needs to be further substantiated. However, the use of
external cues is not appropriate for assessments determining complex motor-cognitive

performance, such as activities of daily living.

Walking aids are frequently required by both older adults and IWD, and assessment
protocols do often not indicate how to deal with them (Schwenk et al., 2011). Despite
their influence on detecting gait changes over time (Schwenk et al., 2011), we recom-
mend allowing the use of walking aids applied in everyday life due to safety reasons
and to avoid missing data. This may also increase ecological validity, since IWD who
use a walking aid in everyday life would be examined in their daily situation. Whenever
possible, however, the TUG should be performed without walking aids. Focusing on
standardisation, we further suggest restricting the use of walking aids to commonly
used aids (e.g. walkers, canes, and crutches), which does not include personal assis-
tance. We also recommend carefully documenting and reporting the use of waking
aids. Addressing comparability between baseline and post assessment values, addi-
tional qualitative analyses may be indicated when considerable changes in the use of

walking aids occurred.
5.1.4.3 Psychometric properties

Only few investigations examining psychometric properties of motor assessments in
IWD were available at the time of the two meetings. Thus, there was no profound em-
pirical basis for evaluating psychometric properties of motor assessments, which em-

phasises the urgent need for further investigations.

Considering available investigations, validity has been examined too scarcely and het-
erogeneously to draw comprehensive conclusions. As indicated in Table 12, intraclass
correlation coefficient values for recommended assessment tools ranged between .57

and .99, reflecting sufficient relative reliability, whereas higher intra-individual variability



ESTABLISHING A HIGH-QUALITY METHODOLOGICAL APPROACH
TO INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY
IN INDIVIDUALS WITH DEMENTIA 69

shows lower absolute reliability. Based on these findings, it was concluded that the
above-recommended assessments show sufficient reliability to assess inter-individual
differences in cross sectional or controlled intervention studies, but are not suitable for
determining intra-individual changes (Blankevoort et al., 2013; Bossers, van der
Woude et al., 2014; Farrell et al., 2010; Fox et al., 2014; McGough et al., 2013; Ries
et al., 2009; Suttanon et al., 2011; Tappen et al., 1997; Thomas & Hageman, 1999;
van lersel et al., 2007; Wittwer et al., 2008).

Table 12. Relative (ICC) and absolute (SEM, MDCgs) reliabilities for recommended assessments

Recommended assessments

Test-retest reliability @

Frailty and Injuries: Coopera-
tive Studies of Intervention
Technique - subtest 4

(Rossiter-Fornoff et al., 1995)

ICC=.79-.82 (Blankevoort et al., 2013)
SEM=.55-.60 points (Blankevoort et al., 2013)
MDCogs=1.52-1.66 points (Blankevoort et al., 2013)

Groningen Meander Walking  Time ICC=.93-.96 (Bossers, van der Woude et al., 2014)
Test SEM=1.93 s (Bossers, van der Woude et al., 2014)
(?05256?43): van der Woude et MDCes5=5.35 s (Bossers, van der Woude et al., 2014)
al.,
Oversteps ICC=.57-.79 (Bossers, van der Woude et al., 2014)
SEM=1.58 oversteps (Bossers, van der Woude et al.,
2014)
MDCogs=4.38 oversteps (Bossers, van der Woude et al.,
2014)
Berg Balance Scale N/A
(Berg, 1989)
Performance Oriented Mobil- ICC=.96 (van lersel et al., 2007)
ity Assessment
(Tinetti, 1986)
Timed Up & Go Test ICC=.76-.99 (Blankevoort et al., 2013; Ries et al., 2009;
(Podsiadlo & Richardson, Suttanon et al., 2011; Thomas & Hageman, 1999)P
1991) SEM=1.43-3.03 s (Blankevoort et al., 2013; Ries et al.,
2009; Suttanon et al., 2011)°
MDCoes=2.42-8.07 s (Blankevoort et al., 2013; Ries et al.,
2009; Suttanon et al., 2011)°
6-metre walk test Time ICC=.92 (Thomas & Hageman, 1999)
(nga'”ika Seeman etal., Speed ICC=.83-.89 (Blankevoort et al., 2013)
) SEM=.09-.11 m/s (Blankevoort et al., 2013)
MDCos=.25-.29 m/s (Blankevoort et al., 2013)
Steps ICC=.80 (Thomas & Hageman, 1999)
Instrumented gait analysis Speed ICC=.95-.98 (McGough et al., 2013; Ries et al., 2009;

(GAITRIte®, comfortable
pace, single task; Kressig
& Beauchet, 2006)

Wittwer et al., 2008)
SEM=0.06 m/s (Ries et al., 2009)

MDCos=.11-.13 m/s (Ries et al., 2009; Wittwer et al.,
2008)
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Step/ ICC=.97-.98 (McGough et al., 2013; Wittwer et al., 2008)
stride MDCes=4.15-5.27 / 8.12-10.24 cm (Wittwer et al., 2008)
length
Step ICC=.92-.95 (Wittwer et al., 2008)
width MDCos=1.83-2.23 cm (Wittwer et al., 2008)
Stance/ ICC=.87-.96 (McGough et al., 2013; Wittwer et al., 2008)
?W'”g MDCgs5=.03-.06 s (Wittwer et al., 2008)
ime

Cadence ICC=.88-.91 (McGough et al., 2013; Wittwer et al., 2008)
MDCos=7.64-8.13 steps/min (Wittwer et al., 2008)

Instrumented gait analysis N/A
(GAITRIte®, comfortable

pace, dual task; Kressig

& Beauchet, 2006)

Modified 30-s chair-stand ICC=.79-.88 (Blankevoort et al., 2013)

test SEM=.83-1.52 repetitions (Blankevoort et al., 2013)
(Blankevoort et al., 2013; MDCgs=2.30-4.21 repetitions (Blankevoort et al., 2013)
Jones et al., 1999)

Short Physical Performance ICC=.88 (Fox et al., 2014)

Battery

(Guralnik, Simonsick et al.,

1994)

Physical Performance Test ICC=.90 (Farrell et al., 2010)

(Reuben & Siu, 1990)

2-min walk test N/A

(Cooper, 1968)

6-min walk test ICC=.75-.99 (Ries et al., 2009; Tappen et al., 1997)b
(Enright, 2003) SEM=19.57-21.86 m (Ries et al., 2009)¢

MDCg5=39.76 m (Ries et al., 2009)¢

a Between-day test-retest reliability, if not otherwise indicated;
b Between-day and within-day test-retest reliability;
¢ Within-day test-retest reliability

ICC: intraclass correlation coefficient; SEM: standard error of measurement; MDCoes: minimal detectable
change with 95 % confidence interval

5.1.5 Discussion

The present article conveys a consensus of recommendations for assessing motor
performance in IWD, which was reached during an expert panel with two interrelated
one-day meetings at the KIT in December 2014 and February 2015. These recommen-
dations focus on the appropriateness and standardisation of motor assessments for
IWD, deal with the use of external cues or walking aids, and consider psychometric

properties of recommended assessments.
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To appropriately address IWD, we recommend using a sequential approach and sug-
gest a selection of eight motor assessments to investigate balance (FICSIT-4 and
GMWT), mobility and gait (TUG, 6-m WT, and instrumented gait analysis), lower limb
strength (modified 30-s chair-stand test), and functional performance (Short Physical
Performance Battery and Physical Performance Test). Moreover, we put emphasis on
a standardised assessment procedure to ensure comparability between different tri-
als/clinical examinations and to thereby allow conclusions to be drawn based on sound
evidence. Considering standardisation in general, we advise allowing a restricted use
of external cues and walking aids, and to carefully document and report their use. Psy-
chometric properties could not be considered in-depth, but available investigations de-
termined sufficient relative reliability for the majority of recommended assessments.
These recommendations were primarily elaborated for research but equally can be
applied in clinical practice. However, lower absolute reliability needs to be considered

when assessing intra-individual changes.

To our knowledge, this is the first article giving comprehensive recommendations for
assessing motor performance in IWD using a qualitative approach. The few available
investigations also focusing on recommendations of motor assessments in IWD ana-
lysed assessments used in previous trials from a quantitative perspective, and did not
deal with standardisation of assessment procedures or tailoring assessments to spe-
cific characteristics of IWD. For the most part, the assessments recommended in this
paper coincide with these recommendations (see Bossers et al., 2012 and McGough
et al., 2019).

A major strength of the expert panel was the comprehensive and thorough analysis of
the appropriateness of motor assessments considering specific characteristics of IWD.
Following the expert panel, the recommended assessments were applied in a trial of
our own with IWD in mild to moderate stages of the disease (Trautwein, Scharpf,
Barisch-Fritz, Niermann, & Woll, 2017) and demonstrated feasibility. This is in line with
previous investigations successfully utilising these assessments or determining their
reliability. Nevertheless, information on psychometric properties in many cases is still
insufficient and further research is needed (Bossers et al., 2012). Furthermore, our
own experiences showed that it was not possible to identically adopt assessment pro-
cedures common for healthy older adults for IWD. For example, it was necessary to

allow external cues in form of repeated instructions. This clearly illustrates the need for
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tailored versions of existing motor assessments, which first need to be standardised
and evaluated. Unfortunately, it was not possible to discuss more recent findings within

another expert meeting.

Potential biases need to be stated concerning the choice of motor assessments. De-
spite applying a systematic approach, considered assessments were restricted to
those utilised in randomised controlled trials with IWD. Thus, other potentially appro-
priate assessments may be missing. Additionally, the derived recommendations could
be biased by the researchers’ experiences and preferences. Moreover, this article only
considers existing assessments used in previous trials, whereby the recommendations
only include the most suitable of the available possibilities. Besides investigating psy-
chometric properties of existing assessments and developing tailored standardised
versions, which consider specific characteristics of IWD, future research should also
focus on developing new assessments specifically for IWD. In summary, the recom-
mendations in this article were thoroughly deduced from existing literature and con-
sider the psychometric properties as much as possible. However, they should be used
carefully as it is important to first evaluate them in different studies with IWD and ad-

dress further questions due to limited evidence.
5.1.6 Conclusions

This article contributes to giving recommendations on performing motor assessments
in IWD. However, these recommendations show a preliminary character and are not
able to deal with all existing questions. One main problem is that most assessments
applied in previous trials were not developed initially for IWD and are not well-investi-

gated within this target population.

Finally, we indicate the need for further studies investigating common motor assess-
ments for administration in IWD. We further encourage tailoring assessment proce-
dures and evaluating existing motor assessments according to the special character-
istics of IWD, and then investigating these adapted versions. Nevertheless, it will be
important to develop and investigate specific assessments specifically for IWD, such
as the GMWT.

In line with Goncalves et al. (2018), we encourage scientists and clinical practitioners
to reach a consensus concerning the use of motor assessments, and to apply a stand-

ardised assessment procedure aiming to enhance comparability in the research field
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and clinical practice. With regard to scientific publications, we therefore ask scientists
to give a detailed report on how they perform motor assessments in IWD, as different

modifications exist and it is often not clear which has been applied.

All efforts undertaken to develop and apply standardised and reliable motor assess-
ments which are appropriate and meaningful for IWD are important steps to enhance
evidence concerning efficacy and effectiveness of physical activity on motor perfor-

mance in IWD.
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5.2 Quantitative examination of motor assessments for individuals with

dementia
Manuscript Il

Summary: With respect to quantitative aspects, valid, reliable, and sensitive motor
assessments are required to investigate the effectiveness of physical activity on motor
and gait performance in IWD (Blankevoort et al., 2010; Hauer et al., 2006). However,
the psychometric properties of motor assessments applied in previous RCT are not
thoroughly examined in IWD (Blankevoort et al., 2010). Thus, manuscript Il aims to
summarize and analyze findings on psychometric properties, frequency of use, and
effect sizes of motor assessment applied in previous RCT, while considering severity
and etiology of dementia, as well as the use of external cues. Based on knowledge
gained it established recommendations on motor assessments for IWD. By quantita-
tively analyzing motor assessments for IWD manuscript || addresses research ques-
tion A2.

Published in: European Review of Aging and Physical Activity
Published on: November 3rd, 2019
Reference:

Trautwein, S., Maurus, P., Barisch-Fritz, B., Hadzic, A.,, & Woll, A. (2019).
Recommended motor assessments based on psychometric properties in
individuals with dementia: A systematic review. European Review of Aging and
Physical Activity, 16(20). https://doi.org/10.1186/s11556-019-0228-z
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Recommended Motor Assessments Based on Psychometric Properties in Indi-

viduals with Dementia: A Systematic Review’

Sandra Trautwein®’, Philipp Maurus'?, Bettina Barisch-Fritz!, Anela Hadzic', Alexander Woll*
1Institute of Sports and Sports Science, Karlsruhe Institute of Technology, Karlsruhe, Germany
Full list of author information is available at the end of the article

* Correspondence: sandra.trautwein@kit.edu

5.2.1 Abstract

Background: Motor assessments are important to determine effectiveness of physical
activity in individuals with dementia (IWD). However, inappropriate and non-standard-
ised assessments without sound psychometric properties have been used. This sys-
tematic review aims to examine psychometric properties of motor assessments in IWD
combined with frequency of use and effect sizes and to provide recommendations

based on observed findings.

We performed a two-stage systematic literature search using Pubmed, Web of Sci-
ence, Cochrane Library, ALOIS, and Scopus (inception - July/September 2018, Eng-
lish and German). The first search purposed to identify motor assessments used in
randomised controlled trials assessing effectiveness of physical activity in IWD and to
display their frequency of use and effect sizes. The second search focused on psycho-
metric properties considering influence of severity and aetiology of dementia and cue-
ing on test-retest reliability. Two reviewers independently extracted and analysed find-

ings of eligible studies in a narrative synthesis.

Results: Literature searches identified 46 randomised controlled trials and 21 psycho-
metric property studies. While insufficient information was available for validity, we ob-
served sufficient inter-rater and relative test-retest reliability but unacceptable absolute
test-retest reliability for most assessments. Combining these findings with frequency
of use and effect sizes, we recommend Functional Reach Test, Groningen Meander
Walking Test (time), Berg Balance Scale, Performance Oriented Mobility Assessment,
Timed Up & Go Test, instrumented gait analysis (spatiotemporal parameters), Sit-to-

Stand assessments (repetitions>1), and 6-minute walk test. It is important to consider

7 Manuscript Il is published in a British journal and thus is written in British English. Some minor formal
adaptions were made to the version presented in this thesis to ensure uniform formatting.
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that severity and aetiology of dementia and cueing influenced test-retest reliability of

some assessments.

Conclusion: This review establishes an important foundation for future investigations.
Sufficient relative reliability supports the conclusiveness of recommended assess-
ments at group level, while unacceptable absolute reliability advices caution in as-
sessing intra-individual changes. Moreover, influences on test-retest reliability suggest
tailoring assessments and instructions to IWD and applying cueing only where it is
inevitable. Considering heterogeneity of included studies and insufficient examination
in various areas, these recommendations are not comprehensive. Further research,
especially on validity and influences on test-retest reliability, as well as standardisation

and development of tailored assessments for IWD is crucial.
This systematic review was registered in PROSPERO (CRD42018105399).

Keywords: Physical performance measurements, Cognitive impairment, Validity, Reli-

ability, Frequency of use
5.2.2 Background

Physical activity has gained importance as therapeutic strategy for individuals with de-
mentia (IWD), and in accordance, the number of trials investigating its effectiveness
on motor and cognitive performance in IWD has increased (Ahlskog et al., 2011). How-
ever, methodological limitations, such as inappropriate or inconclusive motor assess-
ments, affect the derivation of evidence. Thus, further high quality investigations are
required (Brett et al., 2016; Gongalves et al., 2018; Hauer et al., 2006).

Considering motor assessments, high quality is reflected by appropriateness for the
intended population, sensitivity to change, sound psychometric properties, and stand-
ardisation (Goncalves et al., 2018; Ries et al., 2009; Wittwer, Webster, & Hill, 2013).
In many cases, motor assessments used in previous trials failed to meet these criteria.
The majority of applied assessments has predominately been developed for healthy
older adults and does not consider specific characteristics of IWD (Fox et al., 2016).
However, IWD and unimpaired individuals differ in their cognitive and motor perfor-
mance (Allan et al., 2005; Baddeley et al., 1986; Manckoundia et al., 2006; Perry
& Hodges, 1999; van lersel et al., 2004). Thus, tailoring motor assessments to IWD is

essential to ensure appropriateness. Furthermore, insufficient or inconsistent research



ESTABLISHING A HIGH-QUALITY METHODOLOGICAL APPROACH
TO INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY
IN INDIVIDUALS WITH DEMENTIA 78

regarding sensitivity to change and psychometric properties in IWD (Bossers et al.,
2012) restricts the derivation of meaningful conclusions from applied motor assess-
ments (Muir-Hunter, Graham, & Montero-Odasso, 2015; Telenius, Engedal, & Ber-
gland, 2015b). Referring to this, literature indicates that dementia affects reliability
(Blankevoort et al., 2013; Hauer & Oster, 2008; Phillips, Chu, Morris, & Hawes, 1993;
Ries et al., 2009), which was scarcely considered in previous trials. With regard to
standardisation, previous research utilised a variety of motor assessments and modi-
fications, affecting comparability (Bossers et al., 2012; Gongalves et al., 2018). There-
fore, inappropriateness, insensitivity, inconclusiveness, and non-standardisation limit

the derivation of evidence.

Considering heterogeneous cognitive and motor impairments (Allan et al., 2005; Co-
hen-Mansfield, 2000), motor assessments may not be equally suitable for all IWD. Se-
verity and aetiology of dementia, which are important determinants contributing to this
heterogeneity (Cohen-Mansfield, 2000; Valkanova & Ebmeier, 2017), potentially influ-
ence psychometric properties of motor assessments. Particularly, test-retest reliability
may decrease with increasing severity of dementia, due to growing intra-individual var-
iability or progressive difficulties to participate in motor assessments (Blankevoort et
al., 2013; Hauer & Oster, 2008; Phillips et al., 1993; Ries et al., 2009). Similarly, aeti-
ology of dementia can influence test-retest reliability as cognitive and motor impair-
ments vary in time of occurrence and severity in different aetiologies (Cohen-Mans-
field, 2000; Muir-Hunter et al., 2015). Moreover, the influence of external cues on test-
retest reliability, which are used to compensate for cognitive and motor impairments,

has been discussed (Hauer & Oster, 2008; van lersel et al., 2007).

Literature comprehensively addressing motor assessments for IWD is limited. The im-
portance of research in this area is highlighted in a qualitative approach (Trautwein,
Barisch-Fritz et al., 2019) of analysing the appropriateness of motor assessments for
IWD. Additionally to elaborating recommendations, this article emphasises the need
for tailoring and standardising motor assessments for IWD (Trautwein, Barisch-Fritz et
al., 2019). Moreover, three systematic reviews (Bossers et al., 2012; Fox et al., 2016;
H.-S. Lee & Park, 2017) and one scoping review (McGough et al., 2019) examined
frequency of use, sensitivity to change, and psychometric properties. Bossers et al.
(2012) and McGough et al. (2019) identified eight frequently applied, sensitive assess-

ments, showing good to excellent relative test-retest reliability. Fox et al. (2016) found
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appropriate relative test-retest reliability, but insufficient absolute test-retest reliability
and limited information on validity for several motor assessments. While H.-S. Lee and
Park (2017) determined similar intraclass correlation coefficients (ICC), they applied a
more stringent rating, suggesting acceptable relative test-retest reliability only for the
Berg Balance Scale (BBS). Additionally, they considered the influence of different ae-
tiologies of dementia on relative test-retest reliability, but were not able to draw con-
clusions due to insufficient research. In summary, these reviews provide an important
basis, but do not actually allow a comprehensive quantitative evaluation of motor as-
sessments for IWD. Previous reviews focused on frequency of use and sensitivity to
change (Bossers et al., 2012; McGough et al., 2019) or just considered relative relia-
bility and neglected other psychometric properties such as absolute reliability or validity
(Bossers et al., 2012; H.-S. Lee & Park, 2017; McGough et al., 2019). They only inves-
tigated psychometric properties of the most common motor assessments without tak-
ing into account the influences of the heterogeneity of IWD (Bossers et al., 2012; Fox
et al., 2016; McGough et al., 2019) or considering further outcomes such as frequency
of use or sensitivity to change (Fox et al., 2016; H.-S. Lee & Park, 2017). Moreover,
information on how psychometric properties were graded was rare (Bossers et al.,
2012; H.-S. Lee & Park, 2017; McGough et al., 2019), no specific recommendations
were suggested (Fox et al., 2016; H.-S. Lee & Park, 2017), and the results of different
outcomes were not combined when drawing conclusions (Fox et al., 2016). Finally,
previous randomised controlled trials (RCT) with IWD applied additional motor assess-
ments which were not considered in previous reviews (Bossers et al., 2012; Fox et al.,
2016; H.-S. Lee & Park, 2017; McGough et al., 2019).

With respect to these limitations, we indicated the following main research gaps: (a)
comprehensive quantitative approaches combining outcomes of identified reviews in-
cluding psychometric properties, frequency of use, and effect sizes of motor assess-
ments applied in previous trials with IWD and (b) research on the influence of severity
and aetiology of dementia and cueing on test-retest reliability. Therefore, the objectives
of this systematic review are: (1) to quantitatively examine motor assessments for IWD
used in previous RCT by comprehensively analysing psychometric properties (primary
outcome), frequency of use, and effect sizes of those assessments (secondary out-
comes) and (2) to assess the influence of severity and aetiology of dementia and cue-

ing on test-retest reliability. Based on primary and secondary outcomes, this review
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derives recommendations, which contribute to create consensus and decrease heter-
ogeneity of motor assessments for future research. It needs to be considered that there
are several purposes and reasons for applying motor assessments. Motor assess-
ments are essential for diagnostic purposes and to assess changes over time, e.g. in
RCT. Regarding specific reasons, they are utilised to determine actual motor perfor-
mance, but also to evaluate related outcomes, such as frailty (Lundin-Olsson et al.,
1998) and risk of falls (McGough et al., 2013), or to draw conclusions on underlying
cognitive performance (Beauchet et al., 2008). This review focuses on motor assess-
ments to assess changes over time, but does not further differentiate between various
reasons for the use of motor assessments. Instead, it aims to provide a general over-

view.
5.2.3 Methods

For this systematic review, we considered the guidelines and recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement (Lib-
erati et al., 2009; Moher, Liberati, Tetzlaff, & Altman, 2009). Furthermore, we registered
the systematic review in PROSPERO (CRD42018105399).

We performed a two-stage literature search to address the objectives of this systematic
review. A first search focused on the identification of motor assessments applied in
RCT in IWD. Based on these findings, a second search (main search) aimed to deter-
mine publications examining psychometric properties of the identified motor assess-
ments. This approach ensures to focus on those motor assessments commonly ap-
plied in IWD and allows the determination of various outcomes required for a compre-
hensive quantitative evaluation of motor assessments for IWD. The taxonomy of COn-
sensus-based Standards for the selection of health Measurement INstruments (COS-
MIN) initiative (Mokkink et al., 2010) provided the terminology and definitions of psy-
chometric properties. In line with literature, we applied the terms relative and absolute
reliability for reliability and measurement error, respectively (Bruton, Conway, & Hol-
gate, 2000). Relative reliability, quantified by correlation coefficients, refers to the de-
gree to which individual measurements maintain their position within a sample over

repeated assessments, while absolute reliability, quantified by standard error of meas-
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urements or minimal detectable changes, is the degree to which individual measure-
ments vary over repeated assessments (Bruton et al., 2000; Carter, Lubinsky, & Dom-
holdt, 2013; Ries et al., 2009).

5.2.3.1 First search

For the first search, we examined the electronic databases Pubmed, Web of Science,
Cochrane Library, and ALOIS between December 2016 and July 2018 without date
restrictions. We applied terms related to dementia, physical activity, and motor perfor-
mance to identify eligible trials (see Additional file 1 for complete search term), supple-
mented by manually checking references of indicative articles and reviews. Two re-
viewers independently screened titles and abstracts (ST and BB) and checked inclu-
sion criteria during full-text analysis (ST and AH). Trials were eligible if they met the
following criteria: (a) designed as (cluster) RCT, (b) included individuals with primary
dementia (Alzheimer’s disease [AD], vascular dementia, frontotemporal dementia, and
Lewy body disease) older than 65 years, (c) applied physical activity interventions?, (d)
used motor assessments independent of intended reasons, and (e) were published
and written in English or German. We excluded comments, conference abstracts, pro-
tocols, and trial registrations. If there were disagreements, the two reviewers consulted

a third reviewer (AW) to reach a consensual decision.

One reviewer (ST) extracted the following data from included RCT using a standard-
ised extraction form: sample size, sample characteristics, motor assessments, means
and standard deviations of baseline and post motor assessments, corresponding F/t
statistics, and effect sizes. A second reviewer (AH) checked the outcomes. The two
reviewers discussed ambiguities and disagreements in consensus meetings and con-

sulted a third reviewer (BB) if they reached no agreement.

In addition to analysing frequency of use of identified motor assessments, we calcu-
lated time*group interaction effect sizes to represent their sensitivity to change. We
determined Cohen’s d if F (time*group interaction) or t (between group baseline-post
differences) statistics, or baseline-post differences including standard deviations were
provided (Thalheimer & Cook, 2002; formulas see Additional file 2). A Cohen’s d of

8 defined as all types of physical activity that are planned, structured, repetitive, and purposive aiming
to improve or maintain one or more components of physical fitness (Caspersen, Powell, and Christenson
(1985))
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0.2, 0.5, and 0.8 represents a small, medium, and large effect size, respectively (Jacob
Cohen, 1988). Furthermore, we considered time*group interaction effect sizes pro-
vided in RCT.

This first search primarily aimed to identify motor assessments used in previous RCT
with IWD and served as basis for the main search. Hence, we did not assess risk of

bias.
5.2.3.2 Main search

For the main search, we examined the electronic databases PubMed, Web of Science,
Cochrane Library, and Scopus (no date restrictions) between August and September
2018 for terms related to dementia, psychometric properties, and motor assessments
identified in the first search (see Additional file 3 for complete search term). Addition-
ally, we manually checked reference lists of indicative articles. Two reviewers (ST and
PM) independently screened titles and abstracts and checked inclusion criteria during
full-text analysis. Trials were eligible if they fulfilled the following criteria: (a) examined
psychometric properties (content validity, construct validity, criterion validity, internal
consistency, intra-rater reliability, inter-rater reliability, test-retest reliability, relative and
absolute reliability) of (b) motor assessments in (c) individuals with primary dementia
(AD, vascular dementia, frontotemporal dementia, and Lewy body disease) aged
above 65 years, (d) applied Mini-Mental State Examination (MMSE) (Folstein, Folstein,
& McHugh, 1975), and (e) were written and published in English or German. We ex-
cluded comments and conference abstracts. The two reviewers discussed disagree-

ments and consulted a third reviewer (BB) to resolve remaining discrepancies.

Two reviewers (ST and PM) independently extracted the following information from
eligible investigations utilising a standardised data extraction form: sample size, sam-
ple characteristics, motor assessments, methodologies, and statistics of psychometric
properties. Moreover, they independently assessed risk of bias of individual investiga-
tions with the COSMIN checklist (Mokkink, Vet et al., 2018; Prinsen et al., 2018). The
two reviewers resolved disagreements through discussion and consulted a third re-

viewer (BB) if necessary.

Afterwards, we analysed findings of eligible investigations in a systematic narrative
synthesis and summarised extracted information. In order to allow comparability of

minimal detectable change values, we calculated percentage minimal detectable
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changes at 95 % confidence interval (MDCgs%) if any standard error of measurement
or minimal detectable change was reported (Portney & Watkins, 2015; Schwenk,

Gogulla, Englert, Czempik, & Hauer, 2012; formulas: see Additional file 4).

Moreover, we rated the results of each study against the COSMIN criteria for good
measurement properties (Mokkink, Prinsen et al., 2018). Since information on minimal
important change of considered motor assessments in IWD is rare (Blankevoort et al.,
2013), and no other firm criteria for acceptable values (Smidt et al., 2002) are available,
we considered a MDCos% higher than 30 % as unacceptable (Huang et al., 2011; H.-S.
Lee, Park, & Chung, 2017). Based on COSMIN reliability criteria for good measure-
ment properties (Mokkink, Prinsen et al., 2018, p. 28) and indications for unacceptable
values (Huang et al., 2011; H.-S. Lee et al., 2017), we rated relative and absolute
reliability as follows:

- sufficient relative/absolute reliability (+): ICC=0.70/minimal detectable change
at 95 % confidence interval<minimal important change

- indeterminate relative/absolute reliability (?): ICC not reported/minimal im-
portant change not defined

- insufficient relative/absolute reliability (-): ICC<0.70/minimal detectable change
at 95 % confidence interval>minimal important change

- unacceptable absolute reliability (|): MDCo5%>30 %

Subsequently, we summarised overall evidence and graded quality of evidence using
the Grading of Recommendations Assessment, Development, and Evaluation ap-
proach, which considers risk of bias, inconsistency, imprecision, and indirectness of
included investigations (Mokkink, Prinsen et al., 2018; Schinemann, Brozek, Guyatt,
& Oxman, 2013). Additionally, we analysed the influence of severity and aetiology of
dementia and cueing on test-retest reliability. Therefore, we determined severity of de-
mentia according to reported MMSE values (mild: MMSE=26-17, moderate:
MMSE=17-10, severe: MMSE<10; Feldman & Woodward, 2005; Forbes et al., 2015;
Hogan et al., 2007) and/or classification of publications if range of MMSE was not re-
ported. Due to insufficient information on aetiology, we were only able to compare be-
tween AD and various or not reported types. In accordance with Muir-Hunter et al.
(2015, p. 257) we defined cueing as “providing any additional verbal, visual, or tactile

direction necessary to ensure correct performance of the task after the initial set of
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standardized instructions was given”. To investigate its influence on test-retest reliabil-
ity, we classified cueing in five categories, considering information in identified psycho-
metric property studies: (a) not reported, (b) no cueing, (c) verbal cueing, (d) verbal
and visual/tactile cueing, and (e) more extensive cueing than (c) and (d) including

physical assistance.
5.2.4 Results
5.2.4.1 Systematic searches (first and main search)

The first search revealed 5007 publications. After removing duplicates and initial
screening on titles and abstracts, we screened the full texts of 309 publications and
included 46 RCT for further analysis. For the main search, we obtained 902 publica-
tions. Removing duplicates and initial screening on titles and abstracts yielded 68 pub-
lications, of which we scanned full texts. Eventually, we included 21 eligible investiga-
tions in the narrative data synthesis (see Figure 4, further information on study char-

acteristics and data extractions are provided in Additional files 5, 6, 7 and 8).
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5.2.4.2 Motor assessments applied in previous randomised controlled trials

Previous RCT with IWD utilised 57 different motor assessments to determine balance,
mobility and gait, strength, endurance, flexibility, and functional performance. Psycho-
metric properties of 28 of these assessments were investigated in IWD. Table 13 con-
tains a short description of all identified motor assessments with available psychomet-
ric property studies (see Additional file 9 for motor assessments identified during first

search without available information on psychometric properties).

Table 13. Description, frequency of use, and effect sizes of motor assessments applied in previous

randomised controlled trials

Motor assessment Description Frequency of use Time*group
interaction
effect size

Balance
FICSIT-4 Task: performing four different 1 RCT (n=109) -

(Rossiter-Fornoff et
al., 1995)

stances with eyes open for ten sec-
onds: (a) feet together, (b) semi-tan-
dem, (c) tandem, (d) single-leg
Measurement: score [0-5], which
rates performance according to ability
to maintain stances

(Bossers et al., 2015)

Modified Clinical
Test of Sensory
Interaction of

Task: standing on a platform (Neuro-
Com Balance Master) as quietly as
possible for ten seconds under four

Balance sensory conditions: eyes open and
(Suttanon et al., closed standing on firm surface and
2011) foam

Measurements: sway velocity [deg/s],
composite score for all conditions

1 RCT (n=40) (Sut-
tanon et al., 2013)

Limits of Stability

(Suttanon et al.,
2011)

Task: standing on NeuroCom Balance
Master and moving cursor from centre
box directly to eight target boxes as
fast and as close as possible by shift-
ing weight

Measurements: reaction time [s],
movement velocity [deg/s], maximum
excursion [%], directional control [%],
summary composite score

1 RCT (n=40) (Sut-
tanon et al., 2013)

Physiomat-Trail-
Making Task
(Wiloth, Lemke,
Werner, & Hauer,
2016)

Task: standing on Physiomat and
connecting digits by shifting weight
Measurements: total duration [s], ac-
curacy of sway path [digits/ms]

1 RCT (n=84) (Wiloth
et al., 2018)
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Physiomat- Task: standing on Physiomat and 1 RCT (n=84) (Wiloth -
Follow-The-Ball moving cursor from centre of screen et al., 2018)
Task directly to targets as fast as possible
(Wiloth et al., 2016) by shifting weight
Measurements: total duration [s], ac-
curacy of sway path [digits/ms]
FR Task: standing next to a wall, holding 5 RCT  (n=204) Smallto
(Duncan et al., one arm parallel to a metre stick at- (Arcoverde et al., large®
1990) tached to the wall at shoulder height, 2014, Miu et al,
and reaching forward as far as possi- 2008; Netz et al,
ble without losing balance or changing 2007; Suttanon et al.,
foot position 2013; Vreugdenhil et
Measurement: distance from starting al-» 2012)
to end position [cm]
Hill Step Test Task: stepping one foot onto a block 2 RCT (n=54) (Sut- -
(Hill, 1996) and returning it to the floor as quickly tanon et al.,, 2013;
as possible for fifteen seconds Wesson et al., 2013)
Measurement: number of repetitions
Step Quick Turn Task: taking two steps forward on 1 RCT (n=40) (Sut- -
Test NeuroCom Balance Master, quickly tanon et al., 2013)
(Suttanon et al., turning, and returning to starting point
2011) Measurements: turn time [s], turn
sway [deg/s]
Figure of Eight Task: walking a lap of a standard fig- 1 RCT  (n=109) -
Test ure-eight trajectory as quickly and ac- (Bossers et al., 2015)
(Johansson curately as possible
& Jarnlo, 2009) Measurements: walking speed [m/s],
number of oversteps
GMWT Task: walking over a meandering 1 RCT  (n=109) -
(Bossers, van der curved line as quickly and accurately (Bossers et al., 2015)
Woude et al., 2014) s possible
Measurements: walking speed [m/s],
number of oversteps
BBS Task: 14-item functional balance as- 11 RCT (n=648) Smallto
(Berg, 1989) sessment with simple everyday tasks (Arcoverde et al., largec"

(reaching, bending, transferring,
standing, and rising), which are
graded on a five-point ordinal scale (0
to 4)

Measurement: score [0-56]

2014; Burgener et al.,
2008; Christofoletti et
al., 2008; M.-J. Kim et
al., 2016; Lam, Liao
etal., 2018; Miu et al.,
2008; Padala et al.,
2012; Padala et al.,
2017; Telenius et al.,
2015a; Toots et al.,
2016; Yoon et al.,
2013)

Modified BBS
(Berg, 1989)

Task: abbreviated version of the orig-
inal 14-item BBS, excluding three
items (chair-to-chair transfer, forward
reach with outstretched arm, and al-
ternate stepping on-off stool)

Measurement: score [0-44]

1 RCT (n=23) (Daw-
son et al., 2019)
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POMA Task: scale with two parts, assessing 7 RCT  (n=300) No to largecr

(Tinetti, 1986)

balance (B) and gait (G)

(B) sitting balance, rising from a chair
and sitting down, standing balance
(with eyes open and closed), and turn-
ing balance

(G) gait initiation, step length and
height, symmetry, continuity, path di-
rection, and trunk sway

Measurements: total score [0-28], bal-
ance score [0-16], gait score [0-12]

(Francese et al.,
1997; Hauer et al.,
2012; Hauer et al.,
2017; Kovacs et al.,
2013; Lam, Liao et
al., 2018; Padala et
al., 2012; Santana-
Sosa et al., 2008)

Mobility and gait

TUG

(Podsiadlo & Rich-
ardson, 1991)

Task: standing up from a chair, walk-
ing three metres, turning around,
walking back to chair, and sitting
down

Measurements: time [s], number of
steps

16 RCT (n=1001)
(Aguiar et al.,, 2014;
Arcoverde et al,
2014; Bossers et al.,
2015; Cancela et al.,
2016; Christofoletti et
al., 2008; Hauer et
al., 2012; Kam-
pragkou et al., 2017;
Kovacs et al., 2013;
Lam, Liao et al.,
2018; Netz et al,,
2007; Padala et al.,
2012; Sobol et al.,
2016; Suttanon et al.,
2013; Toulotte et al.,
2003; Vreugdenhil et
al., 2012; Yoon et al.,
2013)

No to large °r

Cognitive TUG

(Shumway-Cook et
al., 2000)

Task: TUG with additional cognitive
task  (counting backwards by
threes/evoke names of animals)

Measurement: time [s]

2 RCT (n=60)
(Arcoverde et al.,
2014; Suttanon et al.,
2013)

Manual TUG

(Lundin-Olsson et
al., 1998; Shum-
way-Cook et al.,
2000)

Task: TUG with additional manual
task (carrying a glass of water)

Measurement: time [s]

1 RCT (n=40) (Sut-
tanon et al., 2013)

6m WT Task: walking six metres with comfort- 3  RCT  (n=379) -
(Guralnik, Seeman  able pace (Bossers et al., 2015;
et al., 1994) Measurements: walking speed [m/s], Rolland et al., 2007;

step length [m] Telenius et al,

2015a)

4m WT Task: walking four metres with com- 2 RCT  (n=244) Small¢"
(Guralnik, Seeman  fortable pace (Souto Barreto et al.,
etal., 1994) Measurement: walking speed [m/s] 2017; Toots et al,

2017)




ESTABLISHING A HIGH-QUALITY METHODOLOGICAL APPROACH

TO

IN INDIVIDUALS WITH DEMENTIA

INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY

89

Instrumented gait
analysis

(Kressig & Beau-

Task: walking with comfortable/fast
pace over an electronic walkway
(GAITRIite, Bessou locometer, Neuro-

6 RCT (n=370)
(Hauer et al., 2012;
Kemoun et al., 2010;
Pedrinolla et

Small to
large °r

chet, 2006) Com Balance Master) al.,
Measurements: walking speed [cm/s, 2018; Schwenk, Dutzi
m/s], cadence [steps/min], stride/step €t al,  2014;
length [cm, m], stride time [s], dou- Schwenk, Zieschang
ble/single support [% of stride time], €t al., 2014; Suttanon
double limb support time [s], step etal.,2013)
width [cm], step time variability [CV],
Walk-Ratio [step length/cadence]
Strength
5x STS Task: performing five repetitions of 7 RCT  (n=358) No to large°r
(Csuka & McCarty, the STS task without upper extremity (Hauer et al., 2012;
1985) assistance Hauer et al., 2017,
Lam, Liao et al,

Measurement: time [s]

2018; Netz et al,,
2007; Schwenk, Dutzi
et al., 2014; Stein-
berg et al., 2009; Sut-
tanon et al., 2013)

STS on NeuroCom
Balance Master

(Suttanon et al.,

Task: standing up from a seated posi-
tion without upper extremity assis-
tance

1 RCT (n=40) (Sut-
tanon et al., 2013)

2011) Measurements: rising index [% of
body weight], centre of gravity sway
velocity [deg/s]
ACSID Task: performing five repetitions of 1 RCT (n=77) (Wer- Large¢°"
(Werner, Wiloth, the STS task without upper extremity ner et al., 2017)
Lemke, Kronbach,  assistance while motor and cognitive
& Hauer, 2018) aspects of movement process are
qualitatively rated
Measurements: total score [0-10], sub
scores ‘recall and initiation’ [0-5], ‘ef-
fective performance’ [0-5]
30s CST Task: performing as many repetitons 5 RCT  (n=408) Large°"
of STS task as possible in 30 seconds (Arcoverde et al,
(Z%Ifg_k‘?gr?gg;tgl” Modified version: use of upper ex- 2014; Dawson et al,
' " tremity assistance is allowed 2019; Santana-Sosa
1999) Measurement: number of repetitions et al., 2008; Sobol et
' P al., 2016; Telenius et
al., 2015a)
Modified: 1 RCT
(n=109) (Bossers et
al., 2015)
Handgrip Task: putting maximum forceonady- 3 RCT  (n=263) Nof
dynamometer namometer (Hauer et al., 2012;
(Thomas & Hage-  Measurement: maximum handgrip M.-J- Kim etal., 2016;
man, 1999) strength [KPa, kg] Schwenk, Dutzi et al.,

2014)
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Maximum
isometric strength
assessed with

Task: pushing as hard as possible
against a dynamometer after adopting
a standardised position

2 RCT (n=216)
(Bossers et al., 2015;
Hauer et al., 2012)

dynamometers Measurements: maximum strength
(Verkerke et al., [N] and integral over time [Ns] for knee
2003) extension, knee flexion, and ankle
flexion
Endurance
6min WT Task: walking for six minutes with 5 RCT  (n=359) -

(Enright, 2003)

comfortable pace
Measurement: distance [m, ft]

(Bossers et al., 2015;
Miu et al, 2008;
Roach et al., 2011;
Tappen et al., 2000;
Venturelli et al., 2011)

Functional performance

SPPB Task: three subtests including stand- 3 RCT  (n=313) Smallto
(Guralnik, Si- ing balance (tandem, semi-tandem, (Hauer et al., 2017; medium¢"
monsick et al., and side-by-side stands), walking Pitkéla, Poysti et al.,
1994) speed over an 8-foot walking course, 2013; Souto Barreto

and 5x STS etal., 2017)

Measurement: score [0-12]
E-ADL Test Task: five items (pouring a drink, 2 RCT (n=192) -

(Graessel et al.,
2009; Luttenberger
etal., 2012)

spreading butter on a sandwich and
cutting the sandwich, open a small
cupboard with a key, washing and
drying hands, and tying a bow on a
small wrapped present), which are
rated according to correctly performed
substeps (0-6 points)

Measurement: score [0-30]

(Bossers et al., 2016;
Henskens et al,
2018)

4m WT: 4-metre walk test, 5x STS: Five Times Sit-to-Stand Test, 6m WT: 6-metre walk test, 6min
WT: 6-minute walk test, 30s CST: 30-second chair stand test, ACSID: Assessment of Compensatory
Sit-to-Stand Maneuvers in People With Dementia, BBS: Berg Balance Scale, E-ADL Test: Erlangen
Test of Activities of Daily Living, FICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention
Techniques - subtest 4, FR: Functional Reach Test, GMWT: Groningen Meander Walking Test, n:
number of analysed participants, POMA: Performance Oriented Mobility Assessment, RCT: random-
ised controlled trial/s, SPPB: Short Physical Performance Battery, STS: Sit-to-Stand, TUG: Timed Up

& Go Test

¢ calculated effect size, " effect size provided of randomised controlled trial

5.2.4.3 Psychometric properties

Seventeen of twenty-one studies examining psychometric properties focused on inter-

rater and/or test-retest reliability. Herein, they determined consistency among different

evaluators simultaneously rating the same patrticipant, and between repeated meas-

urements, respectively (Carter et al., 2013). Investigations assessing content, con-

struct, and criterion validity, internal consistency, and intra-rater reliability were rare.

Thus, we only summarised results and did not derive conclusions.
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5.2.4.3.1 Summary for content, construct, and criterion validity, internal consistency,

and intra-rater reliability®

The systematic search did not identify any investigation examining content validity.
Based on hypotheses testing or revealing known group differences, construct validity
was suggested for Physiomat assessments, the Erlangen Test of Activities of Daily
Living (E-ADL Test), and knee extensor strength assessed with dynamometers (Gra-
essel et al., 2009; Luttenberger et al., 2012; Suzuki et al., 2009; Wiloth et al., 2016).
Seven investigations include information on criterion validity (concurrent and predictive
validity), correlation with, or prediction of external criteria. For the E-ADL Test, criterion
related validity was determined based on the relation between achieved scores and
level of care (Luttenberger et al., 2012). Concurrent validity with spatiotemporal gait
parameters or 2D-video motion analysis was established for a modified BBS, Short
Physical Performance Battery (SPPB), and Assessment of Compensatory Sit-to-Stand
Maneuvers in People With Dementia (ACSID) (McGough et al., 2013; Werner et al.,
2018). Moreover, both the SPPB and 6-minute walk test (6min WT) significantly corre-
lated with peak oxygen consumption (assessed with a cycle ergometer test), suggest-
ing that these assessments are useful in identifying individuals with low aerobic capac-
ity (Bronas et al., 2017). Furthermore, knee extensor strength was found to be a sig-
nificant predictor for several activities of daily living, gait, and sit-to-stand (STS) perfor-
mance (Suzuki et al., 2009; Suzuki et al., 2012). No predictive validity concerning fu-
ture falls could be observed for Timed Up & Go Test (TUG), Performance Oriented
Mobility Assessment (POMA), and Five Times Sit-to-Stand Test (5x STS) (Schwenk,
Hauer et al., 2014).

Considering internal consistency, three studies observed Cronbach’s a between 0.37
and 0.77 for E-ADL Test (Graessel et al., 2009; Luttenberger et al., 2012) and 0.95 for
BBS (Telenius et al., 2015b). Furthermore, one study examining ACSID total score
determined intra-rater reliability based on ICC ranging between 0.72 and 0.90 (Werner
et al., 2018).

9 This summary utilises psychometric property terms indicated in original studies. These terms have not
been consistently used throughout the literature and should have been adapted according to the COS-
MIN checklist Mokkink, Prinsen et al. (2018).
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5.2.4.3.2 Inter-rater reliability (relative and absolute reliability)

Five studies assessed inter-rater reliability of nine assessments. ICC ranged from 0.72
to 1.00 and MDCogs% included values between 0.0 % and 98.0 % (H.-S. Lee et al., 2017;
Muir-Hunter et al., 2015; Tappen et al., 1997; Telenius et al., 2015b; Werner et al.,
2018). Accordingly, all assessments reached sufficient relative inter-rater reliability.
Quiality of evidence for relative inter-rater reliability was high for BBS, moderate for
TUG, and low or very low for all other assessments. Grading MDCogs%, TUG and 6-
metre walk test (6m WT) showed sufficient absolute inter-rater reliability, while it was
insufficient/unacceptable for 4-metre walk test (4m WT), and indeterminate for all other
assessments. Quality of evidence for absolute inter-rater reliability was low for 6m WT
and 30-second chair stand test (30s CST), and moderate for all remaining assess-
ments (see Table 14).
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Table 14. Relative and absolute inter-rater reliability
Relative inter-rater reliability Absolute inter-rater reliability
; Risk Incon- Im- Indi- . Risk Incon- Im- Indi- .
Variable  Study ICC Rat- of sisten- preci- rect- Qu'ahty of | MDC Rat- of sisten- preci- rect- Qu.allty of
ing : . evidence | o5 iNg . : evidence
bias cy sion  ness bias cy sion  ness
Balance
. 1 study of adequate quality Seri-
FR Distance (n=15) (Muir-Hunter et al., 2015) 079 + Jp No n<50 No Very low Not assessed
1 study of adequate/very good Seri- n=50- n=50-
Time quality (n=53) (H.-S. Lee et al., 099 + No 100 No Low 145% ? No No 100 No  Moderate
2017) ous
GMWT
Number 1 study of adequate/very good Seri- n=50- n=50-
of over-  quality (n=53) (H.-S. Lee et al., 099 + oUS No 100 No Low 17.1% ? No No 100 No  Moderate
steps 2017)
3/2 studies of adequate/very 0.72
good quality (n=101/86) (H.-S. - . 5.9- " n=50-
BBS Score Lee et al.. 2017: Muir-Hunter et 0.0 + No No No No High 7 1% 7 No No 100 No  Moderate
al., 2015; Telenius et al., 2015b) )
Mobility and gait
2 studies/1 study of ade-
quate/very good quality 0.98 n=50 n=50
- - ed 0 b =o0-
TUG Time (n=68/53) (H.-S. Lee et al., 2017: 050 + No No 100 No Moderate | 7.9% + No No 100 No  Moderate
Muir-Hunter et al., 2015) )
Walkin 1 study of adequate/very good Seri-
6m WT speed 9 quality (n=33) (Telenius et al., 097 + oUS No n<50 No Very low |15.7% +¢ No No n<50 No Low
2015b)
1 study of adequate/very good Seri- n=50- n=50-
4m WT Time quality (n=53) (H.-S. Lee et al., 0.82 + ous No 1_00 No Low 98.0% -¢/| No No 1_00 No  Moderate
2017)
Strength
1 study of very good quality n=50-
ACSID Score (n=94) (Werner et al., 2018) 085 + No No 100 No Moderate Not assessed
. 1study of adequate/very good .
?é()SST Efnpset' quality (n=33) (Telenius et al., 1.00 + %(erl No n<50 No Verylow | 0.0% ? No No n<50 No Low

2015h)
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Endurance
Distance 1 study of adequate quality 0'? ! Seri- No n<50 No Very low Not assessed
. (n=33)2 (Tappen et al., 1997) ous y

6min 0.99

WT . . 0.96 .
Walking 1 study of adequate quality ) Seri-
speed (n=33)2 (Tappen et al., 1997) 0.98 ous No n<s0 - No very low Not assessed

4m WT: 4-metre walk test, 6m WT: 6-metre walk test, 6min WT: 6-minute walk test, 30s CST: 30-second chair stand test, ACSID: Assessment of Compensatory Sit-to-Stand
Maneuvers in People With Dementia, BBS: Berg Balance Scale, FR: Functional Reach Test, GMWT: Groningen Meander Walking Test, ICC: intraclass correlation coefficient,
MDCos%: percentage minimal detectable changes at 95 % confidence interval, n: total number of participants, TUG: Timed Up & Go Test

Rating according to COSMIN criteria for good measurement properties: +=sufficient, -=insufficient, ?=indeterminate, |=unacceptable absolute inter-rater reliability
ainter-rater reliability was determined on 2 times of measurement, ® minimal important change (TUG)=10.1 s (Blankevoort et al., 2013; van lersel, Munneke, Esselink, Benraad,
& Olde Rikkert, 2008), ¢ minimal important change (walking speed)=0.21 m/s (Blankevoort et al., 2013; van lersel et al., 2008)
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Regarding balance assessments, ICC were higher for Groningen Meander Walking
Test (GMWT) and BBS than for Functional Reach Test (FR). Furthermore, MDCos%
were lower for BBS compared to GMWT. Focusing on GMWT, time measurement
showed lower MDCogs% than number of oversteps. For mobility and gait, ICC increased
and MDCogs% decreased from 4m WT, through 6m WT, to TUG. Considering strength
assessments, ICC were higher for 30s CST counting repetitions than for ACSID rating
STS performance, while MDCgs% was only determined for 30s CST. Since ICC was
only assessed for 6min WT, a comparison of inter-rater reliability of endurance assess-

ments was not possible (see Table 14).
5.2.4.3.3 Test-retest reliability (relative and absolute reliability)

Fifteen studies investigated test-retest reliability considering 24 assessments. ICC
ranged between 0.02 and 0.99 and MDCgs% varied from 6.8 % to 225.7 % (Alencar et
al., 2012; Blankevoort et al., 2013; Bossers, van der Woude et al., 2014; Graessel et
al., 2009; H.-S. Lee et al., 2017; McGough et al., 2013; Muir-Hunter et al., 2015; Ries
et al., 2009; Suttanon et al., 2011; Suzuki et al., 2009; Tappen et al., 1997; Thomas
& Hageman, 1999; Wiloth et al., 2016; Wittwer et al., 2008; Wittwer et al., 2013) (see
Table 15).
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Table 15. Relative and absolute test-retest reliability
Relative test-retest reliability Absolute test-retest reliability
; Risk Incon- Im- Indi- Quality _ Risk Incon- Im- Indi- Quality
Variable Study ICC Rating of sisten- preci- rect- of evi- MEU)C I?r?t of sisten- preci- rect- of evi-
bias  cy sion ness dence | ¥* 9 bias ¢y sion ness dence
Balance
1 study of adequate quality 0.79 . (. i - —eq.
FICSIT-4 Score (n=58)a (Blankevoort et al., - + Ser No n=50 No Low 58'90 ! Ser No n=50 No Low
2013) 0.82 ous 100 71.1% ous 100
Modified
Clinical Test 1 study of adequate quality . -
of Sensory \?(\a,\llc?():/ity (n=14) (Suttanon et al., 0.91 + S(’)ig No n<50 No \I/oevrvy 36.5% | Soirsl No n<50 No  Very low
Interaction of 2011)
Balance
. 1 study of adequate quality . .
Reaction ,_1 4y (Suttanon et al., 0.52 . Serf- No n<50  No VoY lagom | %" No  n<50  No  Verylow
time 2011) ous low ous
1 study of adequate quality . .
M?"e.me”t (n=14) (Suttanon et al., 0.48 . Serf- No  n<50  No Yery 389% | °° No n<50 No Verylow
Limits of velocity 2011) ous ow ous
Stability . 1 study of adequate quality . -
Mammym (n=14) (Suttanon et al., 0.68 - Seri No n<50 No Very 159% ? Seri No n<50 No  Very low
excursion 2011) ous low ous
N 1 study of adequate quality . .
Directional (n=14) (Suttanon et al., 0.71 + Serl- No n<50 No very 21.8% ? Seri- No n<50 No Verylow
control 2011) ous low ous
1 study of adequate quality Seri- n=50-
Score (n=74) (Wiloth et al., 2016) 0.90 + ouS No 100 No Low Not assessed
1 study of adequate quality 0.47 Zﬁc?i(rel_ Seri- N=50-
Physiomat-  Sway Path (n=47-73)° (Wiloth et al., - P dg' No - No Low Not assessed
Trail-Making 2016) 0.g2 Oncondi- ous 100
Task ) tion
1 study of adequate quality 0.55 +e/r-u?i(r91- Seri N=50-
Time (n=47-73)° (Wiloth et al., - P dg' No - No Low Not assessed
2016) 0.g3 ©°ncondi- ous 100
] tion
Physiomat- . .
Tha. 1 study of adequate quality Seri- n=50-
Follow-The Sway Path (n=73) (Wiloth et al., 2016) 0.84 + oUS No 100 No Low Not assessed

Ball Task
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. 1 study of adequate quality Seri- n=50-
Time (n=73) (Wiloth et al., 2016) 0.79 + oUS No 100 No Low Not assessed
2 studies of adequate 0.81 Not as-
. quality (n=29) (Muir-Hunter =" 15.4- signed
FR Distance etal.. 2015: Suttanon et + No No n<50 No Low 63.9% 2/l No Yes n<50 No (incon-
0.84 h
al., 2011) sistency)
1 study of adequate quality . -
Hill Step Test Numberof —~ /v Suttanon et al., 0.87 v S o <50 No Y8 26206 2 S8 N0 n<BO  No  Verylow
steps 2011) ous low ous
1 study of adequate quality . .
Time (n=14) (Suttanon et al., 0.55 - %irs' No n<50 No \I/oevrvy 38.1% | %‘er' No n<50 No Verylow
Step Quick 2011)
Turn Test 1 study of adequate quality Seri .
_ eri- Very Seri-
Sway (n=14) (Suttanon et al., 0.64 - No n<50 No | 29.7% ? No n<50 No Verylow
2011) ous ow ous
: 1 study of adequate quality 0.85 . .
Figure of Time (n=46)2 (Blankevoort et al., - + Ser- No n<50  No very | 36.9- ! Ser- No n<50 No Verylow
Eight Test ous low |[37.9% ous
2013) 0.94
2 studies of adequate
quality (n=95) (Bossers,  0.93 —En. s i _EQ. i
Time van der Woude et al., - + No No nl_gg No M(;?:r 3119'2%/ ?/1l  No No nig(()) No M(;(t:i:r
2014; H.-S. Lee et al., 0.99 o7
2017)
GMWT 2 studies of adequate Not as- Not as-
quality (n=95)2 (Bossers, 0.57 —En. signed | 33.3- Q. .
gl\lljen:Sthr gf van der Woude et al., - ? No Yes nl_gg No (incon- | 225.7 | No Yes nig(()) No er?cnoend-
PS  2014; H.-S. Lee et al., 0.96 sisten- | % sistoncy)
2017) cy) y
2 studies of adequate 0.95
quality (n=68) (H.-S. Lee et " n=50- Moder- | 10.2- n=50- Moder-
BBS Score al., 2017; Muir-Hunter et 0.99 * No No 100 No ate 38.6% /L No No 100 No ate
al., 2015) )
Mobility and gait
6/5 studies of adequate
quality (n=200/191)2
(Blankevoort et al., 2013; 0.72
. H.-S. Lee et al., 2017; ’ . 15.8- h .
TUG Time Muir-Hunter et al., 2015: o ;)9 + No No No No High 39.6% +"/|  No No No No High
Ries et al., 2009; Suttanon ™~
et al., 2011; Thomas
& Hageman, 1999)
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- 1 study of adequate quality . -
Cognitive Time (n=10) (Suttanon et al., 0.51 - Seri No n<50 No very 36.2% +"/| Ser No n<50 No Verylow
TUG 2011) ous low ous
1 study of adequate quality Seri- Ver Seri-
Manual TUG Time (n=14) (Suttanon et al., 0.70 + oUS No n<50 No Iowy 26.7% +h oUS No n<50 No Very low
2011)
. 1 study of adequate quality 0.83 . Q. i - e
Walking (n=58)2 (Blankevoort et al., - + Seri No n=50 No Low 31.6 -if] Seri No n=50 No Low
speed 2013) 0.89 ous 100 41.5% ous 100
1 study of adequate quality 0.92 Seri- Ver
6m WT Time (n=9-10)° (Thomas - + ouS No n<50 No Iowy Not assessed
& Hageman, 1999) 0.95
1 study of adequate quality 0.80 .
SNthsber of (n=9-10)° (Thomas - + S(’fg No n<50  No \I/oevrvy Not assessed
P & Hageman, 1999) 0.90
1 study of adequate quality . _ . _
4m WT Time (n=53) (H.-S. Lee et al., 0.85 + Ser- o M0 e Low [84.3% -/| Ser- o M0 g Low
2017) ous 100 ous 100
4/3 studies of adequate +
quality (n=93/85) d.€ 0.50 (except
Walking (McGough et al., 2013; - for Neu- No No n=50- No Moder- | 10.2- W] No No n=50- No Moder-
speed Ries et al., 2009; Suttanon 0.98 roCom 100 ate 48.3% 100 ate
et al., 2011; Wittwer et al., ’ Balance
2008) Master)
2 studies of adequate 0.75
Step guality (n=34)a d.¢ (Sut- - 70-
length tanon et al., 2011; Wittwer 0.98 * No No n<50 No Low 35.6% L No No n<50 No Low
et al., 2008) )
Instrumented 2 studies of adequate 0.89
gait analysis : quality (n=34) 2 d.¢ (Sut- - 20.0-
Step width tanon et al., 2011: Wittwer 055 + No No n<50 No Low 28 7% No No n<50 No Low
et al., 2008) )
2 studies/1 study of ade- 0.97
Stride quate quality (n=28/20)¢ - 6.8- ~» Seri-
length (McGough et al., 2013; 0.98 * No No n<50 No Low 8.5% ’ ous No n<50 No  Very low
Wittwer et al., 2008) '
2 studies/1 study of ade- 0.88
quate quality (n=28/20)° " 7.1- ~ Seri-
Cadence (McGough et al., 2013; 001 + No No n<50 No Low 7506 : oUS No n<50 No Very low
Wittwer et al., 2008) '
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2 studies/1 study of ade- 0.89
N guate quality (n=28/20)¢ - 7.0- ~ Seri-
Swing time (McGough et al., 2013; 055 + No No n<50 No Low 71% : e No n<50 No Verylow
Wittwer et al., 2008) )
1 study of adequate quality 0.70 . .
Stance _ . i Seri- Very 8.6- 5 Seri-
time (Z%B%C)))e (Wittwer et al., 07 + oUS No n<50 No Low | 8.7% : oUS No n<50 No Verylow
. 1 study of adequate quality 0.91 . i -
Toe infout (n=20)¢ (Wittwer et al., - + Seri No n<50 No very | 282 ] Seri No n<50 No Verylow
angle 2008) 0.93 ous Low |33.5% ous
Walking 1 s_tudy of _adequate quality Seri- Very Seri-
speed (n=16) (Wittwer et al., 0.66 - oUS No n<50 No Low 77.8% | oUS No n<50 No Very low
variability 2013)
Stride 1 study of adequate quality . .
length (n=16) (Wittwer et al., 080  + %irs' No n<50  No oV 71796 %irs' No n<50 No Verylow
variability  2013)
Stride 1 study of adequate quality . -
width (n=16) (Wittwer et al., 0.83 + %ig No n<50 No \Ifgx 46.9% | %irsl No n<50 No Verylow
variability  2013)
1 study of adequate quality . .
Cadence ) o' \wittwer et al., 0.65 - Ser- o n<s0 No V&Y la14% | S®™  No <50 No  Verylow
variability ous Low ous
2013)
Strength
2 studies/1 study of ade-
quate quality (n=24/14) 0.80 Seri-
5x STS Time (Suttanon et al., 2011, - + No No n<50 No Low [29.9% ? J No n<50 No Verylow
Thomas & Hageman, 0.94
1999)
- 1 study of adequate quality . .
STSon f:}'j;”xg (n=14) (Suttanon et al., 0.95 + Soirs' No n<50 No \I/oevrvy 21.8% ? Soig No n<50 No Verylow
NeuroCom 2011)
Balance 1 study of adequate quality . .
Master COG sway (n=14) (Suttanon et al., 0.02 - Ser- o n<50  No Very 1g0.20 ! Ser- No n<50 No Verylow
velocity 2011) ous low ous
- . 1 study of adequate quality 0.79 . e, i . e,
Modified 30s Repetl- (n=52) (Blankevoort et al., i + Seri- No n=50 No Low 33.2 ! Seri No n=50 No Low
CST tions 2013) 0.88 ous 100 45.7% ous 100
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3 studies/1 study of ade- +
quate quality (n=143/57)2 042  (except
Handgrip dy- (Alencar et al., 2012; ’ . 34.9- Seri- n=50-
namometer ' ©Orce Blankevoort et al., 2013; - for se- - No No No No High 136806 ¢ ous N 100 No Low
0.98 vere de-
Thomas & Hageman, mentia)
1999)
Not as-
Maximum 1 studies of adequate 0.63 Seri- signed
isometric Peak force quality (n=11-12)/ (Thomas - ? oUS Yes n<50 No  (incon- Not assessed
strength as- & Hageman, 1999) 0.71 sisten-
sessed with cy)
dynamome-  (Normal- 1 studies of adequate 0.95 Seri- n=50-
ters ised) quality (n=60)2 (Suzuki et - + oUS No 100 No Low Not assessed
torque al., 2009) 0.98
Endurance
2 studies/1 study of ade- 0.76
. quate quality (n=84/51)a¢ ’ n=50- Moder- | 21.2- Seri- n=50-
Distance  pies et al., 2009; Tappen 0.98 * No  No 45 NO ate |28.9% ous NO  qg9 NO Low
6min WT etal., 1997) )
. 1 study of adequate quality 0.75 .
z\éilg&ng (n=33)¢ (Tappen et al., - + %ig' No n<50 No \Sx Not assessed
1997) 0.89
Functional performance
1 study of doubtful quality r= Very Very
E-ADL Test  Score (n=42) (Graessel et al., 0.73 ? seri- No n<50 No Not assessed
Low
2009) 9 ous

4m WT: 4-metre walk test, 5x STS: Five Times Sit-to-Stand Test, 6m WT: 6-metre walk test, 6min WT: 6-minute walk test, 30s CST: 30-second chair stand test, BBS: Berg
Balance Scale, COG: centre of gravity, E-ADL Test: Erlangen Test of Activities of Daily Living, FICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention Techniques
- subtest 4, FR: Functional Reach Test, GMWT: Groningen Meander Walking Test, ICC: intraclass correlation coefficient, MDCos%: percentage minimal detectable changes at
95 % confidence interval, n: total number of participants, STS: Sit-to-Stand, TUG: Timed Up & Go Test

Rating according to COSMIN criteria for good measurement properties: +=sufficient, -=insufficient, ?=indeterminate, |=unacceptable absolute test-retest reliability

a test-retest reliability was assessed for different subgroups, ° test-retest reliability was assessed for different conditions, ¢ test-retest reliability was assessed for 2 different
raters and 2 different between-test intervals, 9 test-retest reliability was assessed with 2 different devices, € test-retest reliability was assessed with 2 analysis sets, f test-retest
reliability was assessed for 3 muscle groups, 9 Spearman’s rank correlation coefficient, " minimal important change (TUG)=10.1 s (Blankevoort et al., 2013; van lersel et al.,
2008), ' minimal important change (walking speed)=0.21 m/s (Blankevoort et al., 2013; van lersel et al., 2008)
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Most studies focused on between-day test-retest reliability, while some studies exam-
ined within-day and within-session test-retest reliability. Comparing these studies, ICC
increased and MDCos% decreased, respectively, from between-day (ICC=0.02-0.99,
MDCg5%=6.8-225.7 %; Alencar et al., 2012; Blankevoort et al., 2013; Bossers, van der
Woude et al., 2014; H.-S. Lee et al., 2017; Muir-Hunter et al., 2015; Suttanon et al.,
2011; Tappen et al., 1997; Thomas & Hageman, 1999; Wiloth et al., 2016; Wittwer et
al., 2008; Wittwer et al., 2013), through within-day (ICC=0.79-0.99, MDCo5%=21.1-30.0
%; McGough et al., 2013; Ries et al., 2009; Tappen et al., 1997), to within-session test-
retest reliability (ICC=0.95-0.98; Suzuki et al., 2009).

5.2.4.3.3.1 Balance

Six investigations assessing test-retest reliability of eleven balance assessments de-
termined ICC and MDCogs% ranging between 0.32-0.99 and 10.2-225.7 %, respectively
(Blankevoort et al., 2013; Bossers, van der Woude et al., 2014; H.-S. Lee et al., 2017,
Muir-Hunter et al., 2015; Suttanon et al., 2011; Wiloth et al., 2016). Relative test-retest
reliability was sufficient for all balance assessments except for Limits of Stability, Step
Quick Turn Test, and simple condition of Physiomat-Trail-Making Task. However, qual-
ity of evidence for relative test-retest reliability was low or very low for most assess-
ments. Only GMWT (time) and BBS reached moderate quality of evidence. Absolute
test-retest reliability for balance assessments was indeterminate or unacceptable with

moderate to very low quality of evidence (see Table 15).

GMWT (time) and BBS showed the highest ICC, while we could not observe a clear
tendency for MDCgos%. Comparing different outcomes of GMWT, ICC were higher and

MDCos% were lower for time than for number of oversteps (see Table 15).
5.2.4.3.3.2 Mobility and gait

Nine studies investigated test-retest reliability of six mobility and gait assessments.
They reported ICC between 0.50 and 0.99 and MDCogs% from 6.8 % to 84.3 % (Blan-
kevoort et al., 2013; H.-S. Lee et al., 2017; McGough et al., 2013; Muir-Hunter et al.,
2015; Ries et al., 2009; Suttanon et al., 2011; Thomas & Hageman, 1999; Wittwer et
al., 2008; Wittwer et al., 2013). Relative test-retest reliability was sufficient for TUG,
manual TUG, 6m WT, 4m WT, and instrumented gait analysis (except for cadence
variability, walking speed variability, and walking speed assessed with NeuroCom Bal-

ance Master), while it was insufficient for cognitive TUG. Quality of evidence for relative
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test-retest reliability was high for TUG, moderate to very low for instrumented gait anal-
ysis, and low or very low for all other assessments. Absolute test-retest reliability was
indeterminate for spatiotemporal gait parameters, insufficient/unacceptable for varia-
bility gait parameters, 4m WT, and 6m WT, and sufficient for manual TUG. For TUG,
cognitive TUG, and walking speed assessed with instrumented gait analysis, absolute
test-retest reliability was sufficient according to COSMIN criteria but unacceptable
when applying MDCogs% limit of 30 %. Except for TUG and walking speed assessed with
instrumented gait analysis (high/moderate quality of evidence), quality of evidence for
absolute test-retest reliability was low or very low (see Table 15).

Considering up and go tasks, ICC were higher for single than for dual task conditions.
Focusing on short distance walk tests (WT), MDCos% were lower for 6m WT than for
4m WT. Furthermore, the comparison of different gait parameters assessed with in-
strumented gait analysis, determined lower ICC and higher MDCos% for variability
measures than for spatiotemporal gait parameters. Comparing different assessments
to determine short distance walking speed showed higher ICC and lower MDCosy for
instrumented gait analysis (except for NeuroCom Balance Master) than for simple
short distance WT (see Table 15).

5.2.4.3.3.3 Strength

Five studies focusing on test-retest reliability of strength assessments reported ICC
and MDCogse% ranging between 0.02-0.98 and 21.8 %-80.2 %, respectively (Alencar et
al., 2012; Blankevoort et al., 2013; Suttanon et al., 2011; Suzuki et al., 2009; Thomas
& Hageman, 1999). Relative test-retest reliability was sufficient for modified 30s CST,
5x STS, handgrip dynamometers (except for severe dementia and one-time measur-
ing), and maximum isometric strength assessed with dynamometers (except for dorsi-
flexor and iliopsoas muscle strength), while it was insufficient for STS on NeuroCom
Balance Master (except for Rising Index). Quality of evidence for relative test-retest
reliability was high for handgrip dynamometers and low or very low for all other strength
assessments. Absolute test-retest reliability was indeterminate for 5x STS and Rising
Index of STS on NeuroCom Balance Master, and unacceptable for modified 30s CST,
centre of gravity sway velocity of STS on NeuroCom Balance Master, and handgrip
dynamometers. Quality of evidence for absolute test-retest reliability was low or very

low for all assessments (see Table 15).
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Comparing different STS assessments, ICC for assessments performing only one STS
repetition were lower (except for Rising Index) than STS assessments with more rep-
etitions. Moreover, MDCgs% increased from 5x STS, through modified 30s CST, to STS
on NeuroCom Balance Master (except for Rising Index) (see Table 15).

5.2.4.3.3.4 Endurance

Considering endurance, test-retest reliability was only determined for 6min WT. Two
studies observed ICC between 0.75 and 0.98, while MDCos% ranged from 21.2 % to
28.9 % (Ries et al., 2009; Tappen et al., 1997). Accordingly, relative test-retest relia-
bility was sufficient with moderate to very low quality of evidence. Absolute test-retest

reliability was indeterminate with low quality of evidence (see Table 15).
5.2.4.3.3.5 Functional Performance

Functional performance was rarely assessed. One study focusing on the E-ADL Test
did not determine ICC and MDCogs%, but found significant correlations for the whole test
(r=0.73) and separate items (r=0.35-0.63) (Graessel et al., 2009). Quality of evidence

was very low.

5.2.4.3.4 Influence of severity and aetiology of dementia and cueing on test-retest re-
liability

With respect to severity of dementia, the Frailty and Injuries: Cooperative Studies of
Intervention Techniques - subtest 4 (FICSIT-4) and GMWT tend to yield higher ICC
and/or lower MDCos% with less cognitive impairment. In contrast, ICC were slightly
higher and/or MDCogs% lower with stronger cognitive impairment for BBS, 6m WT, mod-
ified 30s CST, and 5x STS (see Table 16).

Table 16. Subgroup analysis of test-retest reliability considering severity of dementia

Mild dementia Mild to moderate Moderate Severity not
dementia dementia reported
FICSIT-4 MMSE [mean (SD)]: MMSE [mean (SD)]: MMSE [mean (SD)]:
22.7 (2.1) 19.2 (4.4) 15.5 (2.4)
ICC=0.82 ICC=0.79 ICC=0.80
MDCg5%=58.9 % MDCg5%=59.4 % MDCo5%=71.1 %
(Blankevoort et al.,  (Blankevoort etal.,,  (Blankevoort et al.,

2013) 2013) 2013)
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GMWT MMSE [mean (SD)]: MMSE [mean (SD)]: MMSE [mean (SD)]: MMSE [mean (SD)]:
n.r. 17.4 (4.3) n.r. 13.8 (5.7)
ICC=0.79-0.96 ICC=0.63-0.94 ICC=0.57-0.93 ICC=0.96-0.99
MDCos%=n.r. (Bos- MDCos5%=31.2-225.7 MDCgs%=n.r. (Bos- MDCog5%=19.6-33.3
sers, van der % (Bossers, van sers, van der % (H.-S. Lee et al.,
Woude et al., 2014) der Woude et al., Woude et al., 2014) 2017)

2014)

BBS MMSE [mean (SD)]: MMSE [mean (SD)]:
20.0 (5.5) 13.8 (5.7)
ICC=0.95 ICC=0.99
MDCo5%=38.6 % MDCo5%=10.2 %
(Muir-Hunter et al., (H.-S. Lee et al.,
2015) 2017)

6m WT MMSE [mean (SD)]: MMSE [mean (SD)]: MMSE [mean (SD)]: MMSE [mean (SD)]:
22.7 (2.1) 19.2 (4.4) 15.5(2.4) 16.9 (7.3)

ICC=0.83 ICC=0.86 ICC=0.89 ICC=0.80-0.95
MDCos5%=41.5 % MDCo5%=36.5 % MDCg5%=31.6 % MDCos%=n.r.
(Blankevoort et al., (Blankevoort et al., (Blankevoort et al., (Thomas & Hage-
2013) 2013) 2013) man, 1999)

5x STS MMSE [mean (SD)]: MMSE [mean (SD)]:
21.4 (5.0) 16.9 (7.3)

ICC=0.80 ICC=0.94
MDCo5%=29.9 % MDCos%=n.r.
(Suttanon et al., (Thomas & Hage-
2011) man, 1999)
Modified MMSE [mean (SD)]: MMSE [mean (SD)]: MMSE [mean (SD)]:
30s CST 22.7(2.1) 19.2 (4.4) 155 (2.4)
ICC=0.79 ICC=0.84 ICC=0.88

MDCo5%=45.7 %
(Blankevoort et al.,
2013)

MDCo5%=42.5 %
(Blankevoort et al.,
2013)

MDCg5%=33.2 %
(Blankevoort et al.,
2013)

5x STS: Five Times Sit-to-Stand Test, 6m WT: 6-metre walk test, 30s CST: 30-second chair stand
test, BBS: Berg Balance Scale, FICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention
Techniques - subtest 4, GMWT: Groningen Meander Walking Test, ICC: intraclass correlation coeffi-
cient, MDCgs%: percentage minimal detectable changes at 95 % confidence interval, MMSE: Mini-
Mental State Examination, n.r.: not reported, SD: standard deviation

Regarding aetiology of dementia, maximum isometric strength assessed with dyna-
mometers and short distance walking speed (except for instrumented gait analysis with
NeuroCom Balance Master) resulted in somewhat higher ICC and/or lower MDCos for
AD vs. various or not reported types. In contrast, ICC were slightly higher and/or
MDCos% were lower for various or not reported types vs. AD for BBS, TUG (between-
day reliability), up and go tasks in general (between-day reliability), 5x STS, and STS

tasks in general (except for Rising Index; see Table 17).
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Table 17. Subgroup analysis of test-retest reliability considering aetiology of dementia

Alzheimer’s disease

Various types/not reported

BBS

ICC=0.95

MDCo5%=38.6 % (Muir-Hunter
et al., 2015)

ICC=0.99

MDCos%=10.2 % (H.-S. Lee et
al., 2017)

TUG (between-day reliability)

ICC=0.72-0.76

(MDCg5%=20.3-24.9 %) (Muir-
Hunter et al., 2015; Suttanon et
al., 2011)

ICC=0.87-0.99

(MDCo5%=15.8-39.6 %)
(Blankevoort et al., 2013; H.-S.
Lee et al., 2017; Thomas

& Hageman, 1999)

Up and go tasks
(between-day reliability)

ICC=0.51-0.76

(MDCo5%=20.3-36.2 %) (Muir-
Hunter et al., 2015; Suttanon et
al., 2011)

ICC=0.87-0.99

(MDCg5%=15.8-39.6 %)
(Blankevoort et al., 2013; H.-S.
Lee et al., 2017; Thomas

& Hageman, 1999)

Short distance walking
speed

(without NeuroCom Balance
Master)

ICC=0.95-0.98

MDCos%=10.2-28.9 % (Ries et
al., 2009; Wittwer et al., 2008)

ICC=0.83-0.95

MDCo5%=31.6-84.3 %
(Blankevoort et al., 2013; H.-S.
Lee et al., 2017; McGough et
al., 2013)

5x STS

ICC=0.80

MDCo5%=29.9 % (Suttanon et
al., 2011)

ICC=0.94

MDCos%=n.r. (Thomas & Hage-
man, 1999)

STS assessments
(without Rising Index)

ICC=0.02-0.80

MDCog5%=29.9-80.2 % (Sut-
tanon et al., 2011)

ICC=0.79-0.94

MDCo5%=33.2-45.7 %
(Blankevoort et al., 2013;
Thomas & Hageman, 1999)

Maximum isometric strength
assessed with dynamome-
ters

ICC=0.95-0.98

MDCos%=n.r. (Suzuki et al.,
2009)

ICC=0.63-0.71

MDCos%=n.r. (Thomas & Hage-
man, 1999)

5x STS: Five Times Sit-to-Stand Test, BBS: Berg Balance Scale, ICC: intraclass correlation coeffi-
cient, MDCogse: percentage minimal detectable changes at 95 % confidence interval, n.r.: not reported,
STS: Sit-to-Stand, TUG: Timed Up & Go Test

Considering cueing, GMWT and TUG showed somewhat higher ICC and/or lower
MDCos% when cueing was allowed or more extensive. In contrast, ICC were slightly
higher and/or MDCogs% were lower for no cueing or less extensive cueing in FR, short

distance WT, and short distance walking speed (see Table 18).

Table 18. Subgroup analysis of test-retest reliability considering cueing

No cueing Verbal cueing or verbal  More extensive cueing
and visual/tactile cueing including physical
assistance
FR ICC=0.84 ICC=0.81

MDCos%=15.4 % (Sut-
tanon et al., 2011)

MDCo5%=68.9 % (Muir-
Hunter et al., 2015)
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GMWT ICC=0.57-0.96 ICC=0.96-0.99
MDCog5%=31.2-225.7 % MDCo5%=19.6-33.3 % (H.-
(Bossers, van der Woude S. Leeetal., 2017)
etal., 2014)
TUG ICC=0.76-0.96 ICC=0.72-0.99
MDCos%=23.3-39.6 % MDCos%=15.8-30.0 % (H.-
(Blankevoort et al., 2013;  S. Lee et al., 2017; Muir-
Suttanon et al., 2011, Hunter et al., 2015; Ries
Thomas & Hageman, et al., 2009)
1999)
Short dis- ICC=0.80-0.95 ICC=0.85
tance WT MDCos%=31.6-41.5 % MDCos%=84.3 % (H.-S.
(Blankevoort et al., 2013; Lee etal., 2017)
Thomas & Hageman,
1999)
Short dis- ICC=0.95-0.96 ICC=0.50-0.95 ICC=0.85-0.98
tance walk-  MDCos=10.2-12.0 % MDCes%=31.6-48.3 % MDCes%=25.5-84.3 % (H.-
ing speed (Wittwer et al., 2008) (Blankevoort et al., 2013;  S. Lee et al., 2017; Ries

McGough et al., 2013;
Suttanon et al., 2011)

et al., 2009)

FR: Functional Reach Test, GMWT: Groningen Meander Walking Test, ICC: intraclass correlation
coefficient, MDCos%: percentage minimal detectable changes at 95 % confidence interval, TUG:
Timed Up & Go Test, WT: walk tests

5.2.4.4 Frequency of use and effect sizes of motor assessments applied in previous

randomised controlled trials

TUG, BBS, 5x STS, POMA, 30s CST, and instrumented gait analysis, were the most
frequently applied assessments, utilised in six to sixteen RCT. We were only able to
calculate effect sizes for twelve studies, as F/t statistics and/or standard deviations of
baseline-post differences were infrequently reported. Effect sizes were large for FR,
BBS, POMA, TUG, instrumented gait analysis, 5x STS, ACSID, and 30s CST (see
Table 13/Additional file 9 for motor assessments identified during first search without

available information on psychometric properties).
5.2.4.5 Summary and derivation of recommendations

Aiming to derive comprehensive recommendations on motor assessments for IWD, we
combined the results of primary and secondary outcomes for each physical domain as

summarised in Table 19.
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Table 19. Summary of outcomes to derive recommendations for motor assessments for individuals with
dementia

Motor assessment Inter-rater reliability ~ Test-retest reliability Fre- Time*group

. ] guency interaction
relative absolute relative absolute of use effect size

Balance
FICSIT-4 ? ? 0 - - ?
Modified Clinical Test
of Sensory Interaction ? ? 0 - - ?
of Balance
Limits of Stability ? ? - - - ?
Phygiomat—TraiI— > 5 0 o i >
Making Task
e .
FR 0 ? 0 0 0 +
Hill Step Test ? ? 0 0 0 ?
Step Quick Turn Test ? ? - - - ?
Figure of Eight Test ? ? 0 - - ?
GMWT 0 0 + 0 - ?
BBS + 0 + 0 + +
Modified BBS ? ? ? ? - ?
POMA ? ? ? ? + +
Mobility and gait
TUG + + + + + +
Cognitive TUG ? ? - 0 0 ?
Manual TUG ? ? + 0 - ?
6m WT 0 0 0 - 0 ?
4m WT 0 - 0 - 0 0
?nsélrysr?sented gait 5 5 0 0 + +
Strength
5x STS ? ? 0 0 + +
STS on NeuroCom 5 5 i i i 5
Balance Master
ACSID + ? ? 2 - +
30s CST 0 0 0 - + +
gir?gr%r(ifneter ? ? * i 0 i

Maximum isometric
strength assessed ? ? 0 ? 0 ?
with dynamometers
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Endurance

emin WT 0 ? + 0 0 ?

Functional performance

SPPB ? ? ? ? 0 0

E-ADL Test ? ? 0 ? 0 ?

4m WT: 4-metre walk test, 5x STS: Five Times Sit-to-Stand Test, 6m WT: 6-metre walk test, 6min WT:
6-minute walk test, 30s CST: 30-second chair stand test, ACSID: Assessment of Compensatory Sit-to-
Stand Maneuvers in People With Dementia, BBS: Berg Balance Scale, E-ADL Test: Erlangen Test of
Activities of Daily Living, FICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention Techniques
- subtest 4, FR: Functional Reach Test, GMWT: Groningen Meander Walking Test, POMA: Performance
Oriented Mobility Assessment, SPPB: Short Physical Performance Battery, STS: Sit-to-Stand, TUG:
Timed Up & Go Test

Relative reliability: -=insufficient, O=sufficient, very low/low quality of evidence, +=sufficient, moder-
ate/high quality of evidence, ?=not investigated

Absolute reliability: -=insufficient/unacceptable, O=indeterminate/inconsistent/sufficient, very low/low
quality of evidence, +=sufficient, moderate/high quality of evidence, ?=not investigated

Frequency of use: -=1 randomised controlled trial, 0=2-5 randomised controlled trials, +=> 5 randomised
controlled trials

Time*group interaction effect size: -=no effect, O=at least one trial with small or medium effect, +=at least
one trial with large effect, ?=could not be calculated/not reported

Considering all information on primary and secondary outcomes, the derived recom-

mendations include the following motor assessments:

- Balance: FR, GMWT (time), BBS, and POMA

- Mobility and gait: TUG and instrumented gait analysis to assess spatiotemporal
gait parameters

- Strength: STS assessments with more than one repetition

- Endurance: 6min WT

- Functional Performance: No recommendation possible, due to insufficient re-

search on psychometric properties

These recommendations are based on several outcomes rated in the highest category
or one outcome rated in the highest and at least two in the second category (see Table
19).

5.2.5 Discussion

We addressed the purpose of this systematic review to quantitatively examine motor
assessments for IWD by comprehensively analysing psychometric properties (primary
outcome), frequency of use, and effect sizes (secondary outcomes) in a two-stage lit-

erature search. Recommendations on motor assessments are based on primary and
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secondary outcomes. Additionally, we analysed the influence of severity and aetiology

of dementia and cueing on test-retest reliability.
5.2.5.1 Findings on primary and secondary outcomes

The systematic search identified only few investigations examining validity, internal
consistency, and intra-rater reliability of motor assessments in IWD. Thus, we were not
able to draw further conclusions or consider these outcomes for deriving recommen-
dations. Summarizing findings for inter-rater reliability shows sufficient relative inter-
rater reliability and relatively low MDCogs% of considered motor assessments. Hence,
they are objective measures to determine motor performance in IWD. Motor assess-
ments analysing time in tasks of short duration, such as 4m WT, should, however, be
treated with caution, as small measurement errors may significantly influence absolute
inter-rater reliability. With respect to test-retest reliability, the majority of identified in-
vestigations observed sufficient relative test-retest reliability, while absolute test-retest
reliability was mainly indeterminate or unacceptable. This supports their usage to in-
vestigate changes on a group level, but does not allow assessing intra-individual
changes (Blankevoort et al., 2013; Bruton et al., 2000; Fox et al., 2016). Moreover,
decreasing test-retest reliability from between-day, through within-day, to within-ses-
sion investigations may be related to fluctuating daily forms in IWD. We expect that
characteristics of daily form, such as mood or motivational aspects, remain relatively
constant within short intervals, while they potentially alter with increasing time. More
research is necessary to develop criteria to determine daily form, aiming to ensure
comparable conditions in longitudinal investigations. Besides, fluctuating daily forms in
IWD may have contributed to observed unacceptable absolute test-retest reliability.
Other explanations refer to high intra-individual variability in IWD and related inappro-

priate or naive selection of metrics, which do not account for this variability.

Regarding frequency of use, previous trials predominately applied clinical motor as-
sessments established in healthy older adults or various clinical populations, while
those considering specific characteristics of IWD such as GMWT, Physiomat, or AC-
SID, were less frequently applied. This may be related to their first introduction between
2014 and 2018. Due to insufficient information in previous RCT, we were only able to
determine time*group interaction effect sizes for 38 % of analysed motor assessments.
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Based on large effect sizes reported in at least one RCT, we assumed sensitivity to

change for most of these assessments.

5.2.5.2 Findings on influence of severity and aetiology of dementia and cueing on test-

retest reliability

Considering severity of dementia, we expected decreasing test-retest reliability with
increasing cognitive impairment. This assumption was true for FICSIT-4 and GMWT
but not for all assessments. Severity of dementia may only influence specific assess-
ments, for example those with complex instructions or assessing outcomes frequently
impaired in IWD, such as balance (Allan et al., 2005). Unexpectedly, we observed in-
creasing test-retest reliability with increasing severity of dementia for BBS, 6m WT,
modified 30s CST, and 5x STS. However, these observations were only based on sin-

gle studies, which partly differed in characteristics, such as aetiology of dementia.

Regarding the aetiology of dementia, test-retest reliability of BBS and up and go tasks
was lower for AD than for various or not reported types. Both assessments consist of
several short tasks and include multi-step instructions. Compared to other aetiologies,
individuals with AD may have more difficulties in understanding and/or remembering
such instructions, which potentially influences test-retest reliability (H.-S. Lee & Park,
2017; Muir-Hunter et al., 2015; Orange, Molloy, Lever, Darzins, & Ganesan, 1994). In
contrast, test-retest reliability of walking speed was higher in AD which could be related
to later occurring gait impairments in AD (Valkanova & Ebmeier, 2017). Additional re-
search on aetiologies, however, is required to understand lower test-retest reliability of
STS tasks and higher test-retest reliability of maximum isometric strength assessed

with dynamometers in AD.

Analysing the influence of cueing on test-retest reliability revealed higher test-retest
reliability when cueing was allowed or more extensive for GMWT and TUG, which are
assessments consisting of unfamiliar or several short tasks. Cueing possibly stabilises
motor performance by supporting impaired cognitive performance and thus improves
test-retest reliability. In contrast, short distance WT, for which test-retest reliability was
higher when cueing was not allowed or less extensive, are close to everyday life, in-

clude single-stage tasks, and consider well automated movement processes not re-
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quiring additional cognitive support. Accordingly, cueing rather may distract IWD lead-
ing to destabilised performance decreasing test-retest reliability. No explanation for the

same association in FR is available.
Based on these observed influences, we derived the following suggestions:

- Put emphasis on simple instructions, especially for IWD with advanced stages
or AD.

- Consider individual cognitive and motor deficits, when selecting motor assess-
ments.

- Only use cueing for motor assessments where it is inevitable.
5.2.5.3 Recommendations and need for future research

Recommendations for balance assessments include FR, GMWT (time), BBS, and
POMA. Due to infrequent use and insufficient research on psychometric properties,
feasibility and sensitivity to change of GMWT and psychometric properties of POMA,
both assessments require further investigation. Focusing on mobility and gait, we sug-
gest to apply TUG and spatiotemporal gait parameters assessed with instrumented
gait analysis. Comparing different gait analysis systems, NeuroCom Balance Master,
however, seems to be less suitable. Despite insufficient or equivocal results, future
research should investigate short distance WT of different distances, as instrumented
gait analysis systems may not be available for all studies. Considering strength, we
suggest to apply STS assessments comprising more than one repetition, which, how-
ever, predominately determine functional performance of lower limbs. Thus, further
evaluation of strength assessments including upper limb strength and measures allow-
ing conclusion on actual strength performance are required. Moreover, we suggest to
use the 6min WT as an endurance assessment for IWD. Future research on endurance
assessment, however, is crucial since this was the only identified assessment. As in-
formation on psychometric properties is insufficient, we are not able to recommend any
functional performance assessment. Based on secondary outcomes some indications
are available for SPPB. However, psychometric properties of SPPB and other func-

tional performance assessments need to be investigated in future studies.
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5.2.5.4 Comparison with state of research

Recommendations of motor assessments in this review are largely in line with those of
previous reviews (Bossers et al., 2012; McGough et al., 2019). Small discrepancies
may be related to distinctions in identified assessments and studies, different prioriti-
sation of considered outcomes, and divergent criteria for good measurement proper-
ties. Additionally, this review, consistently to Fox et al. (Fox et al., 2016), determined
sufficient relative test-retest reliability for the majority of motor assessments in IWD,

but remarked high MDCogs reflecting unacceptable absolute test-retest reliability.

Similarly, motor assessments recommended in this review are mainly in line with those
elaborated in a qualitative approach (Trautwein, Barisch-Fritz et al., 2019). However,
FICSIT, 6m WT, SPPB, and Physical Performance Test were rated appropriate in the
gualitative approach, but could not be recommended based on quantitative outcomes
as they were infrequently used or insufficiently investigated. Further discrepancies on
FR, which was rated inappropriate but can be recommended based on quantitative
outcomes, require additional examination. Moreover, some general indications, related
to consideration of specific characteristics and cueing are consistently suggested. Ac-
cordingly, this review largely sustains the recommendations elaborated in a qualitative

approach.
5.2.5.5 General considerations on primary and secondary outcomes

The interpretation of findings regarding psychometric properties is challenging as there
are no firm criteria for acceptable reliability in literature (Bruton et al., 2000). Regard-
less of concrete criteria, ICC do not only reflect relative reliability but also can be related
to sample size or variability in the sample (Koo & Li, 2016). Accordingly, trial-to-trial
consistency can be poor, despite high ICC. Thus, it is advised not to focus on single
estimates of reliability and to additionally consider absolute reliability (Blankevoort et
al., 2013; Bruton et al., 2000). Due to lack of information on minimal important change
of motor assessments in IWD, we could scarcely apply COSMIN criteria for absolute
reliability. Besides, Smidt et al. (Smidt et al., 2002) arbitrarily defined that a difference
of 10 % in minimal detectable change would be acceptable. Other research groups
referred to them and introduced another cut-off of 30 % without any justification (Huang
et al., 2011; H.-S. Lee et al., 2017). In absence of other criteria, we adopted this cut-
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off of 30 % to identify unacceptable MDCgse% but not to conclude on sufficient absolute
reliability.

Frequency of use and effect sizes do not necessarily allow conclusions to be drawn on
quality of motor assessments and should not be overestimated. Regardless of appro-
priateness and meaningfulness, researchers may decide to apply motor assessments
as they are commonly used or easy to utilise. Nonetheless, frequency of use can pro-
vide indications about feasibility of motor assessments, which is based on the assump-
tion that unfeasible motor assessments do not disseminate as good as feasible ones.
Comparably, effect sizes can provide information on sensitivity to change, but are also

dependent on effectiveness of interventions.
5.2.5.6 Strengths and limitations

To our knowledge, this is the first systematic review utilising a comprehensive ap-
proach combining different outcomes of previous reviews by performing an extensive
two-stage literature search. We need to state potential risk of bias regarding the selec-
tion of considered motor assessments. Due to restricting the analysis of motor assess-
ments to those applied in RCT, some assessments may be missing. Furthermore, large
heterogeneity of included psychometric property studies limits the meaningfulness of
derived recommendations. As psychometric properties are potentially influenced by
various determinants, such as sample size, sample characteristics including severity
and aetiology of dementia, cueing, test-retest interval, or considered outcomes, we
cannot ensure that the deductions on psychometric properties are true and not ran-
domly caused by differing determinants. Therefore, false assumptions, undetected in-
fluences or relations, and random observations may have occurred. Similarly, the con-
sideration of several influences on test-retest reliability only allows rough estimations,
which could be also affected by heterogeneity of analysed studies. Moreover, insuffi-
cient information on execution of motor assessments, severity and aetiology of demen-
tia, and cueing in available investigations impeded detailed analyses and limited mean-
ingfulness of observations. Accordingly, the elaborated recommendations should be
used with care and further research investigating psychometric properties and demen-

tia specific influences on test-retest reliability is required.
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5.2.6 Conclusion

Despite the necessity for further research in various areas, this review establishes an
important foundation for future investigations. Additionally, direct implications for stud-
ies determining effectiveness of physical activity on motor performance in IWD can be
derived. However, elaborated recommendations cannot be considered as final conclu-
sions since the analysis of primary and secondary outcomes reveals several chal-
lenges and areas of insufficient research, and only focus on quantitative aspects. Fur-
thermore, new assessments, especially developed for IWD, are required. Such as-
sessments can be based on prior tasks but should consider specific characteristics of
IWD. Additionally, it is of high importance to standardise motor assessments and cue-
ing to ensure comparability between studies. Herein, standardisation refers to selection
and performance procedures of motor assessments and external cues. Currently, a
wide range of motor assessments (e.g. previous RCT applied 19 different balance as-
sessments) with different performance procedures (e.g. different ratings or modifica-
tions) as well as various external cues (e.g. clearly defined verbal cues vs. as much
assistance as needed) are frequently applied to determine the same motor functions
or quantities. Accordingly, recommendations on specific motor assessments as well
as indications on assessment procedures elaborated in quantitative and qualitative
(see Trautwein, Barisch-Fritz et al., 2019) approaches are important to improve stand-
ardisation. Evidence on effectiveness of physical activity can contribute to gain access
to physical activity interventions and thereby positively influence quality of life in IWD.
Determining evidence, however, is not possible without appropriate, sensitive, valid,
reliable, and standardised motor assessments, which consider the individual charac-

teristics of single individuals.
Abbreviations

4m WT: 4-metre walk test; 5x STS: Five Times Sit-to-Stand Test; 6m WT: 6-metre walk test; 6min WT:
6-minute walk test; 30s CST: 30-second chair stand test; ACSID: Assessment of Compensatory Sit-to-
Stand Maneuvers in People With Dementia; AD: Alzheimer’s disease; BBS: Berg Balance Scale; COS-
MIN: COnsensus-based Standards for the selection of health Measurement INstruments; E-ADL Test:
Erlangen Test of Activities of Daily Living; FICSIT-4: Frailty and Injuries: Cooperative Studies of Inter-
vention Techniques - subtest 4; FR: Functional Reach Test; GMWT: Groningen Meander Walking Test;

ICC: intraclass correlation coefficient/s; IWD: individuals with dementia; MDCgss%: percentage minimal



ESTABLISHING A HIGH-QUALITY METHODOLOGICAL APPROACH
TO INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY
IN INDIVIDUALS WITH DEMENTIA 115

detectable change/s at 95 % confidence interval; MMSE: Mini-Mental State Examination; POMA: Per-
formance Oriented Mobility Assessment; RCT: randomised controlled trial/s; SPPB: Short Physical Per-
formance Battery; STS: Sit-to-Stand/sit-to-stand; TUG: Timed Up & Go Test; WT: walk test/s

Declarations

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Availability of data and material

Not applicable.

Competing interests

The authors declare that they have no competing interests.
Funding

This project is financially supported by the Dietmar Hopp Stiftung (St. Leon-Rot, Germany). The sponsor
does not have any role in the design of the study, neither in its execution, the collection, analysis or

interpretation of data, the decision to submit results nor in writing the report.
Authors' contributions

ST, BB, PM, and AH performed the systematic researches. BB and AW were consulted as third reviewer,
if no consensus could be reached. ST, PM, and AH performed data extraction. ST and PM analysed
results. All authors were involved in planning and preparing the systematic review. ST, PM, and BB

wrote the manuscript. All authors provided critical feedback and approved the final manuscript.
Acknowledgements

We would like to thank Emily Cooke for her linguistic assistance on behalf of the authors. We
acknowledge support by Deutsche Forschungsgemeinschaft and Open Access Publishing Fund of

Karlsruhe Institute of Technology.
Additional files

Additional file 1: Search term first search

Additional file 2: Formulas for calculating time*group interaction effect sizes

Additional file 3: Search term main search

Additional file 4: Formulas for calculating minimal detectable change at 95 % confidence interval

Additional file 5: Study characteristics first search



ESTABLISHING A HIGH-QUALITY METHODOLOGICAL APPROACH
TO INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY
IN INDIVIDUALS WITH DEMENTIA 116

Additional file 6: Study characteristics main search

Additional file 7: Data extraction first search

Additional file 8: Data extraction main search

Additional file 9: Description, frequency of use, and effect sizes of motor assessments applied in previ-
ous randomised controlled trials without available information on psychometric properties

References

All references of manuscript Il are included in the List of References at the end of this thesis.



ESTABLISHING A HIGH-QUALITY METHODOLOGICAL APPROACH
TO INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY
IN INDIVIDUALS WITH DEMENTIA 117

5.3 Study design to investigate the effectiveness of physical activity on motor

performance in individuals with dementia
Manuscript 111

Summary: Due to several methodological limitations and risk of bias, evidence on the
effectiveness of physical activity on motor and gait performance in IWD cannot be en-
sured (Blankevoort et al., 2010; Hernandez et al., 2015; Lam, Huang et al., 2018).
Accordingly, recent reviews indicate the need for further high-quality studies
(Blankevoort et al., 2010; Lam, Huang et al., 2018). Considering the criteria for high-
quality study designs derived from limitations criticized in these recent reviews (see
Table 8), manuscript Il aims to establish a high-quality methodological approach to
investigate the effectiveness of physical activity on motor and gait performance in IWD.
Herein, it provides an example including valuable indications to answering research

guestion A3.
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5.3.1 Abstract

Background: The increasing prevalence of dementia in the next decades is accompa-
nied by various societal and economic problems. Previous studies have suggested that
physical activity positively affects motor and cognitive skills in individuals with dementia
(IWD). However, there is insufficient evidence probably related to several methodolog-
ical limitations. Moreover, to date adequate physical activity interventions specifically

developed for IWD are lacking.

Objective: This study aims to investigate the effectiveness of a multimodal exercise
program (MEP) on motor and cognitive skills in IWD in a high-quality multicenter trial.

Methods: A multicenter randomized controlled trial with baseline and postassessments
will be performed. It is planned to enroll 405 participants with dementia of mild to mod-
erate stage, aged 65 years and older. The intervention group will participate in a 16-
week ritualized MEP especially developed for IWD. The effectiveness of the MEP on
the primary outcomes balance, mobility, and gait will be examined using a comprehen-
sive test battery. Secondary outcomes are strength and function of lower limbs, activi-
ties of daily living, and cognition (overall cognition, language, processing speed, learn-

ing and memory, and visual spatial cognition).

Results: Enrollment for the study started in May 2015. It is planned to complete
postassessments by the beginning of 2017. Results are expected to be available in the
first half of 2017.

Conclusions: This study will contribute to enhancing evidence for the effects of physical
activity on motor and cognitive skills in IWD. Compared to previous studies, this study

is characterized by a dementia-specific intervention based on scientific knowledge, a

10 Some minor formal adaptions were made to the version of manuscript Il presented in this thesis to
ensure uniform formatting.
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combination of motor and cognitive tasks in the intervention, and high standards re-
garding methodology. Findings are highly relevant to influence the multiple motor and

cognitive impairments of IWD who are often participating in limited physical activity.

Trial Registration: German Clinical Trials Register DRKS00010538; https://drks-
neu.uniklinik-freiburg.de/drks_web/navigate.do?navigationld=tria. HTML&TRIAL_ID=
DRKS00010538 (Archived by WebCite at http://www.webcitation.org/60VGMbbMD)

Keywords: physical activity; dementia; postural balance; gait; activities of daily living;

cognition; exercise
5.3.2 Introduction

Dementia is one of the most frequently occurring diseases in the elderly (Berr, Wan-
cata, & Ritchie, 2005), and the World Health Organization has declared dementia a
public health priority (World Health Organization, 2012). The current prevalence of de-
mentia is estimated at 47 million worldwide (Prince, Guerchet, & Prina, 2015) and will
presumably increase because of expected demographic changes (Sosa-Ortiz, Acosta-
Castillo, & Prince, 2012). This increasing prevalence (expected 135 million in 2050;
Prince, Guerchet, Prina, & Alzheimer’s Disease International, 2013) will be accompa-
nied by several societal and economic problems including rising disease-related costs

and increasing demands for caregiving (World Health Organization, 2012).

Dementia is a syndrome which comprises several different types of usually chronic and
progressive diseases of the brain (eg, Alzheimer disease or vascular dementia; World
Health Organization, 1992). It encompasses diverse impairments and symptoms which
affect individuals with dementia (IWD) in different ways depending on dementia type
(Chew-Graham & Ray, 2016). According to the International Statistical Classification
of Diseases and Related Health Problems, Tenth Edition (ICD-10) (World Health Or-
ganization, 1992), a diagnosis of dementia minimally requires the following symptoms:
an impaired memory, further cognitive disturbances, and noncognitive disorders such
as disturbed emotional control. These impairments potentially influence activities of
daily living (ADL) (World Health Organization, 1992) accompanied by an increasing
loss of independence to a greater or lesser extent (Martyr & Clare, 2012). In addition,
IWD suffer from motor and functional impairments such as affected gait and balance
performance as well as transfer movements, which are not only reported in advanced
stages (Allan et al., 2005; Manckoundia et al., 2006; van lersel et al., 2004).
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To date, there is no cure for dementia, and commonly used medications for treating
the symptoms of dementia have side effects emphasizing the urgent need for nonphar-
macological interventions (Groot et al., 2016). For instance, there is evidence that
physical activity positively affects motor and cognitive skills of cognitively healthy el-
derly people (Angevaren, Aufdemkampe, Verhaar, Aleman, & Vanhees, 2008). More-
over, the number of studies analyzing this issue in IWD has increased (Christofoletti et
al., 2008; Hauer et al., 2012; Kemoun et al., 2010; Rolland et al., 2007; Venturelli et
al., 2011). For this sample, there are also systematic reviews and meta-analyses ex-
amining the effects of physical activity on balance, mobility, and gait as well as strength
and ADL. Regarding balance, 3 of 5 reviews reported no or no clear benefit of physical
activity (Brett et al., 2016; Littbrand et al., 2011, Potter et al., 2011) with largely varying
effect sizes from small negative to large positive values (Blankevoort et al., 2010; Sut-
tanon et al., 2010). Even if a positive effect of physical activity on mobility can be re-
ported (Brett et al., 2016; Pitkala, Savikko et al., 2013; Potter et al., 2011), the overall
conclusion is inconsistent (Littbrand et al., 2011) with effect sizes ranging from small
negative to large positive values (Blankevoort et al., 2010; Suttanon et al., 2010). Only
a few reviews have considered specific aspects of gait function. One review has shown
no to medium effect sizes for normal gait speed (Blankevoort et al., 2010). Reviews
focusing on strength of lower limbs and ADL mainly reported improvements
(Blankevoort et al., 2010; Brett et al., 2016; Forbes et al., 2015; Heyn, Johnson, &
Kramer, 2008; Littbrand et al., 2011; Pitkala, Savikko et al., 2013, 2013; Potter et al.,
2011; Suttanon et al., 2010). However, the small number of high-quality studies and
the large heterogeneity in methods used in these studies represent insufficient evi-
dence regarding the effects of physical activity (Blankevoort et al., 2010; Forbes et al.,
2015).

Reviews and meta-analyses examining the effects of physical activity on cognitive
skills in IWD mainly assess overall cognition. Of 6 reviews and meta-analyses, 3 found
no evidence for the benefit of physical activity on cognition in IWD (Forbes et al., 2015;
Littbrand et al., 2011; Ohman et al., 2014) while the others found a positive overall
effect (Brett et al., 2016, 2016; Farina et al., 2014; Groot et al., 2016). Groot et al.
(2016) stated that overall effects of physical activity on cognition are comparable to the
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effect size observed in meta-analyses examining the effectiveness of pharmacother-
apy in IWD (Di Santo, Prinelli, Adorni, Caltagirone, & Musicco, 2013; Matsunaga, Kishi,
& lwata, 2015a, 2015b).

Most of the systematic reviews and meta-analyses suggest even if evidence is lacking
that physical activity positively affects IWD, for example, in balance, mobility, and cog-
nition. Their conclusions are that there is an urgent need for high-quality intervention
studies (Blankevoort et al., 2010; Groot et al., 2016; Littorand et al., 2011; Ohman et
al., 2014; Suttanon et al., 2010). In their opinion, methodological shortcomings includ-
ing insufficient reporting of methods and results and small samples as well as the use
of inadequate outcome measures (Blankevoort et al., 2010; Farina et al., 2014; Groot
et al., 2016; Ohman et al., 2014) could be responsible for the lack of conclusive evi-
dence. Furthermore, Hauer et al. (2006) discussed that low effectiveness of existing
physical activity interventions may explain negative or inconsistent findings in previous
studies. It can be speculated that the effectiveness of existing training interventions is
limited by inappropriate intensity, duration, type of training, lack of specific interven-

tions, or individualization of training (Hauer et al., 2006).

This study will investigate the effects of a physical activity intervention on motor and
cognitive skills. The intervention focuses on dementia-specific motor deficits and aims
to influence the underlying motor performance, which depends on complex cognitive
processes like integrating sensory information, central processing, or efferent motor
output (Huger et al., 2009). This reflects the close connection between cognitive and
motor functions and could provide insights in disease progression (Alexander
& Hausdorff, 2008). It is highly relevant for IWD to counteract and possibly reduce de-
mentia-related motor deficits which typically result in distinct constraints of mobility-
dependent quality of life as well as loss of independence and higher risk for falls (Amer-
ican Geriatrics Society, British Geriatrics Society, & American Academy of Orthopaedic
Surgeons Panel on Falls Prevention, 2001; Guralnik, Ferrucci, Simonsick, Salive, &
Wallace, 1995; Yumin, Simsek, Sertel, Oztirk, & Yiimin, 2011). Hence, primary out-
comes are based on 3 considerations: dementia-specific motor deficits, relevance for
everyday life, and measurement quality (direct and feasible measurements). Balance,
gait, and mobility fulfill all requirements and influence quality of life (Allan et al., 2005;
Telenius, Engedal, & Bergland, 2013; Vermeulen, Neyens, van Rossum, Spreeuwen-

berg, & Witte, 2011; YUimin et al., 2011). ADL are defined as secondary outcomes
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because they are considered an entire construct related to several motor and cognitive
skills. Thus, measuring ADL is more difficult and less objective than measuring bal-
ance, mobility, and gait. Further, we chose strength and function of lower limbs and
cognition as secondary outcomes because of their expected influence on primary out-

comes.

Aiming to overcome the above mentioned methodological limitations, we will realize a
high-quality multicenter trial with a sustainable intervention close to everyday life. The

following aims will be addressed.

Primary aim: to determine the effect of a multimodal exercise program (MEP) com-
pared to conventional treatment (eg, medication, care, therapeutic applications) on bal-
ance, mobility, and gait. We hypothesize that a 16-week MEP in addition to conven-
tional treatment affects balance, mobility, and gait in IWD more than the conventional
treatment. Additionally, we will compare different subgroups (eg, according to sex,

stage of dementia, or attendance).

Secondary aim: to investigate the influence of mediator and moderator variables on
primary outcome measures. We assume that the effects of physical activity on balance,
mobility, and gait are caused or influenced by changes in underlying motor and cogni-

tive skills.

Comparably, we will investigate the effect of MEP on the secondary outcomes strength
and function of lower limbs, ADL, and cognition as well as the effect of mediator and
moderator variables on ADL. By addressing these aims, this study contributes to en-
hancing evidence concerning the effects of physical activity on motor and cognitive
skills in IWD.

5.3.3 Methods
5.3.3.1 Study Design

The study design has been primarily defined to address the primary aim of the study
on the effectiveness of a 16-week MEP. For this reason, we will perform a multicenter
randomized controlled trial with baseline and postassessments and an allocation ratio
of 2:1 for intervention (IG) and control group (CG), respectively. Ethical approval has

been obtained from the ethics commission of the Karlsruhe Institute of Technology.
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The study is retrospectively registered in the German National Register of Clinical Tri-
als [DRKS00010538]. This study protocol considers guidelines and recommendations
of the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)
(Chan, Tetzlaff, Altman et al., 2013; Chan, Tetzlaff, Ggtzsche et al., 2013) and Con-
solidated Standards of Reporting Trials (CONSORT) statements (Boutron, Moher, Alt-
man, Schulz, & Ravaud, 2008; Moher et al., 2010; Schulz, Altman, & Moher, 2010).

5.3.3.2 Participants

Participants for this study will be recruited in public, private, and charitable care facili-
ties in southwestern Germany, in particular in the metropolitan region Rhein-Neckar
and the district around Karlsruhe. All randomly selected care facilities offer inpatient
care for approximately 60 to 300 residents and provide a common room where the
intervention will be performed. A total of 3 recruitment periods with consecutive sam-

pling within each care facility are planned.

Employees of care facilities will identify possible participants with the purpose to fulfill

selection criteria.

Inclusion criteria include (1) diagnosis of dementia or suspected dementia (based on
the assessment of the objective ICD-10 criteria by employees and the examination of
cognitive abilities with Mini-Mental State Examination [MMSE]; Folstein et al., 1975),
(2) Alzheimer disease, vascular dementia, or other primary dementia (all types caused
by neurodegenerative or vascular diseases: eg, lewy body dementia or frontotemporal
dementia; Reith & Muhl-Benninghaus, 2015), (3) mild to moderate stage of dementia
(MMSE 10-24), (4) age above 65 years, (5) walking ability of approximately 10 meters

with or without walking aid, and (6) clearance by general practitioner.

Exclusion criteria include (1) secondary dementia (all types resulting from organic ill-
ness or injury: eg, toxic substances or brain injuries; Reith & Muhl-Benninghaus, 2015),
(2) other severe cognitive impairments, (3) other severe neurological disease, (4) other

severely acute diseases, and (5) severe motor impairments.

Potential participants will receive a comprehensive information letter and an informed
consent form, which will be signed by individuals or their legal guardians prior to the

study. The informed consent along with clearance of participant’s general practitioner
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allow scheduling of baseline assessments where eligibility will be verified according to

the inclusion and exclusion criteria. Flow of participants is illustrated in Figure 5.
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5.3.3.3 Intervention

The intervention is specifically developed for this study based on theoretical consider-
ations, results of a pilot study (Thurm et al., 2011), and a literature review (Scharpf et
al., 2013). The combination of motor and cognitive tasks used in the MEP aims to
enhance the effectiveness of physical activity on cognition. This is theoretically sup-
ported by findings in healthy older adults showing that the combination of both yields
larger effects on cognition than using each alone (Fabre et al., 2002). The pilot study
(n=19) aimed to prove feasibility of the intervention and allowed first insights regarding
the effectiveness. After a 10-week intervention, IG showed no significant changes in
Alzheimer Disease Assessment Scale—Cognitive Subscale (ADAS-Cog, German ver-
sion; Ihl & Weyer, 1993) sum score but significant improvements in subscore orienta-
tion/praxis. In contrast, we found a significant decline in ADAS-Cog sum score of CG
(Thurm et al., 2011). Moreover, IG showed significant improvements in get-up-and-go
test whereas CG did not significantly improve (unpublished results). The literature re-
view aimed at giving recommendations for designing interventions for IWD. Analyzed
studies showed that a physical activity intervention for IWD should at least last 4
months with 2 to 3 sessions of 45 to 60 minutes per week. Moreover, interventions
focusing on several motor skills (eg, endurance, strength, balance) seemed to be more
effective than interventions with only 1 task (Scharpf et al., 2013). Hence, the 10-week
intervention of the pilot study has been revised for the current study. The revision,
which aimed to provide a balanced MEP with specific, adequate, and intensity-de-
manding tasks, comprises adjustments of contents (motor qualities as well as connec-
tion between motor and cognitive tasks) and intervention duration (extension to 16

weeks).

The MEP will be guided by 2 skilled instructors with experience in sports science and
performed as group training mainly in a seated position. A group will consist of a max-
imum of 12 participants and will be joined by familiar caregivers to support the instruc-
tors if needed. The underlying didactic concept focuses on specific needs and charac-
teristics of IWD and includes increased supervision realized by 2 instructors, adapta-
tion to the cognitive level of participants, adjusted communication (eg, simple lan-
guage, nonverbal aspects), ritualization to give orientation and familiarity, and ade-

guate complexity by simple and well-structured cognitive and motor tasks.
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To ensure high standards and comparability, each session is planned in detail and all
instructors participate in a special training focusing on structure and contents of MEP
as well as special demands resulting from the characteristics of IWD. A detailed train-
ing manual is provided for instructors, and the adherence to this manual will be em-
phasized. To ensure standardization, all tasks are described precisely and photo-

graphs are provided.

Providing a sense of security is an important aspect realized by ritualization. To satisfy
this ritualization, the general sequence is identical for all sessions including an imagi-
nation of experienced journeys. Each session is divided into 3 parts: arrival, destina-
tion, and departure. Whereas arrival and departure remain consistent over the whole
intervention period, a new travel destination is selected every time. A total sample ses-

sion of MEP is found in Multimedia Appendix 1.

The arrival as beginning ritual of each training session takes about 5 to 7 minutes and
aims to prepare participants for the following main part. Tasks for mobilization and

stimulation of the cardiovascular system are linked to cognitive activation.

The main part of MEP is the destination (about 35 minutes) which includes tasks for
strength (43 %), balance (25 %), endurance (16 %), flexibility (13 %), and not further
specified tasks (3 %; see Figure 6). In addition, cognitive tasks are incorporated to
stimulate memory, attention, language, and executive functions. Tasks are carried out
with medium to submaximal intensity. Throughout the intervention, there will be a pro-
gression concerning intensity as well as motor and cognitive requirements. Examples
of different motor and cognitive tasks as well as examples for their progression are

given in Table 20.

3% not further specified tasks

16% endurance

43% strength

25% balance

13% flexibility

Figure 6. Distribution of motor qualities within the main parts of the multimodal exercise program.
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Table 20. Examples of motor and cognitive tasks of the multimodal exercise program and their progres-
sion
Simple performance Progressive performance devel-
oped within the 16 weeks
Imagination/journey Mediterranean cruise — aquafitness Circus — task after tightrope dance
on the deck of the ship
Starting position Seated, arms stretched above head  Standing upright behind chair, arms
stretched above head
Motor task Lateral flexion with pool noodle Lateral flexion with rope
:—_3 Sets and repetitions 3 sets with 2 repetitions for each side 2 sets with 3 repetitions for each side
§ Muscle activity Upper limbs and core Upper limbs, core, and lower limbs
@ Cognitive task No additional cognitive task Answering questions about circus
performances (eg, Have you ever
been to a circus? If yes: Which was
the best circus act? If no: What do
you think would be the most
interesting thing if you visited a
circus?)
Imagination/journey Safari in Namibia — washing an World trip — washing an elephant
elephant
Starting position Seated, 1 arm is horizontally Standing upright behind chair, one
stretched, flexion in hip joint to shift arm is horizontally stretched, flexion
body weight forward in hip joint to shift body weight
forward
o Motor task Slow and large arm movements in Slow and large arm movements in
e horizontal plane holding a small horizontal plane holding a small
x sandbag while leaning to left and sandbag while leaning to left and
g right sides right sides
Cognitive task Answering questions about Counting to 180 in steps of 6 (change
elephants (eg, Have you ever seen hands at 90)
an elephant? Are there different
kinds of elephants? What are the
differences?)
Duration/repetitions 1 minute/approximately 10 Approximately 1:30 minutes/15
repetitions per side repetitions per side
Imagination/journey  Soccer World Cup — walking to the On a treasure island — walking
soccer training downbhill through the jungle
Starting position Seated Standing upright behind chair
®  Motor task “Walking” in seated position — lifting “Walking” on the spot — lifting legs
= legs with active use of arms with active use of arms (if possible)
.g Duration 1 minute 3 minutes
c
w

Cognitive task

Answering questions about soccer
and its rules (eg, Who knows some
soccer rules? Do you know how
many referees there are during a
game?)

Naming animals living in the jungle. If
a participant repeats an animal he or
she is asked to name another one
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Imagination/journey  Safari in Namibia — wood chopping Olympic Games — laola wave of the
for a campfire audience
Starting position Seated Standing upright behind chair
Motor task Extension and flexion of the trunk, Extension and flexion of the trunk,
- bringing arms in extension with bringing arms in extension with
= maximal personal range of motion maximal personal range of motion
-g (try to increase range of motion)
(]
i Set and repetitions/ 3 sets with 10 repetitions (5 No repetitions defined, duration 3

duration

Cognitive task
(example)

repetitions slow, 5 repetitions fast)

Performing in the same rhythm
synchronous with other participants,
5 slow hits, 5 faster hits

minutes

Learning 3 different signals: 1=
moving fast, 2= moving slow, 3=
laola wave,

change direction of
performing according to signals

The departure takes about 5 minutes and aims to cool down and relax the body while
leading participants out of imagination and back into reality. Similarly to the arrival,

instructors guide participants through fixed sequences.

The MEP takes place twice a week on nonconsecutive days over a period of 16 weeks.
Each session lasts 60 minutes with motor and cognitive tasks taking about 45 minutes
to ensure sufficient time for rests and explanations. Prior to the first session, a social
gathering session is held aiming for an initial familiarization and information acquisition
with regard to participants and care facilities. Attendance and adherence of participants
will be documented by instructors for each session. Adherence will be assessed using
a short formula to rate attention, participation, motivation, and behavior of each partic-

ipant.

Conventional treatment comprising, for instance, medication, care, or therapeutic ap-
plications is individually tailored and will be continued in all included participants of CG

as well as 1G.
5.3.3.4 Outcomes
5.3.3.4.1 Determination of Outcomes

Primary outcomes refer to the motor qualities balance, mobility, and gait. Secondary
outcomes are other motor variables such as strength and function of lower limbs and
ADL as well as cognitive variables assessing overall cognition, language, processing
speed, learning and memory, and visual spatial cognition. All outcome parameters are

listed in Table 21. The aim of this study is to investigate changes in outcomes between
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IG and CG. Furthermore, the focus is on differences in all outcome variables between

baseline and 16-week postassessment.

Table 21. Primary and secondary outcome parameters

Outcome Assessments (at baseline and 16-week postassessment)
Balance Frailty and Injuries: Cooperative Studies of Intervention Techniques 4
(FICSIT-4) (Rossiter-Fornoff et al., 1995)
é Mobility Timed Up and Go test (Podsiadlo & Richardson, 1991)
S 6-meter walk test (Graham, Ostir, Kuo, Fisher, & Ottenbacher, 2008)
3 Gait Gait analysis using GAITRIite: temporal and spatial gait parameters (gait
> speed, cadence, cycle time, step length, step width, gait variability,
g single support, and double support)
5 - Walking with normal speed
- Walking with normal speed and the task counting backwards from 50
- Walking with normal speed and the task naming animals
Lower limb strength  Modified 30-second chair-stand test (Blankevoort et al., 2013; Jones et
al., 1999)
Lower limb function  Short physical performance battery (Guralnik, Simonsick et al., 1994)
Activities of daily Barthel Index (German version according to Hamburger
living Einstufungsmanual; Libke, Meinck, & Renteln-Kruse, 2004; Mahoney
? & Barthel, 1965)
= Erlangen Test of Activities of Daily Living (E-ADL-Test) (Graessel et al.,
I 2009)
3 7-item physical performance test (Reuben & Siu, 1990)
5 Overall cognition Mini-Mental State Examination (MMSE) (Folstein et al., 1975)
©
S Language Verbal fluency “category animals”
(&) . « ”
3 Phonemic fluency “S-words

Processing speed Trail Making Test A (Reitan, 1958, 1992)

Learning and California Verbal Learning Test, short version 1 (Elwood, 1995)
memory Digit span forward and backward (Wilde, Strauss, & Tulsky, 2004)
Visual spatial Clock drawing test (Shulman, Shedletsky, & Silver, 1986)
cognition

The primary and secondary outcomes have been discussed in an international expert
panel consisting of 14 scientists from 7 institutions in 3 countries (Germany, Australia,
and Netherlands) with the disciplines sports science (especially focusing on locomotion
research, sports therapy, kinesiology, biomechanics, training science, physical educa-
tion and health, diagnostics, evaluation, and sports psychology), geriatrics/gerontol-
ogy, psychology, and physiology. Among these experts, a standardized testing proce-
dure has been determined focusing on relevance of outcomes as well as validity, reli-
ability, objectivity, and feasibility of recording methods. The selected outcomes and

recording methods are common in geriatric assessments and have been frequently
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used in previous studies examining IWD. However, it must be pointed out that most of
recording methods regarding the motor qualities have not been developed for IWD.
Feasibility of the test battery and recording procedure was tested in a sample of 20
participants prior to the current study. This pilot study proved feasibility of planned as-

sessments in IWD.

Trained investigators with experience in sports science guide the baseline and
postassessments in the care facilities. Prior to assessments, investigators participate
in a special course to get detailed information about testing procedure and measure-
ments. To standardize testing procedure and ensure comparability, a detailed testing
manual is provided to which investigators are urged to strictly adhere. Accordingly, a
detailed description of performing each assessment is given in Multimedia Appendix

2. Moreover, investigators will be educated about specific aspects of working with IWD.
5.3.3.4.2 Primary Outcomes

Static balance will be determined using the Frailty and Injuries: Cooperative Studies of
Intervention Techniques 4 scale (FICSIT-4) (Rossiter-Fornoff et al., 1995). Mobility will
be assessed using the timed Up and Go test (Podsiadlo & Richardson, 1991) and 6-
meter walk test (Graham et al., 2008). The 6-meter walk test aims to capture normal
gait speed. To reduce bias caused by the testing situation, participants are not explicitly

informed about time keeping.

Temporal and spatial gait parameters will be analyzed using the electronic gait analysis
system GAITRIite (CIR Systems Inc, Franklin, NJ) with an active length of 4.88 meters,
a spatial resolution of 1.27 centimeters, and a scan rate of 120 hertz. The following
parameters are of special interest: gait speed, cadence, cycle time, step length, step
width, gait variability, single support, and double support (as percentage of cycle time).
Gait parameters are recorded for 3 different conditions: walking with normal speed,
walking with normal speed and the task of counting backwards from 50, and walking

with normal speed and the task of naming animals.

Changes in gait parameters caused by dual task will be calculated using the equation
seen in Figure 7. The generated value represents dual-task costs indicating the better
performance under dual-task condition the lower this value is (Abernethy, 1988;
Schwenk et al., 2010).
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dual task — single task
- 100

single task

Figure 7. Calculation of changes in gait parameters caused by dual task.!!

5.3.3.4.3 Secondary Outcomes

Strength of lower limbs will be determined by modified 30-second chair-stand test. In
this modified version participants are allowed to use their arms (Blankevoort et al.,
2013; Jones et al., 1999), and the time to perform 5 repetitions is additionally meas-
ured. After a rest, fit participants complete a second trial without using arms with the
same recording procedure as for the modified 30-second chair-stand test (including
time for 5 repetitions). Function of lower limbs will be evaluated using the short physical
performance battery, consisting of standing balance (Romberg, semitandem, tandem),
gait speed, and 5 times sit-to-stand without using arms (Guralnik, Simonsick et al.,
1994).

ADL will be determined using the Barthel Index (German version according to Ham-
burger Einstufungsmanual; Libke et al., 2004; Mahoney & Barthel, 1965), Erlangen
Test of Activities of Daily Living (E-ADL-Test) (Graessel et al., 2009), and 7-item phys-
ical performance test (Reuben & Siu, 1990). The Barthel Index will be completed by
employees of the care facilities. To ensure standardized answers, employees receive
a manual with detailed information. The E-ADL-Test and the 7-item physical perfor-
mance test aim to practically examine ADL. Although the revalidation of the E-ADL-
Test (Graessel et al., 2009; Luttenberger et al., 2012) showed that the tasks are too
easy for mild dementia, for our target sample this test is considered as appropriate
substantiated by the development for IWD. Furthermore, the E-ADL-Test is regarded
as a valid and reliable instrument for assessing ADL of individuals with moderate to

severe dementia (Graessel et al., 2009; Luttenberger et al., 2012).

Cognitive outcomes will be assessed using some subtests of the neuropsychological
test battery Consortium to Establish a Registry for Alzheimer's Disease—Plus (CERAD-
Plus) (J. C. Morris, Mohs, Rogers, Fillenbaum, & Heyman, 1988). Overall cognition will
be determined using MMSE (Folstein et al., 1975). Language will be examined regard-

ing verbal fluency “category animals” and phonemic fluency “S-words.” The first fluency

11 Corrected.
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task provides information about verbal rate and fluency, semantic memory, language,
executive function, and cognitive flexibility (Lezak, 2012; J. C. Morris et al., 1989). The
second task examines fluency in a more strategic manner rather than the semantic
memory. Processing speed and visual scanning will be determined using the Trail Mak-
ing Test A (Reitan, 1958, 1992). In addition to CERAD-PIus, the California Verbal
Learning Test, short version 1 (except forced choice recognition; Elwood, 1995), and
digit span forward and backward (Wilde et al., 2004) will be performed to assess learn-
ing and memory. Visual spatial cognition will be assessed using the clock drawing test
(Shulman et al., 1986).

Moreover, body mass and height will be measured using a Seca 813 Robusta scale
and Seca 213 stadiometer (Seca, Hamburg, Germany) with an accuracy of 0.1 kilo-

gram and 0.1 centimeter, respectively.
5.3.3.4.4 Sample Characteristics

Further possible influencing variables including age, medication, or other diseases are
recorded chronologically close to baseline assessments. Employees of the care facili-
ties will be asked to complete the health and demographic data questionnaire and the
Cumulative lliness Rating Scale (Linn, Linn, & Gurel, 1968) for each participant. The
guestionnaire includes sex, year of birth, diagnosis of dementia, severity of dementia,
type of dementia, date of diagnosis, depression, severity of depression, number of
medications, medications for dementia, antidepressants, and walking aids. A written
consent to collect these data by employees of the care facilities will be obtained from

participants or their legal guardian.
5.3.3.5 Sample Size

The required sample size was calculated via G*Power version 3.1.9.2 (Heinrich Heine
University of Dusseldorf; Faul, Erdfelder, Lang, & Buchner, 2007), taking into account
the following parameters: analysis of variance (ANOVA) for repeated measures, within-
between interaction, small effect size (n?=0.01, d=0.2; Jacob Cohen, 1988), 2-sided a-
error of .05, power of .80 (1-B), and 2 groups and 2 measurements. The small effect
size used for the calculation of required sample size is based on literature review and
assumptions of relevant changes for IWD. Previous studies have reported high varia-
tion in the effect sizes of the primary outcomes balance, mobility, and gait. In their
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review, Blankevoort et al. (2010) reported small negative to large positive effect sizes
for balance (d=-0.24 to d=3.59) and functional mobility (d=-0.25 to d=2.37) as well as
no to medium effect sizes for normal gait speed (d=-0.11 to d=0.50). These reported
variations do not allow determining actual effect sizes. Thus, the magnitude of relevant
changes has to be considered to further support the selection of a small effect size.
Because dementia is characterized by rapid progression linked to multiple impair-
ments, it is assumed that even small effects are relevant. The calculation of sample
size results in a required sample size of 100 participants for each group (total sample
size of 200 participants). Considering reasons for dropout, the sample is set to 405

participants.
5.3.3.6 Dropout

We assume 3 reasons for dropout: (1) withdrawal from the study, (2) missing data, and
(3) low attendance or adherence to MEP. Possible reasons for withdrawal are death,
hospitalization, serious deterioration in state of health, refusal to participate, etc. Based
on the literature review of Blankevoort et al. (2010), a dropout rate of 20 % caused by
withdrawal is expected. Missing data occur if participants are not able to complete the
entire test battery because of motivational aspects or multiple motor and cognitive im-
pairments. In addition, some participants will not participate at all in postassessments
because of illness or other appointments. We assume a missing data rate of 15 %. A
total target number of 200 participants (100 per group) for the analysis and an assumed
dropout rate (withdrawal and missing data) of 35 % requires enrolling 270 participants
into the study. Unfortunately, attendance and adherence are often not stated in previ-
ous studies (Forbes et al., 2015). Hence, we decided to double the sample of IG to
ensure the required sample of 100 participants in this group. Low attendance and ad-
herence may be caused by illness, motivation, other appointments, disinterest, or other

reasons. Hence, a total sample size of 405 participants is required.

All participants will be asked at least twice if they are willing to participate in the as-
sessments to reduce missing data. A familiar caregiver is asked to invite the participant
if appropriate. If participants are not willing to complete all measures they are offered
to choose assessments they are willing to complete. Moreover, all possible participants
will be included in the data collection regardless of whether they discontinued or devi-

ate from the intervention protocol. Caregivers will be asked to support the participants
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to get to training sessions to improve attendance. If participants miss a session, they

are personally invited to the next training session.
5.3.3.7 Allocation

Group allocation to IG and CG will be performed by minimization to obtain randomized
groups with minimum group differences. Subjects rather than care facilities will be ran-
domized to avoid confounding effects of the geographic location, and minimization will
be done separately for each care facility based on the baseline criteria MMSE, sex,
age, and baseline performance of modified 30-second chair-stand test. Minimization
will be performed with the program MinimPy version 0.3 (Saghaei & Saghaei, 2011),
which includes a random element. The first participant is allocated randomly to IG or
CG. Subsequent participants are allocated to each group correspondingly to achieve
the least imbalance between groups. Including a random element, participants will be
allocated to the better fitting group with a probability of 70 %. An allocation ratio of 2:1
is selected because of above-mentioned assumptions regarding dropouts. The input
order of participants for allocation will be randomly defined by an assigned number for

each participant given prior to minimization.
5.3.3.8 Blinding and Pseudonymization

Investigators will be blinded to allocation wherever possible. It is not possible to blind

participants or employees of care facilities regarding group allocation.

All data is stored in a strictly pseudonymous form. This is achieved by separating per-
sonally identifiable information of participants from data collected during baseline and
postassessments. Collation of data is only possible with considerable effort at any time
of the study. Thus, individual confidentiality will be ensured before, during, and after

the study. Only selected team members have access to coded data.
5.3.3.9 Statistical Analysis

All statistical analysis will be done with SPSS version 23 (IBM Corp). Trained and ex-
perienced investigators will evaluate and enter data. Investigators evaluating and en-
tering data are not the same as investigators assessing outcomes. The number of in-
vestigators is limited to 2 per assessment method. Prior to actual analysis, interrater

reliability (Cohen kappa, Jacob Cohen, 1960; intraclass correlation coefficient, Shrout
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& Fleiss, 1979) will be calculated and plausibility (eg, considering range and distribu-

tion) will be checked to minimize errors caused by data evaluation and entry.

Because of expected large dropout rate, which can lead to a critical amount of missing
data, 2 separate analysis sets are planned: an intention-to-treat analysis and a per-
protocol analysis. In the intention-to-treat analysis, all randomized participants regard-
less of protocol adherence will be included and missing data will be substituted by
multiple imputation. Participants with sufficient attendance and adherence to the inter-
vention as well as complete assessments of primary outcomes will be included in the

per-protocol analysis, where missing data will not be considered.

Baseline values of participant characteristics will be compared between IG and CG
using chi-square tests for categorical data, Mann-Whitney-U tests for nonparametric
variables, and t tests for continuous and normally distributed parameters. For all nor-
mally distributed data (checked by Shapiro-Wilk test), mean and standard deviation
will be calculated, and medians and interpercentile ranges will be calculated for not
normally distributed data. Treatment effects will be analyzed using 2-factor ANOVA
with repeated measurement. A 2-sided P value less or equal to .05 will be considered
to indicate statistical significance. In addition, 95 % confidence intervals and partial
Eta2 will be calculated. Changes in motor and cognitive function are possible mediators
and moderators. These mediating and moderating effects on primary outcomes will be
analyzed using multiple linear regression models. Additional explorative data analysis
exceeding the proposed planned analyses will be performed. Depending on data struc-
ture, adequate analysis methods will be defined. These analyses aim to consider fur-
ther influencing factors or subgroup analysis as well as the development of forecast

models.
5.3.4 Results

Enrollment for the study started in May 2015. It is planned to complete postassess-
ments by the beginning of 2017. Results are expected to be available in the first half
of 2017.
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5.3.5 Discussion
5.3.5.1 Summary

Previous studies have discussed the use of physical activity as additional therapy strat-
egy, and predominately positive effects have been reported. However, the results of
these studies are not consistent and they have several methodological limitations. With
respect to these limitations, the current study has been carefully designed and thus

reflects the following strengths.
5.3.5.2 Strengths

The overall strength is the strong effort to conduct a high-quality trial characterized by
a standardized study design, theoretical considerations, an intervention specially de-
signed for IWD, assessments adequate for IWD, a large sample size, and detailed and
accurate reporting of methods according to the CONSORT (Boutron et al., 2008;
Moher et al., 2010; Schulz et al., 2010) and SPIRIT (Chan, Tetzlaff, Altman et al., 2013;
Chan, Tetzlaff, Ggtzsche et al., 2013) statements.

The MEP, which is characterized through dementia-specific methodology and a com-
bination of motor and cognitive tasks, is a major strength of this study. Because of its
theoretical foundation and based on primary recommendations of the review by
Scharpf et al. (2013), initial guidelines for designing physical activity interventions for

IWD can be derived if results support efficiency.

Bearing in mind that most motor assessments are not developed for IWD and their
psychometric properties have hardly been systematically established in this specific
population (Blankevoort et al., 2013; Bossers et al., 2012), we took several efforts to
construct an adequate test battery considering all relevant primary and secondary out-
comes. The international expert panel with members from different disciplines where
we have discussed possible and adequate measurements as well as general infor-
mation on performing cognitive and motor measurements in IWD has been an im-
portant attempt to enhance quality. In comparison to previous studies, the large sample
size is an outstanding feature of this study. To the best of our knowledge, there is no
other study with a comparable sample size. Based on studies analyzed for the
Cochrane review (Forbes et al., 2015), sample sizes vary between 12 and 148 partic-
ipants.
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This study is designed as a multicenter trial with a sustainable intervention close to
everyday life. For instance, the MEP is established on everyday activities such as get-
ting up, walking, or picking things up (see Multimedia Appendix 1). Performing a field
study reflects reality in participating care facilities, and results can be more easily trans-
ferred to daily routine. Considering sustainability is an important concern of this study
and we intend to continue physical activity interventions after study is finished. Thus,
employees of care facilities will be educated to guide the MEP. Furthermore, this ap-
proach ensures the opportunity for CG to participate in the MEP, which is an important
ethical aspect.

5.3.5.3 Challenges

There are several challenges in performing intervention studies in IWD. These are re-
lated to the selected study design as well as its target group and thus cannot be
avoided. However, it is important to deal with these challenges to minimize their impact.

A big challenge in performing intervention studies with IWD is maintaining blinding to
group allocation. Although all investigators will be blinded to group allocation, there is
a potential risk that participants will disclose their group allocation during assessments.
To minimize this risk, investigators will be asked not to talk about the intervention dur-

ing assessments.

Working with IWD entails several general challenges as they are often suffering from
frailty and multimorbidity. According to different motor and cognitive impairments in
IWD, itis not possible to develop an intervention completely suitable for all participants.
Hence, some adaptions of the intervention cannot be avoided. However, instructors
are asked to minimize such adaptions and adhere to the manual as strictly as possible.
Besides this, IWD are vulnerable in relation to attendance, adherence, and missing
data. For instance, multiple motor and cognitive impairments partially prevent IWD
from participating in all subassessments. Thus, attempts to enhance attendance and

adherence as personal communication, support, or repeated invitation are planned.

Further challenges are seen in cooperation with care facilities. Employees assume im-
portant responsibilities, such as suggesting potential participants, assessing ADL and
state of health, or supporting assessments and intervention. Restricted time or missing
expertise is a potential risk for limitations. To reduce such limitations, employees will
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be provided detailed information on how to report required data and support for further

problems.
5.3.5.4 Implications and Perspectives

Findings of this study will be disseminated through publications and presentations (in-
cluding information about important protocol modifications). Improving the defined pri-
mary outcomes is highly relevant considering the consequences of dementia-related
motor deficits as stated in the introduction (American Geriatrics Society et al., 2001,
Guralnik et al., 1995; Yumin et al., 2011). Insufficient amounts of physical activity also
expedite existing motor and functional impairments in IWD (Brach et al., 2003; Hauer
et al., 2006). Therefore, developing adequate physical activity interventions for IWD
and offering guidelines is essential. We plan on publishing the MEP and communi-
cating the underlying didactic concept of the training in a detailed manual if it proves

to be effective.

This study will contribute to enhance scientific evidence and takes a first look at rela-
tions between motor and cognitive skills in IWD. The findings can also be directive for

further investigations in the field of prevention, diagnosis, and therapy of dementia.
5.3.5.5 Conclusions

There is a clear need for high-quality studies investigating the effectiveness of physical
activity on motor and cognitive skills in IWD. Our study is mainly characterized by a
dementia-specific intervention based on scientific knowledge, the combination of motor
and cognitive tasks, and a large sample. Findings are highly relevant to influence the
multiple motor and cognitive impairments of IWD often participating in limited physical
activity. If the MEP proves to be effective, positive influences on everyday life are ex-

pected justifying its permanent implementation in care facilities.
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6 Performing a randomized controlled trial to investigate the

effectiveness of physical activity in individuals with dementia

6.1 Effectiveness of a dementia-specific multimodal exercise program on

motor performance in individuals with dementia
Manuscript IV

Summary: Physical activity gains in importance as a therapy strategy to improve motor
performance in IWD (Ahlskog et al., 2011). Despite various investigations, evidence of
the effectiveness of physical activity on motor performance in IWD cannot be ensured.
Recent reviews refer to methodologic limitations, risk of bias, as well as lack of com-
parability of previous studies, and thus indicate the need for further high-quality studies
(Blankevoort et al., 2010; Hernandez et al., 2015; Lam, Huang et al., 2018). Aiming to
contribute to enhancing evidence, manuscript IV reports findings of a high-quality RCT
investigating the effectiveness of physical activity on motor performance in IWD. It re-
fers to research question B1 and hypothesis 1.

Version: This is the author’s original before peer review.

Publication status: submitted

Reference:

Barisch-Fritz, B., Trautwein, S., Scharpf, A., Krell-Roesch, J., & Woll, A. (submitted).

Effects of a 16-week multimodal exercise program on motor performance in
individuals with dementia: A multicenter randomized controlled trial.
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Effects of a 16-Week Multimodal Exercise Program on Motor Performance in In-
dividuals with Dementia: A Multicenter Randomized Controlled Triall?

Bettina Barisch-Fritz!, PhD; Sandra Trautwein!; Andrea Scharpf?; Janina Krell-Roesch'2, PhD; and Al-
exander Wollt, PhD, Prof.

1 Karlsruhe Institute of Technology, Institute of Sports and Sports Science, Karlsruhe, Germany

2 Mayo Clinic, Translational Neuroscience and Aging Lab, Scottsdale, Arizona, USA
6.1.1 Abstract

Background and Purpose: Dementia is not restricted to cognitive impairments but also
affects physical performance. In individuals with dementia (IWD), a decline in physical
performance directly impairs independent life and quality of life increasing with disease
progression. As there is no conclusive evidence of the effectiveness of physical activity
interventions on physical performance of IWD, examining factors that potentially pre-
serve physical performance is of high importance. Reasons for missing evidence are
small numbers of high-quality studies, large heterogeneity in used methods and insuf-
ficient reporting of methods. The aim of this study was to investigate effects of a 16-
weeks multimodal exercise program (MEP) combining motor and cognitive tasks on
physical performance in IWD. Additionally, we identified characteristics of responders
to MEP.

Methods: A multicenter randomized controlled trial with appropriate assessment meth-
ods and a standardized MEP adjusted to IWD was conducted. We included 319 IWD
of mild to moderate severity, aged over 65 years. At baseline and after MEP, we as-
sessed physical performance with the primary outcomes: mobility, balance, and
strength and function of lower extremities. Potential effects were identified by using
two-factor analyses of variance with repeated measurements within two samples, i.e.
intention-to-treat and per protocol sample. Additionally, we compared characteristics

related to physical performance between positive, non-, and negative responders.

Results and Discussion: Both analysis procedures did not reveal statistically significant
time*group effects. We identified 56-66 % non- or positive responders. Furthermore,
positive responders in balance and strength and function of lower extremities had sta-

tistically significant lower baseline performance in the same variable. Overall, effects

12 Some minor formal adaptions were made to the version of manuscript IV presented in this thesis to
ensure uniform formatting.
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of MEP on physical performance were not statistically significant which possibly re-
sulted from the high heterogeneity of the sample. In addition, we observed a trend for
IWD with lower physical performance at baseline benefitting more than those with

higher baseline performance.

Conclusions: We recommend a higher degree of individualization which might improve
overall effectiveness. These findings support research focusing on physical activity and

dementia, particularly on designing and implementing exercise interventions.

Trial registration: DRKS00010538 (German Clinical Trial Register, date of registration:
01 June 2016, retrospectively registered).

Keywords: Physical activity, dementia, physical performance, cognitive impacts, motor

impacts
6.1.2 Introduction

The successful completion of physically demanding tasks mainly requires the basic
abilities: mobility, balance, and strength. These basic abilities are summarized by the
construct of “physical performance” (Rydwik, Frandin, & Akner, 2004). A decline in
physical performance, as caused by normal aging processes or various disorders, re-
duces the capacity to successfully perform activities of daily living (e.g. eating, bathing)
which in turn leads to an increased dependency in everyday life (Martyr & Clare, 2012;
Wennie Huang, Perera, VanSwearingen, & Studenski, 2010). Maintenance of inde-
pendency and autonomy of individuals makes a significant contribution to an individ-
ual’s quality of life (Telenius et al., 2013; Vermeulen et al., 2011; Yimin et al., 2011).

A decline in mobility and balance and consequently activities of daily living are partic-
ularly common in individuals with dementia (IWD) (Allan et al., 2005; Manckoundia et
al., 2006; van lersel et al., 2004). The symptoms of dementia — a syndrome of several
different types of usually chronic and progressive diseases of the brain (World Health
Organization, 2016) — are not restricted to cognitive skills but also influence physical
performance (Kido et al., 2010; Leandri et al., 2009). Compared to cognitively unim-
paired older adults and also individuals with mild cognitive impairments, IWD show a
poorer performance in balance (Kato-Narita et al., 2011) and mobility (Eggermont et
al., 2010; Gras et al., 2015). Concerning gait, especially walking speed is decreased,
stride length shortened, and double support time increased (Coelho et al., 2013; Ijmker
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& Lamoth, 2012). Due to infrequent investigation, information about strength and en-
durance is somewhat conflicting but overall also indicative of poorer performance
(Arshinta et al., 2018; Manckoundia et al., 2006). Consequently, supervision of ex-
penditures and burdens for the health care system are high (Alzheimer’'s Disease In-
ternational, 2015; Livingston et al., 2017; Schulze et al., 2015). Especially given that
the number of IWD is currently at 50 million worldwide (Alzheimer’s Disease Interna-
tional, 2018) and expected to further increase to more than 152 million by the year
2050 (Alzheimer’s Disease International, 2018), the World Health Organization has
declared dementia a public health priority (World Health Organization, 2012).

Even though cognitive impairments are considered the hallmark of dementia (Walde-
mar et al., 2007), deficits in physical performance as further symptoms of dementia are
getting more and more attention even in clinical diagnostics. In particular, difficulties in
walking which requires complex cognitive and motor processes can predict an in-
creased risk of developing cognitive deficits in older adults (Bridenbaugh & Kressig,
2015; Buracchio, Dodge, Howieson, Wasserman, & Kaye, 2010; Verghese et al.,
2007). The best predictors for dementia are both mild cognitive impairments as well as
slower gait, and this combination was first described as concept of cognitive risk syn-
drome by Verghese et al. (2014).

It has been postulated that there are causal relations between motor decline and cog-
nitive impairments (Buchman & Bennett, 2011), particularly as the pathological
changes underlying Alzheimer’s disease also affect regions known to subserve physi-
cal performance (Burns, Galvin, Roe, Morris, & McKeel, 2005; Schneider et al., 2006).
It might be more obvious given that control systems for motor regulation, initiation,
planning, and execution are located in several cortical and subcortical regions (Fogassi
& Luppino, 2005; Halsband & Lange, 2006; Lehéricy et al., 2006; Rizzolatti & Luppino,
2001). Furthermore, it is generally hypothesized that motor impairments increase with
disease progression (Bridenbaugh & Kressig, 2015) and are also accompanied by a
higher risk of falls (Allali et al., 2016; Amboni et al., 2013). In light of these close asso-
ciations between motor function and cognitive performance, it is paramount to investi-
gate whether a physical activity intervention has an impact on physical performance

and thus motor impairments in IWD.
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In the absence of a cure for dementia and considerable side effects of currently pre-
scribed drugs (Hugo & Ganguli, 2014; Versijpt, 2014), non-pharmacological interven-
tions have gained increasing importance in recent years. Particularly, physical activity
interventions may be beneficial for IWD. Indeed, there is growing evidence that physi-
cal activity interventions may slow the decline in physical performance (Blankevoort et
al., 2010). However, in IWD this evidence is not as clear as in institutionalized elderly
persons with multiple diagnoses, where strong evidence of a positive effect of physical
activity on muscle strength and mobility was found (Rydwik et al., 2004). Even if re-
views mainly report a positive effect of physical activity on lower extremity strength and
activities of daily living in IWD (Blankevoort et al., 2010; Forbes et al., 2015; Heyn et
al., 2008; Littbrand et al., 2011; Pitkala, Savikko et al., 2013; Potter et al., 2011; Sut-
tanon et al., 2010), effect sizes for balance and mobility however vary from small neg-
ative to large values but are in general higher than for other motor skills (Blankevoort
et al., 2010; Suttanon et al., 2010). Therefore, a conclusive evidence of the impact of
physical activity interventions on physical performance does not exist. This may be due
to small numbers of high-quality studies and large heterogeneity in used methods as
well as insufficient reporting of methods particularly with regard to intervention modal-
ities (e.g. detailed training parameters; Blankevoort et al., 2010; Forbes et al., 2015;
Scharpf et al., 2013).

The aim of this study is to investigate the effects of a multimodal exercise program
(MEP) that combines physical and cognitive tasks on the primary outcomes of physical
performance in IWD. The secondary aim is to overcome existing methodological defi-
cits by the design and conduct of a multicenter randomized controlled trial (RCT) with
appropriate assessment methods as well as a sustainable intervention adjusted to the
characteristics of this sample. Therefore, the central hypothesis is that physical perfor-
mance of IWD changes after a 16-weeks MEP and as compared to a control condition
consisting of conventional treatment. Additionally, we want to display the individual
responses to MEP as recommended by the FDA (U.S. Department of Health and Hu-
man Services FDA Center for Drug Evaluation and Research, U.S. Department of
Health and Human Services FDA Center for Biologics Evaluation and Research, &
U.S. Department of Health and Human Services FDA Center for Devices and Radio-
logical Health, 2006). The responder analysis allows for assessing clinical relevance

and helps to increase the translation of the results into clinical practice.
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6.1.3 Methods

The details of this study are comprehensively described in the study protocol (Tra-
utwein et al., 2017) following the guidelines and recommendations of the Consolidated
Standards of Reporting Trials (CONSORT) statements (Moher et al., 2010; Schulz et
al., 2010). This section provides a shorter description of the methods referring to the
CONSORT statements. The study was retrospectively registered in the German Na-
tional Register of Clinical Trials (DRKS00010538) and was approved by the ethics
committee of the Karlsruhe Institute of Technology (Karlsruhe, Germany).

6.1.3.1 Study design and participants

The design of the study to address the central hypothesis includes a multicenter par-
allel-group RCT with baseline and post assessments and an allocation ratio of 2:1 for

an intervention (IG) and control group (CG), respectively.

A power analysis (G*Power 3, Version 3.1.9.2, Faul et al., 2007, two-factor analysis of
variance [ANOVA] with repeated measurement, two groups and two measurements,
a=0.05, 1-f=0.80, n2=0.01) determined a required total sample size of 200 participants.
The calculated sample size is based on the assumptions that even small effects are
relevant with regard to the rapid disease progression seen in IWD.

Recruitment for this study took place in 36 care facilities in South-Western Germany.
Employees of care facilities were asked to identify possible participants. Before enter-
ing the study, written consent of participants or their legal guardians was reclaimed.
After baseline assessment, final inclusion or exclusion was determined according the

following criteria:

Inclusion criteria: a) diagnosis of dementia or “suspected” dementia; b) Alzheimer dis-
ease, vascular dementia or other primary dementia; c) mild to moderate stage of de-
mentia (Mini-Mental State Examination [MMSE]: 10-24); d) age above 65 years; €)
walking ability of about ten meters with or without walking aid; and f) clearance from

general practitioner.

Exclusion criteria: a) secondary dementia; b) other severe cognitive impairments; c)
other severe neurological disease; d) other severely acute diseases; and e) severe

motor impairments.
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6.1.3.2 Randomization and intervention

After baseline assessment, participants were randomly allocated to IG or CG by mini-
mization (MinimPy Version 0.3). Randomization was done stratified by each care facil-
ity with an allocation ratio of 2:1 in favor of the exercise arm. Investigators were blinded
where possible.

The intervention program was implemented in conventional treatment (individualized
medication, care, therapeutic applications etc.) of participants of the IG. Participants of
the CG solely continued their conventional treatment. The MEP is a specifically devel-
oped intervention that combines physical and cognitive tasks considering the special
needs of IWD. It was delivered two times a week on non-consecutive days for 16 weeks
by two skilled instructors in a group setting of up to 12 participants. Each session lasted

60 minutes, with training time being about 45 minutes.

Beside other didactic aspects like adaptation to cognitive levels of participants or ad-
justed communication, the MEP aimed at giving the participants orientation and famil-
iarity as well as a sense of security through ritualization. To this end, each session was
similarly structured i.e. the three parts arrival, destination, and departure were embed-

ded in experienced journeys.

Main physical contents over the entire intervention period can be divided into tasks for
strength (43 %), balance (25 %), endurance (16 %), flexibility (13 %), and not further
specified tasks (3 %). These tasks were carried out with medium to submaximal inten-
sity. Cognitive tasks focused on the stimulation of memory, attention, language, and
executive functions. Intensity of physical and cognitive tasks was enhanced throughout

the intervention period.
6.1.3.3 Outcomes and assessments

Primary outcomes were motor qualities mobility, balance, as well as strength and func-
tion of lower extremities. These motor skills were assessed by means of several as-

sessments listed in Table 22.
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Table 22. Primary outcome parameters

Primary outcome Assessments
(at baseline and after 16-weeks multimodal exercise program)
Mobility 6-meter walk test, 6m WT(Graham et al., 2008)

Timed Up & Go Test, TUG (Podsiadlo & Richardson, 1991)

Balance Frailty and Injuries: Cooperative Studies of Intervention Techniques - sub-
test 4, FICSIT-4 (Rossiter-Fornoff et al., 1995)

Strength and function Modified 30-second chair stand test, modified 30s CST (Blankevoort et al.,
of lower extremities 2013; Jones et al., 1999)

Modified Short Physical Performance Battery, modified SPPB (Guralnik,
Simonsick et al., 1994)

The used motor assessments were finalized after an international expert panel focus-
ing on appropriateness as well as feasibility. Details on this discussion and the final
assessment battery can be found in Trautwein, Barisch-Fritz et al. (2019). The baseline

and post assessments were executed within the care facilities by trained study staff.

Mobility was assessed using 6-meter walk test (6m WT) (Graham et al., 2008) and
Timed Up & Go Test (TUG) (Podsiadlo & Richardson, 1991). 6m WT was captured for
two times. Participants were not explicitly asked to walk the marked distance of six
meters, to reduce bias by testing situation. TUG was conducted twice by asking par-
ticipants to rise from a chair, walk three meters, turn around, go back and sit down

again. Walking aids were allowed for all assessments of mobility.

Static balance was determined by Frailty and Injuries: Cooperative Studies of Interven-
tion Techniques - subtest 4 (FICSIT-4) where participants were asked to perform dif-
ferent standing positions for ten seconds. The four tasks with rising complexity are
Romberg, semi tandem, tandem, and single leg. The performance is rated with zero to
five points according to number and time of finished positions (Rossiter-Fornoff et al.,
1995).

Strength and function of lower extremities was assessed by modified 30-second chair
stand test (modified 30s CST) and the modified Short Physical Performance Battery
(modified SPPB). For modified 30s CST, participants were asked to stand up from a
chair (height 46 centimeters, with armrests) as often as possible during 30 seconds.
Time to perform five repetitions was recorded. The modified version allows to use the
armrests (Blankevoort et al., 2013; Jones et al., 1999) which is essential for the majority
of elderly IWD. The Short Physical Performance Battery (SPPB) (Guralnik, Simonsick

et al., 1994) focusses on the function of the lower extremities. Being based on three
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subtests of mobility, standing balance, and rising from a chair, it is a reliable and valid
measure in community dwelling older adults (Freiberger et al., 2012; Mijnarends et al.,
2013). In IWD living in care facilities, a pilot study concluded that relative reliability is
acceptable whereas absolute reliability is rather moderate (Fox et al., 2014). Modified
SPPB consists like SPPB of the three subscales walking speed for mobility, FICSIT-4
for standing balance, and time for five repetitions of modified 30s CST with arm use for
strength as well as function of the lower extremities. The scoring comprises a scale of

0-12, with a better function as higher the score is (Olsen & Bergland, 2017).

The secondary outcomes were overall cognition determined by MMSE (Folstein et al.,
1975). Moreover, body mass and height were measured. Body Mass Index (BMI) was
calculated on the base of this information. Adherence of participants was documented
by instructors for each session. Sample characteristics or potential cofounders such
as age, sex, use of walking aids, diagnosis and etiology of dementia, as well as number
of medications were assessed by questionnaire before baseline assessments. This
guestionnaire as well as the Cumulative lliness Rating Scale (CIRS) (Linn et al., 1968)
was completed for each participant by employees of each care facility or the general
practitioner. Participants or their legal guardian signed a written consent prior to par-

ticipation in the study.
6.1.3.4 Statistical analysis

The statistical analysis to investigate changes due to the MEP between IC and CG
were calculated within two samples. In an intention-to-treat analysis, all participants
that fulfilled the inclusion criteria and were randomized to IG or CG were considered,
except for deceased participants. For this reason, multiple imputation procedure (fully
conditional specification imputation method, ten imputations, and ten iterations) of the
primary outcomes (6m WT, TUG, FICSIT-4, modified 30s CST, modified SPPB) was
used to handle missing data. For the multiple imputation several variables were con-
sidered as predictors such as all primary outcomes supplemented by adherence as
well as related motor and cognitive performance. To ensure plausibility of imputed data
further constraints were defined like minimum and maximum values according to ob-
served range in each variable, rounding according to original data, 100 maximal case
draws, and ten maximal parameter draws. As final estimates, we considered pooled
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results as provided by SPSS or reported ranges observed throughout the imputations,

if SPSS did not support the pooling procedure.

Within a second sample resulting from the per protocol analysis, we pursued the same
goals. However, the sample was smaller as we assumed an adherence to the MEP of
at least 75 % reflecting an active participation in at least 24 of 32 training sessions.
Further differences in sample size resulted from individual participation in the several
assessments, where missing data were not considered. This participation is highly de-
pendent on mood and form of the day of each IWD and led to several challenges for

the investigators.

Baseline values of participant characteristics were compared between IG and CG us-
ing Chi-square tests for categorical data, Mann-Whitney-U-Tests for non-parametric
variables, and T-tests for continuous and normally distributed parameters. Normally
distributed data (checked by Shapiro-Wilks-Test and relevant graphs) are presented
by means and standard deviations. Treatment effects were analyzed and presented
as within group effects (differences from baseline to post assessments) and time*group
effects (changes from baseline to post assessments between groups). Therefore,
paired T-Tests and two-factor ANOVA with repeated measurement were calculated for

the primary outcomes.

The responder analysis is based on distribution-based methods i.e. information about
the standard error of measurement of the assessments within the per protocol analysis.
To this end, a positive change from baseline of 10 % and more is defined as positive
responder. Changes in between positive and negative 10 % are defined as non-re-
sponder and negative changes of 10 % or more are define as negative responders.
Selected sample characteristics were compared between positive, non-, and negative
responders using Kruskal-Wallis-Tests and one-factor ANOVA. For post-hoc analyses,
we used Dunn-Bonferroni-Tests and Tukey-Kramer post-hoc tests, respectively. R and
partial Eta? served as effect sizes. All statistical analyses were done with IBM SPSS
Version 25 (IBM Corporation, Armonk, USA). The significance level was set for all tests
at p<0.05. Evaluation and entering of data were conducted by trained and experienced

investigators.
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6.1.4 Results
6.1.4.1 Sample characteristics

Between March 2015 and March 2017, 600 IWD were screened for eligibility. Out of
this sample, we considered 319 persons suitable for the study. After examination of
the baseline assessments, 201 participants were allocated to IG and 118 to CG. The

overall dropout rate was 8 %. Figure 8 shows the overall flow of participants.

Assessed for eligibilit
(n=600) gty Excluded (n=74)
- l‘ — Mo clearance from general
H practitioner (n=10)
E Informed consent (n=589) - REFUS.Ed to participate |n_
] baseline assessment (n=6)
5 »| — llness / hospitalization
(n=16)
Baseline assessment (n=515) - Severe cognitive
Excluded (n=196) impairment (n=5)
— Did not meet inclusion ‘—t - Withdrawal of nursing
criteria N home (n=16)
= Randomization (n=319) — Unknown reason (n=21)
o
3 |
8 ¢ }
E Allocated to multimodal exercise program Allocated to control group
(n=201) (n=118)
Multimodal exercise program
16 weeks, 2x/week, 60 minutes Treatment as usual
Adherence: 62% (total of 32 sessions)
5 ! !
g Drop out (n=17)
g — Refusal / discontinuation of intervention (n=6) Drop out (n=10)
= — Injury / serious medical event / long-term — Injury / serious medical event / longterm
illness / hospitalization (n=2) illness / hospitalization (n=2)
— Died prior to post-intervention assessment — Died prior to post-intervention assessment
(n=7) (n=8)
— Remaoval from nursing home (n=2)
= Post assessment (n=171) Post assessment (n=98)
e Mot assessed (n=30) Mot assessed (n=20)
5 — Drop out, see above (n=17) — Drop out, see above (n=10)
ﬁ — lliness / hospitalization (n=9) — lliness / hospitalization (n=6)
= — Refused to paricipate (n=2) — Refused to participate (n=2)
% — Mot present at nursing home (n=1) — Mot present at nursing home (n=1)
a — Unknown reason (n=1) — Unknown reason (n=1)
Included in per protocol analysis (n=107) Included in per protocol analysis (n=110)
Excluded from analysis (n=94) Excluded from analysis (n=8)
— Died prior to post-intervention assessment — Died prior to post-intervention assessment
(n=T)
— Adherence less than 75% (n=94)
Per protocol sample considering missing data Per protocol sample considering missing data
- depending on assessment depending on assessment
i — 6m walk test (n=86) — 6mwalk test (n=71)
= - TUG (n=85) - TUG (n=68)
= - FICSIT4 (n=93) - FICSIT4 (n=75)
- Modified 30s CST (n=63) - Modified 30s C5T (n=53)
- Modified SPPB (n=76) - Modified SPPB (n=62)
Intention-to-treat analysis (n=194) Intention-to-treat analysis (n=110)
Excluded from analysis (n=7) Excluded from analysis (n=8)
— Died prior to post-intervention assessment — Died prior to post-intervention assessment

Figure 8. Flow of participants (6m WT: 6-meter walk test, FICSIT-4: Frailty and Injuries: Cooperative
Studies of Intervention Techniques - subtest 4, modified 30s CST: modified 30-second chair stand test,
modified SPPB: Short Physical Performance Battery, n: number of individuals with dementia, TUG:
Timed Up & Go Test).
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Due to dropouts caused by death a final sample size of 304 participants was available
for the intention-to-treat analysis (Table 23). The sample for the per protocol analysis
was further reduced by 87 participants within the 1G due to less than 75 % adherence
on the MEP (Table 24).

Table 23. Sample characteristics of participants at baseline by intention-to-treat analysis

Characteristics Total Intervention  Control
sample group group Group differences
[n=304] [n=194] [n=110]
M (SD) M (SD) M (SD) T(df)/ Chiz(df), p
Age (years) 86.1 (6.1) 85.8 (6.3) 86.6 (5.8) t(302)=1.135, p=0.257
MMSE 17.0 (4.1) 16.9 (4.3) 17.1 (3.8) 1(250.853)=0.389,
p=0.698
BMI (kg/m?) (n=270) 28.0 (4.7) 28.5 (4.7) 27.2 (4.8) t(268)=-2.307, p=0.022
CIRS (n=178)
Morbidity Index 9.3 (4.8) 9.2 (4.4) 9.5 (5.6) t(176)=0.469, p=0.640
Severity Index 1.6 (0.4) 1.6 (0.4) 1.6 (0.4) t(176)=0.024, p=0.981
Number of medications 6.9 (3.9) 7.5 (3.8) 6.0 (4.0) t(232)=-2.686, p=0.008
(n=234)
n (%) n (%) n (%)
Sex Chi?(1)=1.223, p=0.269
Female 262 (86.2) 164 (84.5) 98 (89.1)
Male 42 (13.8) 30 (15.5) 12 (10.9)
Diagnosis of dementia Chi2(2)=3.693, p=0.158
yes 200 (65.8) 129 (66.5) 71 (64.5)
no 55 (18.1) 39 (20.1) 16 (14.5)
unknown 49 (16.1) 26 (13.4) 23 (20.9)
Type of dementia Chi2z=9.005, p=0.050
Alzheimer’s disease 51 (16.8) 36 (18.6) 15 (13.6)
Vascular dementia 45 (14.8) 34 (17.5) 11 (10.0)
Mixed dementia 8 (2.6) 4(2.1) 4 (3.6)
other 4(1.3) 4(2.1) 0 (0.0)
unknown 92 (30.3) 51 (26.3) 41 (37.3)
no/unknown diagnosis 104 (34.2) 65 (33.5) 39 (35.5)
Use of walking aid Chi?(2)=4.104, p=0.128
no walking aid 64 (21.5) 46 (24.5) 18 (16.5)
walker 216 (72.7) 134 (71.3) 82 (75.2)
waking stick/s 17 (5.7) 8 (4.3) 9 (8.3)

BMI: Body Mass Index, CIRS: Cumulative lllness Rating Scale, df: degree of freedom, M: mean,
MMSE: Mini-Mental State Examination, n: number of individuals with dementia, SD: standard devia-
tion
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Table 24. Sample characteristics of participants at baseline by per protocol analysis

Characteristics Total Intervention  Control
sample group group Group differences
[n=217] [n=107] [n=110]
M (SD) M (SD) M (SD) T(df)/ Chiz(df), p
Age (years) 85.9 (6.3) 85.2 (6.7) 86.6 (5.8) t(215)=1.617, p=0.107
MMSE 16.9 (4.1) 16.8 (4.4) 17.1 (3.8) t(208.706)=0.603,
p=0.547
BMI (kg/m?) (n=199) 27.8 (4.7) 28.4 (4.5) 27.2 (4.8) t(197)=-1.960, p=0.051
CIRS (n=124)
Morbidity Index 9.3 (5.0) 9.0 (4.4) 9.5 (5.6) t(122)=0.554, p=0.581
Severity Index 1.6 (0.4) 1.5(0.4) 1.6 (0.4) t(122)=0.835, p=0.405
Number of medications 6.8 (4.0) 7.5 (3.9) 6.0 (4.0) t(165)=-2.347, p=0.020
(n=167)
n (%) n (%) n (%)
Sex Chi2(1)=1.161, p=0.281
Female 188 (86.6) 90 (84.1) 98 (89.1)
Male 29 (13.4) 17 (15.9) 12 (10.9)
Diagnosis of dementia Chiz(2)=4.154, p=0.125
yes 145 (66.8) 74 (69.2) 71 (64.5)
no 37 (17.1) 21 (19.6) 16 (14.5)
unknown 35 (16.1) 12 (11.2) 23 (20.9)
Type of dementia Chi?(4)=6.563, p=0.134
Alzheimer’s disease 29 (13.4) 14 (13.1) 15 (13.6)
Vascular dementia 33 (15.2) 22 (20.6) 11 (10.0)
Mixed dementia 6 (2.8) 2. (1.9 4 (3.6)
other 2(0.9) 2.(1.9) 0 (0.0)
unknown 75 (34.6) 34 (31.8) 41 (37.3)
no/unknown diagnosis 72 (33.2) 33 (30.8) 39 (35.5)
Use of walking aid Chi2(2)=4.674, p=0.097
no walking aid 48 (22.5) 30 (28.8) 18 (16.5)
walker 148 (69.5) 66 (63.5) 82 (75.2)
waking stick/s 17 (8.0) 8 (7.7) 9 (8.3)

BMI: Body Mass Index, CIRS: Cumulative lliness Rating Scale, df: degree of freedom, M: mean,
m)thE: Mini-Mental State Examination, n: number of individuals with dementia, SD: standard devia-
The sample characteristics of the two samples based on the two analysis procedures
can be found in Table 23 and Table 24. The mean (SD) age of the participants within
the intention-to-treat analysis was 86.1 (6.1) with 86.2 % female out of 304 participants.
Within the per protocol analysis, the mean (SD) age was 85.9 (6.3) with 86.6 % female
out of 217 participants. MMSE ranged within both samples from 10 to 24 points with

mean (SD) values in the intention-to-treat analysis of 17.0 (4.1) and the per protocol
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analysis of 16.9 (4.1) which is indicative of a mild to moderate severity of dementia at
baseline assessment. The CIRS morbidity index was on average 9.3 (4.8) in the inten-
tion-to-treat analysis and 9.3 (5.0) in the per protocol analysis. The number of medica-
tions included a mean of 6.9 (3.9) in the intention-to-treat analysis and 6.8 (4.0) in the
per protocol analysis. Only 21.5 % of the intention-to-treat and 22.5 % of the per pro-
tocol sample needed no walking aid, the others used walkers or walking sticks. These
values indicate the presence of comorbidities as well as high frailty of participants.
Within both samples, no statistically significant differences at baseline for the variables
that characterize IWD between IG and CG were identified, except for the number of

medications and BMI.
6.1.4.2 Effects of the multimodal exercise program on motor performance

For the intention-to-treat analysis missing data were identified ranging between 9.1 %
and 43.9 %. Beside participants that died during intervention period, several reasons
like medical constrains, refusal, discontinuation of the assessment led to not joining
individual assessments or the whole post-intervention assessment account for the
missing data. Table 25 presents the results on the effects of the MEP on physical per-
formance as derived from the intention-to-treat analysis. Results are presented by
baseline and post-intervention values, differences between baseline and post-inter-
vention assessments, group differences at baseline, within group time effects, and
time*group effects including effect sizes. Participants of the IG had a mean adherence
of 62 %.

The intention-to-treat analysis revealed no statistically significant differences in the pri-
mary outcomes between the two groups at baseline as well as within the groups after
the 16-weeks MEP. Similarly, we observed no statistically significant time*group ef-

fects.



PERFORMING A RANDOMIZED CONTROLLED TRIAL TO
INDIVIDUALS WITH DEMENTIA

PHYSICAL ACTIVITY

I'N

Table 25. Effect of the multimodal exercise program on physical performance of individuals by intention-to-treat analysis

INVESTIGATE THE EFFECTIVENESS OF

154

Baseline Group differences  Post Difference Within group  Time*group effects Effect size n,?
IG: n=194 at baseline IG: n=194 baseline - post  time effects F(dfnumerators Ofdenominator)s
CG: n=110 [t(df), p] CG: n=110 [M (SE)1 [C|95]] [t(df), p] p
[M (SE)] [M (SE)]
6m WT IG 11.53(0.44) t(8435)=-0.154, 10.81 (0.30) 0.72 (0.40), t(199)=1.783, F(1,302)=0.202 to 3.468, 0.001 to 0.011
(sec) p=0.878 [-0.07, 1.51] p=0.076* p=0.064 to 0.653°
CG 11.43(0.47) 11.54 (0.44) -0.10 (0.53), t(39)=-0.196,
[-1.15, 0.95] p=0.846
TUG IG 26.60 (1.23) t(532)=-1.000, 25.75 (1.05) 0.84 (1.26), t(30)=0.673, F(1,302)=1.183t0 6.232,  0.004 to 0.020
(sec) p=0.318 [-1.66, 3.35] p=0.506* p=0.013 to 0.278* &b
CG 24.74 (1.15) 26.54 (1.29) -1.80 (1.13), t(64)=-1.590,
[-4.04, 0.44] p=0.117*
FICSIT-4 IG 1.97(0.10) t(208)=-0.505, 2.06 (0.11) -0.09 (0.11), t(47)=-0.832, F(1,302)=0.024 to 5.453,  0.000 to 0.018
p=0.614 [-0.31, 0.13] p=0.410 p=0.020 to 0.876* 2
CG 1.89(0.12) 1.77 (0.15) 0.11 (0.16), 1(32)=0.711,
[-0.20, 0.43] p=0.482
Modified IG  7.67 (0.29) t(127)=-0.118, 7.41 (0.30) 0.26 (0.30), 1(26)=0.878, F(1,302)=0.006 to 2.281,  0.000 to 0.007
30s CST p=0.906 [-0.33, 0.85] p=0.388* p=0.132 to 0.939
CG 7.62(0.35) 7.59 (0.36) 0.03 (0.37), t(45)=0.074,
[-0.71, 0.76] p=0.942
Modified IG  5.88(0.20) t(1552)=-0.313, 6.04 (0.23) -0.15 (0.18), t(59)=-0.841, F(1,302)=0.758 t0 9.541,  0.003 to 0.031
SPPB p=0.754 [-0.52, 0.21] p=0.403 p=0.002 to 0.385* &b
CG 5.78(0.24) 5.43 (0.27) 0.35 (0.25), t(48)=1.412,
[-0.14, 0.85] p=0.165*

6m WT: 6-meter walk test, CG: control group, Cles: 95 % confidence interval, df: degrees of freedom, FICSIT-4: Frailty and Injuries: Cooperative Studies of
Intervention Techniques - subtest 4, IG: intervention group, M: mean, modified 30s CST: modified 30-second chair stand test, modified SPPB: modified
Short Physical Performance Battery, n: number of individuals with dementia, SE: standard error, TUG: Timed Up & Go Test

* statistically significant in single imputations, 2 variance homogeneity not fulfilled in all imputations,  covariance homogeneity not fulfilled in all imputations
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Table 26. Effect of the multimodal exercise program on physical performance of individuals with by per protocol analysis
Baseline Group differences Post Difference Within group  Time*group effects Effect
[M (SD)] at baseline [M (SD)] baseline - pOSt time effects F(dfnumerator, dfdenominator), p size |"|p2
[t(df), p] [M (SD), [Cles]] [t(df), p]
6m WT IG; 9.79 (3.15) t(155)=-1.620, 9.81 (3.52) -0.02 (2.66), t(85)=-0.085, F(1,155)=0.000, p=0.986°  0.000
(sec) n=86 p=0.107 [-0.60, 0.55] p=0.933
CG;  10.75(4.28) 10.79 (3.74) -0.03 (4.17), t(70)=-0.068,
n=71 [-1.02, 0.95] p=0.946
TUG IG; 20.84 (9.99)  t(151)=0.919, 21.84 (10.64)  -1.01(7.71), t(84)=-1.201, F(1,151)=0.419, p=0.518 0.003
(sec) n=85 p=0.360 [-2.67, 0.66] p=0.233
CG; 22.32(9.84) 24.11 (10.71) -1.79 (7.16), t(67)=-2.065,
n=68 [-3.52, -0.06] p=0.043
FICSIT-4 IG; 2.25(1.44) t(194.172)=-1.477, 2.32 (1.42) -0.07 (1.42), t(92)=-0.475, F(1,166)=0.328, p=0.567 0.002
n=93 p=0.141 [-0.36, 0.22] p=0.636
CG; 1.87(1.20) 1.81(1.27) 0.05 (1.34), t(74)=0.344,
n=75 [-0.26, 0.36] p=0.732
Modified IG; 8.29 (3.52) t(120)=-0.374, 8.17 (3.46) 0.12 (2.45), t(68)=0.418, F(1,120)=0.302, p=0.584 0.003
30s CST  n=69 p=0.709 [-0.47, 0.71] p=0.678
CG; 8.05(3.59) 8.21 (3.37) -0.16 (3.25), t(52)=-0.359,
n=53 [-1.06, 0.74] p=0.721
Modified IG; 6.78 (2.82) t(136)=-1.245, 6.87 (2.99) -0.09 (2.16), t(75)=-0.372, F(1,136)=0.980, p=0.324 0.007
SPPB n=76 p=0.215 [-0.59, 0.40] p=0.711
CG; 6.19(2.63) 5.90 (2.61) 0.29 (2.37), t(61)=0.964,
n=62 [-0.31, 0.89] p=0.339

6m WT: 6-meter walk test, CG: control group, Cles: 95 % confidence interval, df: degrees of freedom, FICSIT-4: Frailty and Injuries: Cooperative Studies of
Intervention Techniques - subtest 4, IG: intervention group, M: mean, modified 30s CST: modified 30-second chair stand test, modified SPPB: modified
Short Physical Performance Battery, n: number of individuals with dementia, SD: standard deviation, TUG: Timed Up & Go Test

a yariance homogeneity not fulfilled, ® covariance homogeneity not fulfilled

Statistically significant results appear bold for a=0.05, considering adjusted significance levels using Bonferroni-Holm correction no statistically significant
results were observed
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The per protocol analysis of the effects of MEP is presented in Table 26 and shows
baseline and post-intervention values, differences between baseline and post-inter-
vention assessments, group differences at baseline, within group time effects, and
time*group effects including effect sizes. Participants of the IG had a mean adherence
of 91 %. Overall, the per protocol analysis revealed no statistically significant differ-
ences in the primary outcomes between the two groups at baseline as well as within
the groups after the 16-weeks MEP. As in the intention-to-treat analysis no statistically

significant time*group effects were observed.

6.1.4.3 Differences in characteristics between positive, negative, and non-responders

(intervention group, per protocol analysis)

Between 28 % and 40 % of participants in the IG improved their motor performance by
at least 10 % (considered as positive responders). Moreover, physical performance did
not change in 26 % to 37 % of participants (considered as non-responders), while
34 % to 44 % showed a decline in motor performance by at least 10 % (considered as
negative responders). Table 27 displays the proportion of positive, non-, and negative
responders in the IG depending on motor assessment, as well as mean changes in

motor performance.

Table 27. Positive, non-, and negative responders in the intervention group and mean changes in
physical performance (per protocol analysis)

All Negative Non- Positive
responders responders responders
Mean Mean n Mean Mean
n change, [%] change, %] change, [%] change,
M (SD) [%] M (SD) [%] M (SD) [%] M (SD) [%]
6m WT 86 0.0 (2.7) 34% 2.9 (1.7) 31% -0.3 (0.5) 35% -2.5(1.7)
TUG 85 1.0 (7.7) 35% 7.9 (6.5) 37% 0(1.1) 28% -6.3 (6.5)
FICSIT-4 93 0.1(1.4) 38% -1.3 (0.6) 28% 0 (0) 34% 1.6 (0.9)
g/loosdgg?_ 69 -0.1 (2.5) 44% -2.3(1.4) 26% 0.3(0.5) 30% 2.6 (1.4)
gﬂggged 76 01(22) 34% -2.2(1.4) 26%  0.0(0.6) 40%  2.1(1.2)

6m WT: 6-meter walk test FICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention Tech-
nigues - subtest 4, n: number of individuals with dementia, M: mean, modified 30s CST: 30-second
chair stand test, modified SPPB: Short Physical Performance Battery, SD: standard deviation, TUG:
Timed Up & Go Test

Positive, non-, and negative responders differed statistically significant in terms of
baseline performance of FICSIT-4 (FICSIT-4, modified SPPB), modified 30s CST
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(modified 30s CST, modified SPPB), and modified SPBB (modified SPPB, see Table

28). The post-hoc analysis (see Table 28) revealed statistically significantly 1) worse
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performance of positive compared to negative responders for FICSIT-4 (FICSIT-4) and

modified 30s CST (modified 30s CST); 2) worse performance of positive compared to
non-responders for FICSIT-4 (modified SPPB), modified 30s CST (modified SPPB),

and modified SPPB (modified SPPB).

Table 28. Differences in baseline physical and cognitive performance between positive, non-, and
negative responders in the intervention group (per protocol analysis)

Negative Non- Positive Between group Post-hoc analysis
responders  responders responders difference
Mean (SD) Mean (SD) Mean (SD) F(dfnumerator,
dfdenominator)/
Chiz(df), p
6m WT
MMSE 16.7 (4.1) 16.8 (4.3) 17.5 (4.9) F(2,83)=0.252,
(n=86) p=0.777,
Np?=0.006
6m WT 9.1(2.9) 10.4 (3.4) 10.0 (3.1) F(2,83)=1.277,
(n=86) p=0.284,
Np?=0.030
Modified 7.5(2.7) 6.4 (2.7) 6.7 (2.9) F(2,86)=1.199,
SPPB p=0.307,
(n=82) nNp?=0.029
TUG
MMSE 16.6 (3.8) 17.7 (4.5) 17.0 (5.0) Chi2(2)=1.061,
(n=85) p=0.588
TUG 19.8 (9.7) 19.3 (7.1) 24.1 (12.8) Chi¥(2)=2.847,
(n=85) p=0.241
Modified 7.3(3.0) 6.8 (2.2) 6.8 (3.0) F(2,78)=0.305,
SPPB p=0.738,
(n=81) np°=0.008
FICSIT-4
MMSE 17.3 (4.5) 15.8 (3.9) 17.1 (4.5) F(2,90)=1.004,
(n=93) p=0.370,
nNp?=0.022
FICSIT-4 3.0(1.3) 2.4 (1.5) 1.3(1.1) Chi2(2)=23.083, z=4.722, p<0.001,
(n=93) p<0.001 r=0.582
z=3.060, p=0.007,
r=0.40°
Modified 7.3(2.9) 6.8 (3.0) 5.8 (2.5) F(2,85)=2.447,
SPPB p=0.093,
(n=88) Np?=0.054
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Modified 30s CST

MMSE 17.0 (3.8) 17.8 (4.4) 18.0 (5.0) Chi2(2)=1.035,

(n=69) p=0.596

Modified 9.2 (3.9) 9.1 (2.6) 6.3 (2.8) F(2,66)=5.244, p=0.011, MD=-2.81,

30s CST p=0.008, Cles [-5.08, -0.55] 2

(n=69) np?=0.137 p=0.028, MD=-2.81,
Cles [-5.36, -0.25]

Modified 7.5 (2.6) 7.6 (3.0) 5.9 (2.3) F(2,64)=2.668,

SPPB p=0.077,

(n=67) Np2=0.077

Modified SPPB

MMSE 16.5 (3.8) 16.5 (4.3) 18.1 (4.7) Chi2(2)=2.805,

(n=76) p=0.246

6m WT 10.5 (4.8) 8.7 (2.3) 9.8 (3.0) Chi2(2)=2.730,

(n=76) p=0.255

FICSIT-4  2.5(1.3) 3.1(1.3) 1.9 (1.5) Chi2(2)=9.446,  z=3.051, p=0.007,

(n=76) p=0.009 r=0.43b

Modified 8.0 (3.5) 9.6 (4.3) 6.8 (2.7) F(2,66)=3.701, p=0.022, MD=-2.86,

30s CST p=0.030, Cles [-5.39, -0.34]®

(n=69) Ne2=0.101

Modified 6.9 (2.9) 8.3(2.9) 5.7 (2.3) Chi2(2)=9.066,  z=2.980, p=0.003,

SPPB p=0.011 r=0.42b

(n=76)

6m WT: 6-meter walk test, Clos: 95 % confidence interval, df: degrees of freedom, FICSIT-4: Frailty
and Injuries: Cooperative Studies of Intervention Techniques - subtest 4, MMSE: Mini-Mental State
Examination, modified 30s CST: 30-second chair stand test, modified SPPB: Short Physical Perfor-
mance Battery, n: number of individuals with dementia, MD: mean difference, SD: standard deviation,

TUG: Timed Up & Go Test

a post-hoc analysis: statistically significant worse performance of positive compared to negative re-

sponders

b post-hoc analysis: statistically significant worse performance of positive compared to non-respond-

ers

6.1.5 Discussion

The aim of the present study was to examine the impact of a MEP specially-designed

for IWD by combining motor and cognitive tasks, on physical performance using a mul-

ticenter RCT study design. No statistically significant time*group effects were observed

either in the intention-to-treat or the per protocol analysis. Thus, our hypothesis that

physical performance of IWD changes after a 16-weeks MEP as compared to a control

condition in which participants only received conventional treatment could not be con-

firmed.

This RCT had a strong focus on methodological correctness and may thus expand on

previous literature which had some methodological limitations (Blankevoort et al.,
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2010). In line with this, we applied two analysis procedures. However, both procedures
have limitations regarding the evaluation of the outcomes. The intention-to-treat anal-
ysis might underestimate the real effects, whereas the per protocol analysis might over-
estimate these. For our samples, both analyses showed no effects of MEP on physical
performance when considering the mean changes. One likely reason for the lack of
overall effects might be the relatively high heterogeneity of our sample. High standard
deviations were seen for all assessments in both IG and CG and might be a conse-
guence of the high age and the associated different experiences of life as well as dif-
ferences in disease stage and other comorbidities and constraints relating to the three
basic abilities, i.e. mobility, balance, and strength. The high heterogeneity of samples

of IWD in clinical trials was reported as limitation before (Cohen-Mansfield, 2000).

No effects in overall results of physical performance were reported in other RCT (Netz
et al., 2007; Pitkala, Poysti et al., 2013). Lamb et al. (2018) observed an improved
physical fitness after an aerobic and strength exercise training program of moderate to
high intensity, but did not report any noticeable improvements in other clinical out-
comes. Even though some literature reviews concluded that there is a trend for positive
effects of a physical activity intervention on physical performance in IWD, the results
of original research studies are still conflicting. In line with this, our study could also not
establish a beneficial effect of the MEP on motor performance. There are several chal-
lenges with regard to methodological diversities especially in terms of interventions
and assessments that need to be overcome by future studies. For example, physical
activity interventions have several degrees of freedom like motor skills (endurance,
strength etc.) and training parameters (intensity, duration etc.) and it remains unclear
which motor skills or training parameters have the highest impact on fithess. One ap-
proach to solving this research gap could be to identify these relations before applying
multimodal physical interventions. Furthermore, assessing motor skills is challenging
in IWD. The assessment might be biased by cognitive impairments which may in turn
lead to lower reliability (Blankevoort et al., 2013). Additionally, present assessments
often do not measure the actual performance but are rather biased by mood or moti-
vation of IWD. Thus, the claim for appropriate assessment tools that are specifically
developed for IWD is meaningful and justified. In healthy older adults, there is much

stronger evidence on the beneficial impact of physical activity interventions on physical
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performance. Thus, there might be other factors that may be underlying this relation-

ship and that have not yet been sufficiently investigated in IWD.

Conducting the responder/non-responder analysis in which we identified those IWD
that respond to the intervention, revealed important insights that may be clinically
meaningful. In fact, between 56 % of participants (for modified 30s CST) and 66 % of
participants (for 6m WT and modified SPPB) experienced no change or even an im-
provement of their physical performance. These findings reflect the positive, subjective
feedback we received from several participants, relatives, or employees of care facili-
ties. Even maintaining the level of physical performance over the 16-weeks study pe-
riod may be a sign for a positive impact of the MEP as rapid decline of motor perfor-
mance is usually seen in dementia patients. Furthermore, findings in relation to the
increase of SPPB values is of great clinical relevance as this assessment is related to
mobility disability and may be a strong predictor of falls and death risk (Pavasini et al.,
2016; Vasunilashorn et al., 2009; Veronese et al., 2014).

In addition, our results indicate that the benefit of the MEP varies depending on the
level of physical performance at baseline. Those IWD that showed low performance in
balance (FICSIT-4) and strength and function of lower extremities (modified 30s CST
and modified SPPB) have a higher chance of experiencing positive changes in the
same variables after the MEP. This is clinically relevant, and one may conclude that
physical activity treatment should particularly be recommended to IWD with poor phys-
ical performance. On the other hand, it is also possible that the intensity of our exercise
sessions was too low to have a measurable impact on those IWD that had a higher
level of physical performance at baseline. We cannot rule out this assumption as the
intervention was executed within groups. Even though we deliberately had small group
sizes, exercise instructors may have referred to participants with low physical fithess
when determining the intensity of the MEP sessions. This was important in order to
ensure safety for all participants during the MEP, including those with lower physical
fitness. However, the intensity may have been too low for participants with higher fit-
ness level to experience any improvement in physical performance. The key to suc-

cess may thus be a higher degree of individualization within the intervention.

There is a general assumption that lower levels of motor function are more pronounced
in individuals with cognitive impairments as compared to cognitively unimpaired per-

sons (Camicioli, Howieson, Oken, Sexton, & Kaye, 1998). However, in our sample, we
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did not observe that poor motor function is associated with more severe cognitive im-
pairment. Even though motor functions are affected by several other factors. The re-
sponders in balance as well as strength and function of lower extremities that have
poor levels within these variables at baseline did not differ in the global cognition
(MMSE). Our results cannot be compared to related work, because a responder anal-

ysis has not been conducted before.

The strengths of this study are the high-quality methodological approach as well as the
precise documentation and reporting. Of note, our RCT had a large sample size as
well as a MEP which proved to be a feasible and sustainable exercise program tailored
to the characteristics and demands of IWD. This intervention was conducted across
36 care facilities, and most of these facilities implemented the MEP into their daily

routine after the end of the study.

Despite of the methodological and planning efforts, some limitations pertain to our re-
search. First, even though the MEP was carefully developed based on theoretical con-
siderations, as well as the results of a pilot study (Thurm et al., 2011), and a literature
review (Scharpf et al., 2013), it may not have allowed to sufficiently take into account
the baseline level of participants. As the MEP was delivered in a group setting, some
participants may not have reached the intensity threshold needed to induce any
changes in motor fitness. Furthermore, some of the effects we observed could be due
to the group setting, i.e. enhanced social interaction, or additional attention that partic-
ipants received from the exercise instructors, rather than due to the MEP. This bias
could be addressed in future studies by additional non-exercise groups of social inter-
ventions. Another limitation pertains to the differences concerning the sample sizes
between intention-to-treat and per protocol analysis, which were relatively high as sev-
eral IWD did not complete the assessment battery. Reasons for missing data in the
assessments were severe disease, impaired walking ability, or refusal due to appoint-
ment scheduling conflict. It remained unclear if this refusal was usually due to exces-
sive demands of the MEP, reluctance or lacking motivation or other daily conditions.
The major limitation is that assessments to identify motor function that are frequently
used in research studies are often not specifically designed for IWD. Designing tests
to assess motor performance among IWD is critically important and should be consid-

ered in future studies among IWD.



PERFORMING A RANDOMIZED CONTROLLED TRIAL TO
INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY IN
INDIVIDUALS WITH DEMENTIA 162

6.1.6 Conclusion

This multicenter RCT aimed to identify the effects of a physical activity intervention on
physical performance in IWD. Overall, there were no significant effects of the stand-
ardized MEP on motor performance. While keeping in mind the limitations of responder
analysis, this analysis resulted in a considerable proportion of participants that re-
sponded to the MEP by maintaining or even improving their motor function. The main
recommendation that can be derived from this RCT is the need to individualize physical
activity interventions among IWD. This recommendation is supported by the following
two aspects. First, lack of an impact of the MEP on physical performance along with
the examination of characteristics of the sample is indicative of a high heterogeneity of
participants in our sample. This heterogeneity was obvious in all motor functions and
might result from the high age of study participants and the associated different expe-
riences of life as well as differences in disease stage and other comorbidities and con-
straints. For this reason, we recommend to better adapt interventions by considering
the individual needs when planning an appropriate exercise training. Second, findings
from responder analysis showed that 56-66 % of participants showed either no decline
or even an increase in physical performance. Particularly individuals with low baseline
performance in balance as well as strength and function of lower extremities, seemed
to benefit from the MEP and improve their performance in these tests. Thus, future
research should focus on including the individual baseline performance in the planning
of the training. There might be additional moderating or mediating factors that should
be considered when planning an activity program. It can thus be beneficial to conduct
other exploratory statistical procedures like cluster analyses to identify the most prom-
ising combination of individual characteristics. In conclusion, this RCT contributes to
the body of research on the impact of physical activity interventions in IWD, and its
results may inform the design and conduct of future intervention studies. Furthermore,
this research serves as a starting point for our team’s future study which will examine

the effects of an individualized physical activity program in IWD.
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6.2 Effectiveness of a dementia-specific multimodal exercise program on gait

performance in individuals with dementia
Manuscript V

Summary: Gait impairments have a high prevalence in IWD and are associated with

an increased risk of falls (Allali & Verghese, 2017). Previous studies investigating the

effectiveness of physical activity on gait performance in IWD show promising but in-

consistent results. Moreover, research on impacts, e.g. characteristics of responders

or underlying changes in motor and cognitive performance, is rare. Accordingly, there

is a need for further high-quality studies. Related findings may also contribute to im-

proving physical activity interventions. Manuscript V aims to investigate the effective-

ness of physical activity on gait performance in IWD and to determine impacts on

changes in gait performance. Herein, it focuses on research questions B2, B3, and B4,

as well as on hypotheses 2-7.

Version: This is the author’s original before peer review.

Publication status: submitted

Reference:

Trautwein, S., Barisch-Fritz, B., Scharpf, A., Ringhof, S., Stein, T., Krell-Roesch, J., &
Woll, A. (submitted). Effects of a 16-week multimodal exercise program on gait

performance in individuals with dementia: A multicenter randomized controlled
trial.
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Effects of a 16-Week Multimodal Exercise Program on Gait Performance in Indi-
viduals with Dementia: A Multicenter Randomized Controlled Trialt3

Sandra Trautwein 2, Bettina Barisch-Fritz 2, Andrea Scharpf?, Steffen Ringhof®?, Thorsten Stein?, Janina

Krell-Roesch & ¢, and Alexander Woll 2
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6.2.1 Abstract

Background: There is a high prevalence of gait impairments in individuals with demen-
tia (IWD). Gait impairments are associated with increased risk of falls, disability, and
economic burden. Only few studies have investigated the effectiveness of physical ac-
tivity on gait performance in IWD, reporting promising but inconsistent results.

Objective: To investigate the effectiveness of a multimodal exercise program (MEP)

on gait performance in IWD.

Methods: In this randomized controlled trial, we enrolled 319 IWD of mild to moderate
severity. The intervention group participated in a 16-week MEP specifically tailored to
IWD. We examined the effects of the MEP on spatiotemporal gait parameters and dual
task costs by using GAITRite. Additionally, we compared characteristics between pos-
itive, non-, and negative responders, and investigated the impact of changes in under-

lying motor and cognitive performance.

Results: There were no statistically significant time*group effects on either spatiotem-
poral gait parameters or dual task costs. Differences in baseline gait performance, mo-
bility, lower limb strength, and severity of cognitive impairments were observed be-
tween positive, non-, and negative responders. Changes in lower limb strength and
function, mobility, executive function, attention, and working memory explained up to

39.4 % of the variance of changes in gait performance.

Conclusion: The effectiveness of a standardized MEP on gait performance in IWD was
limited, probably due to the large heterogeneity of the sample. However, additional

analyses revealed prerequisites of individual characteristics and impacts of changes

13 Some minor formal adaptions were made to the version of manuscript V presented in this thesis to
ensure uniform formatting.
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in underlying motor and cognitive performance. Considering such factors may improve

the effectiveness of a physical activity intervention among IWD.

Trial registration: DRKS00010538 (German Clinical Trial Register, date of registration:
01 June 2016, retrospectively registered).

Keywords: Exercise, dementia, gait analysis, physical functional performance, cogni-

tion
6.2.2 Introduction

Gait impairments represent a major public health concern (Valkanova & Ebmeier,
2017). Their prevalence increases with age, and more than 32 % of individuals aged
60 years and above have gait impairments (Mahlknecht et al., 2013) such as de-
creased walking speed, shortened stride length, and enhanced double support phase
(Mc Ardle et al., 2017; Valkanova & Ebmeier, 2017; van lersel et al., 2004). Compared
to cognitively unimpaired older individuals, gait impairments are more prevalent in in-
dividuals with dementia (IWD), with an estimated 50 % of IWD being affected (Allali
& Verghese, 2017; Allan et al., 2005). Motor impairments, such as reduced strength
and postural control, may contribute to this increased prevalence of gait impairments
in IWD (Alexander & Goldberg, 2005; Allali & Verghese, 2017). Moreover, gait is not
merely an automated motor activity but requires input from the cerebellum, the motor
cortex, and the basal ganglia, as well as an intact sensory feedback (Amboni et al.,
2013; Hausdorff, 2007; Valkanova & Ebmeier, 2017). Thus, dementia-related patho-
logical changes in these brain structures may also contribute to gait impairments (Mc
Ardle et al., 2017).

Both gait and cognitive impairments are associated with an increased risk of falls (Mon-
tero-Odasso et al., 2012). Accordingly, the incidence of falls in IWD is two to three
times higher than in cognitively unimpaired older individuals (Allali & Verghese, 2017;
Montero-Odasso et al., 2012; Valkanova & Ebmeier, 2017). Furthermore, the various
health-related and economic consequences of falls, such as higher rates of institution-
alization, disability, morbidity, mortality, and increased financial burden (Allali & Ver-
ghese, 2017; Valkanova & Ebmeier, 2017), underline the need of interventions focus-
ing on improving or maintaining gait performance in IWD. Indeed, various pharmaco-
logical and non-pharmacological interventions to improve gait performance and reduce

falls in older adults have been studied.
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Physical activity interventions have shown to be effective in cognitively unimpaired
older individuals and may also be beneficial for IWD (Allali & Verghese, 2017). How-
ever, to date, only few studies have evaluated the effectiveness of physical activity on
gait performance in IWD. These studies show promising but inconsistent results. For
example, seven studies observed positive effects of physical activity on walking speed
as assessed through short distance walk tests (Ahn & Kim, 2015; Aman & Thomas,
2009; Bossers, Scherder et al., 2014; Hauer et al., 2012; Manckoundia et al., 2014;
Rolland et al., 2007; Toulotte et al., 2003), whereas fifteen studies did not report sta-
tistically significant findings (Bossers et al., 2015; Cadore et al., 2014; Dawson et al.,
2019; Hageman & Thomas, 2002; Hauer et al., 2017; Junge et al., 2018; Kuiack et al.,
2004; McCaffrey et al., 2014; Sobol et al., 2016; Souto Barreto et al., 2017; Steinberg
et al., 2009; Tay et al., 2016; Telenius et al., 2015a; Thomas & Hageman, 2003; Toots
et al.,, 2017). Furthermore, ten studies applied an instrumented gait analysis, and
mainly reported positive effects of physical activity on stride length (Coelho et al., 2013;
Kemoun et al., 2010; J.-S. Kim et al., 2017; Orcioli-Silva et al., 2018; Pedrinolla et al.,
2018; Perrochon et al., 2015; Schwenk, Dutzi et al., 2014; Schwenk, Zieschang et al.,
2014), stride time (Orcioli-Silva et al., 2018; Schwenk, Zieschang et al., 2014), step
time (J.-S. Kim et al., 2017), double support time (Kemoun et al., 2010), and stride
frequency (Perrochon et al., 2015). In contrast, no effects were found on step length
(Pedrinolla et al., 2018; Suttanon et al., 2013), step width (Schwenk, Zieschang et al.,
2014; Suttanon et al., 2013), and percent of single support (Pedrinolla et al., 2018).
Inconsistent results exist for walking speed (Kemoun et al., 2010; J.-S. Kim et al., 2017;
Pedrinolla et al., 2018; Perrochon et al., 2015; Ries et al., 2015; Schwenk, Dutzi et al.,
2014; Schwenk, Zieschang et al., 2014; Suttanon et al., 2013), stride speed (Coelho
et al., 2013; Orcioli-Silva et al., 2018), percent of double support (Orcioli-Silva et al.,
2018; Pedrinolla et al., 2018; Schwenk, Zieschang et al., 2014), and cadence (Coelho
et al.,, 2013; Hauer et al., 2012; J.-S. Kim et al., 2017; Orcioli-Silva et al., 2018;
Schwenk, Dutzi et al., 2014; Schwenk, Zieschang et al., 2014). Findings of studies
investigating dual task conditions are also inconsistent and do not allow meaningful
conclusions (Cadore et al., 2014; Coelho et al., 2013; Junge et al., 2018; Orcioli-Silva
et al., 2018; Sobol et al., 2016; Tay et al., 2016). Thus, more research is needed to
better understand the potentially beneficial effects of physical activity on gait perfor-

mance in IWD in both single and dual task conditions.
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Most previous studies conducted multimodal physical activity interventions, including
strength, balance, and aerobic exercises (Aman & Thomas, 2009; Bossers et al., 2015;
Bossers, Scherder et al., 2014; Cadore et al., 2014; Coelho et al., 2013; Dawson et al.,
2019; Hauer et al., 2012; Hauer et al., 2017; Junge et al., 2018; Kemoun et al., 2010;
Manckoundia et al., 2014; Orcioli-Silva et al., 2018; Pedrinolla et al., 2018; Perrochon
et al., 2015; Rolland et al., 2007; Schwenk, Dutzi et al., 2014; Schwenk, Zieschang et
al., 2014; Souto Barreto et al., 2017; Steinberg et al., 2009; Suttanon et al., 2013; Tay
et al., 2016; Telenius et al., 2015a; Toots et al., 2017; Toulotte et al., 2003). Given the
relationship between motor, cognitive and gait performance, as well as the positive
impacts of cognitive training programs (Amboni et al., 2013; Valkanova & Ebmeier,
2017), interventions combining physical and cognitive activity, may be most promising
for improving gait performance in IWD (J. A. Cohen et al., 2016). Indeed, studies com-
bining physical and cognitive activity predominantly reported beneficial effects on gait
performance (Cadore et al., 2014; Coelho et al., 2013; Orcioli-Silva et al., 2018;
Schwenk, Zieschang et al., 2014). However, these studies had no randomized con-
trolled trial designs (Cadore et al., 2014; Coelho et al., 2013; Orcioli-Silva et al., 2018),
did not use instrumented gait analysis systems (Cadore et al., 2014), or focused on
dual task exercises while not considering other cognitive tasks (Schwenk, Zieschang

et al., 2014). This research gap emphasizes the need for additional investigations.

When aiming to improve the effectiveness of physical activity interventions on gait per-
formance in IWD, it is also important to consider and identify determinants that may
potentially impact the association between physical activity and subsequent changes
in gait performance. However, research on such prerequisites, e.g. specific character-
istics of participants that may determine which participants are most likely to benefit
from specific physical activity interventions, is rare. With regard to the expected direct
and indirect effects of physical activity (see Figure 9), little is known as to how inter-
vention-induced changes in underlying motor and cognitive performance may be re-
lated to changes in gait performance in IWD. As both motor and cognitive impairments
explain the increased prevalence of gait impairments in IWD (Allali & Verghese, 2017),
potential impacts of both factors are possible. Based on theoretical considerations,
associations between changes in gait performance with changes in balance, mobility,

strength and function of lower limbs (Alexander & Goldberg, 2005) as well as with
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changes in executive function, attention, and working memory (Sheridan & Hausdorff,

2007; Yogev-Seligmann et al., 2008) can be assumed.

Indirect Direct Indirect
effects effects effects

Lo» Motor performance }1» Gait performance i Cognitive performance P

Figure 9. Direct and indirect effects of physical activity on gait performance.

Therefore, the primary aim of the current study was to determine the effectiveness of
a multimodal exercise program (MEP), which combined both motor and cognitive
tasks, on gait performance and dual task costs in IWD residing in care facilities. We
hypothesized that a 16-week MEP, in addition to conventional treatment, is more ef-
fective in reducing the decline in gait performance in IWD than conventional treatment
alone. Our secondary aim was to identify determinants that may affect the effective-
ness of the MEP, by examining differences in characteristics closely related to gait
performance between positive, non-, and negative responders. Furthermore, we also
investigated impacts of intervention-induced changes in underlying motor and cogni-

tive performance on changes in gait performance.
6.2.3 Methods

For this manuscript, we followed the guidelines and recommendations of the Consoli-
dated Standards of Reporting Trials statements (Moher et al., 2010; Schulz et al.,
2010). The reader is referred to the published study protocol for a detailed description
of study design and methods (Trautwein et al., 2017). The following sections will only
provide a brief summary of study methods. Further information is available in the Ger-
man National Register of Clinical Trials (DRKS00010538), where we retrospectively
registered this study. The ethics committee of the Karlsruhe Institute of Technology

(Karlsruhe, Germany) granted ethical approval.



PERFORMING A RANDOMIZED CONTROLLED TRIAL TO
INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY IN
INDIVIDUALS WITH DEMENTIA 170

6.2.3.1 Study Design

We performed a multicenter randomized controlled trial with baseline and post-inter-
vention assessments. We allocated participants to an intervention group (IG) or control
group (CG) with an allocation ratio of 2:1 using minimization software (MinimPy, Ver-
sion 0.3; Saghaei & Saghaei, 2011). If possible, we blinded investigators to group al-

location. However, it was not possible to blind participants.
6.2.3.2 Participants

A power analysis (G*Power 3, Version 3.1.9.2 [Faul et al., 2007], two-factor analysis
of variance [ANOVA] with repeated measurements, two groups, two measurements,
a=0.05, 1-=0.80, n2=0.01) revealed a required total sample size of 200 participants.
Considering various potential reasons for dropout, missing data, and low adherence to
the MEP, we set the sample size to 405 participants. Participants were recruited from
36 care facilities in South-Western Germany. Employees of the respective care facili-
ties identified eligible participants, which had to fulfill the following inclusion and exclu-

sion criteria:

Inclusion criteria: a) diagnosis of dementia or “suspected” dementia; b) Alzheimer’s
disease, vascular dementia, or other primary dementia; c) mild to moderate severity of
dementia (Mini-Mental State Examination [MMSE] score: 10-24); d) age above 65
years; e) walking ability of about ten meters with or without walking aid; and f) clear-

ance from general practitioner.

Exclusion criteria: a) secondary dementia; b) other severe cognitive impairments; c)
other severe neurological diseases; d) any severe acute diseases; and e) severe motor

impairments.

Based on these inclusion and exclusion criteria, we verified the eligibility of participants
at baseline assessment. Furthermore, we obtained written informed consent prior to
the study from all participants or their legal guardians, respectively. Participation in this

study was voluntary.



PERFORMING A RANDOMIZED CONTROLLED TRIAL TO
INVESTIGATE THE EFFECTIVENESS OF PHYSICAL ACTIVITY IN
INDIVIDUALS WITH DEMENTIA 171

6.2.3.3 Sample characteristics

The employees of the care facilities documented characteristics of participants includ-
ing sex, year of birth, diagnosis of dementia, etiology of dementia, walking aids, de-
pression, Cumulative lliness Rating Scale (CIRS) (Linn et al., 1968), and medication
intake within two weeks of baseline assessments. Whenever possible, we asked phy-
sicians to retrospectively provide any missing information on their patients. In addition,

we measured body mass and height in all participants.
6.2.3.4 Intervention

Participants in the IG underwent an MEP combing motor (i.e. strength, balance, en-
durance, and flexibility) and cognitive tasks (i.e. memory, attention, language, and ex-
ecutive function). The MEP was tailored to fit the specific needs and characteristics of
IWD, and was delivered in the care facilities by instructors who had been specifically
trained for the purpose of this study. In order to provide a sense of security for partici-
pants, the MEP included a ritualization that ensured an identical sequence for all ses-
sions. It was implemented by asking participants to imagine a journey while performing
appropriate motor and cognitive exercises. The MEP took place twice a week over a
period of 16 weeks. Sessions had a duration of 60 minutes including 45 minutes of
physical exercise. The MEP was delivered in a group setting and was mainly performed
in a seated position with medium to submaximal intensity. During the course of the 16
weeks, we increased the intensity of the sessions as well as the degree of motor and
cognitive requirements. Both CG and IG participants received individually tailored con-
ventional treatment (e.g. medication, care, or therapeutic applications) as part of stand-

ard care in their care facilities.
6.2.3.5 Outcome measurements

We examined gait performance as outcomes of interest with various spatiotemporal
gait parameters of the right leg: walking speed (m/sec), stride length (cm), stride time
(sec), double support phase (% of stride time), and stance phase (% of stride time).
Gait analysis was performed using the electronic gait analysis system GAITRite (CIR
Systems Inc., Franklin, USA, active length of 4.88 meter), which has been shown to
be reliable in IWD (Ries et al., 2009; Wittwer et al., 2008). All participants underwent
gait analysis in single and two dual task conditions (i.e. counting backwards starting
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from 50 and naming animals while walking) to also assess dual tasks costs of walking

while talking.

To eliminate acceleration and deceleration during the recording, we asked participants
to start walking two meters in front of the GAITRite system and to stop walking two
meters behind the system (Kressig & Beauchet, 2006). While walking at comfortable
speed, participants were allowed to use walking aids as applied in everyday life. In-
structions were repeated if necessary. We asked participants to repeat all conditions
up to five times to generate three valid walks. Valid trials consisted of a minimum of six
consecutive steps of steady-state walking, and complied with satisfactory cognitive
performance in dual task conditions. For statistical analysis, we considered the trial

with the smallest difference to mean walking speed of all valid trials of one condition.

dual task—single task
single task

We calculated dual-task costs using the equation - 100 (Abernethy,

1988; Schwenk et al., 2010).

In order to analyze differences between positive, negative, and non-responders, as
well as impacts of changes in underlying motor and cognitive performance on changes
in gait performance, we determined related outcomes using the motor and cognitive
assessments displayed in Table 29. The reader is referred to the published study pro-

tocol (Trautwein et al., 2017) for a detailed description of all assessments.

Table 29. Motor and cognitive assessments to analyze differences between positive, non-, and negative
responders, as well as impacts of changes in underlying motor and cognitive performance on changes
in gait performance

Outcome Assessment

Balance Frailty and Injuries: Cooperative Studies of Intervention Techniques - sub-
test 4 [score] (Rossiter-Fornoff et al., 1995)

Mobility Timed Up & Go Test (time in s) (Podsiadlo & Richardson, 1991)

Strength and function Modified 30-Second Chair-Stand Test [number of repetitions] (Blankevoort

of lower limb et al., 2013; Jones et al., 1999)
Modified Short Physical Performance Battery [score] (Guralnik, Simonsick
et al., 1994)*

Global cognition Mini-Mental State Examination [score] (Folstein et al., 1975)

Executive function and Clock Drawing Test [adapted Sunderland score] (Mendes-Santos, Mograbi,
visual-spatial cognition  Spenciere, & Charchat-Fichman, 2015; Shulman et al., 1986)

Executive function and Trail Making Test A [established score considering time, final number, and
processing speed non-corrected mistakes, a higher score indicates better performance]
(Reitan, 1958, 1992)

Attention and working Digit Span forward and backward [number of correct digit spans] (Wilde et
memory al., 2004)

* standing balance, gait speed, and modified 5 times sit-to-stand (with using arms)
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6.2.3.6 Statistical analysis

Statistical analysis was performed using IBM SPSS Version 25 (IBM Corporation, Ar-
monk, USA). We ran a per protocol analysis including participants who had a MEP
adherence of at least 75 % (only in IG) and a complete assessment of spatiotemporal
gait parameters in at least one condition. Additionally, we implemented an intention-to-
treat analysis and used multiple imputation (fully conditional specification imputation
method, ten imputations, and ten iterations) to account for missing data. However, we
did not impute data of deceased participants. To ensure plausibility of imputed data,
we defined the following constraints: gait performance as both outcome and predictor
variable, adherence as well as related motor and cognitive performance as predictor
variables only; minimum and maximum values according to observed range in each
variable; rounding according to original data; and 100 maximal case draws, ten maxi-
mal parameter draws. We considered pooled results as provided by SPSS or reported
ranges observed throughout the imputations, if SPSS did not support the pooling pro-

cedure, as final point estimates.

Required assumptions were tested before performing statistical analyses. For compar-
ison of baseline values and sample characteristics between IG and CG, we used Chi-
square tests, Mann-Whitney-U-Tests, and unpaired T-Tests according to the scaling
of the investigated outcome. We analyzed treatment effects using two-factor ANOVA
with repeated measurements (time*group effects), and supplemented paired T-Tests
(within group time effects). A two-sided p-value less than 0.05 indicated statistical sig-
nificance. To account for multiple comparisons, we also considered adjusted signifi-
cance levels using Bonferroni-Holm correction in primary analyses. Additionally, we
calculated 95 % confidence intervals of differences between baseline and post-inter-

vention assessments and partial Eta?.

In secondary exploratory analyses, we included walking speed, stride length, and dou-
ble support of the per protocol IG sample and determined differences in baseline per-
formance (i.e. balance, mobility, strength and function of lower limbs, executive func-
tion, attention, and working memory) and selected sample characteristics (i.e. severity
of cognitive impairments, etiology of dementia, and use of walking aids) between pos-
itive, non-, and negative responders using Chi-square tests, Kruskal-Wallis-Tests, and
one-factor ANOVA. For post-hoc analyses, we used Dunn-Bonferroni-Tests and

Tukey-Kramer post-hoc tests, respectively. R and partial Eta? served as effect sizes.
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We defined positive responders as those participants, who improved their gait perfor-
mance at least 10 % during the 16-week MEP, while negative responders showed a
decline of at least 10 % in gait performance, and non-responders were participants
with less than 10 % improvement or decline. This definition was based on percentage
minimal detectable changes at 95 % confidence interval of considered spatiotemporal
gait parameters which ranged between 7 % and 12 % in a reliability study using GAI-
TRite (Trautwein, Maurus et al., 2019; Wittwer et al., 2008). The minimal detectable
change is a measure of absolute reliability, which delineates “expected” from “true”
changes in performance (Ries et al., 2009). Moreover, we assessed the potential im-
pact of changes in underlying motor and cognitive performance on changes in gait
performance using multiple linear regression models with stepwise selection. Based
on theoretical assumptions, we considered changes in balance, mobility, strength and
function of lower limbs, executive function, attention, and working memory as inde-

pendent variables. The calculated effect size is f2.
6.2.4 Results
6.2.4.1 Recruitment and flow of participants

Recruitment took place between March 2015 and March 2017. We screened 600 IWD
for eligibility, of whom 319 were enrolled in the study. 201 participants were allocated
to the IG and 118 to the CG. There was a dropout rate of 8 % in both IG and CG,
respectively. There were no statistically significant differences in sample characteris-
tics or baseline measurements between participants who dropped out versus those
who completed the study. The mean adherence in the IG was 62 %. 107 participants
(53 %) of the IG completed the MEP in accordance with the study protocol, i.e. defined
by a minimum adherence of at least 75 % of all sessions. 65 % of participants in the
IG and 62 % of participants in the CG completed at least one condition of gait analysis
at baseline and post-intervention assessment. Based on the above-mentioned criteria,
163 participants could be considered for the per protocol analysis. Even though we
extended our initially planned recruitment phase for an additional year, we were not
successful in reaching our intended sample size of 405 participants. This is due to the
fact that the number of participants who did not fulfill our inclusion and exclusion criteria
was much larger than expected. Nevertheless, a sensitivity analysis using G*Power 3

(Version 3.1.9.2; Faul et al., 2007) showed that we were still able to detect small to
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medium effects with our actual sample size (n2=0.013 to 0.018). Figure 10 displays the

flow of participants and states the reasons for dropouts and non- participations in as-

sessments.
Assessed for eligibility
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t No clearance from general
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Figure 10. Flow of participants (n: number).
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6.2.4.2 Sample characteristics

Table 30 provides an overview of the characteristics of participants at baseline (per
protocol analysis; see Supplementary Table 1 for sample characteristics of the inten-
tion-to-treat analysis). The participants’ mean (SD) age was 86 (6) years and 84 % of
participants were female. A mean (SD) MMSE score of 17 (4) (range: 10-24) indicated
a mild to moderate severity of dementia at baseline assessment. 77 % of participants
were dependent on walking aids, and a mean (SD) CIRS morbidity index of 9 (4) as
well as an average (SD) of 7 (4) required medications may indicate presence of medi-
cal comorbidities in the sample. We observed no statistically significant differences in
characteristics between the IG and CG, except for the number of medications and in-

take of antidepressants.

Table 30. Sample characteristics of participants at baseline (per protocol analysis)

Total sample  Intervention Control group Group differences

[n=163] group [n=90] [n=73] [t(df)/z/Chiz(df), p]

Age, years 85 (6), 67-98 85 (7), 67-97 86 (5), 70-98 t(160.931)=1.918,

[M (SD), range] p=0.057

Sex, female 84 % 82 % 86 % Chiz(1)=0.500,
p=0.479

Diagnosis of dementia Chi?(2)=1.944,

- yes 72 % 71 % 73 % p=0.378

- no 16 % 19% 12 %

- unknown 12 % 10 % 15 %

Type of dementia Chi2=5.693,

- Alzheimer's disease 15 % 14 % 15 % p=0.199

- Vascular dementia 17 % 21 % 11 %

- Mixed dementia 3% 2% 4%

- other 1% 2% 0%

- unknown 36 % 31% 43 %

- no/unknown 28 % 29 % 27 %

diagnosis

MMSE [M (SD), range] 17 (4), 10-24 17 (4), 10-24 17 (4), 10-24 t(160.446)=0.317,
p=0.752

Use of walking aid Chi2(2)=4.644,

- walker 69 % 62 % 77 % p=0.098

- waking stick/s 9% 9% 8%

- no walking aid 23 % 29 % 15 %

Depression Chiz(2)=2.118,

- yes 26 % 30 % 21 % p=0.347

- no 54 % 52 % 56 %

- unknown 20 % 18 % 23 %
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CIRS [M (SD), range]

- Morbidity Index 9(4), 1-26 9 (4), 1-20 8 (5), 2-26 t(101)=-0.633,
p=0.528
- Severity Index 1.5(0.4), 1-3 1.5(0.4), 1-3 1.5(0.4), 1-3 z=-0.247, p=0.805
not available not available not available
for 37 % for 31 % for 44 %
Number of medica- 7 (4), 0-27 8 (4), 1-27 5 (3), 0-12 t(126)=-3.627,
tions [M (SD), range] unknown in unknown in unknown in p<0.001
21 % 22 % 21 %
Antidementives Chiz(2)=5.473,
- yes 23 % 29 % 16 % p=0.065
- no 44 % 37 % 53 %
- unknown 33 % 34 % 30 %
Antidepressants Chi2(2)=10.043,
- yes 25 % 34 % 14 % p=0.007
- no 37 % 30 % 47 %
- unknown 37 % 36 % 40 %
Height, cm 156.6 (8.3), 156.9 (8.4), 156.3 (8.2), t(160)=-0.421,
[M (SD), range] 140.5-186.0 142.5-186.0 140.5-176.5 p=0.674
unknown in unknown in
0.6 % 1%
Weight, kg 68.3 (12.8), 69.9 (12.8), 66.3 (12.6), t(156)=-1.745,
unknown in unknown in unknown in
3% 3% 3%
BMI, kg/m? 27.8 (4.5), 28.4 (4.4), 27.1 (4.6), t(156)=-1.801,
[M (SD), range] 17.6-48.5 19.7-48.5 17.6-36.5 p=0.074
unknown in unknown in unknown in
3% 3% 3%

BMI: Body Mass Index, CIRS: Cumulative lliness Rating Scale, df: degree of freedom, M: mean,
MMSE: Mini-Mental State Examination, n: number, SD: standard deviation

Statistically significant results appear bold

6.2.4.3 Effects of the multimodal exercise program on spatiotemporal gait parameters

6.2.4.3.1 Per protocol analysis

Participants of the IG (per protocol sample) had a mean adherence of 92 %. Table 31

presents baseline and post-intervention values, differences between baseline and

post-intervention assessments, group differences at baseline, within group time ef-

fects, and time*group effects including effect sizes of spatiotemporal gait parameters

for single and dual task conditions as well as dual task costs. We did not observe any

statistically significant time*group effects.
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Table 31. Effects of the multimodal exercise program on spatiotemporal gait parameters and dual task costs (per protocol analysis)
Baseline Group differences Post Difference Within group Time*group effects
M (SD)] at baseline [M (SD)] post —baseline time effects F (dfrumerator, Effect
[¢(df), p] [M (SD), [Cles]] [¢(df), p] dfdenominator), P size ny?

Single task (IG: n=89, CG: n=73)

Walking speed, IG  0.67 (0.19) 0.65 (0.22) -0.02 (0.13), t(88)=1.787, p=0.077

m/sec t(160)=-1.659, [-0.05, 0.00] F(1,160)=0.036, 4 100
CG 0.62(0.19) P=0.099 0.60 (0.20) -0.02 (0.13), t(72)=1.373, p=0.174  P=0.849 '

[-0.05, 0.01]

Stride length, IG 82.6 (19.7) 1(159.875)=-0.842, 80.5(21.2) -2.1(10.9), [-4.4,0.2] t(88)=1.825, p=0.071 F(1,160)=0.030, 0.000

cm CG 80.2(157) P=0.401 77.8(16.9) -2.4(10.4),[-4.8,0.0]  {(72)=1.973, p=0.052  P=0.8632 '

Stride time, sec IG 1.3(0.2) t(131.361)=2.346, 1.3(0.2) 0.0 (0.2),[0.0, 0.1] t(88)=-1.571, p=0.120 F(1,160)=0.195, 0.001
CG 1.3(0.2) p=0.020 1.4 (0.3) 0.0 (0.2), [0.0, 0.1] t(72)=-0.853, p=0.397  P=0.660° '

Double support, IG  38.0(8.1) t(160)=1.289, 39.2 (8.4) 1.1 (4.9),[0.1, 2.2] t(88)=-2.182, p=0.032 F(1,160)=0.005,

% of stride time =0.199 _ _ =0.943 0.000
CG 39.6(7.4) P=0. 408 (7.3)  1.2(4.9),[0.0, 2.3] t(72)=-2.070, p=0.042  P=0.

Stance phase, IG  68.9(4.1)  (160)=1.368, 69.5(4.4) 0.6 (2.5),[0.1, 1.1] t(88)=-2.208, p=0.030  F(1,160)=0.004,

% of stride time =0.173 _ _ ~0.949 0.000
CG 69.8(4.1) P=0. 704 (4.2) 0.6 (3.1),[-0.2, 1.3] t(72)=-1.543, p=0.127  P=0.

Dual task, counting backwards (IG: n=62, KG: n=52)

Walking speed, IG  0.55 (0.16) 0.54 (0.16) -0.02 (0.14), t(61)=1.001, p=0.321

m/sec t(112)=-2.236, [-0.06, 0.02] F(1,112)=0.101, g9,
CG 0.48(0.17) p=0.027 0.47 (0.16) -0.01 (0.15), t(51)=0.470, p=0.641  P=0.752 '

[-0.05, 0.03]

Stride length, IG 78.2 (19.1) t(112)=-1.407, 78.8(19.5) 0.5(11.6), [-2.4, 3.5] t(61)=-0.359, p=0.721 F(1,112)=0.193, 0.002

cm CG 735(16.6) P=0.162 75.1(16.6) 1.6 (15.3),[2.6,5.9]  t(51)=-0.773, p=0.443  P=0.661 '

Stride time, sec IG 1.5(0.3) 1(95.044)=2.4486, 1.5(0.4) 0.1 (0.4),[0.0,0.2] t(61)=-1.605, p=0.114 F(1,112)=0.253, 0.002
CG 1.6(0.3) p=0.016 1.7 (0.5) 0.1 (0.4), [0.0, 0.2] t(51)=-2.149, p=0.036  P=0.6162" '

Double support, IG  40.6 (9.3) t(112)=2.110, 41.3 (8.7) 0.7 (5.9), [-0.8, 2.2] t(61)=-0.998, p=0.322 F(1,112)=0.042,

% of stride time =0.037 - - =0.839 0.000
CG 442(9.1)  p=0. 44.7 (9.0) 0.5 (7.4), [-1.6, 2.6] t(51)=-0.481, p=0.632  P=0.
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Stance phase, IG  703(5.2)  (112)=1.850, 704 (4.7) 0.2 (2.9),[-0.6,0.9] t(61)=-0.414, p=0.680  F(1,112)=0.009,
%ofstidetime o5 759 (52) P=0.067 723(5.2) 0.2 (4.3),[-1.0, 1.4] {(51)=-0.359, p=0.721  P=0.925" 0.000
Dual-task costs, counting backwards (IG: n=62, KG: n=52)

})I/Valking speed, IG  -205(15.2) (112)=-1.105, -21.0 (15.5) -0.6(16.6),[-4.8,3.6]  (61)=0.278,p=0.782  [(1,112)=0.053, 0.000

0 CG -235(14.0) P=0.271 -23.4(17.3) 0.1(17.3),[-4.7,5.0]  t(51)=-0.061, p=0.952 P=0.818

Stride length, % 1G  -8.8(11.7)  (112)=-0.853, -70(94)  17(130),[-1.6,50]  (61)=-1.042, p=0.302  [(1,112)=0.750, 0.007
CG -105(9.9) Pp=0.395 -6.6 (14.6) 3.9 (13.6), [0.1, 7.7] t(51)=-2.064, p=0.044  P=0.386"

Stride time, % IG  17.3(17.3)  (112)=0.806, 21.0(23.9) 3.7(25.7),[-2.8,10.2]  t(61)=-1.130, p=0.263  [(1,112)=0.257, 0.002
CG 19.9(17.1) b=0.422 25.9 (24.3) 6.0(22.8),[-0.3,12.4]  t(51)=-1.905, p=0.062  P=0.613

E/)ouble support, IG  11.0(14.3) (112)=0.305, 11.9(12.8) 1.0(15.5),[-3.0,4.9] 1(61)=-0.491, p=0.625  F(1,112)=0.081, 0.001

0 CG 11.7(10.8) p=0.761 11.8 (14.8) 0.1 (15.1),[-4.1,4.3]  t(51)=-0.069, p=0.945 P=0.776

Stance phase, % IG 3.1 (4.5) t(112)=0.095, 2.9 (3.6) -0.2 (4.8), [-1.4, 1.1] 1(61)=0.252, p=0.802 F(1,112)=0.130, o,
CG 3.1(3.7) p=0.924 3.3(4.8) 0.2 (5.5), [-1.3, 1.7] t(51)=-0.254, p=0.800  P=0.719

Dual task, naming animals (IG: n=61, KG: n=59)

Walking speed, IG  0.45 (0.14) 0.43(0.13) -0.01(0.12), t(60)=0.805, p=0.424

m/sec t(118)=-1.797, [-0.04, 0.02] F(1,118)=0.972,  1ug
CG 0.40(0.14) Pp=0.075 0.41(0.13) 0.01(0.12), t(58)=-0.593, p=0.555  P=0.326

[-0.02, 0.04]

Srtnride length, IG  70.4(18.1) ((118)=-1.415, 71.2(17.7) 0.9(11.0),[-2.0,37]  (60)=-0.620, p=0.538  [(1,118)=0.040, 0.000
CG 65.9(16.3) P=0.160 66.3 (14.9) 0.4 (13.2),[-3.0,3.9]  t(58)=-0.252, p=0.802  P=0.841

Stridetime, sec  IG 1.6 (0.4) 1(118)=1.480, 1.7 (0.4) 0.1 (0.3), [0.0, 0.2] t(60)=-1.823, p=0.073  [(1,118)=3.448, 0.026
CG 1.7(0.5) p=0.141 1.7 (0.5) 0.0 (0.3), [-0.1, 0.1] 1(58)=0.801, p=0.426  P=0.066

Double support, IG  45.9(9.4)  (118)=1.526, 45.2 (8.6) -0.7 (7.1), [-2.5, 1.1] t(60)=0.758, p=0.452 F(1,118)=0.085,

%ofstridetime oo 48595 — P=0.130 482 (8.6) -0.3(7.2),[2.2,1.6]  1(58)=0.326, p=0.746  P=0.771 0.001

Stance phase, IG  724(47)  ((118)=2.233, 72.3 (4.4) -0.1 (3.9), [-1.1, 0.9] 1(60)=0.241, p=0.810 F(1,118)=0.107,

%ofstidetime o5 74555 — p=0.027 741(5.1) -0.3(37),[13,06]  t(58)=0.727,p=0.470  P=0.744 0.001
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Dual-task costs, naming animals (IG: n=60, KG: n=59)

Walking speed, IG  -34.4(15.9) (117)=-0.520, 32.4(18.6) 2.0(19.7),[3.1,7.1]  1(59)=-0.776, p=0.441  F(1,117)=0.696, 0.006

% cG -35.9(16.0) P70:604 312 (14.6) 4.8(16.6),[0.4,9.1]  t(58)=-2.204, p=0.032 P=0-406°

Stride length, %  IG  -17.9 (11.1) (117)=-0.406, 143 (12.4) 3.7 (15.4),[03,7.6]  t(59)=-1.842, p=0.070  F(1,117)=0.007, 0.000
cG -188(125) P70:685 149 (12.7) 3.9(129),[05,7.3]  t(58)=-2.316, p=0.024 P=0-931

Stridetime, %  IG  30.1(27.1) (117)=0.326, 33.2(29.8) 3.2(30.3), [-47,11.0] 1(59)=-0.807, p=0.423  F(1,117)=2.558, 0.021
CG 316(246) P04 272 (22.7) -4.4(20.4),[9.7,09]  1(58)=1.669, p=0.100  P~0-112°

Double support, IG  25.4(17.6) t(117)=-0.643, 215(17.8) -3.9(217),[-95,1.7]  t(59)=1.401, p=0.166  F(1,117)=0.005, 0.000

% CG 234(156) P70-922 103(162) -4.2(15.7),[83,-0.1] 1(58)=2.027, p=0.047  P~0:946

Stance phase, % IG  6.3(4.5)  (117)=0.832, 55(5.0)  -0.7(6.0),[-2.3,0.8]  t(59)=0.986, p=0.337  F(1,117)=0.389, 0.003
cG 709  PT0407 56(4.6)  -14(48)[-2.6,-0.1]  t(58)=2.183, p=0.033 P70->34

CG: control group, Cles: 95 % confidence interval, df: degrees of freedom, IG: intervention group, M: mean, n: number, SD: standard deviation
ayariance homogeneity not fulfilled, ® covariance homogeneity not fulfilled

Statistically significant results appear bold for a=0.05. When considering adjusted significance levels using Bonferroni-Holm correction for multiple compari-
sons, no statistically significant results were observed.
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6.2.4.3.2 Intention-to-treat analysis

Missing data analysis showed an amount of missing data ranging between 8.5 % (sin-
gle task condition at baseline) and 47.6 % (dual task counting backwards at post-inter-
vention assessment). With respect to gait performance, 194 of 319 records were in-
complete. Reasons for missing values included not participating at post-intervention
assessment (see Figure 10), weak physical condition, medical constrains, refusal, dis-
continuation of the assessment, invalid gait or dual task performance, and technical
problems. Participants with incomplete data showed lower cognitive, motor, and gait
performance, were older, required more medication, and had worse CIRS scores, de-
pending on walking condition and time of assessment. Accordingly, we assumed miss-

ing at random situation.

Findings of the intention-to-treat analysis were comparable to those shown in the per
protocol analysis, i.e. we did not observe any statistically significant time*group effects.

Please refer to Supplementary Table 2 for results of the intention-to-treat analysis.

6.2.4.4 Differences in characteristics between positive, negative, and non-responders
(intervention group, per protocol analysis)

When taking into account walking speed, stride length, and double support in all three
walking conditions, between 10 % and 39 % of participants in the IG improved their
gait performance by at least 10 % (considered as positive responders). Moreover,
23 % to 61 % of IG participants did not change their gait performance (considered as
non-responders), while 19 % to 39 % showed a decline in gait performance by at least
10 % (considered as negative responders). Table 32 displays the proportion of posi-
tive, non-, and, negative responders in the IG depending on spatiotemporal gait pa-

rameter and walking condition, as well as mean changes in gait performance.

Table 32. Positive, non-, and negative responders in the intervention group and mean changes in gait
performance (per protocol analysis)

Negative Non- Positive
All
responders responders responders
n Mean n Mean n Mean n Mean
change [%0] change [%0] change [%0] change
(SD) (SD) (SD) (SD)
Single task
Walking speed, 89 -0.03(0.21) 35% -0.22 48% -0.01 17% 0.32(0.19)

m/sec (0.09) (0.05)
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Stride length, 89 -2.07 26% -19.59 57% -0.75 17% 20.30
cm (14.98) (10.15) (5.42) (9.81)
Double sup- 89 3.57 29% 18.99 61% -0.57 10% -16.15
port, % of stride (12.58) (8.62) (4.69) (6.08)
time

Dual task, counting backwards

Walking speed, 62 0 (0.26) 39% -0.26 23% -0.02 39% 0.27 (0.14)
m/sec (0.11) (0.04)

Stride length, 62 2.06 19% -18.36 50% -2.18 31% 21.87
cm (17.08) (7.05) (4.88) (13.99)
Double sup- 62 3.16 29% 20.67 55% -0.36 16% -16.44
port, % of stride (14.32) (9.37) (5.56) (4.76)
time

Dual task, naming animals

Walking speed, 61 0.02(0.29) 34% -0.27 31% -0.01 34% 0.33(0.23)
m/sec (0.12) (0.06)

Stride length, 61 3.49 23% -18.66 49% 0.94 (6.27) 28% 26.21
cm (19.36) (7.34) (17.33)
Double sup- 61 -0.14 23% 21.12 56% -1.99 21% -18.20
port, % of stride (14.68) (9.04) (4.65) (6.27)
time

n: number, SD: standard deviation

Positive, non-, and negative responders differed statistically significantly in terms of
baseline performance of walking speed (both dual tasks), stride length (single task,
dual task naming animals), double support (single task, both dual tasks), Timed Up &
Go Test (TUG,; single task: stride length, dual task naming animals: walking speed),
modified 30-second chair stand test (30s CST,; single task: double support), MMSE
(single task), and proportion of walking aids (dual task naming animals: stride length;

see Table 33, Supplementary Table 3 presents statistically non-significant results).
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Table 33. Statistically significant differences in baseline motor and cognitive performance as well as the use of walking aids between positive, non-, and negative
responders in the intervention group (per protocol analysis)

Negative Non- Positive .
Between group difference
responders responders responders Post-hoc analysis
Mean (SD) Mean (SD) Mean (SD) F(dfnumerator, dfdenominator)/ Chiz(df), P
Single task, walking speed
MMSE (n=89) 14.8 (4.0) 18.5 (3.9) 16.7 (5.1) Chi?(2)=12.093, p=0.002 z=-3.472, p=0.002, r=0.404 2
Single task, stride length
Stride length, cm (n=89) 80.3 (19.9) 89.4 (15.2) 62.7 (20.0) F(2,86)=14.129, p<0.001, p=0.008, MD=-17.60,
Ne?=0.247 Clos [-31.32, -3.89] P
p<0.001, MD=-26.79,
Clos [-38.93, -14.65]°¢
TUG, sec (n=89) 22.9 (10.9) 19.0 (7.6) 31.5(20.0) Chi?(2)=8.234, p=0.016 z=-2.800, p=0.015, r=0.325°¢
MMSE (n=89) 14.5 (3.5) 17.8 (4.3) 17.4 (5.2) Chi?(2)=9.510, p=0.009 z=-3.046, p=0.007, r=0.354 2
Single task, double support
Double support, % of 36.2(6.9) 37.4 (7.3) 47.3 (10.4) F(2,86)=7.721, p=0.001 p=0.001, MD=11.09,
stride time (n=89) Np?=0.152 Clos [4.13, 18.05] P
p=0.001, MD=9.89,
Cles [3.41, 16.37] ¢
Modified 30s CST 7.5(3.3) 9.0 (3.7) 4.8 (1.7) F(2,74)=4.508, p=0.014, p=0.020, MD=-4.14,
(n=77) Ne?=0.109 Cles [-7.73, -0.55] ¢
MMSE (n=89) 15.1 (3.9) 17.9 (4.3) 16.3 (5.4) Chi?(2)=6.742, p=0.034 z=-2.558, p=0.032, r=0.286 2
Dual task, counting backwards, walking speed
Walking speed, m/s 0.63(0.17) 0.57 (0.11) 0.47 (0.15) F(2,59)=6.336, p=0.003, p=0.001, MD=-15.08,
(n=62) nNp?=0.177 Clos [-25.35, -4.81] P

Dual task, counting backwards, stride length

No statistically significant differences
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Dual task, counting backwards, double support

Double support, % of 37.7(9.2) 40.0 (7.1) 47.8 (12.9) Chi?(2)=6.496, p=0.039 z=-2.532, p=0.034, r=0.479"
stride time (n=62)

Dual task, naming animals, walking speed

Walking speed, m/s 0.52(0.11) 0.47 (0.13) 0.36 (0.12) F(2,58)=9.917, p<0.001, p<0.001, MD=-16.40,
(n=61) Np?=0.255 Clos [-25.44, -7.35] b
TUG, sec (n=61) 18.8 (9.2) 20.8 (16.9) 24.8 (12.1) Chi?(2)=6.360, p=0.042 n.s.
Dual task, naming animals, stride length
Stride length, cm (n=61) 77.9 (14.0) 71.8 (18.3) 61.6 (18.3) F(2,58)=3.596, p=0.034, p=0.031, MD=-16.36,
nNe?=0.110 Clos [-31.46, -1.26] P
Walking aid, % (n=61) 85.7 % 50.0 % 82.4 % Chi2=7.540, p=0.020
Dual task, naming animals, double support
Double support, % of 41.9 (8.6) 44.7 (7.9) 53.2 (10.2) F(2,61)=6.570, p=0.003, p=0.003, MD=11.35,
stride time (n=61) Np?=0.185 Cles [3.38, 19.32] P
p=0.010, MD=8.55,

Clos [1.79, 15.30] ¢

30s CST: 30-second chair stand test, Cles: 95 % confidence interval, df: degrees of freedom, MD: mean difference, MMSE: Mini-Mental State Examination, n:
number, n.s.: not significant, SD: standard deviation, TUG: Timed Up & Go Test

a post-hoc analysis: statistically significant better performance of non- compared to negative responders
b post-hoc analysis: statistically significant worse performance of positive compared to negative responders
¢ post-hoc analysis: statistically significant worse performance of positive compared to non-responders
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The post-hoc analysis (see Table 33) revealed statistically significantly 1) worse per-
formance of positive compared to negative responders for walking speed (both dual
tasks), stride length (single task, dual task naming animals), and double support (single
task, both dual tasks); 2) worse performance of positive compared to non-responders
for stride length (single task), double support (single task, dual task naming animals),
TUG (single task: stride length), and modified 30s CST (single task: double support);
as well as 3) better performance of non- compared to negative responders for MMSE

(single task).

6.2.4.5 Impact of changes in underlying motor and cognitive performance on changes

in gait performance (intervention group, per protocol analysis)

Several weak to moderate correlations (|r|=0.248-0.436, p<0.05) suggested relations
of changes in underlying motor and cognitive performance with changes in gait perfor-
mance in single and both dual task conditions. Multiple regression analyses revealed
that changes in underlying motor and cognitive performance had an impact on changes
in gait performance. Related models were statistically significant and explained
12.6 % to 39.4 % of the overall variance. Changes in TUG, modified 30s CST, modified
Short Physical Performance Battery (SPPB), Clock Drawing Test, Digit Span forward
and backward, and Trail Making Test were statistically significant regression coeffi-
cients (p<0.05). Table 34 presents the details of the multiple regression analysis mod-

els.
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Table 34. Impacts of changes in underlying motor and cognitive performance on changes of gait performance (intervention group, per protocol analysis)

B SE B t p R? Adjusted R? F(dfnumerator, dfdenominator), P f2
Single task, changes in walking speed (n=51)
Model 0.207 0.191 F(1,49)=12.826, p=0.001 0.24
Constant -1.082 1.696 -0.638 0.526
Changes in TUG -0915 0.256 -0455 -3.581 0.001
Single task, changes in stride length (n=51)
Model 0.146 0.128 F(1,49)=8.352, p=0.006 0.15
Constant -2.774 1518 -1.828 0.074
Changes in modified SPPB 2.107 0.729 0.382 2.890 0.006
Single task, changes in double support (n=51)
Model 0.144 0.126 F(1,49)=8.210, p=0.006 0.14
Constant 1.218 0.520 2.341 0.023
Changes in modified SPPB -0.716 0.250 -0.379 -2.865 0.006
Dual task, counting backwards, changes in walking speed (n=42)
Model 0.387 0.356 F(2,39)=12.322, p<0.001 0.55
Constant -5.331 1.995 -2.728 0.010
Changes in Clock Drawing Test 3.597 0.961 0.474 3.742 0.001
Changes in modified 30s CST 2.881 0.765 0.477 3.767 0.001
Dual task, counting backwards, changes in stride length (n=42)
Model 0.334 0.300 F(2,39)=9.771, p<0.001 0.43
Constant -0.661 1.626 -0.406 0.687
Changes in modified SPPB 2.117 0.875 0.359 2.420 0.020

Changes in modified 30s CST 1.519 0.716 0.314 2.122 0.040
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Dual task, counting backwards, changes in double support (n=42)

Model 0.438 0.394 F(3,38)=9.871, p<0.001 0.65
Constant 2.449 0.654 3.745 0.001
Changes in Clock Drawing Test -1.167 0.306 -0.469 -3.814 <0.001
Changes in modified 30s CST -0.934 0.244 -0.472 -3.834 <0.001
Changes in Digit Span backward -0.682 0.333 -0.250 -2.052 0.047

Dual task, naming animals, changes in walking speed (n=40)

Model 0.280 0.241 F(2,37)=7.184, p=0.002 0.31
Constant -1.991 1.823 -1.092 0.282
Changes in modified 30s CST 1.796 0.706 0.364 2.544 0.015
Changes in Trail Making Test 0.501 0.228 0.313 2.192 0.035

Dual task, naming animals, changes in stride length (n=40)

Model 0.296 0.258 F(2,37)=7.788, p=0.002 0.35
Constant -0.360 1.681 -0.214 0.832
Changes in modified SPPB 2.790 0.781 0.500 3.571 0.001
Changes in Clock Drawing Test -1.774 0.785 -0.316 -2.259 0.030

Dual task, naming animals, changes in double support (n=40)

Model 0.198 0.177 F(1,38)=9.378, p=0.004 0.22
Constant 1.426 0.927 1.538 0.132
Changes in Digit Span forward -1.736  0.567 -0.445 -3.062 0.004

30s CST: 30-second chair stand test, df: degrees of freedom, n: number, SE: standard error, SPPB: Short Physical Performance Battery, TUG: Timed Up &

Go Test
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6.2.5 Discussion
6.2.5.1 Effects of the multimodal exercise program on spatiotemporal gait parameters

This multicenter randomized controlled trial aimed to investigate the effectiveness of a
dementia-specific MEP, which combined motor and cognitive tasks, on gait perfor-
mance. As we did not observe any statistically significant time*group effects, our pri-
mary hypothesis that a 16-week MEP, may be more effective in reducing the decline
in gait performance in IWD than conventional treatment alone could not be confirmed.
This may be explained by the heterogeneity of the study sample or the relatively low

amount of walking tasks included in the intervention.

With regard to sample characteristics as well as motor, cognitive, and gait performance
at baseline, we observed large standard deviations indicating that the sample of IWD
was highly heterogeneous in this study (see Table 30, Table 31, and Supplementary
Table 4). This effect may be present in many studies among IWD in general. Due to
this large heterogeneity, it is very difficult to adequately tailor one standardized physical
activity intervention to the needs of all participants, i.e. there is likely no standard phys-
ical activity intervention that fits all IWD.

With respect to the applied intervention, an in-depth analysis of the MEP showed that
it did not include a large amount of specific walking tasks. Even though we had planned
to increase the number of exercises focusing on walking throughout the intervention,
this was often not possible due to our principle of ensuring the safety of participants at
all times during the MEP. Additionally, we assumed that tasks aiming to improve bal-
ance, mobility, strength and function of lower limbs may be sufficient to positively affect
gait performance. However, based on our findings, this assumption could not be con-
firmed. Thus, including a sufficient amount of specific walking exercises should be en-

sured in future physical activity interventions that aim at improving gait performance.

6.2.5.2 Differences in characteristics between positive, negative, and non-responders
and impact of changes in underlying motor and cognitive performance on

changes in gait performance

Despite not having observed positive overall effects, additional analyses showed that

between 61 % and 81 % of participants in the IG improved or maintained their gait
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performance after participating in the MEP. In studies among IWD, who usually expe-
rience rapid decline of motor, cognitive, and gait performance, even maintaining the
current levels of performance is indicative of a beneficial effect. In order to better un-
derstand the prerequisites and impacts to induce such benefits from physical activity
interventions, we conducted secondary analyses that focused on examining differ-
ences of baseline performance and sample characteristics between positive, non-, and
negative responders, and also considered impacts of underlying changes in motor and
cognitive performance on changes in gait performance. As compared to negative and
non-responders, positive responders primarily showed lower gait performance at base-
line and additionally demonstrated lower performance in single motor assessments.
Moreover, non-responders were less cognitively impaired than negative responders.
Accordingly, low motor and gait performance as well as increased cognitive perfor-
mance seem to be prerequisites for IWD in order to benefit from the MEP. Additionally,
stepwise regression analyses supported the hypothesis that changes in underlying
motor and cognitive performance have an impact on changes in gait performance. In-
deed, the respective statistical models explained between 12.6 % and 39.4 % of the

overall variance.

Focusing on prerequisites related to the effectiveness of the MEP, the observed lower
motor performance of positive responders compared to non- and negative responders
at baseline may indicate a greater potential for performance improvements for partici-
pants who enter the intervention with lower baseline levels of motor performance. As
described above, it was not always possible to include more complex walking tasks
throughout our intervention. Accordingly, the requirements necessary to induce im-
provements may not have reached critical thresholds in all participants. Moreover, our
findings support the assumption that IWD must have sufficient cognitive capacities in
order for them to successfully participate in physical activity interventions. In contrast,
severe cognitive impairments may prevent IWD from following instructions or ade-
guately performing exercise tasks. Surprisingly, we observed a statistically significant
higher cognitive performance only among non-responders and in single task condi-
tions. Positive responders also showed higher cognitive performance than negative
responders, albeit not reaching statistical significance possibly due to a relatively lower

number of positive responders. When we compared cognitive performance of partici-
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pants in single and dual task conditions, we observed that participants with more se-
vere cognitive impairments were less likely to successfully perform the walking with
additional dual tasks (single task: MMSE=16.9 (4.5), 45 % with MMSE<17; dual task:
MMSE=18.4 (4.0)/17.8 (4.3) 29 %/26 % with MMSE<17). Accordingly, cognitive per-
formance was more consistent in dual task conditions and did not distinguish between

positive, non-, and negative responders.

Stepwise regression analyses showed different impacts of changes in underlying mo-
tor and cognitive performance, depending on spatiotemporal gait parameter and walk-
ing condition. As expected, improvements in gait performance were associated with
improvements in underlying motor and cognitive performance. The observed opposite
relation between stride length in dual task naming animals condition and the Clock
Drawing Test requires further examination. The amount of explained variance was
higher for dual task than single task conditions. In dual task conditions, changes in
motor and cognitive performance were statistically significant predictors, while gait pa-
rameters in the single task condition were only affected by motor predictors. Accord-
ingly, changes in cognitive performance may be particularly required for changes in
dual task conditions, which are primarily determined by motor and cognitive demands.
Dual task performance while walking is highly relevant with regard to fall prevention,
and worse performance is associated with increased risk of falls (Montero-Odasso et
al., 2012). Thus, fall prevention interventions should consider dual tasks and include
both, motor and cognitive exercises. At the motor level, changes in strength and func-
tion of lower limbs as well as mobility were statistically significant predictors. The re-
lated performance was assessed with modified 30s CST, modified SPPB, which con-
siders balance, mobility, and strength, and TUG. These findings indicate that there are
several motor impacts related to changes in gait performance, and further emphasize
the importance of multimodal interventions. Unexpectedly, changes in balance perfor-
mance were not a statistically significant predictor. However, we assessed balance
only in static positions, which may have different demands as compared to dynamic
balance conditions while walking (Granacher, Bridenbaugh, Muehlbauer, Wehrle, &
Kressig, 2011; Ringhof & Stein, 2018). Moreover, the frequent use of walking aids may
have eliminated the potential impact of changes in balance performance (Schwenk et
al., 2011). Assumptions at the cognitive level could not be made, as cognitive predic-

tors differed across established regression models.
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6.2.5.3 Comparison with previous studies

The findings of this randomized controlled trial are not fully in line with those observed
in previous studies. In contrast to previous studies, which predominantly reported pos-
itive effects for stride length and stride time in single and dual task conditions (Coelho
et al., 2013; Kemoun et al., 2010; J.-S. Kim et al., 2017; Orcioli-Silva et al., 2018; Ped-
rinolla et al., 2018; Perrochon et al., 2015; Schwenk, Dutzi et al., 2014; Schwenk,
Zieschang et al., 2014), our investigation did not confirm the effectiveness of an MEP
for these spatiotemporal gait parameters. In accordance with 20 previous studies, we
did not observe statistically significant effects on walking speed (Bossers et al., 2015;
Cadore et al., 2014; Dawson et al., 2019; Hageman & Thomas, 2002; Hauer et al.,
2017; Junge et al., 2018; Kuiack et al., 2004; McCaffrey et al., 2014; Pedrinolla et al.,
2018; Ries et al., 2015; Schwenk, Dutzi et al., 2014; Sobol et al., 2016; Souto Barreto
et al., 2017; Steinberg et al., 2009; Suttanon et al., 2013; Tay et al., 2016; Telenius et
al., 2015a; Thomas & Hageman, 2003; Toots et al., 2017) and percent of double sup-
port (Orcioli-Silva et al., 2018; Pedrinolla et al., 2018), while twelve others did for single
(Ahn & Kim, 2015; Aman & Thomas, 2009; Bossers, Scherder et al., 2014; Hauer et
al., 2012; Kemoun et al., 2010; J.-S. Kim et al., 2017; Manckoundia et al., 2014; Per-
rochon et al., 2015; Rolland et al., 2007; Schwenk, Zieschang et al., 2014; Toulotte et
al., 2003) and dual task conditions (Tay et al., 2016). These inconsistent findings may
be related to different study designs, gait assessments, interventions, and sample
characteristics between previous research and our study. To the best of our
knowledge, there are no published studies that compared the characteristics of posi-
tive, non-, and negative responders or investigated impacts of changes in underlying

motor and cognitive performance on changes in gait performance.
6.2.5.4 Strengths and limitations

With this multicenter randomized controlled trial, we aimed at conducting high-quality
research to investigate the effectiveness of a physical activity intervention on gait per-
formance in IWD. The strengths of the study include the emphasis on high-quality
methods and a detailed reporting of our methods and findings. Of note, we had a large
sample size of over 300 individuals with mild to moderate dementia, our assessments
were deemed adequate for IWD by an expert panel, and our MEP was specifically

tailored to fit the needs and characteristics of IWD. Nevertheless, several limitations
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pertain. First, multimodal interventions do not allow to unambiguously draw conclu-
sions about causality. Observed effects may be related to the MEP itself, but could
also be due to the group setting and thus enhanced social interaction, or additional
attention that participants received from the exercise instructors. Additional control
conditions, e.g. non-exercise groups or social visits, could have helped to limit this
potential bias. Second, the assessments to determine motor performance used in this
study are widely used in research but have not been specifically developed for IWD.
Even though we intensively discussed the adequateness of these assessments during
an expert panel (Trautwein, Barisch-Fritz et al., 2019) and carefully selected the most
appropriate ones, we cannot rule out the possibility that the use of existing assess-
ments not specifically designed for IWD may have led to biased results. For example,
these assessments often do not sufficiently take into account fluctuating daily forms
and motivational aspects that may play a role when examining IWD. Accordingly, re-
sults could reflect unfavorable conditions, reduced motivation, or lack of interest in-
stead of actual motor performance. Therefore, it is critically important for future re-
search to explore tailored motor assessments for use in IWD.

6.2.5.5 Implications

This multicenter randomized controlled trial contributes to the growing body of literature
that aims at improving physical activity interventions for IWD. It shows that one stand-
ardized MEP is not effective in reducing the decline in gait performance among IWD in
general. However, several participants of the IG were able to improve or maintain their
gait performance after undergoing the MEP. Moreover, findings of secondary analyses
allow for drawing conclusions on prerequisites and required changes that may be nec-
essary for IWD to benefit from the MEP. These factors have important implications and
should thus be considered when establishing future physical activity interventions. Our
main conclusion is that it is essential to develop and provide individualized physical
activity interventions for IWD, and to consider individual characteristics and needs to
improve effectiveness rather than having one standardized physical activity interven-
tion. Based on observed results in responder-non-responder-analyses we suggest tai-
loring physical activity interventions to baseline performance of intended outcomes and
severity of cognitive impairment. To this end, we here provide preliminary criteria on
how to tailor physical activity interventions to fit the specific needs of IWD. However,

further investigation and refinement of these criteria is needed to better characterize
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different clusters of IWD. Aside from individual characteristics and needs, it is also
important to consider intended purposes when establishing physical activity interven-
tions. Our findings indicate that physical activity interventions aiming to improve gait
performance in IWD should include multimodal motor exercises (e.g. walking, strength,
balance, and mobility). As changes in motor and cognitive performance are statistically
significant independent predictors for changes in gait performance, it makes sense that
both motor and cognitive tasks are included in interventions to potentially increase the
beneficial effects on gait performance and fall prevention. Linking both conclusions,
individualized approaches, which include relevant contributors for improving intended
outcomes, while also tailoring requirements to prerequisites and focusing on those ex-
ercises in order to improve outcomes of especially low capacity, seem to be most
promising for improving the effectiveness of physical activity interventions in IWD.
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7 General discussion

This thesis focuses on the effectiveness of physical activity on motor and gait perfor-
mance in IWD from two perspectives: establishing a high-quality methodological ap-

proach and performing a high-quality RCT. In five research articles, we showed that

(1) there is an urgent need for tailoring motor assessments to specific characteris-
tics of IWD and recommended appropriate motor assessments based on quali-
tative examination of assessments applied in previous studies (Trautwein,
Barisch-Fritz et al., 2019);

(2) frequently applied motor assessments have sufficient relative reliability in IWD
and recommended adequate motor assessments for identifying changes at
group level based on gquantitative examination of assessments applied in previ-
ous studies (Trautwein, Maurus et al., 2019);

(3) the conclusiveness of previous studies is affected by several limitations and es-
tablished a high-quality study design to investigate the effectiveness of physical
activity on cognitive, motor and gait performance in IWD (Trautwein et al., 2017);

(4) the effectiveness of one standardized dementia-specific MEP on motor perfor-
mance is limited in IWD, probably related to large heterogeneity in this sample
(Barisch-Fritz, Trautwein, Scharpf, Krell-Roesch, & Woll, submitted);

(5) a dementia-specific MEP does not have a positive effect on gait performance in
all participants, as effects differ depending on initial gait performance, mobility,
and lower limb strength, as well as severity of impairments in global cognition,
and are affected by intervention-induced changes in lower limb strength and
function, mobility, executive function, attention, and working memory (Trautwein

et al., submitted).

Based on these key findings, the general discussion of this thesis focuses on the ex-

amination of the established research questions.

Research question A:

How high-quality studies need to be designed to enhance evidence concerning
the effectiveness of physical activity on motor and gait performance in IWD?

(RQn)

Research question B:

Is physical activity effective in reducing the decline of motor and gait perfor-
mance in IWD?

(RQeB)
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Aiming to answer these research questions the general discussion does only consider
associated findings. Further details not directly related to research questions are inten-
sively discussed within single manuscripts and thus are not included in the general

discussion.

7.1 Establishing a high-quality methodological approach: adequateness of
motor assessments applied in previous studies and example for a high-

guality study design

The conclusiveness of studies examining the effectiveness of physical activity is de-
pendent on thorough designs and sound methods. However, recent reviews consist-
ently refer to methodological limitations of previous studies and indicate the need for
further high-quality studies. Accordingly, the first aim of this thesis was to establish a
high-quality methodological approach allowing to investigate the effectiveness of phys-
ical activity on motor and gait performance in IWD in a high-quality study.

Herein, the identification of adequate motor assessments was determined as a key
issue (Blankevoort et al., 2010; Hauer et al., 2006; Suttanon et al., 2010). Adequate
motor assessments are characterized by appropriateness for the intended population,
profound psychometric properties, sensitivity to change, and standardization (Blan-
kevoort et al., 2010; Goncalves et al., 2018; Hauer et al., 2006; Hernandez et al., 2015).
Considering these requirements, manuscripts | and Il performed a comprehensive ex-
amination of motor assessments in IWD by summarizing, analyzing, and discussing

available findings of previous studies, aiming to answer research questions Al and A2.

Research question Al:

Which motor assessments are appropriate for IWD based on qualitative exami-
nation?

(RQn1)

Research question A2:

Which motor assessments can be recommended for IWD based on quantitative
outcomes, especially psychometric properties?

(RQn2)

Focusing on a qualitative examination of current research practices, manuscript | rec-

ommends a sequential approach incorporating a gradual increase from simple to more
complex motor tasks and a selection of eight motor assessments including Frailty and

Injuries: Cooperative Studies of Intervention Techniques - subtest 4 (FICSIT-4), Gro-
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ningen Meander Walking Test (GMWT), TUG, 6-meter walk test (6m WT), instru-
mented gait analysis, modified 30-second chair stand test (30s CST), SPPB, and Phys-
ical Performance Test (PPT). Moreover, it suggests the use of external cues restricted
to repeated instructions as well as the allowance of common walking devices (Tra-
utwein, Barisch-Fritz et al., 2019). These recommendations consider cognitive impair-
ments and generally reduced physical capacity in IWD. Additionally, they comply with
the derived criteria for appropriate motor assessments including short duration, simple
instructions, easy motor tasks, and adapted physical strains. Thus, recommended mo-
tor assessments seem to be the most appropriate ones of those applied in previous

studies with IWD based on qualitative examination.

With respect to psychometric properties and other quantitative outcomes, manuscript
Il recommends Functional Reach Test (FR), GMWT, Berg Balance Scale (BBS), Per-
formance Oriented Mobility Assessment (POMA), TUG, instrumented gait analysis as-
sessing spatiotemporal gait parameters, STS assessments using more than one rep-
etition, and 6min WT for IWD to assess changes of motor performance at group level.
These motor assessments show sufficient relative reliability, reflect sensitivity to
change determined by small to large effect sizes, and are frequently applied in previous
studies. However, predominately unacceptable absolute reliability limits the identifica-
tion of intra-individual changes and it needs to be considered that test-retest reliability
is influenced by severity and etiology of dementia as well as external cueing (Tra-
utwein, Maurus et al., 2019).

Comparing findings of manuscripts | and Il shows that qualitative and quantitative ap-
proaches result in similar recommendations for motor assessments in IWD. GMWT,
TUG, instrumented gait analysis of spatiotemporal gait parameters, and 30s CST are
consistently recommended. Due to insufficient research, it was not possible to quanti-
tatively examine FICSIT-4, SPPB, and PPT, why only qualitative appropriateness can
be confirmed. No clear combined recommendations can be given for BBS, POMA, and
6min WT, as the criteria of both approaches are generally met, but some qualitative
restrictions are stated. In contrast, deviations between qualitative and quantitative ap-
proaches exist for 6m WT and FR. 6m WT does not seem to be clearly adequate due
to quantitative criteria and thus requires further examination, while FR is not rated ap-

propriate for IWD considering qualitative aspects.
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Further recommendations of manuscripts | and Il concern the influences of severity
and etiology of dementia, external cues, and walking aids on motor assessments in
IWD. Two of those influences, namely, the severity of dementia and external cues,
were considered in qualitative and quantitative approaches and thus are summarized
in the following. There are indications that the reliability and appropriateness of some
motor assessments decrease with increasing severity of dementia (Blankevoort et al.,
2013; Hauer & Oster, 2008; Ries et al., 2009). Accordingly, motor assessments rec-
ommended above may especially be appropriate for individuals with mild to moderate
severity of dementia, while they should be carefully applied in severe dementia. More-
over, it can be concluded that tailoring motor assessments gains in importance with
increasing severity of dementia. In this context, suggesting a sequential approach is
promising as it allows to adequately determine performance with different complexity
levels. Besides, the qualitative approach suggested standardization of external cues
allowing repeated instructions as a possible approach for tailoring motor assessments
to IWD. However, quantitative examination revealed different effects of external cues
dependent on motor assessments. For more complex assessments external cues may
improve reliability, while the opposite association is expected for those including famil-
iar tasks close to everyday life. Combining these findings, external cues does not nec-
essarily enhance adequateness of motor assessments in IWD and thus are only rec-
ommended if necessary for more complex motor assessments using standardized

forms such as repeated instructions.

Summarizing findings of manuscripts | and Il allows recommending several motor as-
sessments for IWD based on a comprehensive qualitative and quantitative examina-
tion. However, established recommendations are based on theoretical considerations
and need to be practically evaluated. The first step for this practical evaluation was
performed by applying them during our RCT investigating the effectiveness of a de-
mentia-specific MEP. Despite supporting the general feasibility of recommended motor
assessments, experiences derived from this RCT show that it is not possible to identi-
cally adopt assessment procedures commonly used in cognitively unimpaired older
adults. Nonetheless, most recommended motor assessments have initially been de-
veloped for cognitively unimpaired older adults. In this context, established recommen-
dations are not able to compensate for all challenges related to assessing motor per-
formance in IWD but summarize the most adequate motor assessments of available

ones and suggest approaches for tailoring them to IWD.
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With the established recommendations, manuscripts | and Il provide an important con-
tribution to enhance the conclusiveness and standardization of motor assessments in
IWD for future studies. Nevertheless, further examination is required and the need for
new assessments especially developed for IWD is emphasized. Such assessments
can be based on available ones, but should specifically consider characteristics of
IWD. The current state of research suggests promising approaches, for example by
simplifying available assessments (Bossers, van der Woude et al., 2014), differentiat-
ing between motor and cognitive requirements (Werner et al., 2018), integrating motor
approaches in common cognitive tasks (Wiloth et al., 2016), considering outcomes
closely related to motor performance (Schwenk, Hauer et al., 2014), or focusing on

familiar tasks close to everyday life (Graessel et al., 2009).

Besides adequate motor assessments, high-quality studies require further methodo-
logical considerations, e.g. on methodological specifications and design of physical
activity interventions. Related to the importance of high-quality studies for enhancing
evidence, manuscript Ill, a study protocol for an RCT, introduces an example for a
high-quality methodological approach and a dementia-specific physical activity inter-
vention and thus contributes to answering research questions A3.

Research question A3:

How high-quality studies and dementia-specific physical activity interventions
need to be designed to investigate the effectiveness of physical activity on motor
and gait performance in IWD?

(RQn3)

In general, high-quality studies are characterized by profound designs and methods,

especially with respect to adequate motor assessments and dementia-specific physical
activity interventions. Concrete criteria for high-quality studies have been derived from
recent reviews. Based on these criteria and the examination of previous studies, a
profound design, as well as appropriate methods, have been established in our study
protocol (manuscript Ill; Trautwein et al., 2017). Aiming to examine accordance, Table
35 compares criteria characterizing high-quality studies in IWD (see Table 8) and char-

acteristics determined for this RCT.
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Table 35. Comparison of criteria characterizing high-quality studies and characteristics determined for

this randomized controlled trial

Criteria characterizing high-quality
studies

(derived from Blankevoort et al., 2010;
Brett et al., 2016; Farina et al., 2014;
Forbes et al., 2015; Groot et al., 2016;
Hauer et al., 2006; Hernandez et al.,
2015; Lam, Liao et al., 2018; Littbrand
et al., 2011; Ohman et al., 2014; Sut-
tanon et al., 2010)

Characteristics determined for this randomized con-
trolled trial

(see study protocol [manuscript Ill], manuscripts IV and V)

Reporting

Compliance with  CONSORT state-
ment guidelines and accurate report-
ing of methodological aspects, sam-
ple characteristics, and details of in-
tervention

The study protocol as well as manuscripts IV and V follow
CONSORT statement guidelines and accurately report meth-
ods (see Chapters 5.3.3, 6.1.3, 6.2.3, Figure 8, Figure 10),
sample characteristics (see Table 23, Table 24, Table 30,
Supplementary Table 1), and details of intervention (see
Chapter 5.3.3.3).

Sample ()

Sufficiently large and homogenous
samples with respect to severity and
etiology of dementia

With 600 participants assessed for eligibility and 319 allo-
cated to intervention and control group, this randomized con-
trolled trial belongs to the largest studies examining the ef-
fectiveness of physical activity in IWD (see Figure 8, Figure
10). Homogeneity of the sample could only partly be ensured
by including individuals with mild to moderate severity of de-
mentia, but no further restrictions for the etiology of dementia
(see Chapter 5.3.3.2).

Outcomes and assessments M

Relevant outcomes assessed with
valid, reliable, and sensitive assess-
ments appropriate for individuals with
dementia, allowing a comprehensive
evaluation of motor domains and cog-
nitive subdomains

With motor and gait performance, as well as dual task ability,
cognitive performance and activities of daily living, this ran-
domized controlled trial assesses relevant outcomes. A com-
prehensive assessment battery including 18 motor, gait, cog-
nitive, and activities of daily living assessments allows a com-
prehensive examination of related subdomains (see Chapter
5.3.3.4).

The adequateness of motor assessments is discussed
above with respect to research questions Al and A2. As se-
lected motor assessments comply with those recommended
based on a comprehensive examination, it can be assumed
that this randomized controlled trial meets high-quality crite-
ria for adequate motor assessments best as possible. Due to
insufficient research, some restrictions for psychometric
properties exist.

Interventions

Specific interventions of sufficient du-
ration and intensity tailored to individ-
uals with dementia

The multimodal exercise program was specifically developed
for individuals with dementia and is characterized by a di-
dactic concept focusing on their specific needs and charac-
teristics. It is tailored to cognitive impairments of participants
and includes adjusted communication, ritualization to give
orientation and familiarity, as well as adequate complexity by
simple and well-structured motor and cognitive tasks (see
Chapter 5.3.3.3).
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With two sessions per week over a period of 16 weeks, the
duration of this randomized controlled trial complies with der-
ivations of recent reviews suggesting physical activity two to
three times per week for at least 12 to 16 weeks. Intended
medium to submaximal intensity progressed throughout the
intervention ensures sufficient intensity (see Chapter
5.3.3.3).

Statistical analysis

Appropriate and  comprehensive Profound statistical analyses were performed and data are

presentation of data and adequate comprehensively presented in manuscripts IV and V. Using

handling of missing data per protocol and intention-to-treat analyses ensures ade-
guate handling of missing data (see Chapters 6.1.4, 6.2.4;
Table 25, Table 26, Table 31, Supplementary Table 2).

CONSORT: Consolidated Standards of Reporting Trials

As shown in Table 35, characteristics of this RCT determined in our study protocol
comply with derived criteria for high-quality studies. Small deviations are only observed
with respect to a homogenous sample, which could not be fulfilled in order to reach a
sufficient sample size. Overall, our study protocol actually gives an example of a high-
quality study and thus is valuable for designing future high-quality studies.

7.2 Effectiveness of a dementia-specific multimodal exercise program

The above established methodological approach for high-quality studies provides an
important basis for investigating the effectiveness of physical activity on motor and gait
performance in IWD. Applying this approach, manuscripts IV and V aim to answer re-

search questions B1 and B2.

Research question B1:

Is a dementia-specific MEP combining motor and cognitive tasks effective in reduc-
ing the decline of motor performance in IWD?

(RQs1)
Research question B2:

Is a dementia-specific MEP combining motor and cognitive tasks effective in reduc-
ing the decline of gait performance in IWD?

(RQe2)

Related to those research questions it has been hypothesized that a dementia-specific

MEP is effective in reducing the decline of motor and gait performance in IWD. How-
ever, based on the results reported in manuscripts IV and V, associated hypotheses 1
and 2 could not be confirmed. The overall findings do not support the effectiveness of
this dementia-specific MEP on motor and gait performance in IWD (Barisch-Fritz et al.,

submitted; Trautwein et al., submitted).
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By not supporting the effectiveness of physical activity on motor and gait performance,
findings of this RCT largely do not coincide with results observed in previous studies
and recent reviews. Overall, they determine clear effectiveness of physical activity on
balance and strength, possible effects on mobility and several spatiotemporal gait pa-
rameters during single task conditions, while the few findings available for functional
performance and spatiotemporal gait parameters during dual task conditions are in-
consistent. In contrast, the MEP of this RCT does not show an effect on any of these
motor domains or spatiotemporal gait parameters. Due to the observed large method-
ologic heterogeneity, it is difficult to state concrete reasons. However, some explana-
tory approaches are stated below. With respect to the current state of research, it nev-
ertheless is assumed that findings of this RCT do not support the ineffectiveness of
physical activity in IWD, especially on balance, strength, mobility, and spatiotemporal
gait parameters. Several influences may have compromised revealing the actual ef-

fectiveness of the MEP.

In line with this, further analyses do not allow concluding on the clear ineffectiveness
of the MEP. Dependent on considered outcomes, 10 % to 40 % of the IG (per protocol
sample) benefited with regard to motor and gait performance. Accordingly, there are
indications for its effectiveness in some IWD, even if the overall effectiveness is limited.
Relating thereto, the question for possible reasons explaining the observed limited ef-
fectiveness arises. Based on observed data structure and theoretical considerations
three possible explanations were identified: i) heterogeneity of the sample, ii) fluctuat-
ing daily forms, and iii) deviations between trained and measured outcomes. Besides,
critically discussing these possible influences, potential solutions are also considered

in the following.

Large minimum to maximum ranges and high standard deviations in sample charac-
teristics and outcomes (see Table 24, Table 26, Table 30, Table 31) reflect the heter-
ogeneity of included IWD with respect to motor and cognitive performance, as well as
general health conditions. Considering this heterogeneity, one consistent intervention
may not be adequate for all participants. While some participants are demanded too
little, others are not able to participate as intended as requirements exceed their indi-
vidual capacities. Taking into account the principles of training sciences, adaptation
reactions can only be achieved if a critical stimulus threshold is exceeded (Wilmore &

Costill, 2004). Accordingly, it is important to consider the individual characteristics of
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participants and appropriately adapt the requirements of physical activity. Thus, indi-
vidualized interventions offer promising approaches to deal with the heterogeneity in
IWD.

Moreover, daily forms frequently change in IWD (Deimel, Dexel, & Schreckling, 2017).
Underlying components, such as motivation, general well-being, or current physical
condition, may affect performance in motor assessments and conceal actual capaci-
ties. Therefore, changes in daily form between different times of measurements may
be challenging. The need for motor assessments, which are robust towards such influ-
ences, again emphasizes the relevance of assessments tailored to specific character-
istics of IWD. Moreover, it is important to consider daily form, when evaluating motor

performance. Therefore, feasible methods to determine daily form are required.

Besides the heterogeneity of IWD and fluctuating daily forms, deviations between
trained and assessed outcomes may explain the limited effectiveness of the MEP. Tak-
ing into account proportions of motor domains included in the MEP shows that strength
(43 %) was the most trained motor domain. In contrast, it was insufficiently considered
in the assessment battery solely applying 30s CST, which only partly depends on lower
limb strength. As several other strength assessments show limited appropriateness for
IWD and thus cannot be recommended based on an extensive examination, new
strength assessments tailored to specific characteristics of IWD need to be developed.
With the focus on the primary outcomes balance, mobility, and gait, which were con-
sidered in several assessments, the MEP includes an adequate amount of balance
(25 %), while mobility and gait were not directly addressed. However, there are indica-
tions for possible effects on mobility and gait, as those motor/functional domains are
closely related to balance and strength (Alexander, 1996; Bruce-Keller, Brouillette, Tu-
dor-Locke, Foil, Gahan, Nye et al., 2012; Tiedemann et al., 2005). Nevertheless, ben-
efits on mobility and gait performance possibly require additional incorporation of more
specific components, such as tasks based on walking. As the MEP is a group physical
activity intervention predominately performed in a seated position, the number of ap-
propriate exercises may have been insufficient. Related to increased risk of falls, the
selected group setting limited the application of more demanding balance tasks and
exercises in a free-standing position or during walking. Reducing group size potentially
allows enhancing the number of such exercises, as safety can better be ensured with

increased supervision.
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Despite these possible explanations and previous research supporting its effective-
ness, it cannot be completely excluded that physical activity has no demonstrable ef-
fect on motor and gait performance in IWD or that it is limited to certain individuals.
There may be a threshold at which further progression of the disease will prevent pos-
itive effects of physical activity. Thus, it is important to progressively extent physical
activity offers to dementia prevention and also consider individuals in early and pre-
clinical stages in future studies. Due to their lower motor and cognitive impairments,
they may have a higher potential to benefit from physical activity interventions. In this

way, physical activity could also have prospective impacts on dementia.

Summarizing considerations of different reasons possibly explaining the limited
effectiveness of the MEP again reveals adequate assessments and dementia-specific
physical activity interventions as key issues for future studies. The examination of
characteristics of positive, non-, and negative responders, and impacts of changes in
underlying motor and cognitive performance on changes in gait performance may

result in more detailed findings, especially related to physical activity interventions.

7.3 Characteristics of positive, non-, and negative responders and impacts of
changes in underlying motor and cognitive performance on changes in gait

performance

Related to the limited effectiveness of the MEP, reflecting no overall effects, but several
participants benefitting, additional analyses may allow concluding on characteristics of
positive, non-, and negative responders and impacts of changes in underlying motor
and cognitive performance on changes in gait performance. Accordingly, manuscript
V performed appropriate additional analyses in order to gain deeper insight into these
impacts on the effectiveness of the MEP on gait performance. With respect to research
guestion B3, a first step is to characterize and compare positive, non-, and negative

responders of the MEP.

Research question B3:

Regarding gait performance, do positive, non-, and negative responders of the
MEP differ in specific characteristics closely related to gait performance?

(RQe3)

Comparing motor and cognitive performance at baseline as well as etiology of demen-

tia between positive, non-, and negative responders, reveals differences in baseline

gait performance, mobility, lower limb strength, severity of cognitive impairments in
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global cognition, and the use of walking aids (Trautwein et al., submitted). These find-
ings partly confirm hypotheses Hs and H4. However, differences could not be shown
for all considered motor and cognitive domains. They predominately exist in superor-
dinate domains, e.g. gait performance and severity of cognitive impairments in global
cognition. As presented in the theoretical foundation (see Chapter 2.2) gait is a com-
plex process influenced by several motor and cognitive functions. Assuming individual
interactions with different amounts of influences of several motor and cognitive func-
tions, overall differences may be especially available in superordinate areas. In Con-
trast, hypothesis Hs, which focuses on the impact of the etiology of dementia cannot
be confirmed. This may be related to the large amount of missing data and uncertain-

ties in determined etiologies.

More detailed, positive and non-responders show lower initial gait performance and
higher global cognitive performance compared to negative and/or non-responders.
Based on lower gait performance observed in positive compared to negative and non-
responders, it is assumed that the MEP did not provide a critical stimulus threshold for
IWD with better initial gait performance. Probably, it did not contain a sufficient amount
of more demanding balance and walking tasks reaching appropriate intensities for
those participants. For participants with lower gait performance, these requirements,
however, may have been sufficient. As mentioned above, individualization of physical
activity interventions for IWD may generally enhance effectiveness as training charac-
teristics can be specifically tailored to individual needs and prerequisites. Regarding
the severity of cognitive impairments, effects on gait performance may only be possible
in less advanced severities of dementia. Irreversible alterations of the brain in severe
dementia, may affect potential underlying mechanisms related to impacts of physical
activity. Moreover, effectively participating in group physical activity interventions re-
quires a sufficient amount of cognitive function, e.g. allowing to follow instructions or
adequately perform motor exercises. Accordingly, the MEP seems to be more ade-
quate for mild than for moderate severities of dementia. With increasing cognitive im-

pairments, additional and more specific adaptations may be necessary.

Besides tailoring physical activity interventions to individual needs and prerequisites,
the analysis of impacts of changes in underlying motor and cognitive performance on
changes in gait performance may provide further important findings for designing future
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physical activity interventions specifically tailored to IWD. Accordingly, research ques-
tion B4 focuses on the effects in underlying motor and cognitive performances of the

MEP having an impact on gait performance.

Research question B4:

Which changes in underlying motor and cognitive performance have an impact
on changes in gait performance in IWD who participated in a dementia-specific
MEP?

(RQs4)

Based on multiple regression analyses explaining up to 39.4 % of the variance, man-

uscript V shows that changes of lower limb strength and function, mobility, executive
function, attention, and working memory have an impact on changes in gait perfor-
mance (Trautwein et al., submitted). Thus, hypotheses Hs and H7 can be confirmed. It
needs to be considered that observed associations differ with respect to several spati-

otemporal gait parameters in single and two dual task conditions.

A detailed regard of multiple regression analyses shows that the proportion of the ex-
plained variance in models of dual task conditions is greater than in those of single
task conditions. Except for changes in double support in dual task naming animals
condition, all models include statistically significant motor regression coefficients. Ad-
ditionally, most models for dual task conditions comprise supplementary cognitive pre-
dictors. Thus, mechanisms of changes in gait performance during dual task conditions
seem to be more complex than in single task conditions and require more cognitive
input. Based on the comparison of findings and hypotheses, not all theoretically as-
sumed changes in underlying motor and cognitive performance had impacts on
changes in gait performance. Motor impacts were preliminarily found for lower limb
strength and function. Due to the various relations with motor performance, changes
in gait performance seem to be mostly affected by changes in outcomes considering
several motor domains, such as lower limb function. Moreover, changes in lower limb
strength may be important predictors, as lower limb strength is of high importance for
gait performance and frequently decreased in IWD. Despite its relevance for walking
performance, changes in balance surprisingly did not belong to statistically significant
regression coefficients. However, we only assessed static balance which may not ad-
equately reflect dynamic balance requirements while walking (Granacher et al., 2011;
Ringhof & Stein, 2018). Furthermore, numerous IWD were exposed to reduced bal-
ance requirements during walking due to the use of walking aids (Schwenk et al.,
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2011). On cognitive level, we assumed that changes in executive function, attention,
and working memory may have an impact on changes in gait performance. In dual task
conditions, changes in all these cognitive functions are considered in related multiple
regression models. However, no clear pattern of specific cognitive impacts can be ob-

served. For more concrete conclusions, further examination is required.

Findings on the impacts of changes in underlying motor and cognitive performance on
changes in gait performance are valuable for specifying exercises included in physical
activity interventions. They allow to more specifically address motor and cognitive do-
mains required to positively affect intended outcomes in IWD. Based on the findings of
our high-quality RCT, physical activity interventions aiming to improve gait perfor-
mance in IWD especially should focus on lower limb strength and function. Moreover,
the inclusion of cognitive tasks referring to executive function, attention, and working

memory is particularly advised when addressing walking in dual task conditions.

7.4 Strengths and limitations

The consideration of the aims of this thesis to establish a high-quality methodological
approach and to perform an appropriate RCT as well as their scientific profound pro-
cessing already emphasizes the special strengths of this work. Nevertheless, some
limitations need to be stated as well. Both, strengths and limitations of the key issues
of this thesis, i.e. a high-quality methodology, adequate assessments, and physical
activity interventions specifically tailored to IWD, are generally discussed in the follow-
ing.

With respect to establishing a high-quality methodological approach and performing
an appropriate RCT, the comprehensive examination of previous studies and recent
reviews, which built the basis to determine the study design and methodology, is a
fundamental strength of this thesis. Moreover, the established high-quality methodo-
logical approach serves as a best-practice example and was also applied in the high-
quality RCT of this thesis. Particularly noteworthy are the accurate reporting, the large
sample size, adequate assessments, an intervention specifically tailored to IWD, and
the comprehensive presentation of statistical analyses, which distinguish this RCT
from previous studies. For organizational, time, and economic reasons, it was not pos-
sible to reach the upper level of high quality in all areas. Minor limitations refer to the
retrospective trial registration, the heterogeneity of the sample with respect to etiology
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of dementia and baseline performance, the inclusion of single participants without de-
mentia diagnosis, the insufficient consideration of strength outcomes, the selection of
single assessments with limited feasibility in IWD, an insufficient control for and docu-
mentation of additional influences such as other activities, a large amount of missing
data, and limits of the statistical methods and used programs. The experiences gained
in this RCT will contribute to overcome some of these limitations in future studies, such
as a prospective trial registration, further tailoring assessments and physical activity
interventions to IWD, a documentation of additional influences, an even better avoid-
ance of missing data, or the application of appropriate programs to perform additional
statistical analyses. Further limitations such as the heterogeneity of IWD, challenges
in assessing the specific sample, or general conditions in nursing homes can be at-
tributed to the specific characteristics of the target group. Given our objective of con-
ducting research in real-life settings, these limitations may also be present in future

studies.

The selection of assessments based on comprehensive considerations and discus-
sions within the framework of an expert panel and the intensive examination of availa-
ble findings from previous studies in a systematic review is a unique characteristic of
this high-quality RCT and thus also belongs to the great strengths of this thesis. The
emphasis on adequate assessments contributes to actually determining intended out-
comes. Hereby, the chosen two-stage approach ensures that all relevant qualitative
and quantitative determinants were comprehensively taken into account. Neverthe-
less, the established recommendations and motor assessments applied in the high-
guality RCT, only comprise the most suitable ones of those used in previous RCT in-
vestigating the effectiveness of physical activity on motor performance in IWD. For
some of those motor assessments, a quantitative examination even was not possible,
as no appropriate investigations could be identified. Moreover, there are further motor
assessments which might be highly adequate for IWD but were not considered as they
were not applied in previous RCT. Accordingly, limitations concerning the established
recommendations and the selection of adequate motor assessments refer to possible
risk of bias caused by selective identification of potential assessments, insufficient re-
search, and only focusing on available assessments, while not involving the develop-
ment of new ones. Moreover, the recommendations for adequate motor assessments

only rely on theoretical considerations that were not practically examined. In line with
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this, the application of recommended motor assessments in our high-quality RCT re-
vealed some minor limitations in feasibility. Future research is required to confirm the

theoretically elaborated recommendations on adequate motor assessments.

In addition to the general high-quality methodology and the use of adequate motor
assessments, the MEP specifically tailored to IWD is a feature of this high-quality RCT
and one of the great strengths of this thesis. Compared to other physical activity inter-
ventions, it stands out due to its dementia-specific methodology, the combination of
motor and cognitive tasks, and ritualization in the form of the imagination of experi-
enced journeys. Furthermore, it was established based on the findings of a systematic
review (Scharpf et al., 2013), which intensively analyzed previous studies aiming to
determine optimal characteristics of effective physical activity interventions for IWD.
Thus, the MEP can be regarded as a scientifically profound dementia-specific physical
activity intervention. Another strength with respect to physical activity intervention is
the comprehensive analysis of characteristics of responders and impacts of changes
in underlying motor and cognitive performance on changes in gait performance.
Herein, this thesis contributes to improving physical activity interventions specifically
tailored to IWD. There is hardly any comparable research on determinants of the ef-
fectiveness of physical activity in IWD. Despite several strengths of the MEP and re-
lated statistical approaches, there are some limitations. The aim to specifically tailor
the physical activity intervention to IWD could not be completely met. While the general
needs and specific characteristics of IWD sufficiently were considered in the MEP, this
was not completely possible on individual level. Within the group setting, the hetero-
geneity of the sample prevented individual adaptations to every single participant.
Comparably, the intended progressive increase in intensity and requirements could not
be implemented throughout. Thus, standardized group physical activity interventions
for heterogeneous samples of IWD are of limited suitability. Appropriate countermeas-
ures for future research refer to individualized approaches. Furthermore, limitations
towards the MEP are related to the multimodality of the intervention. It cannot be clar-
ified which of its components induces potential effects. Besides motor and cognitive
tasks, social aspects of the group setting or additional attention received from the in-
structors possibly may have impacts. Additional control conditions, e.g. non-exercise
activities or social visits, may help to control these impacts in future studies. Finally,

potential risk of bias need to be considered for the additional analyses to determine
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characteristics of responders and impacts of changes in underlying motor and cogni-
tive performance on changes in gait performance due to a non-negligible amount of
missing data. Taking into account the heterogeneity of the sample and various reasons
for missing values, we decided only to impute missing data for primary analyses of
time*group effects. As suggested above, future studies are advised to pay attention to

better avoidance of missing data.
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8 Conclusion and perspectives

This thesis focuses on the effectiveness of physical activity on motor and gait perfor-
mance in IWD by pursuing two aims. As the conclusiveness of research is dependent
on profound designs and methods, the first aim was to establish a high-quality meth-
odological approach. Applying this approach, the second aim intended to contribute to
enhancing evidence concerning the effectiveness of physical activity on motor and gait
performance in IWD by performing a high-quality RCT.

The first aim, to establish a high-quality methodological approach, clearly could be
achieved. Based on a comprehensive examination of current research practices as
well as qualitative and quantitative determinants, recommendations for adequate mo-
tor assessments for IWD were developed. As adequate assessments are essential for
examining the effectiveness of physical activity, such recommendations are highly rel-
evant for future studies. Without appropriate, valid, reliable, sensitive, and standard-
ized motor assessments determining evidence of the effectiveness of physical activity
on motor and gait performance is not possible. Moreover, an example of a high-quality
study design was elaborated, which can be useful for future studies. In establishing
this high-quality methodological approach, the thesis is valuable for overcoming limita-
tions observed in previous studies. It provides a sound basis for future research and
thus contributes to improving research practices. However, there still is a need for re-
search, especially in developing new motor assessments and physical activity inter-

ventions specifically tailored to characteristics of IWD.

The second aim, to enhance evidence by performing a high-quality RCT, could not be
directly achieved. The findings of this RCT do not support the overall effectiveness of
a dementia-specific MEP on motor and gait performance in IWD. As this is not in line
with observations of most previous studies and recent reviews, knowledge on the ef-
fectiveness of physical activity on motor and gait performance could not be clarified.
There still is inconsistency clearly indicating the need for future research. Due to limi-
tations in previous studies and several influences potentially having affected findings
in this RCT, it is not possible to draw final conclusions. Nevertheless, findings of this
RCT are highly relevant for the area of research. Based on positive effects in some of
the participants, it is assumed that the MEP is effective if certain prerequisites are ful-
filled, despite not observing overall effects. Additional analyses provide valuable infor-

mation on characteristics of responders as well as impacts of changes in underlying



CONCLUSION AND PERSPECTIVES 212

motor and cognitive performance on changes in gait performance. These findings con-
tribute to improving physical activity interventions for IWD, as they allow to tailor inter-
ventions to specific needs and characteristics of participants and specify exercises fo-

cusing on intended outcomes and underlying motor and cognitive functions.

Besides establishing a high-quality methodological approach and performing a high-
quality RCT, this thesis provides important implications for research. As mentioned
above, the conclusiveness of research is dependent on profound designs and sound
methods. Accordingly, future studies are generally asked to attach importance to high-
guality methodology. The established high-quality methodological approach, therefore,
provides a concrete example. More specific implications on methodological level in-
clude the development of new adequate motor assessments and individualized physi-
cal activity interventions tailored to IWD in small groups of two to three participants.
Considering established recommendations on available motor assessments, new mo-
tor assessments are especially needed for strength and endurance outcomes. Moreo-
ver, balance, mobility, and gait assessments may also benefit from further develop-
ments. Finally, the established recommendations require a practical evaluation, and
feasibility as well as psychometric properties of available and newly developed motor
assessments, need to be comprehensively examined. Furthermore, this thesis identi-
fied the development of physical activity interventions specifically tailored to individual
characteristics and needs of IWD as a key issue for improving the effectiveness of
physical activity interventions. Herein, it provides essential research perspectives on
methodological level. Based on our findings on the characteristics of responders, it is
assumed that the effectiveness of physical activity can be enhanced if interventions
are tailored to the specific needs and characteristics of participants. In this context,
individualized medicine (Hising, 2010) is a promising approach, which can be trans-
ferred to physical activity intervention for IWD. Individualized medicine includes the
adjustment of therapeutic measures to individual disease factors. Thereby, it aims to
obtain the best possible therapeutic effects of available measures (Husing, Hartig,
Buhrlen, Reil3, & Gaisser, 2008). With respect to individualized physical activity inter-
ventions, establishing interventions that are tailored to previously assessed motor and

cognitive performance may similarly increase their effectiveness.

The implementation of the above-mentioned methodological research perspectives in

future studies is important to enhance the evidence of the effectiveness of physical
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activity on motor and gait performance in IWD. Moreover, specific research perspec-
tives are indicated. In a first step, it is necessary to replicate the findings on character-
istics of responders and impacts of changes in underlying motor and cognitive perfor-
mance on changes in gait performance of this study. There is hardly any research in
this field so that it is not possible to classify our results in the current state of research.
Accordingly, future studies confirming and extending prerequisites and impacts sup-
port tailoring physical activity interventions to specific characteristics and needs of
IWD. Moreover, further and more precise characteristics distinguishing different groups
of IWD need to be identified. In this respect, adequate assessments are a decisive
criterion, too. They are necessary to determine several clusters of IWD requiring dif-
ferent adaptations and substantive focuses concerning exercises in physical activity
interventions. Future studies need to identify those motor and cognitive determinants
and additional characteristics that cluster IWD best and examine, which assessments
are most suitable. Another essential specific research perspective refers to the imple-
mentation and dissemination of individualized physical activity interventions. Designing
effective individualized physical activity interventions requires profound knowledge in
different areas, such as training sciences, course and characteristics of diseases, or
methodological and didactic approaches in managing challenging behaviors. As pro-
fessionals working with IWD often do not have expertise in all these areas, they need
to be supported. Related thereto, technical developments of the last decades enable
several perspectives in implementing and disseminating scientifically sound individu-
alized physical activity interventions. For example, the use of mobile applications in
healthcare continuously increases and shows a great variety of benefits (Mosa, Yoo,
& Sheets, 2012; Ventola, 2014). In the context of implementing and disseminating in-
dividualized physical activity interventions, they, for instance, allow addressing a wide
range of several target groups. Furthermore, various algorithms that facilitate the indi-
vidualization of physical activity interventions can be integrated into mobile applica-
tions. They also can be promising for documentation processes, e.g. of current perfor-
mance in assessments, performance development, or training documentation, which
are important for the planning and control of individualized interventions. Future studies
need to establish appropriate technical approaches and examine their feasibility as

well as effectiveness.

Aside from methodological and specific research perspectives derived from the find-

ings of our study, this thesis refers to some general research gaps, which need to be
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examined in future studies to support, facilitate, or enable methodological and specific
research approaches. First, several recent reviews indicate the need for future studies
determining optimal characteristics of physical activity interventions (Brett et al., 2016;
Groot et al., 2016), considering type of exercise (e.g. aerobic, strength, balance, and
multimodal training alone or in combination with cognitive tasks), frequency, duration,
and intensity for different outcomes (Blankevoort et al., 2010; Farina et al., 2014; For-
bes et al., 2015; Karssemeijer et al., 2017). Studies comparing such characteristics of
physical activity interventions are rare. The heterogeneity of previous studies hampers
to derive related conclusions by comparing several studies. Various influences, for ex-
ample, related to different study designs, sample characteristics, or assessment meth-
ods may have affected findings. With respect to specific research perspectives, future
studies determining optimal characteristics of physical activity interventions depending
on intended outcomes would be valuable for designing individualized interventions as
they enable specific addressing of important determinants and underlying perfor-
mances. Second, future studies should focus on underlying mechanisms explaining
the effectiveness of physical activity on motor, cognitive and gait performance in IWD.
Different motor and cognitive exercises may have different effects on physiologic, met-
abolic, and structural processes in the brain and body of IWD (Liu-Ambrose & Don-
aldson, 2009; Voelcker-Rehage & Niemann, 2013). In line with this, the literature dis-
cusses several possible underlying mechanisms (Burgener, Jao, Anderson, & Bossen,
2015; Gligoroska & Manchevska, 2012; Jensen, Hasselbalch, Waldemar, & Simonsen,
2015; Kennedy, Hardman, Macpherson, Scholey, & Pipingas, 2017; Lautenschlager,
Cox, & Cyarto, 2012; Voelcker-Rehage & Niemann, 2013). Probably, they are related
to complex, multifactorial processes (Burgener et al.,, 2015; Lautenschlager et al.,
2012). However, research on such underlying mechanisms of physical activity in IWD
is insufficient and the actual processes could not precisely be determined, yet (Burge-
ner etal., 2015; Jensen et al., 2015; Kennedy et al., 2017; Lautenschlager et al., 2012).
Considering specific research perspectives aiming to establish and improve individu-
alized physical activity interventions for IWD, knowledge on underlying mechanisms,
however, is necessary to better understand prerequisites and adaptions processes.
Third, future research with respect to disease-specific knowledge is necessary. Current
research perspectives in general dementia research aim to contribute to better under-
standing the complex syndrome of the disease (Kenigsberg et al., 2016; Khachaturian,
Mesulam, Khachaturian, & Mohs, 2015; Knopman et al., 2018; Pistollato et al., 2016).
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For example, they focus on research techniques, causalities of dementia, disease
mechanisms, pathophysiologic processes, improvements in diagnostics, clinical syn-
dromes, disease progression, treatment developments, and the identification of rele-
vant outcomes (Knopman et al., 2018; Pistollato et al., 2016; Shah et al., 2016). As
they provide deeper insights into the basics of the disease and allow better character-
ization of IWD with different severities and etiologies of dementia, they are important
for specific research perspectives aiming to determine clusters of IWD with different

prerequisites.

Overall, the findings of this thesis are highly relevant for the field of research, but also
have essential practical implications. The established recommendations on motor as-
sessments for IWD do not only refer to research. There are various fields for practical
applications of motor assessments, such as diagnostic purposes and screening meth-
ods, or the documentation of performance developments. Most recommended motor
assessments are simple to implement and do not require specific equipment. Thus,
they easily can be applied in different contexts and settings. Nevertheless, it is neces-
sary that users have basic background knowledge on assessing IWD and that im-
portance is attached to a standardized execution and evaluation. Additionally, the es-
tablished MEP specifically tailored to IWD has great practical significances as it can
be used in various settings. Initially developed for institutionalized IWD, it is particularly
suitable for the use in care facilities. Its application in further settings may require small
adaptations. Besides providing concrete training schedules, practical implications of
the MEP include the transfer of specifics characteristics of this intervention. Great po-
tential can particular be seen in the combination of motor and cognitive tasks as well
as in the ritualization through a standardized structure. Indirectly, the established high-
guality methodological approach, as well as derived research perspectives, also have
an important practical relevance. They are valuable for future studies and thus contrib-
ute to enhancing evidence and improving physical activity interventions for IWD. En-
hanced evidence and improved interventions may facilitate access to effective physical
activity offers, enabling IWD and their families to benefit directly.

The research within the framework of this thesis has triggered numerous perspectives

and implications. With regard to practical relevance, the many positive feedbacks from
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participants, relatives, care facilities, and training instructors show that these are suc-

cessfully implemented4:

“The exercise program is varied and amusing. It's fun to participate.”
Participant of the MEP

‘It is a pleasure to see how the participants improve and can remember

more and more.”
Caregiver

“‘We are currently offering weekly exercise interventions of imagined jour-
neys [...]. The offer is very well received. Most of the at least ten residents
take part every week. [...] In any case, the exercise interventions of imag-
ined journeys have become a great enrichment of our activity program and

many ideas that we know from you serve as inspiration.”

Employee of a care facility
Such positive feedback is worth every effort associated with high-quality studies and

the greatest motivation to continue exploring the effectiveness of physical activity in
IWD in the future.

14 Original quotation in German, freely translated.
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Appendix
Additional files manuscript Il
Additional file 1

Search term first search

Details of the search strategy used in Pubmed are provided below. This search was
modified as appropriate for other databases. All fields were searched for MeSH and

free search terms:

1. dementia 12. fithess

2. “Alzheimer disease” 13. “physical fitness”
3. “Vascular dementia” 14. balance

4. or/1-3 15. equilibrium

5. “physical activity” 16. gait

6. “motor activity” 17. mobility

7. exercise 18. strength

8. “physical training” 19. flexibility

9. training 20. endurance

10. or/5-9 21. or/11-20

11. “functional performance” 22.4 and 10 and 21

Additional file 2

Formulas for calculating time*group interaction effect sizes

d= F_<nIG+nCG>_( Nyg + Neg >
NG " Nee N +Neg — 2

d=t- (an+nCG)_( Ny + Neg )
NG * Ncg nyg + Neg — 2

meanprr ;¢ — MEANpIfrF cG

(nyg —1) 'SDL%IFF gt (nge — 1) 'SDL%IFF cG
Ny + Neg

with d=Cohen’s d effect size, F=F statistic, meanoirr cc=baseline-post mean difference in control group,
meanpirF ic=baseline-post mean difference in intervention group, ncec=number of subjects in control
group, nic= number of subjects in intervention group, SD?birr ce=standard deviation of baseline-post
difference in control group, SD?birr 1c= standard deviation of baseline-post difference in intervention
group, t=t statistic (Thalheimer & Cook, 2002).
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Additional file 3

Search term main search

Details of the search strategy used in Pubmed are provided below. This search was
modified as appropriate for other databases. Title and abstract were searched for
MeSH and free search terms:

1. dementia 72.“TUGT”

2. Alzheimer* 73. “timed get-up-and-go test”

3. “vascular dementia” 74. “TGUG”

4. “frontotemporal disease” 75. “modified timed up and go”

5. or/1-4 76. “TUG mod”

6. validity 77. “get up and go test”

7. valid 78. “get-up-and-go test”

8. “content validity” 79. “timed up and go test with a secondary cognitive”
9. “structural validity” 80. “timed up and go test with a secondary motor”
10. “criterion validity” 81. “6-meter walk test”

11. reliability 82. “six-meter walking test”

12. reliable 83. “6-meter walking speed”

13. consistency 84. “10-m walk test”

14. “Cronbach’s alpha” 85. “walking speed over 10 m”

15. reproducibility 86. “8-ft walk test”

16. repeatability 87. “Timed 8-foot walk”

17. “intra-rater” 88. “4-m usual gait speed”

18. “intra rater” 89. “gait analysis”

19. “inter-rater” 90. “gait performance”

20. “inter rater” 91. “Bessou locometer”

21. “relative reliability” 92. “Southampton Assessment of Mobility”

22. correlation 93. “Southampton Mobility Assessment”

23. kappa 94. “Hierarchical Assessment of Balance and Mobility”
24. “intra class correlation” 95. “HABAM”

25. “intra class” 96. “Sit-to-Stand”

26. “intra-class” 97.“STS”

27.1CC 98. “Chair sit to stand test”

28. “limits of agreement” 99. “CST”

29. LOA 100. “chair rise test”

101. “Timed Chair Stands”
102. “5-time-sit-to-stand test”

30. “absolute reliability”
31. “standard error of measurement”

32. SEM 103. “5-chair-stand”

33. “minimal detectable change” 104. “30-second chair stand test”
34. MDC 105. “30-s chair stand test”

35. “smallest detectable change” 106. “30-second sit-to-stand test”

36.
37.
38.
39.
40.

SDC

or/6-36
“near-tandem test”
“single leg stance”
“SLS”

107. “stair-climbing performance”
108.” “arm curl test”

109. “handgrip”

110. “dynamometer

111. “one-repetition maximum”



APPENDIX

41.
42.
43.
44.

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

62.
63.
64.

65.
66.
67.
68.
69.
70.
71.

“one-leg balance test’

“One Leg Standing Balance Test”
“‘OLST”

“frailty and injuries cooperative studies of
intervention techniques — subtest 4”
“FICSIT-4"

“Posturography platform”

“Wii Balance Board”

“NeuroCom Balance Master”
“functional reach test”

“functional reach”

“FR”

“Hill Step Test”

“Step test”

“figure of eight test”

“Groningen meander walking test”
“Berg Balance Scale”

“BERG”

“BBS”

“modified Berg Balance Scale”
“‘m-BBS”

“Performance Oriented Mobility
Assessment”

“‘POMA”

“Performance Oriented Motor Assessment”
“Tinetti’s Performance Oriented Motor
Assessment”

“Tinetti scale”

“Tinetti Test”

T

“Tinetti balance assessment”
“Tinetti Balance Evaluation Test”
“timed up and go”

“TUG”

112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.

145

252

“1-RM”

“leg press”

“Physical therapy assessment”
“2-min walk test”

“Two Minute Walking Test”
“6-minute walk test”

“6-minute walking test”

“WT”

“The 6-Minute Walk”

“Modified 6-Minute Walk”

“400-m walk test”

“3-speed walking test”

“6-min Astrand Cycle Ergometer test”
“Ergometric test and rest electrocardiogram”
“‘ECG”

“pedal power”

“Chair sit and reach”

“Short Physical Performance Battery”
“SPPB”

“Physical Performance Test”

“PPT”

“7-item Physical Performance Test”
“PPT-7”

“Erlangen-ADL test”

“E-ADL”

“Senior Fitness test”

“Jebsen hand function test”

“JHFT”

“Jebsen Total Time”

JTT”

“Physiological Profile Assessment”
“PPA”

or/38-143

.5and 37 and 144
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Formulas for calculating minimal detectable change at 95 % confidence interval

DCys

M
MDCos, = ———>-100

SEM -1.96 -2 )

MDCyzo, =
95% mean

00

with MDCges=minimal detectable change at 95 % confidence interval,
mean=mean of all available scores for an assessment, and
SEM=standard error of measurement (Portney & Watkins, 2015;
Schwenk et al., 2012)
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Additional file 5

Study characteristics first search

*Table A. Study characteristics first search
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Reference  Study Sample Setting Group Sample characteristics Intervention
gieg-n size Gender Age MMSE Aetiology
[% [years] Mean (SD) of _
female]  Mean (SD) dementia
Aguiaretal. RCT n—=40 n.r. CG 71% 74.7 (7.4) 20.8 (4.0) AD Rivastigmine transdermal patch
(2014) Na=34 IG 77 % 78.6 (8.4) 20.1 (4.5) Rivastigmine transdermal patch +
exercise (aerobic, flexibility,
strength, balance; 2x/week, 40min)
All 74 % n.r. n.r., range: n.r. 6 months
Arcoverde RCT n=20 Outpa- CG 50 % 79.0 (n.r.) 19.9 (3.4) AD, MD No intervention
etal. (2014) Na=20 tentunit - 60 % 785 (nr)  20.4 (2.7) Treadmill walking (2x/week, 30min)
All n.r. n.r. n.r., Cles: 15-25 3 months
Bosserset RCT n—=123 Care CG 69 % 85.4 (5.0) 15.9 (4.2) AD, VD, Social visits (4x/week, 30min)
al. (2015) Na=109 facility 151 789 857 (5.1) 15.8 (4.3) MD. Strength + walking (4x/week,
unknown .
30min)
1G2 78 % 85.4 (5.4) 15.2 (4.8) Walking (4x/week, 30min)
All n.r. 85.5 (5.1) n.r., range: 9-23 9 weeks
Bosserset RCT n=118 Care CG 69 % 85.7 (4.8) 15.9 (4.3) AD, VD, Social visits (4x/week, 30min)
al. (2016) N==105 facility g1 77% 85.7(5.2)  15.9 (4.4) MD, Strength + walking (4x/week,
unknown .
30min)
1G2 77 % 85.5 (5.4) 15.3 (4.8) Walking (4x/week, 30min)
All n.r. 85.6 (5.1) n.r., range: 9-23 9 weeks
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Burgeneret RCT n=43 n.r. CG 47 % 76.0 (8.1) 22.9 (5.2) AD, VD, Attention-control educational pro-
al. (2008) na=33 MD, LBD, gram
IG 46 % 77.9 (7.9) 24.8 (3.5) FLD Taiji exercise (3x/week, 60min),
cognitive-behavioural therapy, sup-
port group (both bi-weekly, 90min)
All 47 % 77.0 (n.r.) n.r., range: n.r. 20 weeks
Cancelaet RCT n=189 Care CG 81 % 82.9 (7.4) n.r. n.r. Non-physical distractive recrea-
al. (2016) na=189/114* facility tional activities
IG 44 % 80.6 (8.3) n.r. Cycling (daily, min. 15min)
All 67 % n.r. n.r., range: n.r. 15 months
Christo- RCT n—=54 Long- CG 70 % 79.4 (2.0) 14.6 (1.2) MD No motor intervention
foletti et al. Na=41 term . .
a ; 1G1 65 % 70.0 (1.8) 18.7 (1.7) Physiotherapy, occupational ther-
(2008) psychiat- i )
ric insti- apy, phy5|cal education (5x/week,
tution 120min)
1G2 1% 72.9 (2.3) 12.7 (2.1) Physiotherapy (3x/week, 60min)
All 69 % 74.3 (1.4) n.r., range: n.r. 6 months
Cott et al. RCT nr=86 Care CG 42 % 79.8 (8.3) 6.31 (7.46) AD No intervention
(2002) na=74 facility 151 539 83.2(8.3) 6.16 (6.16) Conversation while walking
(5x/week, 30min)
1G2 60 % 81.7 (7.4) 5.44 (5.98) Conversation (5x/week, 30min)
All 53 % 82 (8) 6 (6), range: 0-21 16 weeks
Dawsonet RCT n=23 Commu- CG 70 % 74.0 (10.4) 22.0(3.1) n.r. No intervention
al. (2019) Na=23 nity- ; IG 46 % 73.8 (8.5) 19.9 (6.1) Moderate-intensity home-based
dwelling : .
functional exercise (strength, bal-
ance; 2x/week)
All 57 % 73.9 (9.1) 20.8 (5.0), range: 12 weeks

9-28
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Francese et RCT n=12 Care CG n.r. n.r. n.r. AD Watching a music video sing-a-
al. (1997) Na=11 facility along (3x/week, 20min)
IG n.r. n.r. n.r. Exercise (3x/week, 20min)
All n.r. n.r. n.r. 7 weeks
Hauer etal. RCT n=34 Post- CG 71 % 83.3(5.7) 18.2 (4.4) n.r. Usual care
(2017) Na=28 \gllvt?rrigtric IG 65 % 81.4 (6.6) 19.5 (4.6) Postural control and strength home
rehabili- training (at least once per day)
tation All n.r. 81.9(5.7) 18.8 (4.7), range: 6 weeks
n.r.
Haueretal. RCT n=122 Outpa- CG 73 % 82.9 (7.0) 21.9(3.2) AD, VD, Motor placebo group training
(2012) Na=107 tient other (2x/week, 60min)
?eer::g:;f IG 74 % 82.3 (6.6) 21.7 (2.8) Progressive resistance and func-
tation tional training (2x/week, 120min)
All n.r. n.r. n.r., range: n.r. 3 months
Henskens RCT n—=87 Care CG1 77 % 84.7 (4.6) 10.2 (5.7) AD, VD, Social activity
l. (201 = facili MD, oth : .
etal. (2018) Na=87/ 16* acility CG2 77 % 85.1 (4.6) 12.1 (6.4) ; other/ Multicomponent aerobic and
unknown :
strength exercise (3x/week, 30-
45min)
IG1 91 % 86.1 (5.9) 13.2(3.7) Activities of daily living training +
social activity
1G2 63 % 87.0(7.2) 13.6 (5.6) Activities of daily living training +
multicomponent aerobic and
strength exercise (3x/week, 30-
45min)
All n.r. n.r. n.r., range: n.r. 6 months
Kam- RCT n=36 Hospital- CG n.r. n.r. 16.0 (3.0) AD Memory games (3x/week, 40min)
glra(gzl<001u7)et na=30 Ised IG n.r. n.r. 14.7 (3.1) Aerobic exercise (3x/week, 30min),
' memory games, attention, speech,
and music (3x/week, 10min)
All n.r. n.r. n.r., range: n.r. 12 weeks
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Kemounet RCT n=38 Care CG 73 % 81.7 (5.1) 12.9 AD No intervention
al. (2010) Na=31 facility IG 75 % 82.0(5.8) 126 Exercise (walking, equilibrium,
stamina; 3x/week, 60min)
All 74 % 81.8 (5.3) n.r., range: 7-20 15 weeks
M.-J. Kimet RCT n=38 Care CG 86 % 80.9 (6.1) 16.6 (4.0) AD Multicomponent intervention
al. (2016) na=31 facility (5x/week, 2x/day, 60min)
IG 68 % 81.9 (7.0) 13.4 (4.2) Lower-limb aerobic exercise
(5x/week, 60min) + multicompo-
nent intervention (5x/week, 2x/day,
60min)
All 76 % 81.5 (6.6) 14.8 (4.4), range: 6 months
n.r.
Kovécs et RCT n=86 Care CG 79 % 79.3(12.7) 20.9(3.8) n.r. Usual care including social activi-
al. (2013) Na=62 facility ties
IG 83 % 76.4 (9.4) 20.9 (3.2) Exercise (strengthening, balance,
walking; 2x/week)
All 81 % n.r. n.r., range: n.r. 12 months
Lam, Liao RCT n=54 Day-care CG 78 % 79.9 (6.7) 15.6 (4.5) n.r. Routine program including 30-
etal. (2018) Na=54 facility 60min of exercise (2x/week)
[€ 70 % 79.7 (5.5) 13.6 (4.7) Routine program including 30-
60min of exercise + whole-body vi-
bration training (4-6min + rest,
2x/week)
All 74 % 79.8 (6.1) n.r., range: n.r. 9 weeks
Miu et al. RCT n—=85 Commu- CG 63 % 78 (6) Median=20 AD, VD, Conventional medical treatment
(2008) Na=82 gcvye-lling IG 43 % 75 (7) Median=20 MD, PD Aerobic exercise (treadmill, bicycle,
arm ergometer, flexibility exercises;
2x/week, 45-60min)
All 54 % 76 (6) Median=20, range: 12 weeks

n.r.
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Netz et al. RCT n=29 Day-care CG n.r. n.r. n.r. n.r. Social activity
(2007) Na=24 facility IG n.r. n.r. n.r. Group physical activity (2x/week,
45min)
All 52 % 76.9 (6.7) 13.3 (5.8), range: 12 weeks
n.r.
Padala et RCT n=30 Commu- CG 40 % 73.9 (7.1) 22.7 (2.3) AD Walking (5x/week, 30min)
al. (2017) Na=30 gxmng IG 33 % 721 (5.3) 23.3(2.2) Wii-Fit (5x/week, 30min)
All 37 % 73.0 (6.2) 22.9 (2.2), range: 8 weeks
n.r.
Padala et RCT n=22 Care CG 73 % 81.6 (5.2) 24.9 (3.6) AD Walking (5x/week, 30min)
al- (2012) Na=22 facilty 5 73 % 79.3(9.8) 22.6 (4.3) Wii-Fit (5x/week, 30min)
All 73 % n.r. n.r., range: n.r. 8 weeks
Pedrinolla RCT n=53 Commu- CG 61 % 79 (6) 21 (5) AD Standard cognitive treatment
et al. (2018) na=34 nity- (3x/week, 90min)
dwelling . -
IG 63 % 80 (7) 22 (5) Aerobic and strength training
(3x/week, 90min)
All 62 % n.r. n.r., range: n.r. 6 months
Pitkala, RCT n=210 Commu- CG 37 % 78.1 (5.3) 17.7 (6.2) AD Usual community care
Poysti et al. Na=194 nity- ; IG1 36 % 78.3(5.1) 18.5 (6.3) Group-based exercise (2x/week,
(2013) dwelling :
60min)
1G2 43 % 77.7 (5.4) 17.8 (6.6) Home-based exercise (2x/week,
60min)
All 39 % n.r. n.r., range: n.r. 12 months
Pomeroyet RCT n=381 Commu- CG 74 % 81.8 (8.4) n.r. AD, MD, Non-physical activities
al. (1999) Na=78 nity- MID, : :
a dwelling IG 74 % 82 (8.0) n.r. undefined Physiotherapy (up to 10x 30min)
All 74 % 81.9 (n.r) n.r., range: n.r. 2 weeks
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Roachetal. RCT n=105 Care CG n.r. 88.2(5.8) 9.4(7.2 AD Conversation (5x/week, 15-30min)
(2011) Na=82 facilty 151 89.2 (6.5 8.7(7.8) Exercise (strength, flexibility, bal-
ance, walking; 5x/week, 25-50min)
1G2 n.r. 87.3(6.1) 12.2 (7.5) Walking (5x/week, 15-30min)
All n.r. 88.2 (6.1) 10.2 (7.6), range: 16 weeks
n.r.
Rolland et RCT n=134 Care CG 79 % 83.1 (7.0) 7.9 (6.4) AD Routine medical care
al. (2007) Na=110 facility 5 72 % 82.8(7.8) 9.7 (6.8) Exercise (walking, strength, bal-
ance, flexibility; 2x/week, 60min)
All 75 % 83 (7.4) 8.8 (6.6), range: 12 months
n.r.
Santana- RCT n—=16 Care CG 63 % 73 (4) 19.9 (1.7) AD Routine nursing/medical care
Sosa etal. Na=16 facility IG 63 % 76 (4) 20.1 (2.3) Training program (resistance, flexi-
(2008) So T -
bility, joint mobility, balance/ coor-
dination; 3x/week, 75min)

All 63 % n.r. n.r., range: n.r. 12 weeks

Schwenk, Quasi n=148 Geriatric  CG 76 % 83.9 (6.1) 22.2(2.3) n.r. Usual care treatment (occupational
Dutzietal. RCT Na=130 hospital therapy, speech therapy, physio-
(2014) therapy including exercise)

IG 84 % 84.2(6.2) 21.4(2.6) Usual care treatment (see above)
+ intensive exercise (2x daily, up to
60min)

All n.r. n.r. n.r., range: n.r. During rehabilitation period, aver-
age: 18.1 (6.8) days

Schwenk, RCT n=61 Outpa- CG 63 % 82.3(7.9) 21.7 (2.9) n.r. Low-intensity motor placebo activ-
Zieschang Na=49 tients ity program (60min, 2x/week)
et al. (2014) . .

IG 65 % 80.4 (7.1) 21.0(2.9) Progressive resistance and func-
tional group training (120min,
2x/week)

All 64 % 81.9 (7.5) 21.4 (2.9), range: 3 months

n.r.
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Schwenket RCT  n=61 n.r. CG 63 % 823 (7.9) 21.7(2.9) n.r. Unspecific low-intensity exercise
al. (2010) Na=49 (60min, 2x/week)
IG 65 % 80.4 (7.1) 21.0(2.9) Dual-task—based exercise training
(120min, 2x/week)
All 64 % 81.9 (7.5) 21.4 (2.9), range: 12 weeks
n.r.
Soboletal. RCT n=200 Commu- CG 39 % 71.3 (7.3) 24.1 (3.8) AD Usual care
(2016) Na=189 nity- ; IG 48 % 69.8 (7.4) 23.8 (3.4) Moderate-to-high intensity aerobic
dwelling . .
exercise (3x/week, 60min)
All 44 % 70.5 (7.4) 24.0 (3.6), range: 16 weeks
n.r.
Souto Bar-  Clus- n=98 Care CG 77 % 86.9 (5.8) 10.8 (5.5) AD, VD, Social activity (2x/week, 60min)
retoetal. ter - n.=01 facilty g 93 % 88.3(5.1) 11.4(6.2) MD Multicomponent training (range of
(2017) RCT . S
motion, coordination, balance
strength, aerobic; 2x/week, 60min)
All 86 % n.r. n.r., range: n.r. 24 weeks
Steinberg RCT  n=27 Commu- CG 69 % 74.0 (8.1) 15.5 (5.4) AD Home safety assessment
etal. (2009) Na=27 nity- ; IG 1% 76.5 (3.9) 20.1(5.1) Home-based exercise (aerobic,
dwelling N !
strength, balance, flexibility; daily)
All 79 % n.r. n.r., range: n.r. 12 weeks
Suttanonet RCT  n=40 Commu- CG 57 % 80.5(6.0) 21.7(4.4) AD Home-based education program
al. (2013) Na=40 nity- IG 68 % 834 (5.1) 20.9 (4.7) Home-based individually tailored
dwelling _
exercise (balance, strength, walk-
ing; 5x/week)
All 63 % 81.9 (5.7) n.r., range: n.r. 6 months
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Tappen et RCT n=71 Care CG n.r. 89.6 (6.5) 12.5 (5.9) AD Conversation (3x/week, 30min)
al. (2000) Na=65 facility ) . .
a IG1 n.r. 84.3 (7.5) 10.8 (6.0) Walking combined with conversa-
tion (3x/week, 30min)
1G2 n.r. 87.4 (5.9) 9.8 (6.0) Walking (3x/week, 30min)
All 84 % 87 (n.r.) 10.8 (n.r.), range: 16 weeks
0-23
Teleniuset RCT  n=170 Care CG 75 % 86.4 (7.8) 15.8 (5.0) n.r. Leisure activities (2x/week, 50-
al. (2015a) Na=160 facility 60min)
IG 72 % 86.9 (7) 15.6 (5.0) Intensive strengthening and bal-
ance exercises (2x/week, 50-
60min)
All 74 % 86.7 (7.4) 15.7 (5.0), range: 12 weeks
n.r.
Tootsetal. Clus- n=186 Care CG 76 % 85.9 (7.8) 14.4 (3.5) AD, VD, Seated attention control activity
(2017) ter Na=153 facility IG 75 % 84.4(6.2) 15.4(3.4) MD, other High-intensity functional exercise
RCT -
(strength, balance, mobility; 2-
3x/week, 45min)
All 76 % 85.1 (7.1) 14.9 (3.5), range: 4 months
n.r.
Tootsetal. Clus- n=186 Care CG 76 % 85.9 (7.8) 14.4 (3.5) AD, VD, Seated attention control activity
(2016) ter Na=167 facility IG 75 % 84.4(6.2) 15.4(3.4) MD, other High-intensity functional exercise
RCT -
(strength, balance, mobility; 2-
3x/week, 45min)
All 76 % 85.1(7.1) 14.9 (3.5), range: 4 months
n.r.
Toulotte et  RCT n=20 n.r. CG n.r. 81.9 (4.1) 18.0 (5.4) AD, PD, Daily routine
al. (2003 = stroke, ) - .
( ) Na=20 IG n.r. 81.0 (5.6) 14.7 (7.6) unknown Physical training (2x/week, 45min)
All n.r. 81.4 (4.7) 16.3 (6.5), range: 16 weeks

n.r.
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Venturelliet RCT n=24 Care CG n.r. 85 (5) 12 (2) AD Routine care
al. (2011) Na=21 facility IG n.r. 83 (6) 13 (2) Walking program (4x/week, 30min)
All n.r. 84 (5) n.r., range: n.r. 24 weeks
Vreugdenhil RCT  n=40 Commu- CG 75 % 74.7 (n.r)  21.0(6.3) AD Usual treatment
et al. (2012) Na=40 nity- ) .
a dwelling IG 45 % 73.5(n.r)  22.9(5.0) Community-based home exercise
program (daily)
All 60 % 74.1 (n.r.) 22.0 (n.r.), range 4 months
10-28
Werner et RCT n=97 Geriatric CG 78 % 82.5(5.7) 21.5(3.0) n.r. Low-intensity motor placebo activ-
al. (2017) Na=80 hospital, ity (2x/week, 60min)
fcaizrieiity IG 71 % 82.6 (6.1) 22.2 (2.9 Motor learning exercise program
comm[J- on compensatory sit-to-stand ma-
nity- neuvers (2x/week, 90min)
dwelling Al 74 % 82.5(5.9) 21.9(2.9), range: 10weeks
n.r.
Wessonet RCT n=22 Commu- CG 36 % 80.9 (5.0) 22.5(4.3) n.r. Usual care
al. (2013) Na=21 gl/tvye-lling IG 46 % 78.7(4.2) 245(3.1) Strength and balance training exer-
cises and home hazard reduction
All 41 % n.r. n.r., range: 15-29 12 weeks
Wiloth etal. RCT n=99 Geriatric  CG 74 % 82.2 (5.3) 21.7 (2.9) n.r. Supervised motor placebo group
(2018) na=84 hospital, training (2x/week, 60min)
fcgcri(laity IG 70 % 82.7 (6.2) 22.2 (2.8) Comprehensive motor-cognitive in-
comle— tervention program (game-based
nity- training using Physiomat, dual-task
dwelling training, motor learning exercise
program) (2x/week, 90min)
All 72 % 82.9 (5.8) 22.0 (2.9), range: 10 weeks

n.r.
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Yoonetal. RCT n=30 Care CG n.r. 70.1 (12.2) 18.7(1.2)
(2013) Na=20 facility
IG n.r. 77.9 (7.5) 18.0 (1.5)
All n.r. n.r. n.r., range: 16-23

Conventional physical therapy
(5x/week, 30min) + cognitive activ-
ity (3x/week, 20min)

Conventional physical therapy
(5x/week, 30min) + cognitive activ-
ity combined with cycling (3x/week,

20min)

12 weeks

AD: Alzheimer’s disease, CG: control group, Cles: 95 % confidence interval, FLD: Frontal lobe dementia, IG: intervention group, LBD: Lewy body disease,
MD: mixed dementia (AD+VD), MID: multi-infarct dementia, MMSE: Mini-Mental State Examination, na: number of analysed participants, nr: number of
randomised participants, n.r.: not reported, PD: Parkinson’s disease dementia, RCT: randomised controlled trial, SD: standard deviation, VD: vascular de-

mentia;
* Intention-to-treat analysis and complete-case analysis

Additional file 6

Study characteristics main search

*Table B. Study characteristics main search

Reference Sam-  Setting Sample characteristics Cueing Psychomet- Methodology  COSMIN risk of
ple ric property bias
size Gen- Age MMSE Aetiology (time inter- Rela- Abso-
der [years] Mean of val if appli- tivere- lutere-
[%fe-  Mean (SD), dementia cable) liability ~liability
male] (SD) range
Alencar et n=76 Non-institu- 84 % 83.9(5.8) 12.7(7.2), AD,VD (&) n.r. Between-day ICC (n.r.) Ade- N/A
al. (2012) tionalised n.r. TRR guate
SGO: n.r. (1 week)
SG1:n.r.
SG2:n.r.

SG3: n.r.
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Blankevoort n=58 (Day-)care 71 % 825(.3) 19.2(4.4), nur. (d) verbal & Between-day ICC (2-way, Ade- Ade-
et al. facilities 10-28 visual/tac- TRR random, abso- quate quate
(2013) SG1: 22.8 tile cueing (1 week) lute agree-

(2.1), 20- ment on single
28 measures
SG2: 155 glodel) with
(2.6), 10- ®
19 SEM with Clos,
MDCos
Bossers, n=42 Care 79 % 86.7(5.2) 17.1(4.3), AD,VD, (b) no cue- Between-day ICC (2-way Ade- Ade-
van der facilities 9-24 MD, LBD ing TRR mixed single gquate quate
Woude et SG1:n.r., (1 week) measure, ab-
al. (2014) 20-24 solute agree-
ment model)
SG2: n.r., A
9-19 with Cls.as
SEM with Cles,
MDCos
Bronas et n=44 Commu- 45 % 78.4(6.8) 21.6(3.3), AD (a) n.r./(c) Simple asso- Pearson biva-  N/A N/A
al. (2017) nity-dwell- n.r. verbal ciations riate correla-
ing cueing tion
Graessel et n=46 Care facility 91 % 85.9(6.6) 16.0(6.1), n.r. (b) no Construct Spearman’s N/A N/A
al. (2009) 1-28 cueing validity rank correla-
tion coefficient
Internal Cronbach’'s a, N/A N/A
consistency  Spearman’s
rank correla-
tion coefficient
Between-day Spearman’s Doubtful  N/A

TRR
(2 weeks)

rank correla-
tion coefficient
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H.-S. Lee n=53 Care facility n.r. 83.8(9.9) 13.8(5.7), nur. (e) more IRR ICC (2,3) Ade- Very
etal. n.r. extensive (3 raters) SEM, MDCgs,  Quate good
(2017) (ccu)eg ?dt)hlﬁn Between-day MDC% Ade- Ade-
cluding TRR quate quate
physical as- (3-7 days)
sistance
Lutten- n=139 Care facilty 83 % 84.7(4.9) 15.2(5.3), n.r. (b) no cue-  Construct Spearman cor- N/A N/A
berger et n.r. ing validity relation coeffi-
al. (2012) cient
Criterion-re-  Correlations N/A N/A
lated validity  kryskal-wallis
test
Mann-Whitney
U-test
Internal Cronbach’s al- N/A N/A
consistency pha, Spear-
man correla-
tion coefficient
McGough n=31 Care facility 94 % 83.6 (7.0) 12.4(7.0), n.r. (c) verbal Concurrent Bivariate and N/A N/A
etal. (8)* 2-26 cueing validity partial correla-
(2013) tions
Within-day ICC (2-way, Ade- N/A
TRR (4 h) random) guate
Muir-Hunter n=15 Commu- 27 % 80.2(5.0) 20.0(5.5), AD (e) more IRR ICC (n.r.) with  Ade- Very
et al. nity-dwell- n.r. extensive Clgs quate good
(2015) ing (day cueing than Between-day SEM.MDCes  pde. Ade-
program) (c) & (d) in-
cluding TRR (1 guate quate
: week)
physical

assistance
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Ries et al. n=51 (Day-)care 67 % 80.7 (8.8) 13.1(8.2), AD (e) more Within-day ICC (2,2)/ICC  Ade- Ade-
(2009) facility n.r. extensive TRR (30-60 (2,1) guate quate
SG1/2: cueing than ~ min) SEM, MDCapo
17.4 (4.5), (c) & (d) in-
10-26 cluding
. physical
(88G83;' ﬁOrZ assistance
Schwenk, n=77 Geriatric 70 % 81.8(6.3) 22.1(3.2), n.r. (@n.r. Criterion Mann-Whitney  N/A N/A
Hauer et al. hospital n.r. validity U-test
(2014) Logistic re-
gression anal-
ysis
Suttanon et n=14 Commu- 50 % 79.6 (6.2) 21.4(5.0), AD (d) verbal & Between-day ICC (3,1) Ade- Ade-
al. (2011) nity-dwell- n.r. visualitac-  TRR SEM, MDCes,  Quate quate
ing tile cueing (1 week) cVv
Suzuki et n=60 Care facility 77 % 86.6 (6.2) n.r., 0-23 AD (@ n.r. Known group Mann-Whitney  N/A N/A
al. (2009) SG1/2: validity U-test/un-
n.r., 11-23 paired t-test
SG3:n.r., Predictive Logistic N/A N/A
0-10 validity regression
analysis
Within-ses- ICC (n.r) Ade- N/A
sion TRR gquate
(3min)
Suzuki et n=54 Care facility 76 % 87.0(5.7) n.r.,0-24 AD, MD (@n.r. Predictive Chi? N/A N/A
al. (2012) validity test/Mann-
Whitney U-

test/ unpaired
t-test

Forward step-
wise logistic
regression
analysis
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Tappen et n=33 Care facility 64 % 84.7 (3.9) 9.3(6.0), AD (e) more IRR ICC (2,1) Ade- N/A
al. (1997) 0-24 extensive guate
(Ccu)eg‘?dt)hiif' Between-day ICC (3,1) Ade- N/A
cluding and within- guate
: day TRR
physical (1 week, AM/
assistance PM)
Telenius et n=33 Care facility 76 % 82.7(7.2) 15.8(5.4), n.r. (e) more Internal Cronbach’'sa, N/A N/A
al. (2015b) n.r. extensive consistency  item-to-total
cueing than correlation
E:(I:L)Jcﬁn(g) ™ RR Weighted k Ade- Very
physica| ICC model 2.1 quate QOOd
assistance SEM, MDCeos,
MDC
Thomas n=12 Day-care 100% 80.5(6.2) 16.9(7.3), Various (d) verbal & Between-day ICC (n.r.) Ade- N/A
and Hage- facility n.r. visual/tac- TRR (7 quate
man (1999) tile cueing days)
Werner et n=97 Geriatric 74 % 825(5.9) 21.0(29), n.. (b) no cue-  Concurrent Point-biserial N/A N/A
al. (2018) hospital, n.r. ing validity correlation co-
care efficients
fc?ncr:ilrtr):hnity- Intra-rater Percentage Very N/A
dwelling reliability agreement, good
(repeated Cohen’s kK
baseline ICC (3,1) with
scoring 4 Cles
weeks later)
IRR Percentage Very N/A
agreement, good
Cohen’s K
ICC (2,1) with

Clos
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Wiloth etal. n=105 Geriatric 72 % 82.7(5.9) 21.9(2.8), n.ur. (b) no cue-  Construct Spearman’s N/A N/A
(2016) (74)* hospital, n.r. ing validity rank correla-
care tions
facility, : Between-day Spearman’s Ade- N/A
community-
dwelling TRR rgnk correla- guate
(2-5 days) tions
ICC (2-way
mixed model)
with Clos
Wittwer et n=20 Commu- 50 % 80.6 (5.2) 22.0(3.5), AD (b) no cue- Between-day ICC (3,1) with  Ade- Ade-
al. (2008) nity-dwell- 13-27 ing TRR Clos gquate quate
ing (1 week) MDCes, CV
Wittwer et n=16 Commu- 63 % 81.1(5.2) 21.4(4.0), AD (@n.r. Between-day ICC (3,1) with  Ade- Ade-
al. (2013) nity-dwell- 13-26 TRR Clgs quate guate
ing (1 week) SEM, MDCsgs

AD: Alzheimer’s disease, AM/PM: morning/afternoon measures, Clos: 95 % confidence interval, COSMIN: COnsensus-based Standards for the selection of
health Measurement INstruments, CV: coefficient of variation, ICC: intraclass correlation coefficient, IRR: inter-rater reliability, LBD: Lewy body disease, MD:
mixed dementia (AD+VD), MDC: minimal detectable change with MDCgs=SEM*1.96*Sqrt(2), MDCeo=SEM*1.65*Sqrt(2), MDCw«=(MDCgs / mean)*100, MMSE:
Mini-Mental State Examination, n: number of participants, N/A: not applicable, n.r.: not reported, SD: standard deviation, SEM: standard error of measurement
with SEM=SD*Sqrt(1-1CC), SEM=SD*Sqrt(1-r), SGO: subgroup borderline, SG1: subgroup mild dementia, SG1/2: subgroup mild to moderate dementia, SG2:
subgroup moderate dementia, SG3: subgroup severe dementia, TRR: test-retest reliability, VD: vascular dementia

* Reliability was assessed in a subgroup
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Data extraction first search
*Table C. Data extraction first search
Reference  Motor assessments CG IG Statistics / Effect  Time*group
: . . p-value size (re- interaction
Bgse- Post Differ- Baseline Post Differ- ported)  effect size
line Mean ence Mean Mean ence (calculate)
Mean (SD) Mean (SD) (SD) Mean
(SD) (SD) (SD)
Aguiar etal. TUG [s] 14.5 12.9 -1.6 15.0(5.2) 15.0(5.6) 0.0(1.7) p=0.0622 n.r. 0.79
(2014) (4.9) (4.2) (2.4)
Arcoverde FR [cm] 19.0 18.3 -0.7 20.0(4.3) 25.1(nr) 5.1(2.9 p=0.002 1.48Y 1.67
et al. (2014) (4.2) (n.r.) (4.3)
BBS n.r.(n.r.) n.r.(n.r) n.r. n.r. (n.r.) n.r. (n.r.) n.r. p=0.00" 1.04Y N/A
TUG [m/s] nr.(nr) nr.(nr) nr.(nr) nr(nr) n.r.(n.r) nr.(n.r) p=0.00" 1.58Y N/A
Cognitive TUG [m/s] nr.(nr) nr.(nr) nr.(nr) nr(nr) n.r.(n.r) nr.(n.r) p=0.242 1.03Y N/A
30s CST 9.0(3.0) 8.5(n.r) -0.5 9.0(2.0) 10.0(n.r) 1.0(2.4) p=0.082 0.50Y 0.87
(0.9)
Bossers et FICSIT-4 23(1.4) 2019 n.r. IG1: 2.3 IG1: 2.8 n.r. F(2,105)=5.36, CGvs. N/A
al. (2015) (1.0 (0.9 p=0.024°¢ IG1:
IG2: 2.8  1G2:2.5 0.30¥
(1.2) (1.2) CGvs.
Figure of walking 0.4 (0.3) 0.3(0.3) n.r. IG1: 0.3 IG1: 0.4 n.r. Ol%gy N/A
Eight Test  speed (0.2) (0.3) '
[m/s] IG2: 0.4  1G2:0.4 SLYs
(0.3) (0.4) 0_33'y
oversteps  9.0(8.0) 9.7 (8.2) n.r. IG1: 7.7 IG1: 7.3 n.r. N/A
(7.6) (7.5)
IG2:5.9 1G2:7.9
(7.4) (7.7)
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GMWT time [s] 215 21.2 n.r. IG1: 23.3 IG1: 21.6 n.r. N/A
(12.7) (13.7) (12.7) (11.4)
1G2: 18.7 1G2: 19.0
(7.7) (8.9)
oversteps 2.6 (2.9) 2.7(2.7) n.r. IG1: 2.1 IG1: 1.7 n.r. N/A
(2.1) (2.4)
1G2: 0.8 1G2:1.1
(1.6) (1.6)
TUG [s] 27.6 27.7 n.r. IG1:23.0 1G1:20.4 n.r. F(2,105)=1.28, CGvs. N/A
(18.8) (19.2) (13.0) 9.2) p=0.282°¢ IG1:
IG2: 24.3  1G2:23.8 0.28Y
(14.0) (15.0) CG vs.
6m WT walking 0.7 (0.3) 0.6 (0.3) n.r. 1G1: 0.7 1G1: 0.8 n.r. O'%ézy N/A
speed (0.3) (0.3) '
[m/s] IG2:0.8  1G2:0.7 oLy
(0.3) (0.4) 0.26Y
step 0.4(0.1) 0.4(0.1) n.r. 1G1: 0.4 1G1: 0.4 n.r. N/A
length [m] (0.1) (0.1)
1G2: 0.4 1G2: 0.4
(0.2) (0.2)
Modified 30s CST 6.2(4.8) 5.4(6.3) n.r. IG1: 6.8 IG1: 8.2 n.r. F(2,105)=7.07, CGvs. N/A
3.9 (3.6) p=0.004¢ IG1:
IG2: 7.1 1G2:6.3 0.38Y
(4.4) (4.8) CG vs.
Maximum knee 218.9 203.2 n.r. IG1: 205.9 1G1: 208.8 n.r. OI%i:V N/A
extension strength (84.1) (74.0) (91.0) (85.6) '
(dynamometer) [N] IG2: 196.0 1G2: 186.1 '?é;’_s'
(99.0) (84.3) '

0.36Y
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6min WT [m] 229.5 221.8 n.r. IG1: 217.6 1G1: 267.2 n.r. F(2,105)=4.53, CGvs. N/A
(136.4) (159.5) (90.3) (101.2) p<0.049¢ IG1:
IG2: 231.5 1G2: 235.5 0.47v
(136.4) (148.7) CG vs.
IG2:
0.08Y
IG1 vs.
IG2:
0.38Y
Bossers et Physical Performance 12.9 11.2 n.r. IG1:12.9 1G1:14.2 n.r. Chi?(2)=11.93, CGvs. N/A
al. (2016) Test (5.9) (6.4) (3.4) (3.5) p=0.003¢ IG1:
IG2:13.4  1G2:13.2 0.62Y
(5.1) (4.9) CG vs.
1G2:
0.29Y
IG1 vs.
IG2:
0.36Y
E-ADL Test 26.9 25.3 n.r. IG1:26.5 1G1:28.1 n.r. Chi?(2)=16.40, CGvs. N/A
(3.4) (5.1) (3.7) (2.7) p<0.001¢ IG1:
IG2: 26.8  1G2: 27.3 0.85Y
(3.5) (3.8) CG vs.
IG2:
0.53Y
IG1 vs.
IG2:
0.31Y
Burgener et Single leg left leg, 1.7(1.1) 3648 19(nr) 34(6.8 63(14.2) 29(nr) IG: n.s.® n.r. N/A
al. (2008) stance [s] eyes p=0.62"
closed
right leg, 6.0(5.5) 3.7(2.1) -2.3 5.9 (5.6) 10.4 4.5 (n.r)) IG:n.s.® n.r. N/A
eyes open (n.r.) (15.5) p=0.09"
BBS 50.8 50.5 -0.3 49.1 (5.0)0 50.8(4.3) 1.7(n.r.) p=0.87"f n.r. N/A
(4.2) (3.5) (n.r)
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Cancela et TUG [s] 23.4 n.r. -0.6 24.0 n.r. 2.1 F(1,187)=5.43, n.r. 0.35
al. (2016) (6.9) (n.r.) (10.1) (n.r.) p=0.03 9 0.38 *
-1.8 -3.0 F(1,111)=4.10,
(n.r)* (n.r)* p=0.04"h*
Christo- BBS 35.2 274 n.r. IG1:39.5 1G1:41.7 n.r. CGvs. IG1: n.r. N/A
foletti et al. (2.6) 3.2 1.9 (2.4) F=10.3,
(2008) IG2: 37.4  1G2:37.7 p<0.05'
(2.0) (2.8) CG vs. IG2:
F=7.9, p<0.05i
TUG time [s] 30.6 35.6 n.r. IG1:13.7 IG1:12.9 n.r. n.s.| n.r. N/A
(6.5) (8.6) 1.2 (1.0
IG2: 22.3 1G2: 22.1
4.4 (4.0)
steps 31.3 35.3 n.r. IG1: 19.9 IG1: 18.3 n.r. n.s.i n.r. N/A
4.2) (6.4) 1.9 1.2)
IG2:28.2 1G2:25.5
(3.6) (3.6)
Cott et al. 2-min walk test [m] 48.0 47.7 n.r. IG1:52.8 1G1:53.3 n.r. n.s. el n.r. N/A
(2002) (28.8) (33.8) (27.6) (27.5)
IG2:52.6 1G2:56.4
(24.2) (34.4)
Dawson et Modified BBS 38.5 36.6 n.r. 39.5(3.3) 415(2.2) n.r. B=4.0, B=0.3, n.r. N/A
al. (2019) (8.0) (8.7) t=4.1, p=0.001
ki
8-foot walk  comforta- 0.7(0.2) 0.6(0.3) n.r. 0.7 (0.2) 0.7 (0.1) n.r. B=0.01, p=0.2, n.r. N/A
test [m/s] ble pace t=0.6, p=0.6k
fast pace 1.4(0.6) 1.3(0.6) n.r. 1.2 (0.3) 1.6 (0.3) n.r. B=0.3, p=0.4, n.r. N/A
t=2.6, p=0.02%
30s CST 15.7 13.2 n.r. 14.0(5.8) 17.9(6.8) n.r. B=5.9, B=0.5, n.r. N/A
(6.1) (4.9)

t=3.3, p=0.004
k
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Francese et POMA 1.8(2.1) 0.4(0.9 n.r. 3.0(2.8) 8.7 (4.3) n.r. t(10)=2.00, n.r. N/A
al. (1997) p<.05f
CG: t(4)=-
1.00, p=2.05¢
IG: t(5)=3.00,
p=0.05¢
Physical therapy 38.8 43.6 n.r. 63.8 89.7 n.r. t(10)=3.20, n.r. N/A
assessment (34.7) (37.7) (18.3) (10.0) p=0.01f
CG: t(4)=0.83,
p=0.05¢
IG: t(5)=4.33,
p=0.01¢
Hauer et al. POMA total score 184 18.6 n.r. 18.6 (7.5) 23.0(4.4) n.r. p=0.006" 0.252 N/A
(2017) (7.0) (5.2)
balance 11.5 11.7 n.r. 11.0(3.4) 13.3(1.7) n.r. p=0.034 0.162 N/A
score (3.4) (1.8)
gait score 6.9(3.9 6.9(3.9 n.r. 7.6 (4.5) 9.7 (2.8) n.r. p=0.0191 0.19°2 N/A
Body-fixed- duration 2.0(0.6) 2.5(0.9) n.r. 1.8 (0.4) 1.4 (0.2) n.r. p=0.0641 0.302 N/A
sensor- [s]
gﬁzleydsgs hip flexion, 1.0(0.4) 1.1(04) nr.  09(02) 08(02  nr p=0.451 0.067 N/A
(DynaPort): ([jslirat'on
sit-to-stand :
perfor- hip exten- 0.9(0.2) 1.4(0.6) n.r. 0.9 (0.3) 0.6 (0.1) n.r. p=0.018'" 0.442 N/A
mance sion, dura-
tion [s]
hip flexion, 74.0 60.4 n.r. 86.2 106.0 n.r. p=0.239i 0.14= N/A
max. an- (21.1) (10.0) (35.9) (54.5)
gular ve-

locity [°/s]
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hip exten- 46.9 41.4 n.r. 42.2 37.7 n.r. p=0.919 0.001+2 N/A
sion, max. (26.5) (15.4) (22.7) (17.5)

angular

velocity

[/s]

Body-fixed- duration 2.0(0.8) 2.4(0.7) n.r. 2.2 (0.5) 1.5(0.3) n.r. p=0.0141 0.477 N/A

sensor- [s]

gﬁzﬁggs hip flexion, 1.0(0.4) 1.3(0.3) nr.  11(03) 07(02  nr p=0.015' 0.467 N/A

(DynaPort): duration

stand-to-sit [s]

perfor- hip exten- 0.9(0.4) 1.1(0.4) n.r. 1.0 (0.2) 0.8 (0.2) n.r. p=0.044 0.352 N/A

mance sion, dura-
tion [s]
hip flexion, 36.8 315 n.r. 41.1 46.5 n.r. p=0.369 0.082 N/A
max. an- 17.7) (12.4) (13.8) (27.1)
gular ve-
locity [°/s]
hip exten- 81.8 525 n.r. 75.3 107.7 n.r. p=0.006'1 0.552 N/A
sion, max. (39.0) (10.3) (22.6) (50.1)
angular
velocity
[/s]

SPPB total score 4.4 (2.9) 4.7 (2.4) n.r. 5.0 (2.7) 7.0 (2.7) n.r. p=0.010" 0.232 N/A
chair rise 0.7(1.3) 0.7(1.1) n.r. 0.6 (0.8) 1.5(1.4) n.r. p=0.0071 0.252 N/A
score
balance 26(7) 27(7) n.r. 2.9(.9) 3.6 (0.7) n.r. p=0.066' 0.12* N/A
score
gaitscore  1.1(1.4) 1.3(1.1) n.r. 1.4 (1.3) 1.9 (1.3) n.r. p=0.395" 0.032 N/A
8-footwalk 0.4 (0.2) 0.4(0.2) n.r. 0.5(0.2) 0.6 (0.2) n.r. p=0.153 0.122 N/A
test [m/s]
5x STS [s] 19.1 24.4 n.r. 20.9 (5.7) 16.0(4.0) n.r. p=0.009 0.457 N/A

(9.8) (12.0)
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Hauer et al.
(2012)

POMA total score 19.8 20.6 n.r. 20.1(4.8) 24.5(3.7) n.r. p<0.001°¢ 0.223a N/A
(5.4) (6.0)
balance 10.8 111 n.r. 10.8(2.8) 13.2(1.9) n.r. p<0.001¢ 0.2322 N/A
score (3.1) (3.2)
gaitscore  9.0(2.7) 9.4 (3.1) n.r. 9.3(2.3) 11.4(1.9 n.r. p<0.001¢ 0.1922 N/A
TUG [s] 17.9 175 n.r. 149 (6.7) 11.2(4.5) n.r. p=0.009°¢ 0.06 aa N/A
(16.0) (17.3)
Handgrip dynamometer 59.7 59.7 n.r. 59.1 60.9 n.r. p=0.55¢ 0.004 aa N/A
[KPa] (16.6) (15.7) (17.8) (17.4)
One-repetition maximum 140.9 136.5 n.r. 148.7 225.2 n.r. p<0.001¢ 0.432a N/A
in leg press [kg] (44.0) (45.4) (57.9) (79.7)
Maximum knee ex- 65.8 66.8 n.r. 68.3 81.3 n.r. p<0.001¢ 0.123a N/A
isometric tension [N] (24.8) (25.5) (27.3) (27.4)
?é;ennsr;hom_ knee ex- 267.7 2705 nr. 277.2 324.6 nr. p=0.001° 0.09 2 N/A
tension (101.9) (103.0) (114.4) (122.6)
eter)
[Ns]
knee flex- 314 34.9 n.r. 33.3 43.7 n.r. p<0.001¢ 0.15¢2a N/A
ion [N] (12.1) (12.9) (12.6) (14.5)
knee flex- 137.2 143.5 n.r. 1451 178.2 n.r. p<0.001°¢ 0.143a N/A
ion [Ns] (52.7) (54.9) (55.3) (61.3)
ankle flex- 52.3 52.5 n.r. 56.5 63.1 n.r. p=0.01°¢ 0.062 N/A
ion [N] (21.8) (23.7) (24.7) (26.1)
ankle flex- 212.6 214.3 n.r. 229.0 257.1 n.r. p=0.01¢ 0.06 22 N/A
ion [Ns] (93.2) (99.0) (100.3) (107.5)
Gait perfor-  walking 0.9(0.3) 1.0(0.3) n.r. 0.9 (0.3) 1.2 (0.4) n.r. p<0.001¢ 0.2832 N/A
mance sped [m/s]
step 0.5(0.1) 0.5(0.1) n.r. 0.5(0.2) 0.6 (0.1) n.r. p<0.001°¢ 0.162a N/A
length [m]
cadence 116.7 117.9 n.r. 1171 131.7 n.r. p<0.001¢ 0.1822 N/A
[steps/min] (18.9) (20.7) (18.7) (17.1)
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5x STS [s] 17.6 19.7 n.r. 17.3(6.8) 11.8(3.2) n.r. p<0.001°¢ 0.152a N/A
(9.3) (15.9)
Stair-climbing perfor- 16.0 14.7 n.r. 13.3(6.6) 9.8 (4.0) n.r. p=0.006 ¢ 0.072 N/A
mance [s] (11.0) (12.4)
Henskens E-ADL Test n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. N/A
et al. (2018)
Kam- One Leg Standing Bal- 4.0(2.2) 35(2.2) n.r. 4.4 (3.1) 5.7 (3.0) n.r. F(1,26)=39.03, n.r. 2.36
pragkou et ance Test][s] p<0.05"
al. (2017) CG: p>0.05'
IG: p=0.0001"
TUG [s] 19.7 21.1 n.r. 19.3(5.0) 18.2(4.2) n.r. F(1,26)=22.09, n.r. 1.78
(4.4) (4.8) p<0.05'
CG: p>0.05"
IG: p>0.05"
Kemoun et Gaitanaly- walking 0.9(0.2) 0.8(0.2 n.r. 0.7 (0.2) 1.0 (0.2) n.r. F(1,29)=53.4, n.r. 2.72
al. (2010) sis speed p=0.01"
[m/s]
stride 1.0(0.2) 0.9(0.2) n.r. 0.9 (0.2) 1.0 (0.2) n.r. F(1,29)=16.3, n.r. 1.50
length [m] p=0.011
double 0.1(0.0) 0.1(0.0) n.r. 0.2 (0.0) 0.1 (0.0) n.r. F(1,29)=27.0, n.r. 1.93
limb sup- p=0.011
port time
[s]
M.-J. Kimet BBS n.r. n.r. n.r. 28.2 21.5 n.r. IG: p=0.04 ™ n.r. N/A
al. (2016) (17.6) (17.3)
Handgrip dynamometer n.r. n.r. n.r. 79((.9 11.8(7.7) n.r. IG: p=0.02M n.r. N/A
(ka]
Pedal pedal n.r. n.r. n.r. 97.7 285.8 n.r. IG: p=0.004 ™ n.r. N/A
Power rotation (89.9) (197.5)
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total load n.r. n.r. n.r. 6.3(7.5) 10.0(6.8) n.r. IG: p=0.06™ n.r. N/A
[W*num-
ber of pe-
dal rota-
tion/s]
Kovacs et POMA total score 10 (n.r.) 11 (n.r.) n.r. 14 (n.r.) 17 (n.r.) n.r. CG: p=0.624" n.r. N/A
al. (2013) IG: p<0.0001"
balance 6 (n.r.) 7 (n.r.) n.r. 7 (n.r.) 11 (n.r.) n.r. CG: p=0.640" n.r. N/A
score IG: p<0.0001"
gait score 4 (n.r.) 4 (n.r.) n.r. 5(n.r.) 7 (n.r.) n.r. CG: p=0.530" n.r. N/A
IG: p<0.0001"
TUG [s] 32.1 33.3 n.r. 32.6 (n.r.) 31.1 n.r. CG: p=0.171" n.r. N/A
(n.r.) (n.r.) IG: p<0.0001"
Lam, Liao BBS 42.5 45.5 3.1(nr) 436(9.7) 452(8.9) 1.6(n.r.) p=0.571° 0.011°: N/A
et al. (2018) (10.7) (10.6)
POMA total score 243 25.4 12 (nr) 254(3.8) 26.0(4.0) 0.6(n.r.) p=0.382° 0.017:2 N/A
(5.8) (5.5)
balance 141 14.0 0.7(n.r) 141(23) 147(2.4) 0.7(n.r.) p=0.705° 0.006 2 N/A
score (2.3) (3.4)
gait score 11.3 114 05(n.r) 11.3(1.6) 11.3(1.8) -0.1 p=0.178° 0.034: N/A
(1.6) (2.3) (n.r.)
TUG [s] 23.0 21.3 -1.8 20.3 19.8 -0.5 p=0.707° 0.0062 N/A
(15.7) (15.9) (n.r) (10.5) (12.6) (n.r.)
5x STS [s] 25.7 22.9 -2.8 21.6(8.2) 21.0(8.4) -0.6 p=0.720° 0.0062 N/A
(16.6) (11.2) (n.r.) (n.r.)
Miu et al. FR[cm] 19.9 n.r. n.r. 19.7 (7) n.r. n.r. IG: p=0.007™ n.r. N/A
(2008) (8.3)
BBS n.r. n.r. n.r. n.r. n.r. n.r. IG: p<0.001™ n.r. N/A
6min WT [m] 264 n.r. n.r. 245 (90) n.r. 38 (42) IG: p<0.001™ n.r. N/A

(100)
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Netz et al. FR [cm] 19.3 22.9 36(SE: 20.1(79) 21.7(6.9) 1.6(SE: n.s.i n.r. 0.27
(2007) (10.3) (7.0) 3.7) 1.3)
TUG [s] 16.5 14.7 -1.8(SE: 17.8(8.4) 18.1(8.8) 0.3(SE: n.s.| n.r. 0.85
(9.3) (7.3) 0.8) 0.7)
5x STS [s] 14.0 14.6 0.6 (SE: 15.4(4.2) 16.1(5.8) 0.7 (SE: n.s.| n.r. 0.03
(4.1) (4.1) 1.0) 1.0)
Padala et BBS 45.8 n.r. n.r. 46.5 (2.4) n.r. n.r. p=0.0481 n.r. N/A
al. (2017) (2.5)
Padala et BBS 41.3 46.6 n.r. 43.4(8.9) 49.6 (5.7) n.r. p=0.561 n.r. N/A
al. (2012) (7.6) (8.7)
POMA 22.9 24.9 n.r. 23.5(3.7) 25.3(2.8) n.r. p=0.97 n.r. N/A
(2.6) (3.4)
TUG [s] 14.9 12.8 n.r. 14.7 (7.2) 13.9(7.9) n.r. p=0.521 n.r. N/A
4.7 (3.2)
Pedrinolla Gait analy- speed 92.3 n.r. n.r. 92.5 n.r. n.r. z=-1.77, n.r. N/A
etal. (2018) sis [em/s] (5.7) (10.2) p=0.076"°
stride [cm] 104.3 n.r. n.r. 111.3 n.r. n.r. z=-0.86, n.r. N/A
(4.6) (7.2) p=0.391°
step [cm] 52.0 n.r. n.r. 55.7 (3.6) n.r. n.r. z=-0.72, n.r. N/A
(2.3) p=0.471°
single sup- 36.1 n.r. n.r. 37.2(1.1) n.r. n.r. z=0.00, n.r. N/A
port [%0] (0.4) p=1.000"
double 27.5 n.r. n.r. 26.2 (1.3) n.r. n.r. z=0.85, n.r. N/A
support (0.9) p=0.394°
(%]
3-speed speed 1 11.0 n.r. n.r. 13.3(0.6) n.r. n.r. t=2.28, n.r. 0.81
walking (0.9) p=0.0302
Eﬁf&m\ﬁzk _ speed 2 12.0 nr. nr.  12.0(0.6) n.r. n.r. t=2.94, n.r. 1.04
! g (0.8) p=0.006 2
]
speed 3 171 n.r. n.r. 14.8 (0.7) n.r. n.r. t=2.09, n.r. 0.74
(1.0 p=0.0542
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3-speed speed 1 93.0 n.r. n.r. 98.3 (2.3) n.r. n.r. t=1.58, n.r. 0.56
walking (2.8) p=0.1262
:22’ [2%?;5 speed 2 99.2 n.r. n.r. 103.9 n.r. n.r. 1=2.72, n.r. 0.96

(2.8) (3.0 p=0.0112
speed 3 106.8 n.r. n.r. 108.2 n.r. n.r. 1=1.75, n.r. 0.62
3.2) (4.6) p=0.1072
3-speed speed 1 6.5 (2.6) n.r. n.r. 6.2 (1.1) n.r. n.r. z=2.04, n.r. N/A
walking p=0.041°
test, en-
speed 2 4.6 (1.0) n.r. n.r. 5.1 (0.5) n.r. n.r. z=2.96, n.r. N/A
ergy cost —0.003°
of walking p=0.
[J/kg*m?]  speed 3 5.9 (0.9) n.r. n.r. 6.2 (1.6) n.r. n.r. z=1.47, n.r. N/A
p=0.142°7
Pitkala, SPPB 9.7 (2.1) n.r. n.r. IG1: 9.3 n.r. n.r. p=0.904 n.r. N/A
Poysti et al. (2.4)
(2013) 1G2: 9.8
(2.2)
Pomeroy et Southampton Assess- 13.3 12.2 -1.1 154 (4.1) 15.1(4.2) -0.4 p=0.614" n.r. 0.22
al. (1999) ment of Mobility (6.0) (6.4) 4.1) (2.2)
2-min walk test [m] 23.8 24.4 n.r. 32.2 35.3 3.1(9.3) p=0.32542 n.r. N/A
(22.1) (20.4) (15.7) (18.6)
Roach etal. Acute Care transfer 0.8(0.2) 0.8(0.3) n.r. IG1: 0.8 IG1: 0.9 n.r. p=0.041 n.r. N/A
(2011) Index of score (0.2) (0.2)
Function IG2:0.9  1G2:0.8
(0.2) (0.2)
bed 0.9(0.3) 0.8(0.3) n.r. IG1: 0.9 IG1: 0.9 n.r. p=0.77 n.r. N/A
mobility (0.2) (0.2)
score 1G2: 0.8 1G2: 0.8
(0.3) (0.3)
6min WT [ft] 296.6 324.8 n.r. IG1:387.1 1G1:384.9 n.r. p=0.61" n.r. N/A
(229.4) (274.4) (214.8) (217.6)
IG2:329.9 1G2: 367.5
(247.4) (300.2)
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Rolland et One-leg balance test (92.5%) (98.1 %) n.r. (91.0 %) (94.6 %) n.r p=0.34" n.r. N/A
al. (2007) [% abnormal score]
Get-Up and Go Test 2.7(0.8) 3.2(1.2 n.r. 2.7 (0.8) 3.1(1.1) n.r p=0.31" n.r. N/A
6m WT [m/s] 0.3(0.1) 0.4(0.2 n.r. 0.3(0.1) 0.4 (0.2) n.r p=0.002" n.r. N/A
Santana- POMA n.r. n.r. n.r. n.r. n.r. n.r. F(1,14)=45.13, 0.887*2 3.59
Sosa et al. p<0.0011
(2008) I _
Senior Fit-  30s CST n.r. n.r. n.r. n.r. n.r. n.r. F(1,14)=48.74, 0.777*% 3.73
ness test p<0.0011
Arm curl n.r. n.r. n.r. n.r. n.r. n.r. F(1,14)=73.15, 0.839°? N/A
test p<0.0011
Chair sit- n.r. n.r. n.r. n.r. n.r. n.r. F(1,14)=40.18, 0.742°¢ N/A
and-reach p<0.0011
test [cm]
Back n.r. n.r. n.r. n.r. n.r. n.r. F(1,14)=36.04, 0.7202 N/A
scratch p<0.001"
test [cm]
8-foot up- n.r. n.r. n.r. n.r. n.r. n.r. F(1,14)=36.78, 0.7242 N/A
and-go p<0.001"
test [s]
2-min step n.r. n.r. n.r. n.r. n.r. n.r. F(1,14)=8.96, 0.390°2 N/A
test p=0.010"
Schwenk, Postural sway (inertial 6.6 (0.8) 6.5(0.8) n.r. 6.5 (0.6) 6.1 (0.6) n.r p=0.023 0.067 N/A
Dutzi et al. sensors) [sq cm]
(2014) . _
Gait speed 73.3 89.4 n.r. 72.7 92.8 n.r. p=0.354' 0.01°2 N/A
analysis [em/sec] (37.1) (36.8) (38.6) (37.6)
stride 80.9 91.2 n.r. 83.2 96.4 n.r. p=0.3541 0.012 N/A
length (28.9) (27.8) (31.0) (29.9)
[cm]
cadence 105.8 115.7 n.r. 100.6 1135 n.r. p=0.343i 0.01+2 N/A
[steps/min] (22.0) (19.8) (25.7) (24.6)
Hierarchical Assessment 40.9 46.4 n.r. 38.5 46.6 n.r. p=0.1621 0.027 N/A
of Balance and Mobility (13.6) (13.0) (15.1) (10.2)
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5x STS [s] 16.4 15.8 n.r. 17.0(6.4) 13.1(4.6) n.r. p=0.037 0.062 N/A
(6.8) (10.9)
Handgrip dynamometer 14.6 15.1 n.r. 14.4 (6.2) 14.8(6.7) n.r. p=0.8341 0.007 N/A
[ko] (6.2) (6.6)
One-repetition maximum 97.0 102.2 n.r. 99.7 140.0 n.r. p<0.0011 0.367 N/A
in leg press [kg] (51.0) (54.4) (59.4) (70.2)
One-repetition maximum 66.9 69.7 n.r. 70.8 88.2 n.r. p<0.0011 0.117 N/A
of abductor [kg] (28.8) (29.0) (34.9) (36.8)
Schwenk, Gait speed 128.7 127.6 n.r. 132.7 149.3 n.r. p<0.001¢ 1.27y N/A
Zieschang analysis [cm/sec] (38.2) (35.7) (55.7) (48.2)
et al. (2014) -
cadence 134.5 132.0 n.r. 137.1 145.4 n.r. p=0.002°¢ 0.96Y N/A
[steps/min] (17.9) (19.2) (21.1) (20.8)
stride 115.3 115.9 n.r. 116.6 124.8 n.r. p=0.008 ¢ 0.80Y N/A
length (29.5) (25.7) (42.6) (37.4)
[cm]
stride time 0.9 (0.1) 0.9 (0.1) n.r. 0.9 (0.2) 0.8 (0.1) n.r. p=0.001°¢ 0.99v N/A
[sec]
double 25.9 25.4 n.r. 26.9(8.9) 23.0(7.8) n.r. p=0.001°¢ 1.03Y N/A
support (6.1) (6.0)
(%]
step width 10.2 9.9 (4.4) n.r. 11.3(4.2) 11.1(5.0) n.r. p=0.999°¢ 0.00Y N/A
[em] (4.2)
step time 5.0(2.5) 5.4(2.6) n.r. 5.2 (3.4) 5.1(2.1) n.r. p=0.425¢ 0.22Y N/A
variability
[CV]
Walk- 0.4(0.1) 0.4(.1) n.r. 0.4 (0.2) 0.4 (0.2) n.r. p=0.554¢ 0.18Y N/A
Ratio
Schwenk et Gait gait speed -22.6 -20.8 n.r. -21.9 -13.5 (9.4) n.r. p=0.0861 n.r. N/A
al. (2010) analysis, (18.4) (15.8) (11.9)
Sg;‘ task " cadence -18.8 -14.9 n.r. 175 12.8 n.r. p=0.846' n.r. N/A
' (15.4) (12.5) (10.4) (10.2)
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serial 2 stride -5.7 -6.8 n.r. -53(9.2) -0.1(8.2 n.r. p=0.0741 n.r. N/A
condition length (12.3) (13.6)
0,
%] stride time 30.4 21.0 n.r. 24.1 16.8 n.r. p=0.750" n.r. N/A
(45.8) (23.0) (20.0) (17.7)
single sup- -6.0 -6.2 n.r. -4.7(6.4) -3.2(4.2) n.r. p=0.459i n.r. N/A
port (10.7) (7.0)
motor + -14.7 -13.6 n.r. -18.1 -12.3 (7.8) n.r. p=0.3781 n.r. N/A
cognitive (21.3) (17.0) (15.2)
perfor-
mance
Gait gait speed -39.8 -37.2 n.r. -41.6 -20.0 n.r. p<0.0011 n.r. N/A
analysis, (18.9) (16.7) (18.4) (12.7)
gggtl tgzlr(ial cadence -26.8 -23.6 n.r. -27.9 -15.3 n.r. p=0.007 n.r. N/A
3 condition (15.8) (14.1) (18.5) (11.0)
[%0] stride -18.8 -18.0 n.r. -20.7 -5.6 (11.7) n.r. p=0.0011 n.r. N/A
length (14.0) (15.6) (12.2)
stride time 44.0 35.8 n.r. 62.0 20.9 n.r. p=0.056" n.r. N/A
(35.8) (27.8) (102.0) (20.7)
single sup- -9.7 -10.6 n.r. -13.8 -5.1 (5.0) n.r. p=0.003 n.r. N/A
port (11.3) (8.7) (13.4)
motor + -31.9 -29.7 n.r. -32.7 -12.1 n.r. p=0.026" n.r. N/A
cognitive (20.3) (17.5) (24.8) (18.4)
perfor-
mance
Sobol et al. TUG [s] 6.6 6.6 (1.9) n.r. 6.7 (1.8) 6.5 (1.7) n.r. p=0.151s n.r. N/A
(2016) (1.62)
10-metre singletask 1.4 (0.3) 1.4(0.2) n.r. 1.3(0.2) 1.3(0.2) n.r. p=0.108s n.r. N/A
‘[’rvﬁl's‘f]teSt dualtask 1.0(03) 11(03) nr.  09(03) 10(04)  nr. p=0.051° nr. N/A
months
dual task 1.1(0.3) 1.1(0.3) n.r. 0.9 (0.3) 1.0 (0.4) n.r. p=0.155s n.r. N/A

numbers
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30s CST 14.9 15.5 n.r. 13.9(3.6) 14.3(3.5) n.r. p=0.408s n.r. N/A
4.2) (4.3)
400-m walk test [s] 305 303 n.r. 306 (92.3) 296 (79.1) n.r. p=0.118s n.r. N/A
(71.5) (70.5)
6-min Astrand Cycle 26.2 27.2 n.r. 25.3(7.5) 30.1(7.5) n.r. p<0.0001s n.r. N/A
Ergometer test, VO2max (9.0) (8.7)
[mL/kg/min]
Souto Bar- 4m WT [m/s] 0.5(0.2) n.r. 0.03 0.5(0.2) n.r. 0.07 =0.01, n.r. 0.20
reto et al. (SE: (SE: p=0.30"
(2017) 0.03) 0.03)
SPPB 4.5 (2.3) n.r. -0.8(SE: 4.4 (2.4) n.r. -0.2 (SE: =0.10, n.r. 0.26
0.34) 0.36) p=0.22t
Steinberg et  8-foot walk test [s] 3.7 (1.6) n.r. n.r. 3.6 (1.8) n.r. n.r. [3=-0.08 n.r. N/A
al. (2009) (0.27), p=0.77
u
5x STS [s] 16.1 n.r. n.r. 16.8 (7.4) n.r. n.r. B=-4.4 (3.6), n.r. N/A
(6.5) p=0.22u
Jebsen Total Time [s] 107.3 n.r. n.r. 83.5 n.r. n.r. B=-23.39 n.r. N/A
(49.9) (41.9) (11.6), p=0.04
u
Suttanon et Modified Clinical Testof  1.5(0.7) 1.7 (0.8) n.r 1.9 (0.7) 1.8 (0.7) n.r. p=0.086 s n.r. N/A
al. (2013) Sensory Interaction of
Balance [deg/s]
Limits of reaction 1.1(0.2) 1.2(0.3) n.r 1.2 (0.3) 1.1(0.2) n.r. p=0.365°s n.r. N/A
stability time [ms]
movement 3.1(1.2) 3.4 (1.0) n.r 3.0(1.3) 3.0(1.2) n.r. p=0.016°3 n.r. N/A
velocity
[de-
grees/s]
maximum 72.4 72.7 n.r. 66.3 68.3 n.r. p=0.817s n.r. N/A
excursion (12.0) (12.1) (14.4) (15.5)

[%]
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directional 64.4 61.3 n.r. 60.3 60.7 n.r. p=0.4463 n.r. N/A
control [%)] (10.0) (11.0) (12.3) (11.3)
FR [cm] 28.5 25.5 n.r. 23.5(5.7) 25.8(5.6) n.r. p=0.002s n.r. N/A
4.7 (5.3)
Hill Step Test 13.0 11.8 n.r. 12.3(2.4) 12.3(3.0) n.r. p=0.082s n.r. N/A
(3.2) (3.5)
Step quick  time [s] 3.3(1.00 3.1(1.1) n.r. 3.8(1.7) 3.7 (2.0) n.r. p=0.283s n.r. N/A
tslf(;g WOTSE  sway [deg]  48.9 47.3 nr. 49.0 485 nr. p=0.4525 n.r. N/A
(8.2) (6.7) (11.1) (13.0)
TUG [s] 16.4 16.6 n.r. 16.2 (5.0) 16.2 (5.6) n.r. p=0.571s n.r. N/A
(6.6) (6.2)
Cognitive TUG [s] 18.1 19.2 n.r. 25.4(8.0) 23.2(7.7) n.r. p=0.994 s n.r. N/A
(3.4) (6.0)
Manual TUG [s] 18.0 19.0 n.r. 18.4(5.8) 18.2(6.6) n.r. p=0.088s n.r. N/A
(6.8) (7.3)
Gait analy-  step width 15.6 16.2 n.r. 16.2 (2.3) 15.6 (2.5) n.r. p=0.125s% n.r. N/A
sis [em] (4.5) (4.0)
step 36.8 36.0 n.r. 32.5(8.3) 31.8 n.r. p=0.907 s n.r. N/A
length (13.2) (9.5) (10.7)
[cm]
speed 40.4 41.7 n.r. 39.4 38.9 n.r. p=0.244s n.r. N/A
[em/s] (13.5) (14.3) (11.6) (13.6)
5x STS [s] 13.3 13.3 n.r. 13.2(4.2) 14.6(5.1) n.r. p=0.945s n.r. N/A
(5.0 (3.7
STS on Raising 16.3 17.0 n.r. 13.5(4.7) 145(6.1) n.r. p=0.725s n.r. N/A
NeuroCom index [% (4.8) (6.9)
Balance body
Master weight]
sway 42 (1.3) 4.7(.5) n.r. 4.0 (1.1) 4.3 (1.1) n.r. p=0.290s n.r. N/A
[deg/s]
Physiological Profile 1.4(1.2) 1.8(1.2 n.r. 1.8(1.2) 1.9 (0.3) n.r. p=0.314s n.r. N/A

Assessment [score]
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Tappen et 6min WT [ft] 261.1 212.1 n.r. IG1: 330.2 1G1:321.9 n.r. p<0.05" n.r. N/A
al. (2000) (175.0) (168.8) (250.0) (223.2) CG: p=0.0874
IG2:391.7 1G2: 310.6 e
(2333)  (219.3) IG1: n.s.®
IG2: p=0.0119
e
F=5.59,
p<0.01V
Telenius et BBS [score] 35.4 36.6 n.r. 34.3 37.2 n.r. p=0.022 0.4y N/A
al. (2015a) (13.7) (14.4) (14.5) (14.0)
6m WT [m/s] 0.5(0.2) 0.5(0.3) n.r. 0.5(0.2) 0.5(0.2) n.r. p=0.862 0.0Y N/A
30s CST 6.2(2.9) 6.6 (3.7) n.r. 6.0 (3.1) 7 (3.3) n.r. p=0.112 0.2y N/A
Toots et al. 4m WT walking 0.5(0.2) n.r. -0.02 0.5(0.2) n.r. -0.02 p=0.777% -0.05% 0.05
(2017) [m/s] aid (SE: (SE:
0.02) 0.02)
no walking 0.5 (0.2) n.r. -0.02 0.4 (0.2) n.r. 0.01 p=0.242w 0.20bb 0.20
aid (SE: (SE:
0.02) 0.02)
Toots et al. BBS 29.3 n.r. -1.8 (SE: 28.6 n.r. 2.4 (SE: p<0.001w 0.520bb 0.53
(2016) (14.7) 0.9) (14.3) 0.9)
Toulotte et Postural sway (postur- 292.3 n.r. n.r. 398.7 n.r. n.r. p<0.01 i n.r. N/A
al. (2003) ography platform) [mm?2] (94.5) (229.6)
TUG [s] 39.4 n.r. n.r. 67.6 n.r. n.r. p<0.01 i n.r. N/A
(17.7) (38.9)
10-metre walk test [s] 63.4 n.r. n.r. 60.6 n.r. n.r. p<0.05 i n.r. N/A
(51.1) (49.9)
Chair sit-and-reach test 10.3 n.r. n.r. 11.4 (7.1) n.r. n.r. p<0.05 i n.r. N/A
[cm] (8.0)
Venturelli et 6min WT [m] 238 (47) 168 (34) n.r. 245 (31) 294 (49) n.r. p<0.0011 n.r. N/A

al. (2011)
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Vreugdenhil FR [cm] 24.0 22.1 -19(SE: 27.6(7.4) 30.6(7.0) 23(SE: p=0.032s n.r. 0.80
etal. (2012) (6.4) (7.9) 1.3) 1.1)
TUG [s] 111 12.8 20 (SE: 9.7 (3.7) 9.1(3.8) -0.9(SE: p=0.004s n.r. 1.09
(3.3) 4.1) 0.7) 0.5)
10-s chair-stand test 85(29) 72@B.2) -10(SE: 9.2(25) 10.8(2.0) 1.7 (SE: p<0.001s n.r. 1.55
0.4) 0.4)
Werner et Body-fixed- trunk 33.1 34.9 0.9 (9.0) 33.6(7.5) 40.2 8.3 p=0.006" 0.099°? 0.66
al. (2017) sensor- flexion, (9.9) (10.5) (12.8) (13.4)
based STS range [°]
analysis _
trunk flex- 1.1 (0.5) 1.1(0.5) -0.1 1.2 (0.9) 1.8(1.1) 0.8(1.2) p<0.001' 0.188* 0.96
(DynaPort) .
ion, dura- (0.6)
tion [s]
maximum 73.9 81.4 5.9 79.0 64.8 -12.3 p=0.002i 0.1277 0.76
trunk flex- (26.6) (26.8) (22.0) (27.4) (27.1) (26.4)
ion, angu-
lar velocity
[/s]
STS 2.1(0.9) 2.0(0.7) -0.1 2.1(1.1) 2.8(1.4) 0.9(1.5) p<0.0011 0.1587 0.87
movement (0.9)
duration
[s]
ACSID recalland 1.8(1.0) 1.7 (.9) -0.1 1.8 (1.0) 3.3(1.3) 1.7(1.7) p<0.0011 0.319°7 1.35
initiation (0.9)
score
effective 1.9 (.9) 1.8 (.8) -0.1 2.1(.9) 3.1(1.0) 1.0(0.9) p<0.0011 0.2617 1.24
perfor- (0.9)
mance
score
total score 3.7 (1.4) 3.5(1.5) -0.1 3.9(1.4) 6.4(2.1) 2.7(2.2) p<0.001" 0.3727 154
(1.4)
Wesson et Near-tandem test [n.r.] 5.7(3.0) 6.3(3.7) n.r. 5.2 (3.6) 5.4 (3.7) n.r. p=0.32b n.r. N/A
al. (2013) Hill Step Test 14.5 14.2 n.r. 19.2 (6.5) 15.0(5.1) n.r. p=0.1b n.r. N/A

(5.0) (7.7)
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Physiological Profile 1.7(1.7) 2.7(1.8) n.r 0.8(1.2) 1.4 (1.6) n.r p=0.82b n.r. N/A
Assessment
Wiloth et al. Physiomat- duration 28.9 23.4 n.r. 30.9 19.3 (4.6) n.r. p<0.001¢ 0.2532a N/A
(2018) Follow- [s] (15.7) (5.5) (17.5)
$2§|-<Ball accuracy 4164.3 3776.3 n.r. 4450.4 3169.7 n.r. p<0.001¢ 0.1442 N/A
trainéd [digits/ms]  (3922.4) (1286.9) (2859.8) (557.2)
Physiomat- duration 115 9.7 (3.1) n.r 16.7 7.2 (1.9) n.r. p<0.001¢ 0.2602a N/A
Trail-Mak-  [s] 4.7) (20.3)
ing Task, - . aa
Level 1 accuracy 2108.1 2124.9 n.r. 2849.1 1782.0 n.r. p=0.007 0.092 N/A
trained [digits/ms] (911.9) (773.9) (4199.2) (339.7)
Physiomat-  duration 19.9 16.7 n.r. 21.8(9.7) 14.3(5.6) n.r. p<0.001°¢ 0.311@= N/A
Trail-Mak-  [s] (11.5) (4.9
ing Task, - . aa
Level 2 accuracy 3005.7 3187.0 n.r. 3390.1 2923.1 n.r. p=0.003 0.127 N/A
trained [digits/ms]  (1066.2)  (940.1) (1800.1) (803.0)
Physiomat- duration 25.9 22.7 n.r. 28.6 20.0 (7.4) n.r. p<0.001¢ 0.2932a N/A
Trail-Mak-  [s] (10.4) (5.3) (11.8)
ing Task, — c aa
Level 3 accuracy 3742.8 3992.0 n.r. 4376.7 3806.1 n.r. p=0.047 0.065 N/A
trained [digits/ms] (557.8) (945.8) (1528.5) (1246.3)
Physiomat- duration 43.9 44.0 n.r. 51.3 34.9 (7.9) n.r. p<0.001¢ 0.3402a N/A
Trail-Mak-  [s] (9.0) (15.5) (16.6)
ing Task, . aa
Level 4 accuracy 7724.4 7880.0 n.r. 8176.3 6599.3 n.r. p<0.001 0.365 N/A
trained [digits/ms]  (1676.4) (2238.8) (2484.2) (1468.6)
Physiomat-  duration 58.7 56.2 n.r. 56.3 48.7 n.r. p<0.001°¢ 0.5892a N/A
Trail-Mak-  [s] (17.6) (16.7) (12.1) 14.7)
[‘gvlf‘;k' accuracy ~ 8467.8  9360.2 nr. 84443  8005.0 nr. p=0.007¢  0.329% N/A
trained [digits/ms]  (1646.8) (2855.1) (2261.5) (1906.4)
Physiomat-Trail-Making 3.2(1.5) 3.6(1.4) n.r. 3.4 (1.4) 4.7 (.9) n.r. p<0.001¢ 0.211a N/A

Task score, trained
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Physiomat-  duration 11.2 9.7 (3.1) n.r 15.6 7.5 (2.1) n.r. p<0.001°¢ 0.2193 N/A
Trail-Mak-  [s] (5.4) (15.6)
ing Task,
Level 1 un- accuracy 2043.6 1959.8 n.r. 2523.1 1735.4 n.r. p=0.017¢ 0.0732a N/A
trained [digits/ms]  (1246.8) (543.6) (3040.6) (317.2)
Physiomat- duration 17.9 14.7 n.r. 18.0(7.4) 13.9(9.9) n.r. p<0.001¢ 0.2362a N/A
Trail-Mak-  [s] (8.4) 3.7)
ing Task,
Level 2 un- accuracy 2770.9 2661.6 n.r. 2703.4 2683.1 n.r. p=0.121¢ 0.0372 N/A
trained [digits/ms]  (1598.6)  (785.8) (1586.1) (1746.5)
Physiomat-  duration 29.6 25.4 n.r. 32.9 23.1 n.r. p<0.001°¢ 0.204 @ N/A
Trail-Mak-  [s] (15.9) (7.0) (16.5) (10.9)
:f‘gvgfglfjn_ accuracy ~ 4467.0  4816.0 nr. 5316.9  4539.6 n.r. p=0.008°  0.1224a N/A
trained [digits/ms]  (1093.5) (1671.0) (2637.1) (2924.3)
Physiomat- duration 41.4 38.7 n.r. 38.7 33.0 (7.7) n.r. p=0.005¢ 0.280 42 N/A
Trail-Mak-  [s] (9.5) (12.2) (11.8)
ing Task,
Level 4 un- accuracy 8137.4 7671.3 n.r. 7285.2 5857.7 n.r. p=0.009°¢ 0.244 2 N/A
trained [digits/ms]  (2374.7) (3642.1) (2346.8) (1296.5)
Physiomat- duration 55.5 54.5 n.r. B55.7 48.5 n.r. p=0.003°¢ 0.384 a2 N/A
Trail-Mak-  [s] (11.8) (15.1) (16.5) (13.7)
Ntk accuracy 85982 90273 . 9227.8 82785 nr. P00.001¢  0.4592 N/A
trained [digits/ms]  (1539.8) (2444.4) (4138.9) (2000.1)
Physiomat-Trail-Making 3.0(15) 35(1.4 n.r. 3.1(1.4) 4.5 (1.0) n.r. p<0.001°¢ 0.184 aa N/A
Task score, untrained
Yoon et al. Postural wide base, 3.5(1.7) 3.2(1.3) 0.8(1.8) 4.8(1.4) 3.6(1.2) 1.2(1.0) p<0.05° n.r. 0.30
(2013) sway (Wi COP ve- IG: p<0.05
Balance locity
Board), [em/s]
eyes
closed narrow 104.7 95.4 9.3 146.4 93.9 52.5 p<0.05°b n.r. 1.00
base, (46.6) (37.5) (14.1) (64.5) (38.9) (59.7) IG: p<0.05
COP path
length

[em/s]
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BBS 34.9 35.1 -0.2 35.3(1.8) 38.0(2.0) -2.7 p<0.05° n.r. 1.52
(4.6) (4.4) (2.4) (0.9) CG/IG:
p<0.05*%
TUG [8] 28.8 n.r. n.r. 27.7 (6.1) n.r. n.r. n.r. n.r. N/A
(5.7)

4m WT: 4-metre walk test, 5x STS: Five Times Sit-to-Stand Test, 6m WT: 6-metre walk test, 6min WT: 6-minute walk test, 30s CST: 30-second chair stand
test, ACSID: Assessment of Compensatory Sit-to-Stand Maneuvers in People With Dementia, BBS: Berg Balance Scale, bpm: beats per minute, CG: control
group, COP: centre of pressure, E-ADL Test: Erlangen Test of Activities of Daily Living, FICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention
Techniques - subtest 4, FR: Functional Reach Test, GMWT: Groningen Meander Walking Test, IG: intervention group, N/A: not applicable, n.s.: not significant,
POMA: Performance Oriented Mobility Assessment, SD: standard deviation, SE: standard error, SPPB: Short Physical Performance Battery, STS: Sit-to-
Stand, TUG: Timed Up & Go Test, VOz(max): (maximum) oxygen uptake

a independent t-test, between-group baseline-post difference, b Mann-Whitney test, between-group baseline-post difference, ¢ Analysis of covariance with
baseline scores as covariates, between-group post difference, 9 Kruskal-Wallis tests, between-group baseline-post difference, € dependent t-test, within-group
baseline-post difference, f independent t-test, between-group post difference, 9 mixed model analysis of covariance with repeated measures, " general linear
model analysis of covariance with repeated-measures, ' two-way analysis of variance with repeated measures, group*time interaction, i one-way analysis of
variance, between-group post difference,  linear regression analyses, between-group baseline-post difference, ! Tukey test, within-group baseline-post dif-
ference, ™ one-way analysis of variance/analysis of variance with repeated measures, within-group baseline-post difference, " Friedman analysis of variance,
within-group baseline-post difference, © mixed design multivariate analysis of variance, group*time interaction, P Wilcoxon’s test, between-group baseline-post
difference, 9 Analysis of covariance with age, sex, and use of mobility devices, between-group baseline-post difference, " ?, between-group baseline-post
difference, s general linear model analysis, between-group baseline-post difference, tthree level regression model, between-group baseline-post difference, ¢
linear random effects models, time*group interaction, ¥ Analysis of covariance with baseline scores and treatment fidelity as covariates, between-group post
difference, ¥ linear mixed effects models between-group baseline-post difference, * Wilcoxon’s signed-rank test, within-group baseline-post difference, ¥
standardized mean difference/Cohen’s d, between-group, 2 partial eta squared, time*group interaction effect, 2 partial eta squared, group effect, ** between-
group difference/unadjusted pooled standard deviation of baseline-post difference

* Intention-to-treat analysis and complete-case analysis
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Content, construct, and criterion validity, internal consistency, and intra-rater reliability

*Table D. Data extraction main search - content, construct, and criterion validity, internal consistency, and intra-rater reliability
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Motor Assessment

Outcome

Reference

Construct validity

Physiomat-Trail-Making Task

Hypotheses testing
1) moderate-to-high associations with MMSE: r=0.29-0.66, p<0.001-0.004 - Yes

2) more pronounced associations with modified Trail-Making-Test A: r=0.36-0.83, p<0.001
- Yes

3) moderate associations with memory tests: r=(-0.42)-(-0.16), p=0.004-0.12 - Yes

4) higher associations of cognitive outcome measures with increasing complexity: r=(-0.33)-
0.36, p<0.001-0.02 vs. r=(-0.42)-0.44, p<0.001-0.12 vs. r=(-0.22)-0.83, p<0.001-0.12 > Yes
(repeating numbers)

5) associations with TUG and POMA: r=(-0.40)-0.48, p<0.001-0.71 > Yes

6) pronounced associations with Physiomat-Follow-The-Ball Task: r=0.61-0.71, p<0.001
- Yes

7) less association with moderate Physiomat-Balance-Task (10 seconds): r=(-0.34)-0.11,
p=0.10-0.71 > Yes

8) higher associations of motor-functional outcomes with decreasing complexity: r=(-0.22)-
0.22, p=0.004-0.03 vs. r=(-0.40)-0.48, p<0.001 vs. r=0.08-0.19, p=0.35-0.71 > No

Wiloth et al
(2016)

Maximum isometric strength
assessed with dynamometers (knee
extensor strength)

Mann-Whitney U-test/unpaired t-test, independent gait/STS performance vs. dependent
gait/STS performance: p<0.0001

Suzuki et al
(2009)

E-ADL Test

Hypotheses testing
Correlation with severity of dementia: r=(-0.47)-0.72, p<0.001

Correlation with Nurses’ Observations Scale for Geriatric Patients - instrumental activities of
daily living/activities of daily living: r=(-0.45)-(-0.33), p<0.001-0.023

Graessel et al.
(2009)
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Correlation with Nurses’ Observations Scale for Geriatric Patients - mood/disturbing behav-
iour: r=(-0.40)-(-0.33), p=0.007-0.027

Correlation with Nurses’ Observations Scale for Geriatric Patients - total score: r=-0.60,
p<0.001

291

Hypotheses testing

Spearman correlation with cognition: r=0.39-0.43

Spearman correlation with everyday practical capabilities: r=0.39-0.64
Spearman correlation with mood/behaviour: r=0.11-0.39

Luttenberger et
al. (2012)

Criterion validity (concurrent and predictive validity)/correlation with/prediction of external criteria

Modified BBS Bivariate correlation with spatiotemporal gait parameters: r=(-0.85)-0.73, n.s./p<0.05/p<0.01 McGough et al.
Partial correlation with spatiotemporal gait parameters: r=(-0.67)-0.72, n.s./p<0.05/p<0.01 (2013)

POMA Mann-Whitney U-test, fallers vs. non-fallers: p=0.928 Schwenk, Hauer
Univariate logistic regression analysis to predict risk of falling in the next three months: etal. (2014)
R?=0.000, OR=1.002, Clgs=0.904-1.111, p=0.966

TUG Mann-Whitney U-test: fallers vs. non-fallers: p=0.236 Schwenk, Hauer
Univariate logistic regression analysis to predict risk of falling in the next three months: €tal. (2014)
R?=0.011, OR=0.966, Clos=0.883-1.056, p=0.612

5x STS Mann-Whitney U-test, fallers vs. non-fallers: p=0.553 Schwenk, Hauer
Univariate logistic regression analysis to predict risk of falling in the next three months: €tal. (2014)
R?=0.005, OR=1.023, Clos=0.937-1.118, p=0.966

ACSID Correlation with 2D video-motion analysis: r=(-0.73)-0.84, p<0.001 Werner et al.

(2018)
Maximum isometric strength Logistic regression analysis: knee extensor strength was a significant predictor of Suzuki et al.
assessed with dynamometers (knee - Gait performance (OR: 443.02, Clos: 9.20-21325.69) (2009)

extensor strength)

- STS performance (OR: 47.32, Clgs: 3.31-675.81)

Chi? test/Mann-Whitney U-test/ unpaired t-test, independent activities of daily living/gait per-
formance vs. dependent activities of daily living/gait performance: p<0.0001

Logistic regression analysis: knee extensor strength muscles was a significant predictor of

- Dressing the lower body (OR: 109.90, Cles: 7.60-1589.49)

- Toileting (OR: 18.29, Clos: 2.41-138.84)

- Transfers to bed/toilet/shower (OR: 39.70, Clgs: 4.51-349.08)
- Gait performance (OR: 12.77, Clos: 2.30-70.77)

Suzuki et al.
(2012)




APPENDIX 292

6min WT Pearson bivariate correlation with peak cycle ergometer test: r=0.33-0.51, p<0.05 Bronas et al
(2017)
SPPB Bivariate correlation with spatiotemporal gait parameters: r=(-0.71)-0.66, n.s./p<0.01 McGough et al.
Partial correlation with spatiotemporal gait parameters: r=(-0.65)-0.71, n.s./p<0.05/p<0.01 (2013)
Pearson bivariate correlation with peak cycle ergometer test: r=0.35, p<0.05 Bronas et al.
(2017)
E-ADL Test Correlation with level of care: eta=0.39 Luttenberger et
Degree of level of care in relation to E-ADL score: eta=0.48 al. (2012)

Kruskal-Wallis test: p<0.001 (df=2) for care level at baseline and after 22 months (df=3)

Mann-Whitney U-test, unchanged care level vs. increased care level: p=0.01, U=376,
achieved power at p=0.01: 0.48

Internal consistency

BBS Cronbach’s a=0.95 Telenius et al.
ltem-to-total correlations: r>0.4 for all items except item 3, n.s./p<0.05/p<0.01 (2015b)

E-ADL Test Cronbach’s a=0.77 Graessel et al
Correlation between items: r=0.18-0.51, p<0.001-0.224 (2009)
Cronbach’s a=0.68 (total sample), a=0.37 (mild dementia), ad=0.64 (moderate dementia), Luttenberger et
0=0.73 (severe dementia) al. (2012)

Correlation between the 5 items: r=0.21-0.44

Intra-rater reliability

ACSID Percentage agreement=90.2-100.0 Werner et al.
Cohen’s k=0.77-0.91 (2018)
ICC (Cles)=0.84 (0.76-0.89)
5x STS: Five Times Sit-to-Stand Test, 6min WT: 6-minute walk test, ACSID: Assessment of Compensatory Sit-to-Stand Maneuvers in People With Dementia,
BBS: Berg Balance Scale, Clgs: 95 % confidence interval, E-ADL Test: Erlangen Test of Activities of Daily Living, ICC: intraclass correlation coefficient, MMSE:

Mini-Mental-State Examination, n.s.: not significant, OR: odds ratio, POMA: Performance Oriented Mobility Assessment, SPPB: Short Physical Performance
Battery, STS: Sit-to-Stand, TUG: Timed Up & Go Test
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Inter-rater reliability

*Table E. Data extraction main search - inter-rater reliability
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Motor assessment Variable Relative inter-rater reliability Absolute inter-rater reliability Reference
Balance
FR Distance [cm] ICC (Clos)=0.79 (0.43-0.94) N/A Muir-Hunter et al. (2015)
GMWT Time [s] ICC=0.99 SEM=1.00 H.-S. Lee et al. (2017)
MDCog5=2.78
MDCos5%=14.5 %
Number of oversteps  ICC=0.99 SEM=0.76 H.-S. Lee et al. (2017)
MDCg5=2.12
MDCos5%=17.1 %
BBS Score ICC=0.99 SEM=0.78 H.-S. Lee et al. (2017)
MDCog5=2.18
MDCog5%=5.1 %
ICC (Cles)=0.72 (0.31-0.91) N/A Muir-Hunter et al. (2015)
Weighted k=0.94 SEM=0.97 Telenius et al. (2015b)
ICC=0.99 MDCg5=1.92
MDCog5%=7.0 %
Mobility and gait
TUG Time [s] ICC=0.99 SEM=0.63 H.-S. Lee et al. (2017)
MDCoe5=1.75
MDCog5%=7.9 %
ICC (Cles)=0.98 (0.93-0.99) N/A Muir-Hunter et al. (2015)
6m WT Walking speed [m/s] ICC=0.97 SEM=0.03 Telenius et al. (2015b)
MDCg5=0.06

MDCo5%=15.2 %
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4m WT Walking speed [m/s] ICC=0.82 SEM=0.74 H.-S. Lee et al. (2017)
MDCg5=2.06
MDCg5%=98.0 %
Strength
30s CST Repetitions ICC=1.00 SEM=0.00 Telenius et al. (2015b)
MDCe5=0.00
MDCg5%=0.0 %
ACSID Score Percentage agreement=92.1-100.0 N/A Werner et al. (2018)
Cohen’s k=0.64-0.99
ICC (Cle5)=0.85 (0.78-0.90)
Endurance
6min WT Distance [ft] AM: ICC=0.99 N/A Tappen et al. (1997)
PM: ICC=0.97
Walking speed [ft/s] AM: ICC=0.98 N/A Tappen et al. (1997)
PM: ICC=0.96

4m WT: 4-metre walk test, 6m WT: 6-metre walk test,

6min WT: 6-minute walk test, 30s CST: 30-second chair stand test, ACSID: Assessment of Compen-
satory Sit-to-Stand Maneuvers in People With Dementia, AM: morning measures, BBS: Berg Balance Scale, Cles: 95 % confidence interval, FR: Functional
Reach Test, GMWT: Groningen Meander Walking Test, ICC: intraclass correlation coefficient, MDCos: minimal detectable changes at 95 % confidence interval,
MDCos%: percentage minimal detectable changes at 95 % confidence interval, N/A: not applicable, PM: afternoon measures, SEM: standard error of meas-
urement, TUG: Timed Up & Go Test
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Motor assessment Variable Relative test-retest reliability ~ Absolute test-retest reliability Reference
Balance
FICSIT-4 Score ICC (Cle5)=0.79 (0.67-0.87) SEM (Cles)=0.55 (0.47-0.69) Blankevoort et al. (2013)

MDCog5=1.52
MDCog5%=59.4 %

ICC (Clss)=0.82 (0.65-0.91)

SEM (Clos)=0.59 (0.48-0.81)
MDCes=1.64
MDCos%=58.9 %

Blankevoort et al.
(2013)S6t

ICC (Clss)=0.80 (0.61-0.90)

SEM (Clgs)=0.60 (0.48-0.82)
MDCg5=1.66
MDCos%=71.1 %

Blankevoort et al.
(2013)S62

Modified Clinical Test of Sway velocity [deg/s]
Sensory Interaction  of
Balance

ICC=0.91

SEM=0.17
MDCg5=0.34
MDCg5%=36.5 %
CV=14.9%

Suttanon et al. (2011)

Limits of Stability Reaction time [s]

ICC=0.52

SEM=0.15
MDCg5=0.29
MDCo5%=38.0 %
CVv=14.2 %

Suttanon et al. (2011)

Movement velocity [deg/s]

ICC=0.48

SEM=0.46
MDCos5=0.91
MDCog5%=38.9 %
CV=14.7 %

Suttanon et al. (2011)
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Maximum excursion [%] ICC=0.68 SEM=4.44 Suttanon et al. (2011)
MDCg5=8.71
MDCo5%=15.9 %
CV=6.2 %
Directional control [%] ICC=0.71 SEM=5.24 Suttanon et al. (2011)
MDCg5=10.27
MDCo5%=21.8 %
CV=8.3%
Physiomat-Trail-Making Score rs=0.89 N/A Wiloth et al. (2016)
Task ICC (Cle5)=0.90 (0.85-0.95)
Physiomat-Trail-Making Sway path [mm/s] rs=0.59 N/A Wiloth et al. (2016)
Task simple ICC (Cles)=0.47 (0.27-0.63)
Time [s] rs=0.60 N/A Wiloth et al. (2016)
ICC (Cle5)=0.55 (0.37-0.69)
Physiomat-Trail-Making Sway path [mm/s] rs=0.78 N/A Wiloth et al. (2016)
Task moderate ICC (Clgs)=0.74 (0.61-0.82)
Time [s] rs=0.74 N/A Wiloth et al. (2016)
ICC (Cle5)=0.79 (0.68-0.87)
Physiomat-Trail-Making Sway path [mm/s] rs=0.80 N/A Wiloth et al. (2016)
Task complex ICC (Clgs)=0.82 (0.69-0.89)
Time [s] rs=0.87 N/A Wiloth et al. (2016)
ICC (Cle5)=0.83 (0.72-0.91)
Physiomat-Follow-the-Ball ~ Sway path [mm/s] rs=0.74 N/A Wiloth et al. (2016)
Task ICC (Cle5)=0.84 (0.76-0.89)
Duration [s] rs=0.69 N/A Wiloth et al. (2016)
ICC (Clg5)=0.79 (0.68-0.86)
FR Distance [cm] ICC (Clos)=0.81 (0.52-0.94) SEM=4.56 Muir-Hunter et al. (2015)
MDCg5=12.64

MDCo5%=68.9 %
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ICC=0.84

SEM=1.61
MDCg5=3.15
MDCo5%=15.4 %
CV=5.7%

Suttanon et al. (2011)

Hill Step Test

Number of steps (worst
leg)

ICC=0.87

SEM=1.24
MCDg5=2.42
MDCo5%=26.2 %
CVv=11.3%

Suttanon et al. (2011)

Step Quick Turn

Time [s]

ICC=0.55

SEM=0.33
MDCog5=0.64
MDCog5%=38.1 %
CVv=14.4%

Suttanon et al. (2011)

Sway [deg/s]

ICC=0.64

SEM=4.56
MDCg5=8.93
MDCog5%=29.7 %
CVv=10.5%

Suttanon et al. (2011)

Figure of Eight

Time [s]

ICC (Clss)=0.91 (0.85-0.95)

SEM (Clgs)=6.26 (5.41-8.21)
MDCg5=17.35
MDCo5%=37.9 %

Blankevoort et al. (2013)

ICC (Clos)=0.94 (0.86-0.97)

SEM (Clgs)=6.24
(5.63-10.03)
MDCg5=17.30
MDCo5%=36.9 %

Blankevoort et al.
(2013)s6t

ICC (Clgs)=0.85 (0.67-0.94)

SEM (Clgs)=6.00 (4.01-7.58)
MDCg5=16.63
MDCos5%=37.4 %

Blankevoort et al.
(2013)S62

GMWT

Time [s]

ICC (Cles)=0.94 (0.90-0.97)

SEM (Clgs)=1.93 (1.64-2.54)
MDCg5=5.35
MDCo5%=31.2 %

Bossers, van der Woude
et al. (2014)
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ICC=0.96 n.r. Bossers, van der Woude
et al. (2014)s¢1
ICC=0.93 n.r. Bossers, van der Woude
et al. (2014)S¢2
ICC=0.99 SEM=1.36 H.-S. Lee et al. (2017)
MDCg5=3.78

MDCo5%=19.6 %

Number of oversteps

ICC (Cles)=0.63 (0.41-0.78)

SEM (Clgs)=1.58 (1.31-2.03)
MDCg5=4.38
MDCo5%=225.7 %

Bossers, van der Woude
et al. (2014)

ICC=0.79 n.r. Bossers, van der Woude
et al. (2014)s¢t
ICC=0.57 n.r. Bossers, van der Woude
et al. (2014)S¢2
ICC=0.96 SEM=1.49 H.-S. Lee et al. (2017)
MDCg5=4.13
MDCg5%=33.3 %
BBS Score ICC=0.99 SEM=1.36 H.-S. Lee et al. (2017)
MDCg5=3.78
MDCo5%=10.2 %
ICC (Clgs)=0.95 (0.85-0.98) SEM=6.01 Muir-Hunter et al. (2015)
MDCg5=16.66
MDCo5%=38.6 %
Mobility and gait
TUG Time [s] ICC (Clos)=0.94 (0.92-0.97) SEM (Cles)=2.12 (1.74-2.52) Blankevoort et al. (2013)

MDCg5=5.88
MDCo5%=31.6 %

ICC (Clss)=0.96 (0.92-0.98)

SEM (Clgs)=1.43 (1.06-1.79)
MDCg5=3.96
MDCo5%=23.3 %

Blankevoort et al.
(2013)s6t
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ICC (Cles)=0.94 (0.87-0.97)

SEM (Clgs)=2.91 (2.10-3.61)
MDCgs=8.07
MDCog5%=39.6 %

Blankevoort et al.
(2013)S62

ICC=0.99

SEM=1.27
MDCg5=3.52
MDCo5%=15.8 %

H.-S. Lee et al. (2017)

ICC=0.99

SEM=2.48
MDCg0=4.09
MDCos5%=27.7 %

Ries et al. (2009)

ICC=0.99

SEM=1.52
MDCos%=21.1 %

Ries et al. (2009)S612

ICC=99

SEM=3.03
MDCog5%=30.0 %

Ries et al. (2009)SG3

ICC (Cles)=0.72 (0.33-0.90)

SEM=1.24
MDCg5=3.44
MDCg5%=20.3 %

Muir-Hunter et al. (2015)

ICC=0.76

SEM=1.24
MDCg5=2.42
MDCo5%=24.9 %
CV=9.4%

Suttanon et al. (2011)

ICC=0.87

N/A

Thomas and Hageman
(1999)

Cognitive TUG

Time [s]

ICC=0.51

SEM=2.39
MDCog5=4.69
MDCog5%=36.2 %
CVv=14.1%

Suttanon et al. (2011)

Manual TUG

Time [s]

ICC=0.70

SEM=1.45
MDCg5=2.83
MDCos5%=26.7 %
CVv=10.1 %

Suttanon et al. (2011)
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6m WT (comfortable pace)

Walking speed [m/s]

ICC (Clss)=0.86 (0.78-0.92)

SEM (Clgs)=0.10 (0.08-0.12)
MDCgs=0.27
MDCo5%=36.5 %

Blankevoort et al. (2013)

ICC (Clss)=0.83 (0.67-0.91)

SEM (Clgs)=0.11 (0.09-0.11)
MDCg5=0.29
MDCos%=41.5 %

Blankevoort et al.
(2013)s6t

ICC (Clss)=0.89 (0.78-0.95)

SEM (Clgs)=0.09 (0.07-0.13)
MDCg5=0.25
MDCo5%=31.6 %

Blankevoort et al.
(2013)s62

Time [s] ICC=0.92 N/A Thomas and Hageman
(1999)
Number of steps ICC=0.80 N/A Thomas and Hageman
(1999)
6m WT (fast pace) Time [s] ICC=0.95 N/A Thomas and Hageman
(1999)
Number of steps ICC=0.90 N/A Thomas and Hageman
(1999)
am WT Walking speed [m/s] ICC=0.85 SEM=0.64 H.-S. Lee et al. (2017)
MDCg5=1.78
MDCg5%=84.3 %
Gait analysis (GAITRite) Walking speed [m/s] ICC (Clgs)=0.95 (0.81-0.99) N/A McGough et al. (2013)
Walking speed [cm/s] ICC=0.98 SEM=5.72 Ries et al. (2009)
MDCg0=9.44
MDCo5%=27.4 %
ICC=0.97-0.98* SEM=6.07 Ries et al. (2009)s¢1/2
MDCos5%=25.5 %
ICC=0.97-0.98* SEM=5.48 Ries et al. (2009)S¢3

MDCo5%=29.0 %
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Walking speed [m/s]

ICC (Cles)=0.95 (0.88-0.98)

MCDgs=0.13
MDCo5%=12.0 %
CV=4.2%

Wittwer et al. (2008)3 walks

ICC (Cles)=0.96 (0.91-0.99)

MCDgs=0.11
MDCo5%=10.2 %
CV=3.8%

Wittwer et al. (2008)10 walks

Step length [cm]

ICC (Clss)=0.97 (0.93-0.99)

MCDg5=5.27
MDCog5%=8.9 %
CVv=3.1%

Wittwer et al. (2008)3 walks, r

ICC (Clos)=0.98 (0.96-0.99)

MCDgs=4.15
MDCos%=7.0 %
CV=25%

Wittwer et al. (2008)10 walks,
r

Step width [cm]

ICC (Cls)=0.92 (0.82-0.97)

MCDg5=2.23
MDCos%=24.7 %
CV=8.9 %

Wittwer et al. (2008)3 walks. r

ICC (Clss)=0.95 (0.87-0.98)

MCDg5=1.83
MDCo5%=20.0 %
CV=7.0%

Wittwer et al. (2008)10 walks,
r

Stride length (cm)

ICC (Cles)=0.97 (0.87-0.99)

N/A

McGough et al. (2013)

ICC (Cles)=0.97 (0.93-0.99)

MCDgs=10.24
MDCog5%=8.5 %
CV=3.0%

Wittwer et al. (2008)3 walks, r

ICC (Cles)=0.98 (0.96-0.99)

MCDgs=8.12
MDCog5%=6.8 %
CV=2.4%

Wittwer et al. (2008)10 walks,
r

Cadence [steps/ min]

ICC (Cles)=0.91 (0.62-0.98)

N/A

McGough et al. (2013)

ICC (Cles)=0.88 (0.72—0.95)

MCDgs=8.13
MDCogs%=7.5 %
CV=2.7%

Wittwer et al. (2008)3 walks
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ICC (Clos)=0.89 (0.74-0.95)

MDCgs=7.64
MDCos%=7.1 %
CV=25%

Wittwer et al. (2008)10 walks

Swing time [s]

ICC (Clss)=0.96 (0.81-0.99)

N/A

McGough et al. (2013)

ICC (Clss)=0.90 (0.76-0.96)

MCDg5=0.03
MDCos%=7.1 %
CV=2.7%

Wittwer et al. (2008)3 walks, r

ICC (Cles)=0.89 (0.75-0.96)

MCDg5=0.03
MDCos5%=7.0 %
CV=2.8%

Wittwer et al. (2008)10 walks,
r

Stance time [s]

ICC (Cles)=0.87 (0.70-0.95)

MCDg5=0.06
MDCo5%=8.7 %
CV=3.3%

Wittwer et al. (2008)3 walks, r

ICC (Clss)=0.88 (0.73-0.95)

MCDg5=0.06
MDCo5%=8.6 %
CV=29%

Wittwer et al. (2008)10 walks,
r

Toe infout angle [deg]

ICC (Cles)=0.91 (0.78-0.96)

MCDg5=3.06
MDCg5%=33.5 %
CV=12.9%

Wittwer et al. (2008)3 walks. r

ICC (Cles)=0.93 (0.82-0.97)

MCDgs=2.58
MDCg5%=28.2 %
CV=10.8 %

Wittwer et al. (2008)10 walks,
r

Walking speed variability
(%]

ICC (Cles)=0.66 (0.26-0.87)

SEM=1.60
MDCg5=4.40
MDCos5%=77.8 %

Wittwer et al. (2013)

Stride length variability [%]

ICC (Cles)=0.80 (0.52-0.93)

SEM=1.10
MDCg5=3.10
MDCos5%=71.7 %

Wittwer et al. (2013)
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Stride width variability [%]

ICC (Cle5)=0.83 (0.59-0.94)

SEM=3.00
MDCg5=8.30
MDCos5%=47.0 %

Wittwer et al. (2013)

Cadence variability [%0]

ICC (Clss)=0.65 (0.25-0.86)

SEM=0.80
MDCgs=2.30
MDCos%=41.4 %

Wittwer et al. (2013)

Gait analysis (NeuroCom

Balance Master)

Walking speed [cm/s]

ICC=0.50

SEM=7.58
MDCg5=14.86
MDCo5%=48.3 %
CV=20.6 %

Suttanon et al. (2011)

Step length [cm]

ICC=0.75

SEM=4.59
MDCg5=9.00
MDCg5%=35.6 %
CV=13.9 %

Suttanon et al. (2011)

Step width [cm]

ICC=0.89

SEM=1.26
MDCg5=2.48
MDCg5%=22.0 %
CV=14.7%

Suttanon et al. (2011)

Strength

5x STS

Time [s]

ICC=0.80

SEM=1.39
MCDgs=2.73
MDCg5%=29.9 %
CVv=10.5%

Suttanon et al. (2011)

ICC=0.94

N/A

Thomas and Hageman
(1999)

STS on NeuroCom Balance

Master

Rising index
[% body weight]

ICC=0.95

SEM=1.25
MCDgs=2.44
MDCo5%=21.8 %
CV=7.7%

Suttanon et al. (2011)
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COG sway velocity [deg/s]

ICC=0.02

SEM=1.20
MCDg5=2.35
MDCg5%=80.2 %
CV=39.2 %

Suttanon et al. (2011)

Modified 30s CST

Repetitions

ICC (Clss)=0.84 (0.73-0.90)

SEM (Clgs)=1.26 (1.06-1.57)
MDCg5=3.49
MDCos5%=42.5 %

Blankevoort et al. (2013)

ICC (Clss)=0.79 (0.60-0.90)

SEM (Clgs)=1.52 (1.22-2.08)
MDCg5=4.21
MDCos5%=45.7 %

Blankevoort et al.
(2013)S6t

ICC (Clss)=0.88 (0.73-0.95)

SEM (Clgs)=0.83 (0.65-1.04)
MDCg5=2.30
MDCo5%=33.2 %

Blankevoort et al.
(2013)s62

Handgrip dynamometer

Force [kgf] ICC=0.98 N/A Alencar et al. (2012)S¢0
ICC=0.97 N/A Alencar et al. (2012)S61
ICC=0.96 N/A Alencar et al. (2012)S62
ICC=0.42 N/A Alencar et al. (2012)S¢3
Force [kg] ICC (Clos)=0.90 (0.84-0.94) SEM (Clgs)=2.74 (2.05-2.98) Blankevoort et al. (2013)
MDCg5=7.59
MDCg5%=36.8 %
ICC (Cles)=0.86 (0.72-0.93) SEM (Cles)=2.75 (1.85-3.15) Blankevoort et al.
MDCos=7.62 (2013)5¢4
MDCo5%=36.5 %
ICC (Cles)=0.94 (0.87-0.97) SEM (Cles)=2.57 (2.02-3.47) Blankevoort et al.
MDCos=7.11 (2013)5¢2
MDCo5%=34.9 %
Force [kg] Right: ICC=0.68 N/A Thomas and Hageman

Left: ICC=0.70

(1999)
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Maximal isometric strength Torque [Nm]/normalized ICC=0.97 Suzuki et al. (2009)
assessed with dynamome- torque [Nm/kg] ~ . s/
ters (knee extension ICC=0.98 N/A Suzuki et al. (2009)
strength) ICC=0.95 N/A Suzuki et al. (2009)56¢3
Peak force [kgf] Right: ICC=0.63 N/A Thomas and Hageman
Left: ICC=0.56 (1999)
Maximal isometric strength Peak force [kgf] Right: ICC=0.71 N/A Thomas and Hageman
assessed with dynamome- Left: ICC=0.62 (1999)
ters (hip flexor strength)
Maximal isometric strength Peak force [kgf] Right: ICC=0.63 N/A Thomas and Hageman
assessed with dynamome- Left: ICC=0.77 (1999)
ters (dorsiflexor muscles
strength)
Endurance
6min WT Distance [m] ICC=0.99 SEM=20.28 Ries et al. (2009)
MDCg0=33.47
MDCo5%=23.9 %
ICC=0.98-0.99" SEM=21.86 Ries et al. (2009)S6¢1/2
MDCo5%=21.2 %
ICC=0.98-0.99" SEM=19.57 Ries et al. (2009)s¢3
MDCog5%=28.9 %
Distance [ft] Examiner 1, week 1: ICC=0.90 N/A Tappen et al. (1997)
Examiner 1, week 2: ICC=0.80
Examiner 2, week 2: ICC=0.84
AM: ICC=0.84 N/A Tappen et al. (1997)
PM: ICC=0.76
Walking speed [ft/s] Examiner 1, week 1: ICC=0.89 N/A Tappen et al. (1997)
Examiner 1, week 2: ICC=0.79
Examiner 2, week 2: ICC=0.84
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AM: ICC=0.84 N/A Tappen et al. (1997)
PM: ICC=0.75

Functional performance

E-ADL Test Score r=0.73 N/A Graessel et al. (2009)
(items: r=0.35-0.63)

4m WT: 4-metre walk test, 5x STS: Five Times Sit-to-Stand Test, 6m WT: 6-metre walk test, 6min WT: 6-minute walk test, 30s CST: 30-second chair stand
test, AM: morning measures, BBS: Berg Balance Scale, Cles: 95 % confidence interval, COG: centre of gravity, CV: coefficient of variation, E-ADL Test:
Erlangen Test of Activities of Daily Living, FICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention Techniques - subtest 4, FR: Functional Reach
Test, GMWT: Groningen Meander Walking Test, ICC: intraclass correlation coefficient, kgf: kilogram-force, MDCg0: minimal detectable changes at 90 %
confidence interval, MDCogs: minimal detectable changes at 95 % confidence interval, MDCos%. percentage minimal detectable changes at 95 % confidence
interval, N/A: not applicable, n.r.: not reported, PM: afternoon measures, SEM: standard error of measurement, SG: subgroup, STS: Sit-to-Stand, TUG: Timed
Up & Go Test

* range of ICC for several subgroups, no exact ICC reported
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Additional file 9

Description, frequency of use, and effect sizes of motor assessments applied in previ-
ous randomised controlled trials without available information on psychometric proper-
ties

*Table G. Description, frequency of use, and effect sizes of motor assessments applied in randomised
controlled trials (no psychometric properties investigations available)

Motor Description Frequency of Time*group
Assessment use interaction
effect size
Balance
Near-tandem Task: adopting near-tandem position with 1 RCT (n=19) -
test eyes closed (not exactly specified) (Wesson et al.,
Measurement: not specified 2013)
Single leg Task: standing on a single leg alternately for 2 RCT (n=63) Large¢
stance/One Leg 60/30 seconds with both eyes open and (Burgener et al.,
Standing Bal- closed 2008; Kam-
ance Test (Hawk, \easurement: time [s] pragkou et al,
Hyland, Rupert, 2017)
Colonvega, &
Hall, 2006)
One-leg balance Task: standing on one leg unsupported for 1 RCT (n=110) -
test (Vellas et al., five seconds (preferred leg) (Rolland et al.,
1997) Measurement: recording if participant is able  2007)
to maintain one-leg stance for five seconds
[25s: normal, <5s: abnormal]
Inertial sensors Task: standing quietly with feet together for 1 RCT (n=81) Small/
assessing pos- 30 seconds, while wearing an inertial sensor (Schwenk, Dutzi medium?'

tural sway (Moe-
Nilssen, 1998)

(DynaPort)
Measurement: sway area [sq cm]

etal., 2014)

Posturography
platforms as-
sessing postural
sway

Task: standing quietly on a posturography
platform (QFP) for 51.2 seconds with eyes
open

Measurement: elliptical area covered by
moving centre of gravity [mm?]

1 RCT (n=20)
(Toulotte et al.,
2003)

Wii Balance
Board assessing
postural sway
(Clark et al.,
2010)

Task: standing quietly on a Wii Balance
Board for 15/30 seconds under four condi-
tions: feet apart with eyes open and closed,
feet together with eyes open and closed

Measurement: centre or pressure velocity
[cm/s], centre of pressure path length [cm/s]

1 RCT (n=20)
(Yoon et al.,
2013)

Mobility and gait

Get-Up and Go
Test (Mathias et
al., 1986)

Task: standing up from a chair, walking three
metres, turning around, walking back to the
chair, and sitting down, use of a walking aid
is allowed

Measurement: score from 1 to 5 [1=no insta-
bility to 5=very abnormal]

1 RCT (n=110)
(Rolland et al.,
2007)
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10-meter walk

Task: walking ten metres with comfortable

2 RCT (n=209)

test (Guralnik, pace, use of walking aid is allowed (Sobol et al.,

Seeman etal., Measurement: walking speed [m/s], time [s] ~2016; Toulotte et

1994) al., 2003)

10-meter walk Task: walking ten metres with comfortable 1 RCT (n=189) -
test with dual pace while naming month backwards/count- (Sobol et al.,

Task (Guralnik, ing backwards from 50, use of walking aid is  2016)

Seeman et al.,

allowed

1994) Measurement: walking speed [m/s]
8-foot walk test Task: walking eight foot with comforta- 3 RCT (n=78) Medium’
(Guralnik, ble/fast pace, use of walking aid is allowed  (Dawson et al.,
Seeman etal., Measurement: walking speed [m/s], time [s] 2019, Hauer et
1994) al.,, 2017; Stein-
berg et al., 2009)

Gait analysis Task: walking with comfortable pace overan 1 RCT (n=49) -
with dual task electronic walkway (GAITRite) while count- (Schwenk et al.,
performance ing forward by twos/backward by threes 2010)
(Kressig & Beau-  Measurement: dual-task cost in motor per-
chet, 2006) formance [%] for walking speed, cadence,

stride length, stride time, single support,

dual-task cost in combined performance [%]
Southampton Task: different tasks of mobility (sit-to-stand, 1 RCT (n=78) Small¢
Assessment of standing balance, gait, stand-to-sit) (Pomeroy et al.,
Mobility (Pome-  peasurement: score [0=immobile, 18=able 1999)
roy, 1990) to walk four steps]
Hierarchical As-  Task: getting up from bedside and walking, 1 RCT (n=123) Small’
sessment of Bal- which is rated in three areas: in-bed mobility, (Schwenk, Dutzi
ance and Mobil-  transfers, and walking et al., 2014)
ity (Rockwood, Measurement: score [0-65]
Rockwood, An-
drew, & Mitnitski,
2008)
Acute Care In- Task: 20 items that are divided into four sub- 1 RCT (n=82) -
dex of Function scales - mental status, bed mobility, trans- (Roach et al.,
(Roach & van Dil-  fers, and mobility 2011)
len, 1988) Measurement: score [0-1]

Strength

Body-fixed-sen-  Task: performing five repetitions of the sit-to- 2 RCT (n=106) No to large ¢"
sor-based Sit-to- stand task without upper extremity assis- (Hauer et al.,
Stand analysis tance 2017; Werner et
using DynaPort  \easurement: total duration [s], duration of @l 2017)
(Schwenk etal.,  hip extension/flexion [s], maximum angular
2012) velocity during hip extension/flexion [deg/s]

of stand-to-sit and sit-to-stand movements

and trunk flexion range [deg], trunk flexion

duration [s], maximum trunk flexion angular

velocity [deg/s], sit-to-stand movement dura-

tion
10-s chair-stand  Task: performing as many repetitions of sit- 1 RCT (n=40) Large®

test (Bohannon,
1995)

to-stand task as possible in 10 seconds with-
out upper extremity assistance

Measurement: number of repetitions

(Vreugdenhil et
al., 2012)




minutes

Measurement: cost of walking [J/kg/m], VO:2
[ml/kg/min], heart rate [bpm]

2018)
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One-repetition Task: one-repetition maximum as achieved 2 RCT (n=232) Medium/
maximum as- in the leg-press training machine for maxi- (Hauer et al.,, large’
sessed with fit- mum dynamic concentric muscle strength in  2012; Schwenk,
ness machines hip and knee extensors and in the abductor Dutzi et al.,

training machine for maximum strength in 2014)

hip abductors, respectively

Measurement: one-repetition maximum [kg]
Stair-climbing Task: climbing a flight with thirteen stairs 1 RCT (n=107) -
performance Measurement: time [s] (Hauer et al,
(Reuben & Siu, 2012)
1990)
Physical therapy Task: measure muscle strengthinupperand 1 RCT (n=11) -
assessment lower extremities (not exactly specified) (Francese et al.,

Measurement: score [not specified] 1997)

Endurance

2-min walk test Task: walking for two minutes with comfort- 2 RCT (n=152) -
(Stewart, Burns, able pace, use of usual walking aids is al- (Cott et al.,
Dunn, & Roberts, lowed 2002; Pomeroy
2016) Measurement: distance [m] etal., 1999)
400-m walk test Task: walking 400 m with fast pace 1 RCT (n=189) -
(Rolland et al., Measurement: time [s] (Sobol et al.,
2004) 2016)
3-speed walking  Task: walking on a treadmill with 80 %, 100 1 RCT (n=34) Medium to
test %, and 120 % of self-selected pace for five (Pedrinollaetal., large¢

6-min Astrand
Cycle Ergometer
test (Astrand &
Ryhming, 1954)

Task: submaximal 6-minute cycle test

Measurement: estimated maximum oxygen
uptake [ml/kg/min]

1 RCT (n=189)
(Sobol et al.,
2016)

Pedal Power

Task: pedalling in seven steps from 10 to 70
W (not exactly specified)

Measurement: exercise time [s], pedal rota-
tions [number], total load [W/s]

1 RCT (n=31)
(M.-J. Kim et al.,
2016)

Flexibility

Chair sit and
reach (Jones, Ri-
kli, Max, & Noffal,
1998)

Task: stretching one leg keeping heel on the
floor and trying to touch the toes with the fin-
gers while sitting on a chair

Measurement: distance between the fingers
and toes [cm]

1 RCT (n=20)
(Toulotte et al.,
2003)

Functional performance

Physical Perfor-
mance Test
(Reuben & Siu,
1990)

Task: seven items (writing a sentence, trans-
ferring five beans from a bowl to a cup with
a teaspoon, lifting a book onto a shelf, put-
ting on a coat, picking up a coin from the
floor, walking 50 feet, and turning 360° while
standing in one place), which are scored on
a 4-point Likert scale

Measurement: score [0-28]

1 RCT (n=105)
(Bossers et al.,
2016)
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Senior Fitness
Test (Rikli
& Jones, 2006)

Task: battery of tests including:

(1) muscle dynamic strength endurance of
legs (30-s chair stand test) and upper body
(arm curl test),

(2) flexibility of lower (chair sit-and-reach
test) and upper body (back scratch test),

(3) speed, agility and balance while moving
(8-foot up-and-go test),

(4) aerobic endurance (2-minute step test)
Measurement:

(1) number of repetitions,

(2) distance between toes and fingers / fin-
gers [cm],

(3) time [s],

(4) number of repetitions

1 RCT (n=16)
(Santana-Sosa
et al., 2008)

Large "

Jebsen Total
Time (Jebsen,
Taylor, Triesch-
mann, Trotter, &
Howard, 1969)

Task: performing a range of seven hand
functions required for activities of daily living
(writing, turning over 3 by 5 inch cards, pick-
ing up small common objects, simulated
feeding, stacking checkers; picking up large
objects, and picking up large heavy objects),
while total time is evaluated

Measurement: total time [s]

1 RCT (n=27)
(Steinberg et al.,
2009)

Physiological
Profile Assess-
ment (Lord,
Menz, &

Tiedemann, 2003)

Task: five items evaluating visual contrast
sensitivity, knee joint proprioception, quadri-
ceps strength, simple reaction time, and
postural sway while standing on a foam rub-
ber mat with eyes open

Measurement: fall risk score [z-score]

2 RCT (n=60)
(Suttanon et al.,
2013; Wesson et
al., 2013)

n: number of analysed participants, RCT: randomised controlled trial/s
¢ calculated effect size, " effect size provided of randomised controlled trial
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*Table H. Arrival of a sample session of the multimodal exercise program
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Imagination

Motor tasks

Cognitive tasks

Destination: ask the participants
for destination of this session.

None.

If participants do not know destination, instructor gives
explanations and descriptions about destination to cre-
ate an imagination.

Pack your bag: take clothes out of
the wardrobe.

Move your arms and upper body with straightened back to the
right, middle, and left side and then down to the floor, respectively
(in order to put the clothes into the bag).

Instructor asks where in the wardrobe trousers (in mid-
dle compartment), T-shirts, and pullovers (in left over-
head compartment), swimsuit or swim trunks (in right
overhead compartment), etc. are.

Central Station: walk to the central None.
station (meet the other tourists).

Alternately lift your legs and swing your arms to simulate walking.
Greet your fellow passengers. None.

Upper body rotates to the left/right side and shake hands with fel-
low passenger.
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Take your ticket out of your pocket
(trousers or shirt) or hand bag and
show it to the conductor.

Bend down to touch the chair leg (handbag) (alternatively touch

the addressed pocket of your clothes), then stretch 1 arm with
straightened back to the front and hold it.

Participants should remember where they have put the
ticket after the last journey.

The group reflects on packing and
thinks about if everything im-
portant is included.

Resting and recovering.

Instructor asks participants what they packed in their
bags a few minutes ago.

Get out of the train and walk to the
hotel for check-in.

Alternately lift your legs and swing your arms to simulate walking.

None.
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*Table I. Main part of a sample session of the multimodal exercise program (destination is a cruise in the Mediterranean Sea)
Imagination Starting position Motor tasks Cognitive task Time
15t Holiday Event — Visiting Pisa
Leave the cruise ship, Instructor starts a conversation while sim- 1 min
say goodbye to the ulating walking asking if participants have
captain. been in Italy/Pisa. If yes: “Can you tell us
about your adventures?” If no: “What's
] typical about Italy? Do you know some
Alternately Lift your legs and wave to the captain Stereotypes?”
and salute him with a tip on your forehead.
Climb up the tower of Participants count the stairs forward be- 1 min
Pisa. ginning with 1 (up to 15).
Stand behind the chair Alternately Lift your legs to your upper body while
(hold on to the back of slightly leaning backwards/to the sides (due to the
the chair). angle of the tower).
Enjoy the amazing None. 1x in each
view. direction,
2 min
Stand behind the chair Turn around 360° (1 turn left, 1 turn right) (Keep
(hold on to the back of holding on to the back of the chair if there is a risk
the chair). of falling!)
Climb down the tower See above “climbing up”. Participants count the stairs backwards 1 min

of Pisa.

beginning with 15.
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Return to the cruise None. 1 min
ship and greet the cap-
tain.
2" Holiday Event: Aqua Fitness in the deck pool of the cruise ship
Put on your swimsuit or Lift your right leg and move your hands — starting None. 2x  each
swim trunks. at your upper leg — over your knee along your lower leg, 0.5
leg to your ankle and then up again until you reach min
your hip (simulating dressing up). Repeat the task
on your other leg.
Sit up straight.
Tasks with your pool None. 10 min, 3
noodle. sets each
task
Sit up straight, pool-
noodle in both hands.
Hold pool-noodle with both hands (hands close to 3x
the ends). Stretch your arms vertically above your
head. Put the pool-noodle behind your head — try
to sit straight (it is allowed to bend the pool-noodle
a little bit!).
2x  each
side

Hold pool-noodle with both hands (hands nearly at
the ends). Stretch your arms vertically above your
head. Lean your upper body to the right then to the
left.
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approx.
20 sec
Horizontally hold the pool-noodle (hands close to
the ends). Put both ends together to form a circle.
Maximally extend your arms.
3x back &
forth
Bend the pool noodle in front of you (each end in 1
hand). Climb back and forth over the pool noodle
(use it like a skipping rope).
approx.
15 sec
Vertically take the pool noodle between your legs,
hold it in both hands with arms fully extended in
front and roll it in your hands.
The Pool Bar invites your tourist group for a drink (5min break for drinking) 5 min
3'¥ Holiday Event: Arrive in Cairo
Leave the cruise ship, (See above “leave the cruise ship”). None. 1 min

say goodbye to the
captain and walk to-
ward the camel station.
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Get up on the (sitting) None. 4 min
camel. Due to the su-
perstition of the camel
drivers, you have to
walk around the camel 2
3 times before sitting Stand behind the chair Walk 3 times around your chair, change direction
down. (hold on to the back of each time you finished a round.
the chair).
Ride the camel to the Instructor tells the story about riding the 2x 1 min
pyramids. camel above different barriers. At least 2 activity
times participants have to ride slowly and 0.5min
gallop. Participants have to reply on the pause, 1.5
. story by their movements. min
Sit up straight. Take the reins - Arms are held in horizontal posi-
tion while doing the other tasks. The camel moves
slowly (wavers) > Hip tits to the
left/right/front/back while sitting on the chair. The
camel gallops (hops) - rising a bit from the seat
doing “ups” and “downs”.
Arrive at the pyramids (See above “Get up on the [sitting] camel”). None. 4 min
and climb off the camel
(same ritual like getting
up on the camel).
Meet local Bedouins at Common time (4 beats per cycle). None. 10 min

the pyramids, partici-
pate in a traditional
dance -> repetitive
dance choreography.

Sit up straight.
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1st cycle: (1) put your right hand on the left shoul-
der and (2) the left hand on the right shoulder (=
arms crossed), (3) bow your upper body toward
your right neighbor, then (4) sit straight again.

2nd cycle: (5) bow your upper body toward your
right neighbor, then (6) sit straight again, (7 & 8)
clap your hands twice.

3rd cycle: (1) clap your left hand on your upper right
leg, then (2) your right hand on your upper left leg,
(3 & 4) tamp twice with your right foot.

4th cycle: (5 & 6) stamp twice with your left foot, (7
& 8) clap your hands twice.

Get up on the (sitting)
camel.

(See above “Get up on the [sitting] camel”).

Participants should remember “The ritual”.

4min
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Ride back to the cruise (See above “Ride the camel to the pyramids”). (See above “telling a Story”). 2x 1 min

ship. activity 0.5
min
pause, 1.5
min

Climb off the camel. (See above “Get up on the [sitting] camel”). Together, instructor and participants ver- 4 min

bally reconstruct the “ritual”.

Return to the cruise
ship and greet the cap-
tain

Return to the cruise ship and greet the captain. None. 1 min
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Imagination

Motor tasks

Cognitive task

Pack your bag.

None.

Participants have to remember the clothes and other things they have
put in the bag on the arrival. Instructor encourages them by asking
explicit questions.

Walk to the central station.

(See “Arrival”).

None.

Take your ticket out of your pocket (trou-
sers or shirt) or hand bag and show it to
the conductor.

(See “Arrival”).

Participants have to remember where they have left the ticket after
they have showed it to the conductor.

Remembering.

Relax and shake your arms and legs.

Participants have to remember what the destination of the journey to-
day was and what experiences they had. Instructor encourages group
to talk about the training lesson and if needed give hints.

Say goodbye to fellow passengers.

Q

Wave your hands at other participants.

None.

Announcing the next destination of the up-
coming training lesson.

None.

Instructor says goodbye to participants and give a brief outlook to the
next training session.
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Multimedia Appendix 2

Description of the assessments

Multimedia Appendix 2 gives a detailed description of performing each assessment.
These are important information to attain a standardized testing procedure and ensure
comparability.

FICSIT-4 Scale (static balance; Rossiter-Fornoff et al., 1995)

Frailty and Injuries: Cooperative Studies of Intervention Techniques 4 scale (FICSIT-
4) (Rossiter-Fornoff et al., 1995) determines static balance. Participants are asked to
take different standing positions for 10 seconds each in the following order: Romberg,
semi tandem, tandem, and single leg. First, the investigators demonstrate the positions
and - if necessary - assist participants to take this position. Time is measured from the
moment participants take up the position without help up to 10 seconds or in the fol-
lowing cases: foot position is changed or help is required to avoid a fall. Prerequisite
for performing the next task of FICSIT-4 scale is the successful performance (10 sec-
onds in the position) of the previous task. There is no test run before recording. The
FICSIT-4 scale rates performance with 0 to 5 points according to number and time of
finished positions (Rossiter-Fornoff et al., 1995).

Timed Up and Go test (mobility; Podsiadlo & Richardson, 1991)

Timed Up and Go test (Podsiadlo & Richardson, 1991) assess mobility. For timed Up
and Go test participants are asked to rise from a chair, walk 3 meters, turn around, go
back, and sit down on the chair. Time recording starts with “Go” and stops when par-
ticipants sit on the chair again. The chair has a sitting height of 46 centimeters and
armrests. The distance of 3 meters is marked with a cone. Using a walking aid is al-
lowed and is placed next to participants. Investigators demonstrate timed Up and Go
test once and participants do one test run. During assessment, 3 instructions are al-
lowed where needed: 1. “Go to the cone”, 2. “Turn around”, 3. “Sit down”. 2 valid trials

are recorded.
6-meter walk test (mobility; Graham et al., 2008)

The 6-meter walk test (Graham et al., 2008) assesses mobility and aims to capture
normal gait speed. To reduce bias caused by the testing situation, participants are not

explicitly informed about time keeping. A straight and flat distance of 6 meters is
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marked. During time keeping, investigators try to avoid conversation. All walking aids
used in everyday life are applied. The 6-meter walk test is repeated 2 or 3 times if

necessary.
GAITRIite (gait parameters)

Temporal and spatial gait parameters will be analyzed using the electronic gait analysis
system GAITRIite (CIR Systems Inc, Franklin, NJ) with an active length of 4.88 meters,
a spatial resolution of 1.27 centimeters, and a scan rate of 120 hertz. Gait parameters
are recorded for 3 different conditions: walking with normal speed; walking with normal
speed and the task of counting backwards from 50; walking with normal speed and the
task of naming animals. All conditions will be repeated up to 5 times walking in the
same direction to generate 3 valid trials. All walking aids used in everyday life are
applied. To eliminate acceleration and deceleration during recording, participants start
walking 2 meters in front of the GAITRite system and end 2 meters after (Kressig

& Beauchet, 2006). Rests between trials are allowed when necessary.

Modified 30-second chair-stand test (strength of lower limbs; Blankevoort et al., 2013,
Jones et al., 1999)

The modified 30-second chair-stand test (Blankevoort et al., 2013; Jones et al., 1999)
determines strength of lower limbs. Participants are asked to stand up and sit down as
often as possible during 30 seconds. Repetitions are counted loudly. Moreover, the
time to perform 5 repetitions is taken during the modified 30-second chair-stand test.
In this modified version participants are allowed to use their arms (Blankevoort et al.,
2013; Jones et al., 1999). The chair is the same as in timed Up and Go test (sitting
height of 46 centimeters, with armrests). Investigators demonstrate the task and par-
ticipants complete 1 test run. Valid performances, defined as hip angle during standing
of about 180° and during sitting of about 90°, are counted after the command “Go” with
simultaneous timing up to 30 seconds. If 30 seconds end while standing, a semi repe-
tition is counted. After a rest, fit participants complete a second trial without using arms
with the same recording procedure as for the modified 30-second chair-stand test (in-

cluding time for 5 repetitions).
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Short physical performance battery (function of lower limbs; Guralnik, Simonsick et al.,
1994)

The short physical performance battery (Guralnik, Simonsick et al., 1994) evaluates
function of lower limbs. It consists of standing balance (Romberg, semi tandem, tan-
dem), gait speed, and 5 times sit to stand without using arms (Guralnik, Simonsick et

al., 1994). All measures are described above.

Erlangen Test of Activities of Daily Living (E-ADL-Test) (Activities of Daily Living;
Graessel et al., 2009)

Erlangen Test of Activities of Daily Living (E-ADL-Test) (Graessel et al., 2009) deter-
mines ADL. It consists of 5 items: pouring a drink, cutting a piece of bread, opening a
small cupboard, washing hands, and tying a bow which will be performed during test-

ing. A detailed description of each item is given by Graessel et al. (2009).
7-item physical performance test (Activities of Daily Living; Reuben & Siu, 1990)

The 7-item physical performance test (Reuben & Siu, 1990) assess ADLs and includes
the following tasks: writing a sentence, simulated eating, turning 360 degrees, putting
on and removing a jacket, lifting a book and putting it on a shelf, picking up a penny
from the floor, and a 50-foot walk test. The 7-item physical performance test will be
performed according to the test protocol given by Reuben and Siu (1990). Due to time
restrictions and to reduce physical stress, the 50-foot walk test will not be performed
in this high-aged sample and the gait speed of the 6-meter walk test will be used in-
stead.

Cognitive Assessments

All cognitive assessments will be performed and rated according to available test pro-

tocols.
Body mass and height

Body mass and height will be measured using a Seca 813 Robusta scale and Seca
213 stadiometer (Seca, Hamburg, Germany) with an accuracy of 0.1 kilogram and 0.1
centimeter, respectively. Participants will wear normal clothes and shoes during all

measurements and the shoe type will be documented.



APPENDIX

Supplementary material manuscript V

Supplementary Table 1

323

*Table K. Sample characteristics of participants at baseline (intention-to-treat analysis)

Total sample Intervention Control Group differences
[n=304] group group [t(df)/z/Chi(df), p]
[n=194] [n=110]
Age, years 86 (6), 86 (6), 67-102 87 (6), 66-98  t(302)=1.135, p=0.257
[M (SD), range] 66-102
Sex, female 86 % 85 % 89 % Chi2(1)=1.223,
p=0.269
Diagnosis of dementia Chi?(2)=3.693,
- yes 66 % 67 % 65 % p=0.158
- no 18 % 20 % 15 %
- unknown 16 % 13 % 21 %
Type of dementia Chi2=9.005, p=0.050
- Alzheimer's disease 17 % 19 % 14 %
- Vascular dementia  15% 18 % 10 %
- Mixed dementia 3% 2% 4%
- other 1% 2% 0%
- unknown 30 % 26 % 37 %
- no/unknown 34 % 34 % 36 %
diagnosis
MMSE [M (SD), range] 17 (4), 10-24 17 (4), 10-24 17 (4), 10-24  1(250.853)=0.389,
p=0.698
Use of walking aid Chi2(2)=4.104,
- walker 71% 69 % 75 % p=0.128
- waking stick/s 6 % 4% 8 %
- no walking aid 21 % 24 % 16 %
unknown in unknown in unknown in
2% 3% 1%
Depression Chi?(2)=2.461,
- yes 26 % 28 % 22 % p=0.292
- no 52 % 53 % 52 %
- unknown 22 % 20 % 26 %
CIRS [M (SD), range]
- Morbidity Index 9 (5), 1-26 9 (4), 1-20 10 (6), 2-26 t(176)=0.469, p=0.640
- Severity Index 1.6 (0.4), 1-3 1.6 (0.4), 1-3 1.6 (0.5), 1-3 z=-0.273, p=0.785
not available not available not available
for 41 % for 37 % for 50 %
Number of medica- 7 (4), 0-27 7 (4), 0-27 6 (4), 0-20 t(232)=-2.686,
tions [M (SD), range] unknown in unknown in unknown in p=0.008
23 % 22 % 25 %
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Antidementives

Chiz(2)=2.742,

- yes 22 % 25 % 17 % p=0.254
- no 43 % 41 % 47 %
- unknown 35 % 34 % 36 %
Antidepressants Chi?(2)=10.723,
- yes 25 % 31 % 15 % p=0.005
- no 36 % 32% 42 %
- unknown 39 % 37 % 44 %
Height, cm 156.7 (8.1), 156.6 (8.1), 156.9 (8.3), t(284)=0.342, p=0.733
[M (SD), range] 139.0-186.0 139.0-186.0 140.5-185.0
unknown in unknown in unknown in
6 % 7% 5%
Weight, kg 68.9 (13.1), 69.9 (13.5), 67.2 (12.3), t(270)=-1.668,
[M (SD), range] 41.3-125.0 46.1-125.0 41.3-99.4 p=0.096
unknown in unknown in unknown in
11 % 12 % 8 %
BMI, kg/m?2 28.0 (4.7), 28.5 (4.7), 27.2 (4.8), t(268)=-2.307,
[M (SD), range] 17.6-48.5 18.1-48.5 17.6-38.0 p=0.022
unknown in unknown in unknown in
11 % 12 % 9%

BMI: Body Mass Index, CIRS: Cumulative lliness Rating Scale, df: degree of freedom, M: mean,

MMSE: Mini-Mental State Examination, n: number, SD: standard deviation
Statistically significant results appear bold
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Supplementary Table 2
*Table L. Effects of the multimodal exercise program on spatiotemporal gait parameters and dual task costs (intention-to-treat analysis)
Baseline Group differences Post Difference Within group time Time*group effects
M (SE)] at baseline [M (SE)] post —baseline effects F (dfpumerato, Effect
[t(df), p] [M (SE), [Cles]] [t(df), p] dfdenominator), P size np?
Single task (IG: n=194, CG: n=110)
Walking speed, IG  0.62 (0.01) 0.61(0.01) -0.01 (0.01), t(121)=0.573, p=0.568  F(1,302)=0.001
m/sec t(136275)=-0.672, [-0.03, 0.02] to 0.395, 0.000 to
CG 0.60(0.02) P=0.502 0.60 (0.02)  0.00 (0.02), t(238)=0.095, p=0.925  P=0.530t0 0.001
[-0.03, 0.03] 0.977
Stride length, cm IG  77.7 (1.4) 774 (1.6)  -0.3(1.4),[-3.0, 2.5] t(27)=0.190, p=0.851 F(1,302)=0.001
t(2596)=0.553, _ _ to 2.814, 0.000 to
CG 789(1.7) p=0.580 776 (1.9)  -1.3(1.7), [-4.7, 2.0] t(72)=0.789, p=0.433 0=0.094 to 0.009
0.97720b
Stride time, sec  IG 1.3 (0.0) 1.3 (0.0) 0.0 (0.0), [0.0, 0.1] t(46)=-1.224, p=0.227*  F(1,302)=0.325
t(1200)=1.975, _ _ to 4.944, 0.001 to
CG 1.4(0.0) 0=0.049 1.4 (0.0) 0.0 (0.0), [-0.1, 0.0] t(230)=0.698, p=0.486 0=0.027 to 0016
0.569*
Double support, 1G  40.0 (0.6) 40.7 (0.6) 0.7 (0.6), [-0.4, 1.8] t(59)=-1.318, p=0.192*  F(1,302)=0.002
% of stride time 1(3372)=0.327, _ _ to 0.265, 0.000 to
CG 40.3(0.7) p=0.743 41.2 (0.8) 0.9 (0.7),[-0.4, 2.2] 1(106)=-1.314, p=0.192* 0=0.607 to 0.001
0.961°b
Stance phase, IG  69.8(0.3) 70.2(0.3) 0.4 (0.3),[-0.1, 1.0] t(83)=-1.612, p=0.111*  F(1,302)=0.000
% of stride time 1(1915)=0.305, to 0.149,
° CG 70.0(0.4) p(=0.7€20 70.4(0.5)  0.5(0.4),[-0.3, 1.3] t(48)=-1.143, p=0.259* 0=0.700 to 0.000
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Dual task, counting backwards (IG: n=194, KG: n=110)

Walking speed, IG  0.49 (0.01) 0.49 (0.01)  0.00 (0.02), 1(24)=0.035, p=0.972 F(1,302)=0.004
m/sec 1(792)=-1.75, [-0.03, 0.03] to 1.043, 0.000 to
CG 0.46(0.02) P=0.079* 0.47 (0.02)  0.01 (0.02), t(185)=-0.540, p=0.590 ~ P=0.308 to 0.003
[-0.02, 0.04] 0.948
Stride length, cm IG  71.2 (1.4) 73.1(1.6)  1.9(1.6), [-1.4,5.2] 1(20)=-1.194, p=0.246*  F(1,302)=0.063
t(1093)=-0.629, _ _ . t01.212, 0.000 to
CG 698(18)  Zopog 72.7(21)  2.9(2.2), [-15, 7.4] t(25)=-1.328, p=0.196 0=0.272 t0 0.004
0.802°
Stridetime, sec  IG 1.5 (0.0) 1.6 (0.0) 0.0 (0.0), [0.0, 0.1] t(30)=-0.836, p=0.410*  F(1,302)=0.000
t(108)=1.764, _ _ . 104518, 0.000 to
CG 1.6(0.0) 0=0.081* 1.7 (0.1) 0.1 (0.1), [0.0, 0.2] 1(26)=-1.118, p=0.274 0=0.034 to 0.015
0.996% 2 b
Double support, IG  43.8(0.7) 436 (0.8)  -0.2(0.9), [-2.0, 1.6] 1(19)=0.237, p=0.815 F(1,302)=0.002
% of stride time 1(212)=1.383, _ _ to 1.099, 0.000 to
CG 454(09)  Zi7es 451 (1.0)  -0.3(1.0), [-2.2, 1.7] 1(32)=0.275, p=0.785 0=0.295 to 0.004
0.969
Stance phase, IG  71.7 (0.4) 71.8(0.4)  0.1(0.4), [-0.8, 1.0] t(24)=-0.210, p=0.835 F(1,302)=0.035
% of stride time t(73)=1.482, _ _ to 2.770, 0.000 to
CG 727(05) 5143 72.4(0.5)  -0.3(0.6), [-1.5, 0.8] 1(29)=0.566, p=0.575*  5'097'1 0.009
0.852
Dual-task costs, counting backwards (IG: n=194, KG: n=110)
Walking speed, IG  -17.1(2.0) 154 (2.9) 1.7 (3.3), [-4.9, 8.4] t(18)=-0.534, p=0.600 F(1,302)=0.032
% t(205)=1.649, _ _ to 2.378, 0.000 to
CG -22220) S5 0: -17.8(3.7) 4.4 (4.1),[-3.7,12.5]  1(85)=-1.067, p=0.289 0=0.124 to 0.008
0.859b
Stride length, % IG  -6.9 (1.5) -3.5 (2.5) 3.4 (2.8), [-2.5, 9.4] t(13)=-1.212, p=0.246*  F(1,302)=1.125
1(93)=-2.192, _ _ to 6.013, 0.004 to
CG -115(14)  Z5na -3.6 (3.1) 7.9 (3.4), [1.1, 14.8] 1(22)=-2.346,p=0.028 0515y, 0.015
0.290% b
Stride time, % G 17.4(2.1) 18.6 (2.4) 1.2 (2.8), [-4.4, 6.9] t(31)=-0.444, p=0.660 F(1,302)=0.000
1(92)=0.513, _ _ to 4.7009, 0.000 to
CG 18922 5609 243(35)  53(38)[22,129]  (27)=-1414,p=0.169* ;a1 0.015

0.998*
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Double support, IG  10.4(1.2) 8.4 (1.8) -2.0 (2.0), [-6.1, 2.1] t(19)=1.004, p=0.328* F(1,302)=0.000
% t(106)=1.572, _ _ " to 0.715, 0.000 to
CG 13.4(1.6) p=0.119* 11.0 (2.3) -2.4 (2.5), [-7.4, 2.6] t(32)=0.949, p=0.350 0=0.398 to 0.002
0.998a°
Stance phase, % IG  2.8(0.4) 2.4 (0.6) -0.5(0.7), [-1.8, 0.9] t(21)=0.716, p=0.482* F(1,302)=0.001
t(39)=1.679, _ _ " to 3.165, 0.000 to
CG 4.0(0.5) p=0.101* 2.9 (0.7) -1.1 (0.9), [-3.0, 0.7] t(28)=1.222, p=0.232 0=0.076 to 0.010
0.976°
Dual task, naming animals (IG: n=194, KG: n=110)
Walking speed, IG 0.41 (0.01) 0.42 (0.01) 0.01 (0.01), t(75)=-0.554, p=0.581 F(1,302)=0.002
m/sec t(103)=-0.706, [-0.02, 0.03] to 0.974, 0.000 to
CG 0.40(0.01) P=0.482 0.41 (0.01) 0.01 (0.01), 1(98)=-0.846, p=0.400 p=0.324 to 0.003
[-0.02, 0.04] 0.967
Stride length,cm I1G  64.9 (1.4) 67.7 (1.3) 2.8 (1.4),[0.0, 5.5] t(25)=-2.009, p=0.056* F(1,302)=0.001
t(140)=0.394, _ _ to 3.912, 0.000 to
CG 65.8(1.7) p=0.694 66.4 (1.6) 0.6 (1.9), [-3.2, 4.5] t(31)=-0.316, p=0.754 0=0.049 to 0013
0.971*
Stride time, sec IG  1.7(0.0) 1.7 (0.0) 0.0 (0.0), [0.0, 0.1] t(28)=-0.971, p=0.340* F(1,302)=1.921
t(134)=1.788, _ _ to 10.040, 0.006 to
CG 1.8(0.0) p=0.076* 1.7 (0.1) -0.1 (0.1), [-0.2, 0.1] t(21)=1.003, p=0.327* 0=0.002 to 0.032
0.167*2ab
Double support, IG  47.6 (0.7) 46.8 (0.7) -0.8 (0.7), [-2.2, 0.6] t(51)=1.122, p=0.267* F(1,302)=0.016
% of stride time t(98)=0.733, _ _ to 2.222, 0.000 to
CG 48.4(1.0) p=0.465 48.0 (0.9) -0.4 (1.0), [-2.5, 1.7] t(32)=0.382, p=0.705 0=0.137 to 0.007
0.901
Stance phase, IG 73.5(0.3) 73.2 (0.4) -0.3(0.4), [-1.1, 0.5] t(37)=0.784, p=0.438* F(1,302)=0.092
% of stride time t(79)=1.456, _ _ to 3.400, 0.000 to
CG 74.4(0.5) p=0.149* 73.9 (0.6) -0.5 (0.6), [-1.8, 0.8] t(19)=0.796, p=0.436* 0=0.066 10 0011
0.7612
Dual-task costs, naming animals (IG: n=194, KG: n=110)
alking speed, -29.3 (2. t(46)=-0.684, -26.7 (2. .6 (2.7),[-2.8, 8. t(27)=-0.977, p=0. , =0. . to
Walki d IG 29.3 (2.5 46)=-0.684 26.7 (2.3 2.6 (2.7),[-2.8, 8.0 27)=-0.977, p=0.337* F(1,302)=0.010 0.000
0, =
% CG -31.7(2.0) p=0.498 -26.8 (4.0) 4.9 (3.9), [-2.9, 12.7] t(37)=-1.249, p=0.220* Lo:é.?gg,to 0.006

0.922ab
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Stride length, %

Stride time, %

Double support,
%

Stance phase, %

IG
CG

IG
CG

IG
CG

IG
CG

-14.9 (1.7)
-16.3 (1.6)

28.2 (2.5)
28.7 (2.8)

21.0 (1.4)
21.2 (1.9)

5.4 (0.4)
6.4 (0.6)

t(34)=-0.565,
p=0.576

t(103)=0.120,
p=0.905

t(68)=0.089,
p=0.929

1(62)=1.416,
p=0.162*

-10.1 (1.8)
-11.8 (2.9)

28.9 (2.4)
26.3 (3.9)

17.0 (1.8)
18.4 (2.6)

4.3 (0.5)
5.1 (0.8)

4.8 (2.2), [0.4, 9.2]
4.5 (3.0), [-1.6, 10.5]

0.7 (2.8), [-4.8, 6.3]
-2.4 (4.2), [-10.9, 6.2]

-4.0 (2.1), [-8.1, 0.1]
-2.8 (3.0), [-8.9, 3.3]

-1.1(0.6), [-2.3, 0.1]
-1.4 (0.9), [-3.1, 0.4]

t(20)=-2.235, p=0.037
1(22)=-1.496, p=0.149*

1(63)=-0.263, p=0.794
1(16)=0.561, p=0.582*

1(32)=1.931, p=0.063*
1(25)=0.923, p=0.365*

1(29)=1.807, p=0.081*
1(22)=1.601, p=0.123*

F(1,302)=0.001
to 2.157,
p=0.143 to
0.980°

F(1,302)=0.014
to 3.057,
p=0.081 to
0.9072b

F(1,302)=0.013
t0 2.661,
p=0.104 to
0.911

F(1,302)=0.000
to 3.328,
p=0.069 to
0.996°

328

0.000 to
0.007

0.000 to
0.010

0.000 to
0.009

0.000 to
0.011

CG: control group, Cles: 95 % confidence interval, df: degrees of freedom, IG: intervention group, M: mean, n: number, SE: standard error
* statistically significant in single imputations, 2 variance homogeneity not fulfilled in all imputations,  covariance homogeneity not fulfilled in all imputations

Statistically significant results appear bold for a=0.05. When considering adjusted significance levels using Bonferroni-Holm correction for multiple compari-
sons, no statistically significant results were observed.
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Supplementary Table 3

*Table M. Differences in baseline motor and cognitive performance as well as etiology of dementia and
the use of walking aids between positive, non-, and negative responders in the intervention group
(statistical nonsignificant results, per protocol analysis)

Negative Non- Positive Between group
responders responders responders difference
Mean (SD) F(dfnumerator, dfdenominator)/
Chiz(df), p

Single task, walking speed
FICSIT-4 (n=88) 2.4 (1.3) 2.4 (1.4) 2.1 (1.7) Chi2(2)=0.726, p=0.695

Walking speed, m/sec 0.67 (0.19) 0.69 (0.18) 0.59 (0.22) F(2,86)=1.771, p=0.176
(n=89)

TUG, sec (n=89) 23.3(12.5) 20.9(12.5) 23.4(10.1) Chi¥(2)=1.802, p=0.406
Modified 30s CST (n=77) 7.7 (3.4) 8.7 (3.5) 7.7 (4.6) F(2,74)=0.754, p=0.474
Modified SPPB (n=84) 6.6 (2.7) 7.2 (2.4) 6.6 (3.4) Chi2(2)=0.694, p=0.707
Clock Drawing Test (n=81) 3.1 (1.5) 3.1(1.2) 2.7(1.2) F(2,78)=0.397, p=0.674
Digit Span forward (n=87) 4.5 (1.9) 5.4 (1.6) 5.1(1.6) F(2,84)=2.725, p=0.071
Digit Span backward (n=86) 2.4 (1.7) 2.8(1.8) 2.6 (1.2) Chi?(2)=0.555, p=0.758
Trail Making Test (n=78) 23.3(14.3) 20.1(13.7) 215(17.4) Chi¥(2)=0.783, p=0.676
Etiology, AD % (n=63) 51.9 % 64.0 % 90.9 % Chi2=5.159, p=0.063
Walking aid, % (n=89) 71.0 % 60.5 % 73.3% Chi2(2)=1.289, p=0.525
Single task, stride length

FICSIT-4 (n=88) 2.3(1.3) 24 (1.9 2.0(1.8) Chi2(2)=1.315, p=0.518
Modified 30s CST (n=77) 8.1(3.4) 8.6 (3.9) 7.0 (2.7) F(2,74)=0.906, p=0.409
Modified SPPB (n=84) 6.5 (2.9) 7.2 (2.5) 6.5 (2.9) Chi2(2)=1.137, p=0.567
Clock Drawing Test (n=81) 2.8 (1.5) 3.2(1.3) 2.5(0.9) F(2,78)=1.671, p=0.195
Digit Span forward (n=87) 4.6 (1.8) 5.3(1.7) 5.1(1.9) F(2,84)=1.238, p=0.295
Digit Span backward (n=86) 2.3 (1.6) 2.7 (1.8) 2.9(1.5) Chi?(2)=0.653, p=0.721
Trail Making Test (n=78) 19.4 (13.7) 21.6 (14.8) 25.0 (14.5) Chi?(2)=1.482, p=0.477
Etiology, AD % (n=63) 65.0 % 56.3 % 81.8 % Chiz=2.222, p=0.324
Walking aid, % (n=89) 60.9 % 62.7 % 86.7 % Chi?(2)=3.376, p=0.185
Single task, double support

FICSIT-4 (n=88) 2.3(1.3) 2.4 (1.4) 1.7 (1.9) Chi2(2)=1.930, p=0.381
TUG, sec (n=89) 23.7(10.5) 19.9 (9.7) 31.2 (22.7)  Chi¥(2)=4.807, p=0.090
Modified SPPB (n=84) 6.5 (2.8) 7.3(2.4) 5.4 (3.6) Chi2(2)=3.029, p=0.220
Clock Drawing Test (n=81) 3.0 (1.4) 3.1(1.3) 25(1.2) Chi2(2)=1.452, p=0.493
Digit Span forward (n=87) 4.5 (1.7) 5.3 (1.7) 5.1 (2.0) F(2,84)=1.862, p=0.162
Digit Span backward (n=86) 2.1 (1.6) 2.9(1.8) 2.7 (1.4 Chi2(2)=2.861, p=0.243

Trail Making Test (n=78) 19.7 (15.2) 23.2(13.8) 16.1(154) Chi?(2)=2.411, p=0.300
Etiology, AD % (n=63) 57.9 % 63.2 % 83.3 % Chi2=1.147, p=0.626
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Walking aid % (n=89) 73.1% 61.1 % 77.8% Chi2=1.556, p=0.467
Dual task, counting backwards, walking speed

FICSIT-4 (n=61) 2.8 (1.4 2.8 (1.9) 2.2 (1.6) Chi?(2)=2.368, p=0.306
TUG, sec (n=62) 19.4 (8.6) 17.7 (6.1) 23.1(15.1)  Chi¥(2)=2.429, p=0.297
Modified 30s CST (n=56) 8.9 (3.0) 8.1(3.1) 8.1 (4.0) Chi2(2)=1.667, p=0.434
Modified SPPB (n=60) 7.7 (2.2) 6.9 (2.1) 7.2 (2.9) F(2,57)=0.544, p=0.584
Counting backwards (n=62) 17.9 (8.7) 15.4 (9.0) 17.1(7.2) F(2,59)=0.393, p=0.676
MMSE (n=62) 19.0 (3.7) 18.3 (3.5) 18.0 (4.5) F(2,59)=0.384, p=0.683
Clock Drawing Test (n=58) 3.4 (1.4) 3.6 (1.0) 2.8(0.9) Chi?(2)=5.333, p=0.070
Digit Span forward (n=61) 5.5(1.5) 5.0 (1.8) 5.2 (1.7) F(2,58)=0.431, p=0.652
Digit Span backward (n=61) 3.4 (1.7) 2.4 (1.7) 2.7 (1.5) Chi?(2)=3.065, p=0.216
Trail Making Test (n=56) 24.0 (13.5) 20.0 (15.2) 26.1 (14.2) F(2,53)=0.762, p=0.472
Etiology, AD % (n=41) 62.5% 36.4% 71.4 % Chi2=3.157, p=0.230
Walking aid, % (n=62) 62.5 % 64.3 % 70.8 % Chi2=0.472, p=0.837
Dual task, counting backwards, stride length

FICSIT-4 (n=61) 2.6 (1.2) 2.5(1.5) 2.6 (1.6) Chi2(2)=0.059, p=0.971
Stride length, cm (n=62) 82.7 (16.9) 81.8(18.1) 69.5(19.8) F(2,59)=3073, p=0.054
TUG, sec (n=62) 18.2 (8.3) 20.1 (7.5) 22.4 (16.9)  Chi¥(2)=0.682, p=0.711
Modified 30s CST (n=56) 8.7 (3.4) 8.5(3.1) 8.1(3.9) F(2,53)=0.138, p=0.871
Modified SPPB (n=60) 7.8 (2.0) 7.0 (2.3) 7.6 (3.0) F(2,57)=0.613, p=0.545
Counting backwards (n=62) 15.3 (9.3) 17.2 (7.4) 17.8 (8.9) F(2,59)=0.344, p=0.710
MMSE (n=62) 18.7 (4.1) 18.1 (3.8) 18.8 (4.3) Chi?(2)=0.706, p=0.703
Clock Drawing Test (n=58) 3.2 (0.6) 3.3(1.4) 3.1(1.1) F(2,55)=0.161, p=0.852
Digit Span forward (n=61) 5.7 (2.0) 5.1(1.6) 5.3(1.4) F(2,58)=0.532, p=0.590
Digit Span backward (n=61) 3.2 (1.3) 3.0(1.9) 2.7 (1.3) Chi?(2)=0.920, p=0.631
Trail Making Test (n=56) 22.0 (11.7) 23.0 (14.7) 26.1 (15.0) F(2,53)=0.333, p=0.718
Etiology, AD % (n=41) 62.5 % 50.0 % 69.2 % Chi2=1.269, p=0.546
Walking aid, % (n=62) 66.7 % 64.5 % 68.4 % Chi2=0.149, p>0.999
Dual task, counting backwards, double support

FICSIT-4 (n=61) 2.6 (1.2) 2.4 (1.6) 2.9 (1.5) Chi2(2)=0.915, p=0.633
TUG, sec (n=62) 19.5(8.2) 19.0 (7.1) 26.8 (22.2)  Chi¥(2)=0.584, p=0.747
Modified 30s CST (n=56) 8.3 (3.6) 8.7 (3.4) 7.3(2.8) F(2,53)=0.516, p=0.600
Modified SPPB (n=60) 7.2 (2.5) 7.2 (2.5) 7.7 (2.4) F(2,57)=0.114, p=0.893
Counting backwards (n=62) 15.9 (8.2) 17.9 (8.2) 16.2 (8.2) F(2,59)=0.407, p=0.668
MMSE (n=62) 18.8 (3.9) 17.9 (3.9) 19.6 (4.5) F(2,59)=0.885, p=0.418
Clock Drawing Test (n=58) 3.4 (1.4) 3.2(1.0) 3.1(1.4) F(2,55)=0.304, p=0.739
Digit Span forward (n=61) 5.0 (1.7) 5.4 (1.6) 5.4 (1.7) Chi2(2)=2.528, p=0.283
Digit Span backward (n=61) 3.1 (1.5) 2.9(1.9 29(1.1) Chi2(2)=0.260, p=0.878

Trail Making Test (n=56) 19.6 (12.7) 26.3 (14.3) 22.4 (15.6) Chi2(2)=2.949, p=0.229
Etiology, AD % (n=41) 66.7 % 52.2 % 66.7 % Chi2=0.887, p=0.676
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Walking aid, % (n=62) 66.7 % 64.7 % 70.0 % Chi2=0.150, p>0.999
Dual task, naming animals, walking speed

FICSIT-4 (n=61) 2.7(1.2) 2.4 (1.6) 2.5(1.6) Chi?(2)=0.338, p=0.844
Modified 30s CST (n=53) 9.7 (3.3) 9.2 (4.3) 7.2 (2.9) F(2,50)=2.518, p=0.091
Modified SPPB (n=59) 7.6 (2.5) 7.2 (2.7) 6.8 (2.4) F(2,56)=0.542, p=0.584
Verbal fluency animals 7.9 (3.3) 8.7 (4.3) 8.1(3.3) F(2,58)=0.240, p=0.787
(n=61)

MMSE (n=61) 17.4 (4.2) 17.7 (4.4) 18.1 (4.5) F(2,58)=0.121, p=0.886
Clock Drawing Test (n=56) 3.3 (1.6) 3.1(1.3) 3.0(0.8) F(2,53)=0.203, p=0.817
Digit Span forward (n=60) 5.2 (1.3) 5.1(1.9) 4.9 (2.2) Chi?(2)=0.634, p=0.728
Digit Span backward (n=60) 2.6 (1.0) 3.5(1.9) 2.4 (1.8) Chi?(2)=5.727, p=0.057
Trail Making Test (n=56) 22.3 (15.1) 22.5 (13.0) 20.1 (14.5) F(2,53)=0.164, p=0.849
Etiology, AD % (n=43) 71.4% 71.4 % 53.3% Chi2=1.378, p=0.561
Walking aid, % (n=61) 61.9 % 63.2 % 76.2 % Chi?(2)=1.178, p=0.555
Dual task, naming animals, stride length

FICSIT-4 (n=61) 2.1(1.4) 2.9(1.4) 2.3(1.6) Chi?(2)=3.794, p=0.150
TUG, sec (n=61) 20.8 (9.7) 20.2 (14.3) 24.3(13.3) Chi¥(2)=3.250, p=0.197
Modified 30s CST (n=53) 9.6 (4.1) 9.1 (3.6) 7.4 (3.2) F(2,50)=1.486, p=0.236
Modified SPPB (n=59) 6.9 (2.4) 7.7 (2.3) 6.7 (2.8) F(2,56)=0.944, p=0.395
Verbal fluency animals 7.9 (3.3) 8.5(4.1) 8.1(3.2 F(2,58)=0.151, p=0.860
(n=61)

MMSE (n=61) 15.6 (4.1) 18.2 (4.1) 18.7 (4.6) Chi2(2)=4.724, p=0.094
Clock Drawing Test (n=56) 3.1 (1.2) 3.0(1.4) 3.3(1.0) F(2,53)=0.338, p=0.715
Digit Span forward (n=60) 5.1(1.3) 5.0 (2.0) 5.2(1.9) Chi2(2)=0.164, p=0.921
Digit Span backward (n=60) 2.6 (1.3) 29(1.9 2.8 (1.6) F(2,57)=0.149, p=0.862
Trail Making Test (n=56) 19.7 (13.3) 25.0 (14.0) 17.4 (13.9) Chi2(2)=2.758, p=0.252
Etiology, AD % (n=43) 75.0 % 58.3 % 72.7 % Chi2=1.028, p=0.688
Dual task, naming animals, double support

FICSIT-4 (n=61) 2.6 (1.5) 2.7 (1.4) 2.0(1.6) Chi2(2)=2.576, p=0.276
TUG, sec (n=61) 20.1 (10.4) 20.2(13.2) 26.4(14.8) Chi¥(2)=3.326, p=0.190
Modified 30s CST (n=53) 9.8 (3.6) 9.0 (3.5) 6.6 (3.6) F(2,53)=2.483, p=0.094
Modified SPPB (n=59) 7.5 (2.7) 7.6 (2.2) 5.8 (2.9) F(2,56)=2.366, p=0.103
Verbal fluency animals 7.6 (2.7) 9.1 (4.0) 6.6 (2.9) F(2,58)=2.592, p=0.084
(n=61)

MMSE (n=61) 16.8 (3.9) 18.3 (4.5) 17.3 (4.4) Chi2(2)=1.889, p=0.389
Clock Drawing Test (n=56) 3.5 (1.8) 2.9(1.2) 3.2(0.8) F(2,56)=0.809, p=0.451
Digit Span forward (n=60) 5.1(1.3) 5.1(2.1) 5.0 (1.5) Chi?(2)=0.118, p=0.943
Digit Span backward (n=60) 2.5 (1.2) 3.2(1.8) 2.3(1.6) F(2,57)=1.563, p=0.218
Trail Making Test (n=56) 21.2 (14.2) 24.3 (13.5) 15.5 (14.0) Chi2(2)=3.505, p=0.173
Etiology, AD % (n=43) 75.0 % 62.5 % 63.6 % Chi2=0.453, p=0.910

Walking aid, % (n=61) 71.4 % 61.8 % 76.9 % Chi?z=1.042, p=0.663
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30s CST: 30-second chair stand test, AD: Alzheimer’s disease, df: degrees of freedom, FICSIT-4:
Frailty and Injuries: Cooperative Studies of Intervention Techniques - subtest 4, M: mean, MMSE:
Mini-Mental State Examination, n: number, SD: standard deviation, SPPB: Short Physical Perfor-
mance Battery, TUG: Timed Up & Go Test

Supplementary Table 4

*Table N. Heterogeneity of sample in motor and cognitive baseline performance (per protocol)

Total sample

Intervention group

Control group

Balance

FICSIT-4 2(2),0-5 2 (2.5), 0-5 2(2),0-4

[Median (IQR), range]  (n=160) (n=89) (n=71)

Mobility

TUG, sec 22.5(11.2), 9.0-85.0 22.3 (12.2),9.7-85.0 22.7 (10.0), 9.0-61.0

[Mean (SD), range]

(n=160)

(n=90)

(n=70)

Lower limb strength
& function

modified 30s CST 8.0 (3.6), 1-19 8.1(3.7), 1-19 7.9 (3.6), 2-17
[Mean (SD), range] (n=141) (n=78) (n=63)

SPPB 6.5 (2.7), 1-12 6.8 (2.8), 1-12 6.2 (2.6), 1-12
[Mean (SD), range] (n=152) (n=85) (n=67)
Executive function

Clock Drawing Test 3.0(1.5), 1-9 3.0(1.3),1-8 3.1(1.7),1-9
[Mean (SD), range] (n=152) (n=82) (n=70)

Trail Making Test 21.3 (13.0), 0-48 21.5 (14.3), 0-48 21.0 (11.4), 1-43
[Mean (SD), range] (n=144) (n=79) (n=65)
Attention & working

memory

Digit Span forward 5.0 (1.7), 1-10 5.0 (1.7), 1-10 5.0 (1.8), 1-9
[Mean (SD), range] (n=161) (n=88) (n=73)

Digit Span backward 2 g (1.7), 0-6 2.7 (1.7), 0-6 2.9 (1.7), 0-6
[Mean (SD), range] (n=160) (n=87) (n=73)

30s CST: 30-second chair stand test, FICSIT-4: Frailty and Injuries: Cooperative Studies of Interven-
tion Techniques - subtest 4, IQR: interquartile range, n: number, SD: standard deviation, SPPB: Short
Physical Performance Battery, TUG: Timed Up & Go Test
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