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RESUMO

Introdugdo: A perturbacdo neurocognitiva major (PNC), comummente
designada de deméncia, € caracterizada por um declinio cognitivo significativo
que afeta a independéncia dos individuos no desempenho das atividades de
vida diaria (AVD). Evidéncias cientificas sugerem que o exercicio fisico podera
ter um impacto positivo na progressédo da PNC e na gestdo dos sintomas. Mas
os dados sédo ainda insuficientes quanto aos efeitos de metodologias de treino
especificas, particularmente o treino multicomponente (TM). Objetivos: Esta
tese teve como principal objetivo investigar o impacto de um programa de TM
com a duragdo de seis meses na capacidade funcional e fungéo cognitiva de
individuos com PNC major. Secundariamente, visou examinar os efeitos desta
intervencao nos parametros funcionais e psicossociais; analisar a relacao entre
indicadores fisicos e de qualidade de vida; e explorar os fatores que
influenciam a ades&o ao exercicio fisico. Métodos: A tese inseriu-se num
projeto mais amplo, o "Body & Brain", que incluiu um estudo controlado, n&o
randomizado, conduzido em multiplos contextos. O grupo experimental recebeu
sessfes de exercicio fisico bissemanais (60 minutos) subdivididas em
aquecimento, treino especifico (e.g., coordenacgao/equilibrio, forca e
capacidade aerébia) de intensidade ligeira a moderada, e relaxamento. O
grupo de controlo recebeu sessfes mensais de caracter social. Resultados: O
TM beneficia a capacidade funcional dos individuos com PNC; porém,
permanece incerto o efeito que o TM podera ter na funcao cognitiva, sintomas
neuropsiquiatricos, qualidade de vida e independéncia nas AVD. Foi possivel
identificar varios fatores promotores de adeséo a este tipo de exercicio fisico,
dos quais se destacam: a antecipacdo de ganhos, a necessidade de atividades
estimulantes, o aconselhamento dos profissionais de saude e o envolvimento
dos cuidadores informais. Conclusfes: Esta tese oferece informacdes
relevantes sobre os beneficios do TM e sobre os fatores que podem aumentar

a taxa de sucesso de futuras intervencgoes.

PALAVRAS-CHAVE: DEMENCIA, ATIVIDADE FiSICA, EXERCICIO FISICO,
IDOSOS, COGNICAO, FUNCIONALIDADE.
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ABSTRACT

Background: Major neurocognitive disorder (NCD), also designated as
dementia, is characterized by a significant cognitive decline that affects
individuals’ independence in activities of daily living (ADL). Evidence suggests
that physical exercise might have a positive impact on NCD progression and
symptoms management. But data is still scarce about the effects of specific
types of physical exercise, particularly multicomponent training (MT). Aims:
This thesis had as primary aim to investigate the contribution of a 6-month MT
intervention on the physical and cognitive functions of individuals with major
NCD. Secondarily, it aimed to examine its effects on functional and
psychosocial outcomes and analyze the relation between physical indicators
and quality of life. It also intended to explore the factors that influence
adherence to physical exercise. Methods: This thesis is nested in a wider
project, the “Body & Brain”, which is a two-arm quasi-experimental controlled
trial, conducted in multicentered settings. Experimental group received bi-
weekly sessions (60 minutes) subdivided in warm-up, specific training (e.g.,
coordination/balance, strength, and aerobics) at light-to-moderate intensity and
cool down. Control group received monthly social activity sessions. Results:
MT benefits individuals’ functional capacity; however, it remains unclear if MT
can exert a significant effect on cognitive function, neuropsychiatric symptoms,
quality of life, and ADL independence. Also, it was possible to identify a set of
factors that influence the involvement in this type of intervention: the anticipated
gains, the need for a stimulating activity, the healthcare professional’s advice,
and the engagement and compliance of informal caregivers. Conclusions: This
thesis provides several insights on the benefits of MT and on factors that may

increase the success rate of future interventions.

KEYWORDS: DEMENTIA, PHYSICAL ACTIVITY, PHYSICAL EXERCISE,
OLDER ADULTS, COGNITION, FUNCTIONALITY.
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GENERAL INTRODUCTION

Neurocognitive disorders (NCD) encompass a group of conditions that
affect the brain and in which the primary clinical deficit is in the cognitive
function. Extensively denominated as dementia, this syndrome is characterized
by a decline from a previously attained level of functioning and interferes with
daily independence (American Psychiatric Association, 2013). It is estimated
that there are nearly 217 549 community-dwelling individuals living with
dementia in Portugal (Gongalves-Pereira et al., 2021). According to the
Alzheimer Europe estimations, it is expected that in 2050 the number of people
with dementia (346 905) in Portugal will represent 3.82% of the total population
(Alzheimer Europe, 2019). In parallel, data from the Eurobarometer 472 on
Sport and Physical Activity revealed that nearly 70% of the Portuguese
respondents never exercise or play sports (Eurobarometer, 2018). International
data on physical inactivity and sedentarism is particularly alarming when
concerning individuals with major NCD (van Alphen, Volkers, et al., 2016), and

the national paradigm should not be different.

In line with a more comprehensive and person-centered care approach (World
Health Organization, 2021b), individuals with NCD should have access to
potential (non-)pharmacological disease-modifying treatment options and, in
this sense, a significant body of research has demonstrated the potential co-
adjuvant effect of physical activity, and particularly physical exercise (American
College of Sports Medicine, 2021; Izquierdo, Merchant, et al., 2021; Livingston
et al., 2020). But the field of research on physical exercise interventions for
individuals already diagnosed with major NCD is relatively recent (Forbes et al.,
2015; Heyn et al., 2004; Skinner et al., 2018; Sofi et al., 2010), particularly when
considering the multicomponent training (MT) methodology (Hernandez et al.,
2015; Hong, 2018; Perrochon et al., 2015; Prick et al., 2017; Suzuki et al.,
2013). Previous studies showed that MT programs (i.e., combining
cardiorespiratory endurance, strength and balance training) are feasible and

well-tolerated (Borges-Machado et al., 2019; Hernandez et al., 2015), but
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further evidence is still needed on the beneficial impact in older people with
major NCD.

This work is presented in 10 chapters. Chapter 1 presents an overview of NCD
definition, diagnostic criteria and symptoms, main subtypes, epidemiological
data, risk and prognostic factors and global impact, with a focus on post-
diagnostic treatment, care, and support. This chapter also reflects on the effect
of sedentarism, physical (in-)activity, and physical exercise in preventing and
delaying the progression of NCD,; it also outlines the role of physical exercise as
a co-adjuvant therapeutic approach for major NCD management, particularly
using MT methodology. Chapter 2 includes the thesis’ primary and secondary
objectives. Chapter 3 provides a description of the thesis’ design and setting,
methodology and COVID-19 contingency plan. Chapter 4 includes a systematic
review which synthesizes the existing evidence about the effects of MT on
physical fitness, cognition, and ADL independence, and identifies moderation
patterns of those effects regarding FITT variables. Chapter 5 includes the
original study | and demonstrates the effects of a 6-month MT intervention on
functional capacity (e.g., lower body function, mobility, and gait speed) and ADL
independence in older adults with NCD; the chapter also includes a study
exploring the impact of the same intervention on cognitive function,
neuropsychiatric symptoms, and quality of life (original study Il). Chapter 6
includes a cross-sectional study on the association between health-related
physical indicators and self-rated quality of life in older adults with NCD (original
study Ill). Chapter 7 includes two qualitative studies that demonstrate the
factors that influence individuals’ adherence to a community-based physical
exercise intervention. The main research findings and limitations are integrated
and discussed in Chapter 8. Finally, Chapters 9 and 10 grant the
recommendations for future research and clinical practice, and main

conclusions, respectively.
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Chapter 1. Background

This chapter provides an overview of the definition, diagnostic criteria,
symptoms, severity, and main subtypes of neurocognitive disorders (NCD).
Epidemiological data is presented, along with risk and prognostic factors,
highlighting international and national scenarios. This chapter also offers an
insight into the literature regarding the global impacts of major NCD, and (non-)
pharmacological treatments available, reflecting on the impact of sedentarism,
physical (in-)activity and physical exercise in preventing cognitive decline, minor
and major NCD, and delaying the progression of NCD. Specifically, it focuses
on the co-adjuvant role of physical exercise after major NCD diagnosis,

particularly considering the multicomponent training (MT) methodology.

1.1 Neurocognitive Disorder

1.1.1 Definition, diagnostic criteria, and symptomatology

For decades now that dementia has been defined as an acquired loss of
two or more cognitive abilities (often memory with at least one other domain)
caused by injury or multiple brain diseases, usually of chronic or progressive
nature (Arvanitakis et al., 2019; McKhann et al., 1984; McKhann et al., 2011,
World Health Organization, 2016). The International Classification of Diseases
and Related Health Problems — 10" Revision (ICD-10)! (World Health
Organization, 2016) dementia categorization has been used in clinical practice
for years, and despite the new classification (“Neurocognitive Disorders”) in the
11t Revision (ICD-11) (World Health Organization, 2022), it is still characterized
by the presence of marked impairment in two or more cognitive domains, but
not restricted to memory. However, recent changes in the Diagnostic and
Statistical Manual of Mental Disorders — Fifth Edition (DSM-5) (American

1 It matters to highlight that at the time of this thesis planning and development, the ICD-11
hadn’t been released.
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Psychiatric Association, 2013) have recognized that this syndrome may be
diagnosed in case of marked impairment in a single cognitive domain
(Arvanitakis et al., 2019). Apart from other differences (e.g., subsection
replacement and revision on the mild cognitive impairment [MCI] definition)
(Sachs-Ericsson & Blazer, 2015) this alteration has brought significant changes
to dementia classification and diagnosis, and, for this reason, this newest
edition of the DSM guided the theoretical framework of the present thesis. One
of its major changes concerns the use of the term “major NCD” in place of
“‘dementia”, and “mild NCD” instead of “MCI” (American Psychiatric Association,
2013; Sachs-Ericsson & Blazer, 2015).

Specifically, the DSM-5 NCD category encompasses the group of acquired
disorders in which the primary clinical deficit is in the cognitive function
(American Psychiatric Association, 2013). The core diagnostic feature of NCD is
evidence of a decline (significant if major NCD or modest if mild NCD) from a
previous level of performance in one or more cognitive domains (i.e., complex
attention, executive function, learning and memory, language, perceptual-motor,
or social cognition) based on both (Criterion A): 1) concern of the individual, a
knowledgeable informant, or the clinician; and 2) substantial or modest
impairment (in case of major or mild NCD, respectively) in cognitive
performance objectively measured or clinically quantified. Criterion B relates to
the individual’s ability to independently perform activities of daily living (ADL), in
which individuals with major NCD require assistance, at least with complex
instrumental ADL, since the cognitive deficits interferes with daily functioning.
Individuals with mild NCD may need more time, effort, or compensatory
strategies to complete complex instrumental ADL, but the cognitive deficits do
not interfere with their capacity to independently perform everyday activities.
Lastly, diagnostic criteria C and D specify that the cognitive deficits (both in
case of major or mild NCD) do not occur exclusively in the context of a delirium
and are not better explained by another mental disorders (e.g., major

depressive disorder, schizophrenia) (American Psychiatric Association, 2013).

Major and mild NCD are primarily subtyped according to the known (or

presumed) etiological or pathological entity (or entities) underlying the cognitive
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decline (e.g., neurological, or medical condition that affects the brain, trauma,
nutritional deficiency, chronic use of specific substances or medications, or
exposure to heavy metals or other toxins). In this regard, the combination of
several diagnostic features, such as time course, associated behavioral and
functional symptoms, and characteristic domains affected, enable clinicians to
distinguish subtypes from each other (i.e., due to frontotemporal lobar
degeneration, traumatic brain injury, Parkinson’s disease, Huntington’s disease,

prion disease, or multiple etiologies) (American Psychiatric Association, 2013).

As described in the DSM-5, along with etiological subtype specification,
clinicians should specify if the cognitive decline is accompanied or not by
clinically significant behavioral disturbances (e.g., psychotic symptoms, mood
disturbances, agitation, apathy or other behavioral symptoms) and current
severity (i.e., mild, moderate or severe) (American Psychiatric Association,
2013). As a matter of fact, evidence for distinct behavioral specifiers in NCD
have been described, particularly in the areas of psychotic symptoms and
depression. Psychotic disorders are common in a wide variety of NCD: at the
mild-to-moderate stage of major NCD due to Lewy body disease, Alzheimer’s
disease and frontotemporal lobar degeneration. Paranoia, visual hallucinations,
and other delusions are also common features of NCD. Depression may occur
in early stages of mild or major NCD due to Alzheimer's disease and
Parkinson’s disease as an emotional reaction to the diagnosis. In addition, early
during NCD, apathy may be observed as result of loss of motivation to conduct
daily activities or hobbies. Other mood disturbances like anxiety and elation
may also be present. Agitation, characterized as disruptive motor or vocal
activity, tends to arise at moderate-to-severe stages of major NCD, and may
occur in the setting of frustration or confusion, or as a combative behavior.
Other behavioral symptoms as wandering, verbal, or sexual disinhibition,
hyperphagia, hoarding, and sleep disturbances (e.g., insomnia, hypersomnia,
and circadian rhythm alterations) may also need clinical attention (American
Psychiatric Association, 2013; Cloak & Al Khalili, 2022). In addition, diagnostic
biomarkers may come into play in the assessment of specific etiological

subtypes, particularly blood-based laboratory tests and/or neuroimaging scans,
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such as positron emission tomography (PET) and magnetic resonance imaging
(MRI) (American Psychiatric Association, 2013; Arvanitakis et al., 2019), for
example, to study the amyloid beta-42 deposition in Alzheimer’s disease.

Notwithstanding, as highlighted in DSM-5, it becomes harder to differentiate
among NCD subtypes because there are multiple potential sources of
neurocognitive decline, as result of the increased prevalence of medical illness
and sensory deficits as one ages. Like age, living situation, sociocultural norms,
and occupation issues, individuals’ sex may affect the level of awareness and
concern of cognitive and behavioral symptoms which, in turn, may complicate
diagnosis or treatment (e.g., females that are older have more comorbidities)
(American Psychiatric Association, 2013; Livingston et al., 2020). As it will be
addressed in the following sections, there are also sex differences in the

incidence of some NCD subtypes (American Psychiatric Association, 2013).

1.1.2 Severity and subtypes

The development and course of NCD varies across etiological subtypes,
since some begin at a specific time and remain static (e.g., related to traumatic
brain injury or stroke) and others may fluctuate over time (e.g., months or years)
(American Psychiatric Association, 2013; Arvanitakis et al., 2019; Gale et al.,
2018). As presented in Table 1, NCD due to neurodegenerative diseases like
frontotemporal lobar degeneration or Alzheimer’s disease are typically marked
by insidious onset and gradual progression, and these patterns of onset and
progression of cognitive deficits and associated features are useful in
differential diagnosis (American Psychiatric ~ Association, 2013).
Complementarily to diagnostic criteria information, it matters to outline some
particularities and associated features of the more prevalent subtypes (i.e., due
to Alzheimer’s disease, vascular disease, frontotemporal lobar degeneration,

Lewy bodies disease, Parkinson’s disease, and multiple etiologies).
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Table 1. Diagnostic criteria of the most prevalent NCD subtypes according to DSM-5

The criteria are met for major or mild NCD

Insidious onset and gradual progression of
impairment (at least two domains for major NCD)

Insidious onset and gradual
progression

Insidious onset and
gradual progression

Clinical features are
consistent with a
vascular etiology, as
suggested by either of
the following:

1. Onset of the
cognitive deficits is
temporally related to
cerebrovascular event

2. Prominent decline
in complex attention
(including processing
speed) and frontal-
executive function

The disturbance
occurs in the
setting of
established PD

Evidence from the
clinical history, physical
examination, or
laboratory findings that
the NCD is a
pathophysiological
consequence of more
than one etiological
process, excluding
substances

Criteria are met for:

Either (1) or (2):

Combination of core and
suggestive diagnostic
features for either
probable or possible
NCD:

Major NCD?

Mild NCD?

Probable

Possible

Probable

Possible

1. Behavioral variant:

a) Three or more symptoms:

i. Behavioral disinhibition
ii. Apathy or inertia

iii. Loss of sympathy or
empathy

iv. Perseverative,
stereotyped or
compulsive/ritualistic
behavior

v. Hyperorality and dietary
changes

b) Prominent decline in
social cognition and/r
executive abilities

1. Core diagnostic
features:

a) Fluctuation cognition
with pronounced
variations in alertness
and attention

b) Visual hallucinations
(recurrent) that are well
detailed and formed

¢) Spontaneous features
of parkinsonism (onset
after the development of
cognitive decline)

Evidence of the
presence of
cerebrovascular
disease (from history,
physical examination
and/or neuroimaging),
considered sufficient
to account for the
neurocognitive deficits

There is
insidious onset
and gradual
progression of
impairment

The cognitive deficits are
not better explained by
another mental disorder
and do not occur
exclusively during the
course of a delirium
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1.Evidence of a
causative AD genetic
mutation

2. All three are present:

a) Clear evidence of
decline in memory,
learning and (at least)
one other cognitive
domain

b) Steadily
progressive, gradual
decline in cognition
without extended
plateaus

c) No evidence of
mixed etiology

1.Evidence of decline
in memory and
learning

2.Steadily progressive,
gradual decline in
cognition without
extended plateaus

3. No evidence of
mixed etiology

2. Language variant:

a) Prominent decline in
language ability (speech
production, word finding,
object naming, grammar, or
word comprehension)

2. Suggestive diagnostic
features:

a) Rapid eye movement
sleep behavior disorder

b) Severe neuroleptic
sensitivity

The disturbance is not better explained by
cerebrovascular disease, another

Relative sparing of learning

The disturbance is not
better explained by
cerebrovascular disease,
another

The symptoms are not
better explained by

The NCD is not
attributable to

another medical
condition, and is

neurodegenerative disease, the effects of a and memory and neurodegenerative L N/A
- . ) another brain disease | not better
substance or another disorder (mental, perceptual-motor function disease, the effects of a or systemic disorder explained b
neurological, or systemic) substance or another Y p Y
. another mental
disorder (mental, di
) . isorder
neurological, or systemic)
The disturbance is not better
explained by
cerebrovascular disease,
N/A another neurodegenerative N/A N/A N/A N/A

disease, the effects of a
substance or another
disorder (mental,
neurological, or systemic)
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a — Probable AD is diagnosed if either one of the two following is present; otherwise, possible AD should be diagnosed. b — Probable AD is diagnosed if there is evidence of a causative AD
genetic mutation (genetic testing or family history); otherwise, possible AD should be diagnosed if all three criteria are present. ¢ — Probable frontotemporal NCD is diagnosed if either of the
following is present (evidence of causative genetic mutation or evidence of disproportionate frontal and/or temporal lobe involvement); otherwise, possible frontotemporal NCD should be
diagnosed (no evidence of genetic mutation, and neuroimaging has not been performed). d — For probable major or mild NCD with Lewy bodies, the individual presents one suggestive feature
and one or more core features, or two core features only; for possible major or mild NCD with Lewy bodies, the individual has only one core feature, or one or more suggestive features. e —
Probable vascular NCD is diagnosed if one of the following is present (clinical criteria are neuroimaging-supported, or neurocognitive syndrome is temporally related to one or more documented
cerebrovascular events, or both clinical and genetic evidence of cerebrovascular disease is present); otherwise, possible vascular NCD should be diagnosed. f — Major or mild NCD probably
due to PD should be diagnosed if both of the following are present (no evidence of mixed etiology, and the PD clearly precedes the onset of the NCD); otherwise, major or mild NCD possibly
due to PD should be diagnosed if one of the two previous criterion is met. AD — Alzheimer’s Disease; N/A — Not Applicable; NCD — Neurocognitive Disorder; PD — Parkinson’s Disease. Note:
Table content was adapted from DSM-5 — Section I, Diagnostic Criteria and Codes, Neurocognitive Disorders, pages 591 to 643 (American Psychiatric Association, 2013)




The onset of symptoms of Alzheimer’'s disease usually appears in the eighth
and ninth decades of life, accounting for 60 to 90% of all cases worldwide,
depending on the setting and diagnostic criteria (American Psychiatric
Association, 2013). Early-onset forms, in which symptoms emerge before the
age of 65 years, represent less than 5% of all cases, and are often related to
known causative genetic mutations (American Psychiatric Association, 2013;
Gale et al., 2018). Individuals at severe stages are eventually bedbound and
mute; however, this may be a consequence of advanced age and associated
comorbidities rather than the course and management of the disease. At the
moderately severe stages of major NCD, psychotic features, agitation,
combativeness, irritability, and wandering are common, and only at late stages
in the disease, the gait disturbances, dysphagia, incontinence, myoclonus, and
seizures are observed (American Psychiatric Association, 2013). Nevertheless,
procedural memory (e.g., dancing, play musical instruments) and social
functioning may be relatively preserved for extended periods (American
Psychiatric Association, 2013; Arvanitakis et al., 2019).

Major or mild frontotemporal NCD is gradually progressive, and its onset usually
occurs in the sixth decade of life and, for this reason, often negatively affects
family life and workplace. Even though the criteria must be met for either the
behavioral or the language variant to make the diagnosis, given the distinct
patterns of brain atrophy and neuropathology, many individuals present features
of both variants. The functional impairment due to behavioral changes and
language dysfunction (e.g., socially inappropriate behaviors, hyperorality,
impulsive wandering) may lead to premature institutionalization (American
Psychiatric Association, 2013; Arvanitakis et al., 2019). Extrapyramidal features
may be prominent in some cases, as well as motor neuron disease (e.g.,
muscle atrophy, weakness) (American Psychiatric Association, 2013; Gale et
al., 2018).

Lewy bodies disease is characterized by fluctuations in levels of alertness and
cognition. The gradual progression of deficits in complex attention and
executive function (over months or years, with occasional plateaus) is

manifested early in the course of the disorder, at least a year before the onset

47



of parkinsonism, typically observed from the sixth decade of life (American
Psychiatric Association, 2013; Gale et al., 2018). Recurrent falls and syncope,
episodes of loss of consciousness (transient and unexplained), orthostatic
hypotension and urinary incontinence may be observed in individuals with major
or mild NCD due to Lewy bodies. Also, bradykinesia, rigidity, stooped posture,
and slow and shuffling gait may be associated with parkinsonism. Hallucinations
(visual, auditory, and nonvisual), systematized delusions, and delusional
misidentification are common, as well as depression. Moreover, the motor and
autonomic impairments may also cause problems with transferring, eating, and
sleeping and, therefore, affect individuals’ daily functionality and quality of life

(American Psychiatric Association, 2013; Arvanitakis et al., 2019).

Cerebrovascular disease etiology may vary from large vessel stroke to
microvascular disease and affect different extensions and locations of the brain
(e.g., focal, multifocal, or diffuse). Therefore, some individuals with major or mild
vascular NCD may present an acute stepwise or fluctuating decline in cognition
and even show partial improvements and periods of stability. Conversely, other
patients may have gradual onset and slow progression, punctuated by acute
events that lead to a rapid development of deficits followed by relative stability
(American Psychiatric Association, 2013; Arvanitakis et al., 2019). Emotional
lability, depression, abulia, personality and mood changes are commonly
associated with this disorder. Major or mild vascular NCD prevalence increases
exponentially in individuals aged 65 years and older and are commonly
associated with physical deficits that increase disability and dependency levels

(American Psychiatric Association, 2013; Arvanitakis et al., 2019).

Parkinson’s disease onset typically occurs between the sixth and the ninth
decades, and its more prevalent in males (American Psychiatric Association,
2013). Common behavioral features include apathy, depressed and anxious
moods, hallucinations, delusions, personality changes, and sleep disturbances
(e.g., rapid eye movement and excessive daytime sleepiness). The multiple
pathological features — particularly in older individuals — the co-occurrence of

mood disturbances (depression or apathy) and the associated motor symptoms
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may diminish individuals’ functional abilities (American Psychiatric Association,
2013; Gale et al., 2018).

Lastly, the diagnosis of multiple etiologies is given when there is evidence that
several medical conditions have played a probable role in the development of
the NCD (American Psychiatric Association, 2013). The category “unspecified
NCD” is used in situations in which the symptoms characteristic of NCD are
present but do not fully meet any of the diagnostic criteria, and for this reason, a
precise etiology cannot be determined (American Psychiatric Association,
2013).

Some subtypes occur exclusively or primarily in late life, whereas others are
distributed throughout the lifespan. The prevalence of NCD varies widely by
geographic regions and etiological subtype, and among individuals aged 60
years and more, the prevalence increases steeply with age (American
Psychiatric Association, 2013; Livingston et al., 2020). Predictions about future
trends in dementia prevalence suggest substantial increases in overall

prevalence related to aging population (Livingston et al., 2020).

1.1.3 Epidemiology

Today, more than 55.2 million people worldwide are diagnosed with
dementia?, and it is estimated that in 2030 there will be around 78 million
(Gauthier et al., 2021; World Health Organization, 2021b). More importantly,
according to a recent report of the Alzheimer's Disease International (ADI),
these numbers are underestimated due to the lack of awareness about the
signs and symptoms of the disease, geographical and cultural biases, and lack

of access to trained clinicians and resources (Gauthier et al., 2021).

2As mentioned in the DSM-5, the term dementia is subsumed under the newly named entity
major NCD and may be used in settings where physicians and patients are knowledgeable of
this term. In the present thesis, the terms MCI and dementia referring to, respectively, mild, and
major NCD, will be used interchangeably and whenever mentioned by the consulted
bibliography.
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Dementia is the greatest global challenge for health and social care in the 215t
century, representing one of the leading causes of care dependency and
disability in old age, both in high-income countries (HIC) and low-and-middle
income countries (LMIC) (Livingston et al., 2017; OECD, 2021a; World Health
Organization, 2021b). In what concerns the disease burden, dementia is among
the top ten causes of years of healthy life lost due to disability (YLDSs) in people
aged 60 years and older. When considering all ages, dementia is the twenty-
fifth leading cause of disability-adjusted life years (DALYs) (World Health

Organization, 2021b), disproportionally affecting women.

Considered as the seventh leading cause of death in 2019, dementia is one of
the most common neurological disorders, mainly affecting older adults (World
Health Organization, 2021b). After the World Health Organization (WHO)
Western Pacific Region (20.1 million), the European Region has the second
highest number (14.1 million) of people with dementia, followed by the Region
of the Americas with 10.3 million people (World Health Organization, 2021b).
Across the six WHO regions, and globally, the prevalence of dementia is higher
among women, probably due to potential biological reasons, differential
exposure to protective and risk factors across the life course, and longer life
expectancy, among other factors (World Health Organization, 2021b).

A recent study conducted by the Global Burden of Diseases, Injuries and Risk
Factors Study (GBD) showed comprehensive country-level estimations of
dementia prevalence, considering the projected trends in exposure to known
dementia modifiable risk factors (GBD 2019 Dementia Forecasting
Collaborators, 2022). According to this study projections, in most regions,
increases in age-standardized dementia prevalence due to rises in the
prevalence of GBD risk factors (i.e., body mass index, fasting plasma glucose
and smoking) were counterbalanced with decreases in age-standardized
prevalence due to rises in average educational attainment. In other words, this
study’s results reinforce efforts should be made to alter the expected trends in
risk factors prevalence to observe larger changes in age-specific dementia
prevalence. Finally, findings also suggest that population aging will lead to 2.7

times more dementia cases globally than in 2019, being estimated that in 2050
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there will be 152.8 million people with dementia worldwide. Of these, 351 504
cases will be in Portugal (GBD 2019 Dementia Forecasting Collaborators,
2022).

Like in other countries, epidemiological data on the prevalence of dementia and
MCI in Portugal is limited (Alzheimer Europe, 2019; Goncalves-Pereira et al.,
2021). Results from two different studies conducted by Nunes et al. (2010) and
Ruano et al. (2019), including individuals aged 55 or more years from urban
areas in the north of Portugal revealed similar data on dementia prevalence:
1.6% and 1.3%, respectively. In both studies, vascular disease contributed to a
significant number of cases. In contrast, following the 10/66 Dementia Research
Group, Goncalves-Pereira et al. (2017) determined a dementia prevalence rate
of 4.35% in community-dwelling older adults from an urban site in the southern
area of Portugal (according to DSM-IV-TR criteria), being Alzheimer’s Disease
the most frequent cause. Despite the methodological differences and the
heterogenic results, these studies’ findings highlight that further research is
needed to appropriately determine the prevalence and incidence of major and
mild NCDs in Portugal (Alzheimer Europe, 2019; Direccdo-Geral da Saude,
2016; Gongalves-Pereira et al., 2021; OECD, 2021a; Santana et al., 2015). This
gap has also been identified in 2018 and recognized as a priority for the
definition of a health plan for dementia in Portugal (Diario da Republica, 22
Serie, n.° 116, 19" June). Moreover, given the higher burden of vascular and
cerebrovascular diseases, particularly in the northern region (OECD, 2021a,
2021b), and the potential significant contribution that these diseases may have
in the epidemiology of cognitive impairment among the Portuguese population,

efforts should be made regarding their prevention and management.

With the rising prevalence and absence of neuroprotective pharmaceutical
treatments, there is an emergent need to focus on strategies that may prevent
and/or delay the progression of cognitive decline and dementia (Alty et al.,
2020; Livingston et al., 2020). As alleged by the Alzheimer's Association (2021),
several groups of researchers have estimated the potential impact of cost
savings of future interventions that either slow the onset of dementia or reduce

the symptoms. Therefore, the understanding of risk and prognostic factors, as
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well of protective factors (e.g., physical activity), is determinant to reduce the
global burden of dementia (World Health Organization, 2019, 2021b).

1.1.4 Risk and prognostic factors

Age is the strongest risk factor for major and mild NCD, due to the
increased risk of neurodegenerative and cerebrovascular diseases.
Nonetheless, risk factors vary between sexes (Gauthier et al.,, 2021; World
Health Organization, 2019), etiological subtypes and, also, by age at onset
within etiological subtypes (American Psychiatric Association, 2013). Other non-
modifiable risk factors include gene polymorphisms, race/ethnicity and family
history (World Health Organization, 2017, 2019). Overall, the female sex is
associated with a higher prevalence of major NCD, greatly attributable to a
longer lifespan (American Psychiatric Association, 2013). Over the last
decades, several studies have shown a relationship between the development
of MCI and dementia with several modifiable risk factors, which are potentially
to be targeted for the prevention of dementia, and/or delay of the progression of
cognitive decline (Alzheimer's Disease International, 2015; Livingston et al.,
2017; World Health Organization, 2019).

The 2020 Lancet Commission report on dementia prevention, intervention and
care highlighted 12 potentially modifiable risk factors that together, if addressed,
might prevent, or delay up to 40% of dementia cases worldwide (Livingston et
al., 2020). From early life (i.e., low education), to midlife (i.e., hypertension,
obesity, hearing impairment, traumatic brain injury, excessive alcohol
consumption) and later life (i.e., smoking, depression, physical inactivity, social
isolation, diabetes, air pollution), these factors influence individuals’ cognitive
reserve and trigger neuropathological developments (e.g., amyloid or tau-
mediated, vascular or inflammatory) (Livingston et al., 2020). Evidence
suggests that some of the late-life factors, such as depression, physical
inactivity and social isolation might have a bidirectional impact and, therefore,
are also part of the prodrome stages of dementia. On the other hand, there are

still controversies whether sleep disturbances and nutrition and dietary
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components might have a direct impact on dementia neuropathology
(Livingston et al.,, 2020; Sabbagh et al., 2022). Although the etiology of
dementia is still shifting, and not all dementia subtypes are preventable, as
recommended by Livingston et al. (2020), population-wide and individually
targeted interventions are necessary — particularly at LMIC — to counteract the

rising prevalence of dementia or, at least, to delay its onset or progression.

About 10 years ago, dementia was identified by the WHO as a public health
priority (World Health Organization, 2012). In 2017, the same entity published
the Global Action Plan on the Public Health Response to Dementia 2017-2025
with the goal to improve the lives of individuals living with dementia, their
caregivers and families, and decrease the impact of dementia on them as well
as on communities and countries (World Health Organization, 2017). In this
sense, in 2019, the WHO established risk reduction guidelines for cognitive
decline and dementia in order to support health and social care professionals to
provide evidence-based, multisectoral, sex and culturally appropriated
interventions to general population, targeting the modifiable dementia risk
factors that are shared with other noncommunicable diseases (e.g., physical
activity and cognitive interventions, cardiovascular risk factors management as
excessive weight, hypertension, diabetes mellitus and dyslipidemia) (World
Health Organization, 2019).

According to the Global Dementia Observatory (GDO) data, only 35 countries
(out of 62) reported having a dementia risk reduction plan or guidelines and, of
these, over 70% are HIC and most are in the European Region (not including
Portugal). Of the 28 GDO countries reporting risk reduction campaigns by
television, radio, or social media, most of them are HIC with just 8 LMIC. In
result, worldwide population awareness of the possibility of dementia risk
reduction is limited, requiring greater efforts in population-level health education

and awareness (World Health Organization, 2021b).

After the diagnosis, people living with dementia should have access to “person-
centered, rights-based health and social services, when and where they need it,
without financial hardship” (World Health Organization, 2021b, p. 141). But, the
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complex care needs, and the high levels of dependency and morbidity are
associated with tremendous societal costs attributed to several direct and
indirect factors like medical care, social care and informal care (World Health
Organization, 2021b).

1.1.5 Impacts of major NCD: global costs and informal careqiving

The global costs of dementia, in 2019, were estimated to be 1.3 trillion
U.S. dollars, and although most people with dementia live in LMIC, nearly 75%
of these costs occurred in HIC. Globally, and particularly in LMIC, a significant
portion of the dementia care costs are attributable to informal care, reflecting
the lack or scarcity of available formal resources and, consequently, placing a
heavy burden on families and caregivers (World Health Organization, 2021b).

As the population ages and the number of people being diagnosed with
dementia increases, so does the number of individuals who find themselves in
the role of caregivers, frequently without the training or knowledge to manage
the condition and provide appropriate care (Gauthier et al., 2021; GBD 2019
Dementia Forecasting Collaborators, 2022). Recent reports from the WHO
Member States showed that informal caregivers, in 2019, provided over 89
billion hours of care when only accounting the time dedicated to ADL support,
this amount of time would increase to approximately 133 billion hours if
considering the time dedicated to supervision (World Health Organization,
2021b). As identified by the WHO, caregiving also disproportionately affects
women, who contribute to approximately 70% of the global hours of informal
care, especially in LMIC (Alzheimer's Association, 2021; Alzheimer's Disease
International, 2022; World Health Organization, 2021b).

Results from a cross-sectional study conducted in Portugal on the cost of
informal caregiving in dementia, confirmed a well-known profile of informal
caregivers (female, aged between 45 and 65 years old, living with care-
receivers, with low educational level, and low income) and revealed a total cost
of €619.8/per month for each dyad, representing 77.5% of their monthly income

and, in consequence, possibly limiting the continuum of care at home (Pires et
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al., 2020). More recently, another national study estimated the disease burden
and societal costs associated with Alzheimer’s disease in people aged = 65
years and revealed that the non-medical direct costs corresponded to 1.8 billion
(including €1.1 billion attributed to informal care) (Costa et al., 2021).

Reliable data on the numerical extent of informal caregivers in Portugal is still
missing. Nevertheless, a recent survey conducted by a national association
(Movimento Cuidar dos Cuidados Informais) estimated the existence of 1.4
million caregivers, a number that is higher than a previous estimation of 800
thousand people (Eurocarers, 2021). Even though the informal caregiver status
has been approved by law (Portuguese ministerial order n.°256/2020, 28™
October; Law n.° 100/2019), and implemented throughout the country
(Implementing Decree-Law n.° 1/2022, 10" January) these legislations and
policies have not yet reflected an additional availability and/or generalized
utilization of care services and support (Alves et al., 2020; OECD, 2021a; World
Health Organization, 2021b).

Informal caregivers of individuals diagnosed with dementia, also referred as the
“‘invisible patients”, are at increased risk for burden and psychological morbidity
(e.g., distress, anxiety, depression, burnout), social isolation, financial hardship,
and a variety of other physical health complications (Alzheimer's Association,
2021; Barbosa et al., 2020; Brodaty & Donkin, 2009; Kaddour & Kishita, 2020).
Particularly those experiencing significant mental and emotional strain may be
at higher risk for death (Alzheimer's Association, 2021; Schulz & Beach, 1999).
As suggested by a recent meta-analysis review, burden is prevalent in nearly
50% of caregivers and almost one-third of them experiences depression
(Collins & Kishita, 2020). While several studies report the positive psychological
aspects of caregiving, such as gaining a purpose in life, sense of meaning and
personal growth or accomplishment, enjoyment, self-efficacy, companionship,
and satisfaction for providing quality of life to a family member (Ribeiro et al.,
2020; Yu et al., 2018), a larger number highlight the causal negative effect of
caregiving on both mental and physical health (Alzheimer's Association, 2021;
Bom et al.,, 2019), and the presence of negative emotions like resentment,

sadness, fear, guilt and anticipated grief (Brodaty & Donkin, 2009; Lindeza et
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al., 2020). Despite the wealth of literature about the reciprocal influence that
caregiving dyads have on each other’s health, well-being and quality of life
(Alzheimer's Association, 2021; Brodaty & Donkin, 2009), research is still
required with respect to post-diagnostic support to caregivers and care-
receivers (World Health Organization, 2021b).

As documented by WHO, multidisciplinary and multi-component care models for
dementia may involve a range of services from within and outside the health
sector (e.g., specialist medical care, rehabilitation) (World Health Organization,
2021b). According to the WHO’s model of integrated dementia care, the needs
and preferences of individuals living with dementia must be met, and their
dignity and autonomy respected from the diagnosis to the end of life, through
integrated, person-centered, culturally appropriated, affordable, community-
based health, psychosocial, long-term care and support and, where appropriate,
including the inputs of families and caregivers (Alzheimer's Disease
International, 2022; World Health Organization, 2021b). It is for these reasons
necessary to ensure that individuals with dementia and caregivers have access
to evidence-based interventions conducted in community settings and in

combination with adequate pharmacological treatments.

1.1.6 Post-diagnostic treatment, care, and support

People living with dementia have complex care needs and present high
levels of dependency and morbidity in more advanced stages (World Health
Organization, 2021b). Interventions targeting these individuals need to consider
the different symptoms (e.g., neuropsychiatric symptoms/behavioral and
psychological symptoms of dementia [BPSD], cognitive impairment, ADL
dependency, and comorbid physical illnesses) and attend their psychological,
cognitive, medical, and social needs throughout the disease course (Livingston
et al., 2017).

Presently, the only approved drug treatments for dementia do not modify its
underlying neuropathology or progression. Cholinesterase inhibitors (i.e.,

galantamine, rivastigmine and donepezil) might partly restore the deficit in
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acetylcholine arising as result of neuronal loss, whereas memantine might
attenuate the toxic effects of glutamate released from degenerating neurons;
nevertheless, these effects are not curative and only temporally mitigate some
symptoms (Alzheimer's Association, 2021; Dyer et al., 2018; Livingston et al.,
2020; Livingston et al., 2017). In overall, cholinesterase inhibitors have a small
but clinically important effect on cognition and daily functionality in people with
Alzheimer’s disease from mild to severe stages, while memantine has a smaller
beneficial effect on cognition in the moderate to severe stages (Livingston et al.,
2020; Livingston et al., 2017). Aside from Alzheimer’s disease, few other NCD
subtypes have approved pharmacologic therapies for cognitive symptoms, and
no specific treatment exists for frontotemporal dementia and Lewy bodies
disease (Arvanitakis et al., 2019; Livingston et al., 2017).

Even though cholinesterase inhibitors are well tolerated, adverse effects, such
as gastrointestinal effects (e.g., nausea, diarrhea, and vomiting), vivid dreams
and leg cramps may occur (Livingston et al.,, 2017). Headaches and
constipation have been reported as adverse effects of memantine (Arvanitakis
et al., 2019). More recently, Aducanumab has received an accelerated approval
pathway by the U.S. Food and Drug Administration (FDA) as the only therapy
that may potentially slow the progression of Alzheimer’s disease (Alzheimer's
Assocation, 2021). This amyloid beta-directed antibody is the first
pharmacological treatment to address the underlying biology of the disease,
which is reasonably likely to mitigate the cognitive and functional declines in
individuals living with early Alzheimer’'s disease or MCI and, therefore, allow
individuals to hold on to memories longer and sustain their independence.
Notwithstanding, if the sponsor (Biogen Inc, Aduhelm) cannot verify its clinical
benefit in a post-approval trial, FDA may withdraw the approval. In turn, the
European Medicines Agency (EMA) has recently recommended the refusal of
the marketing authorization for Aduhelm in the European Union (European
Medicines Agency, 2022).

As for the BPSD, to date, no drug treatment specifically targeting them has
been approved by the FDA (Alzheimer's Association, 2021; Arvanitakis et al.,
2019; Livingston et al., 2020). The BPSD cause substantial distress for both
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caregivers and individuals with dementia, negatively affecting their quality of life
(Alzheimer's Association, 2021; Livingston et al., 2020; Livingston et al., 2017;
Park et al., 2022). Increasing evidence advocates the need for a careful
assessment of symptoms and potential multifactorial causes (e.g., personal
history, unmet needs, medical episodes and comorbidities, environment,
disease type and stage), to appropriately manage these syndromes (Gauthier et
al., 2021; Livingston et al., 2020). Non-pharmacological approaches seem to
have similar effect sizes to pharmacological therapies and, more importantly,
with a lower risk of adverse events (Banerjee et al., 2021; Dyer et al., 2018). For
this reason, non-pharmacological interventions may be considered as first line
interventions to manage BPSD and improve patients’ ability to function in

everyday life.

Numerous studies have examined the potential of pharmacological and non-
pharmacological treatment to prevent, delay or reverse the course of dementia.
Unfortunately, most pharmaceutical approaches have met with limited clinical
success (Banerjee et al.,, 2021; Dyer et al.,, 2018). Because of this, non-
pharmacological therapies like physical activity or physical exercise
interventions have been increasingly recognized by the scientific community
(e.g., in comparison with cognitive training and rehabilitation) due to their
potential to alter the trajectory of the disease course, and due to their holistic
effect on other conditions that often co-occur with dementia (e.g., hypertension
and type 2 diabetes mellitus) (Alanko et al., 2022; Alzheimer's Association,
2021; Blondell et al., 2014; Erickson et al., 2012; Livingston et al., 2020).

The following sections will present results from observational (or prospective)
studies that assessed the longitudinal risk for dementia, MCI or cognitive
decline considering levels of physical activity, leisure activities and physical
exercise behaviors and, additionally, the results from structured physical
exercise programs often used in clinical trials to examine whether physical
exercise could be used as an effective treatment. The differences between the

concepts of physical activity and physical exercise will also be addressed.
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1.2 Physical Activity, Physical Exercise and NCD

1.2.1 Prevention of cognitive decline, minor and major NCD: the role

of physical (in-)activity and physical exercise

Physical activity is defined as “any movement produced by skeletal
muscles that results in energy expenditure exceeding the resting state”
(Caspersen et al.,, 1985, p.126). In turn, physical exercise, is a “subset of
physical activity that is planned, structured, and repetitive and has as a final or
an intermediate objective the improvement or maintenance of physical fitness”
(Caspersen et al., 1985, p.126). A growing body of evidence has been focusing
on defining threshold and optimal levels and modalities of physical activity and
physical exercise that are necessary for health promotion and diseases
management (e.g., minor and major NCD) (lzquierdo, Duque, et al., 2021;

Izquierdo, Merchant, et al., 2021).

According to Sallis et al. (2016), physical inactivity is responsible for 3.8% of all
cases of dementia worldwide. By contrast, evidence from longitudinal
observational studies have shown an association between higher levels of
physical activity and reduced risk of cognitive impairment and dementia
(Blondell et al., 2014; Norton et al., 2014; Winblad et al., 2016).

Physical inactivity is currently considered as a pandemic, with nearly one-third
of the adult population (under the age of 65) not meeting international
recommendations (Cunningham et al., 2020; Fiuza-Luces et al., 2013; World
Health Organization, 2018). Recently, Portugal was found to have the highest
prevalence of physical inactivity (63.7%) among individuals aged 18-64 years
old in a cross-sectional study including 28 European countries (Eurobarometer,
2018; Nikitara et al., 2021). Results from the 4" Wave of the Survey of Health,
Ageing and Retirement in Europe (SHARE) database showed that the
prevalence of physical inactivity among the Europeans (= 55 years) varied
between countries, ranging from 5% in Sweden to 29% in Portugal (Gomes et
al., 2017). Factors associated with inactivity included depression, increased

age, physical limitations, and memory loss, among others (Gomes et al., 2017).
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In parallel, and more specifically regarding physical exercise, data from the
national report Programa Nacional para a Promocao da Atividade Fisica with
data collected through a national health survey in 2019 (Inquérito Nacional de
Saude) showed that more than 73% of individuals aged 65 years and older did
not exercise (at least for 10 minutes) for any day of the week (Direccao-Geral
Da Saude, 2020). These results are particularly alarming among women aged
85 years and older (91.7%) (Direccdo-Geral Da Saude, 2020), whose age
group also presents the highest percentage of dementia cases (Goncalves-
Pereira et al., 2021).

A review study of systematic reviews and meta-analysis about the relationship
between physical activity and cognitive decline reported a reduction of nearly
40% in the risk of cognitive decline for individuals aged = 65 years that were
highly physically active (Cunningham et al., 2020). According to the authors,
evidence suggests a reduction in the risk of dementia ranging from 14% to 28%
in healthy older adults, directly dependent of the physical activity levels and
intensity. More importantly, physical activity seems to have a significant risk
reduction effect (26%) on individuals aged 65 years and older for all-cause of
dementia. Observations of the protective effect of physical activity were even
greater when concerning Alzheimer’'s disease, since the relative risk reduction
ranged from 32% to 42% when comparing individuals with higher vs. lower
levels of physical activity (Cunningham et al., 2020). Also, based on prospective
observations research designs with follow-up periods from one to 12 years,
strong evidence confirmed that higher levels of physical activity are associated
with a reduced risk of dementia, including Alzheimer’s disease (Erickson et al.,
2019).

Results from human studies have shown that during mid-life period, higher
levels of physical activity are associated with greater preservation of cortical
grey matter in older age (De la Rosa et al., 2020; Rovio et al., 2010; Skinner et
al., 2018). Fortunately, it seems that late-onset physical exercise interventions
also have a positive effect on the delay of brain aging (e.g., increasing
hippocampal volume) (Erickson et al., 2019; Skinner et al., 2018).
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Physical activity, and particularly physical exercise, is assumed to have a
neuroprotective effect through several underlying physiologic mechanisms,
such as increased cerebral blood flow, brain-derived neurotrophic factor (BDNF)
and insulin-like growth factor-1 (IGF-1) concentrations, neurogenesis, and
synaptic connections, and downregulation of neurotoxic factors (C-reactive
protein, cortisol, insulin, interleukin-6) and other inflammatory cytokines, among
others (Alty et al., 2020; Erickson et al.,, 2019; Erickson et al., 2014;
Gholamnezhad et al., 2020; Kivipelto et al., 2018; Livingston et al., 2017,
Skinner et al., 2018; Valenzuela et al., 2019). Also important, physical exercise
has an additional indirect effect on brain health through reducing vascular
disease risk (i.e., improving general cardiovascular fitness, controlling obesity,
hypercholesterolemia or insulin resistance); likewise, it contributes in reducing
social isolation, depression and sleep disturbance (Alty et al., 2020; Erickson et
al., 2019; Erickson et al., 2014; Gholamnezhad et al., 2020; Izquierdo, Duque,
et al., 2021; Kivipelto et al., 2018; Livingston et al., 2017; Skinner et al., 2018;
Valenzuela et al., 2019; World Health Organization, 2019). The beneficial effect
of physical activity on cognitive decline prevention seems to be mainly due to
aerobic activities at moderate intensity, the most extensively used training
methodology (Alty et al., 2020; De la Rosa et al., 2020; Gomes-Osman et al.,
2018; Skinner et al., 2018; World Health Organization, 2019). Recent studies
have shown the potential role of resistance training and mind-body exercises
(e.g., tai-chi) too (Biazus-Sehn et al.,, 2020; Herold et al., 2019; Izquierdo,
Merchant, et al., 2021).

Based on WHO guidelines for Risk Reduction of Cognitive Decline and
Dementia, there is a strong recommendation on physical activity for adults with
normal cognition to reduce the risk of cognitive decline (World Health
Organization, 2019). Despite the available promising findings, further research
is still needed to clarify the sex differences, the age ranges most affected, dose-
response parameters, sensitive cognitive assessment methods, and brain
biomarkers to better understand pathways leading to improvements in cognitive
function (Alty et al., 2020; Erickson et al., 2019).
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According to the ADI newest report, effective population-based risk reduction
strategies require a multi-pronged approach, and there are a number of
excellent initiatives around the globe (Alzheimer's Disease International, 2022).
The World-Wide Finnish Geriatric Intervention Study to Prevent Cognitive
Impairment and Disability (WW-FINGERS) is the first global network of
multidomain lifestyle intervention trials (i.e., dietary counselling, cognitive
training, vascular and metabolic risk monitoring and physical exercise) for
dementia risk reduction and prevention at different economic, geographical and
cultural settings (Alzheimer's Disease International, 2022; Kivipelto et al., 2020).
As highlighted by Kivipelto et al. (2020), preventive interventions should be
tailored concerning the different NCD subtypes — and following the new
diagnostic criteria — considering the entire continuum of disease, from at-risk
asymptomatic to early-symptomatic stages, such as prodromal dementia.
Fortunately, Portugal is now one of the newest additions to this network that
already comprises over 45 countries across six continents (Alzheimer's Disease
International, 2022).

1.2.2 After NCD diagnosis: feasibility and effects of physical activity

and physical exercise

While there is supportive evidence that increased levels of general
physical activity and physical exercise in cognitively healthy adults reduces the
risk of cognitive impairment, all-cause dementia, vascular dementia, and
Alzheimer’s disease when compared with inactive people, to date the evidence
is diverse in that it may potentially slow down cognitive decline or improve
cognition once MCI or dementia are established (Alty et al., 2020; de Souto
Barreto et al., 2018; Erickson et al.,, 2019; Wahl et al., 2021; World Health
Organization, 2019). Overall, low to moderate quality evidence has shown the
small, but beneficial effect, of physical activity on cognition in people living with
MCI, since the benefits overlap the undesirable effects. Therefore, based on the

quality of evidence, a conditional recommendation was made by WHO for
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adults with MCI to increase their physical activity levels (World Health
Organization, 2019).

Studies over the past decade have found that it is feasible to implement a
physical exercise intervention in older adults with MCI, despite the early
cognitive challenges (Begde et al., 2021; Ohman et al., 2014; Skinner et al.,
2018). A growing body of evidence has also suggested that older adults with
subjective cognitive complaints and with MCI may benefit from aerobic and/or
resistance physical exercise interventions, due to their potential effect in
delaying or preventing further cognitive decline into dementia (Demurtas et al.,
2020; Skinner et al., 2018; Venegas-Sanabria et al., 2021; Zheng et al., 2016).
For example, Suzuki et al. (2013) conducted a 6-month exercise program (bi-
weekly, 90 minutes sessions) combining aerobic and muscle strength training,
postural balance retraining and dual-task activities for older adults with MCI.
Findings from this randomized controlled trial (RCT) showed that physical
exercise benefits logical memory, maintains general cognitive function, and
reduces whole brain cortical atrophy in people with MCI. Moreover,
improvements of cognitive function were associated with lower total cholesterol

levels and higher BDNF serum levels at baseline.

Similarly, an increasing number of studies have been investigating the role of
physical exercise as a possible approach for counteracting/ managing the
symptoms of dementia (Erickson et al., 2019; Skinner et al., 2018). Although
results regarding the physical exercise effects on cognitive function are
heterogenous (Erickson et al., 2019; Forbes et al., 2015; Gomes-Osman et al.,
2018; Groot et al., 2016; Livingston et al., 2017), physical exercise interventions
for people with dementia seem to be feasible and well tolerated (Forbes et al.,
2015; Livingston et al., 2017; Skinner et al., 2018). Nevertheless, its therapeutic
role as a co-adjuvant non-pharmacological strategy after dementia diagnosis
requires further evidence (Cass, 2017; Farina et al., 2014; Li et al.,, 2019),
particularly in what regards its effect on other outcomes rather than cognitive
function, like functional capacity, physical fithess, neuropsychiatric

symptomatology, and quality of life, as presented in the following subchapter.
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1.2.3 Physical exercise as a co-adjuvant therapeutic approach for

major NCD management

Dementia might begin decades before the stage of disease identified by
subjects and their family (Livingston et al., 2017). The gradual decline of
cognitive performance, along with the impaired ability to independently perform
ADL, are characteristics of the disease progression that may also lead (or be
exacerbated) by age-related physical function limitations (Hesseberg et al.,
2016; Liu-Seifert et al., 2015). Also, individuals living with dementia may show
increased declines on physical fitness abilities, namely impaired
cardiorespiratory endurance, muscle strength, gait, and balance disorders (Allali
et al., 2016; Burge et al., 2012; Forbes et al., 2015; Heyn et al., 2004).

As a debilitating disease, a slowing of the development of dependence in ADL
functionality is critical for enhancing individuals’ quality of life which, in turn, may
have an impact on informal caregivers’ ability to sustain their caregiving role
and possibly delay the need for institutionalization (Forbes et al., 2015; Gauthier
et al., 2021). Increasing evidence advocates physical exercise as a promising
non-pharmacological intervention not only to improve or attenuate cognitive and
functional declines, but also manage NCD-related symptoms (i.e., BPSDs), and

increase quality of life.

A Cochrane review including 17 trials with a total of 1067 participants, mostly
diagnosed with Alzheimer’s disease, found that physical exercise may improve
the ability to perform ADL; however, this meta-analysis revealed no clear
evidence of benefit from physical exercise on cognitive function,
neuropsychiatric symptoms, and depression (Forbes et al., 2015). These results
were partially corroborated by Groot et al. (2016) that observed improvements
in ADL’s functionality, accompanied by positive effects of aerobic physical
exercise in cognition in people with dementia, regardless of the subtype (i.e.,
Alzheimer’'s disease, vascular disease, mixed dementia, multiple infarct
dementia and undefined dementia) and frequency of interventions. Despite the
methodological differences and inconsistent results, encouraging results have

been presented about the intrinsic benefits of physical exercise on
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cardiovascular health and general health status (Cass, 2017; Gomes-Osman et
al., 2018).

According to Lam et al. (2018), there is a strong evidence that supports the use
of regular physical exercise (60-minutes sessions, 2-3 days a week) with a
combination of aerobic, resistance, balance, flexibility and functional training to
improve physical functioning (i.e., lower body strength, balance, mobility, and
walking endurance) in individuals diagnosed with dementia from mild to
moderate stages. Park and Cohen (2019) also distinguished the benefits of
various modalities of physical exercise on several functional outcomes, such as
gait speed, walking endurance, balance, and muscle strength. These results
were consistent with a recently published overview including 30 systematic
reviews and meta-analysis (Begde et al., 2021). In overall, this review found
that physical exercise, particularly MT (i.e., combining strength, balance,
endurance, and flexibility), can significantly improve walking, balance,
visuospatial functions, and ADL independence, which are crucially important for

independent living.

Along with physical limitations and high levels of dependency in ADL,
neuropsychiatric symptoms are also a strong predictor of institutionalization
(Gauthier et al., 2021). Many reviews have been published examining the effect
of physical exercise on specific cognitive functions and BPSDs in people with
NCD. Whereas some reviews have not found a statistically significant effect of
physical exercise on cognition and depression (Li et al., 2019), others found that
it can reduce global cognitive decline (Du et al., 2018; Jia et al., 2019; Venegas-
Sanabria et al., 2021), particularly on working memory, and diminish behavioral
problems (Law et al.,, 2020). These conflicting results might be due to the
inclusion criteria of reviews, such as types and stages of disease, use of
different assessment tools, types of physical exercise intervention, among other
factors (Du et al., 2018; Hernandez et al., 2015; Law et al., 2020; Lewis et al.,
2020; Li et al., 2019; Park & Cohen, 2019). Notwithstanding, Hoffmann et al.
(2016) showed that moderate-to-high intensity aerobic physical exercise (ADEX
intervention) may inhibit or delay the emergence of more severe

neuropsychiatric symptoms in individuals with Alzheimer’s disease. Sobol et al.

65



(2018) found out that improvements in peak oxygen uptake (i.e., VOzpeak) after
the 16-week ADEX intervention appeared to be associated with changes in
cognition and BPSDs. Likewise, Roitto et al. (2018) identified that physical
exercise significantly modified the effect of neuropsychiatric symptoms on the
risk of falling in community-dwelling individuals with Alzheimer's disease. In
brief, although these studies’ results and methodologies are heterogenous, the
overall picture indicates a potential positive effect of physical exercise in
neuropsychiatric symptoms (Law et al., 2020; Matura et al., 2016; Skinner et al.,
2018), principally in alleviating depressive symptomatology (Forbes et al., 2015;
Li et al., 2019; Morris et al., 2017). Specifically, MT might positively affect
aberrant motor behavior, apathy, agitation and eating disorders (de Souto
Barreto et al., 2015), which consequently may have an impact on well-being.

As stated by Dimities et al. (2021), possibly due to the indirect effects on
cognitive function, neuropsychiatric symptomatology, and overall ADL
functionality, physical exercise may constitute a promising intervention to
improve well-being and quality of life of individuals living with major NCD.
Ojagbemi and Akin-Ojagbemi (2019) also highlighted the importance of physical
exercise in improving social interaction, interaction capacity, sense of well-being
and of aesthetics, and bodily well-being; however, similarly to other studies
(Farina et al., 2021; Forbes et al., 2015; Lamb, Mistry, et al., 2018; Lamb,
Sheehan, et al., 2018; Marquez et al., 2020), these authors did not found a
significant difference in the quality of life of individuals with NCD who were

participating in physical exercise interventions, comparing to controls.

Even though there is a theoretical support that justifies the possible benefit of
physical exercise in improving quality of life in individuals with NCD, empirical
evidence is yet inconclusive, partially due to the small number of studies and
inconsistency in outcomes measures (e.g., use of generalized quality of life
measures vs. disease-specific outcomes), insufficient sample sizes, diversity of
type and stages of disease, and wide ranging training methodologies (Dimities
et al., 2021; Marquez et al., 2020; Ojagbemi & Akin-Ojagbemi, 2019). Above all,
as summarized by Lewis et al. (2020), there is no evidence that physical

exercise is detrimental for individuals living with dementia, and the general
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consensus is that physical exercise interventions can be recommended to
improve general physical and mental health. It's clear, though, that the
recommendation “one size fits all” may not be optimal (Lewis et al., 2020), and
for this reason, the physical exercise recommendations for older populations
defined by the American College of Sports Medicine (ACSM) (American College
of Sports Medicine, 2017, 2021) need to be considered when concerning

individuals with major NCD.

Regardless of the target outcome, adherence to physical exercise interventions
is essential for obtaining a meaningful effect (van der Wardt et al., 2017),
whether it is a MT intervention or not. van Alphen, Volkers, et al. (2016) showed
that community-dwelling and institutionalized individuals with dementia are
sedentary for most of the day, and the small amount of physical activity they
perform tends to be of lower intensity when comparing to their healthy peers. In
addition to practical support strategies, such as group-based interventions and
inclusion of a learning or adaptation period (van der Wardt et al., 2017), other
review studies (van Alphen, Hortobagyi, et al., 2016) have also identified intra-
and interpersonal factors, as well as community factors, that might support
physical exercise engagement in people with dementia (i.e., barriers, motivators
and facilitators).

Another topic that remains unclear regards the involvement of caregivers,
particularly when planning community-based interventions. Previous studies
confirmed their decisive role in providing transportation and guaranteeing care-
receivers access and motivation, which may potentially influence the impact of
exercise interventions (American College of Sports Medicine, 2021; Di Lorito,
Bosco, Booth, et al., 2020; van der Wardt et al., 2017; van der Wardt et al.,
2020). Unfortunately, caregivers are often disregarded for participation and
examined only secondarily in this type of physical exercise programs designed
for individuals with NCD (Doyle et al.,, 2020). Particularly concerning the
national context, individuals with NCD and their caregivers often struggle to
have access to appropriate services (Balsinha et al., 2022; Goncgalves-Pereira
et al., 2019).
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In sum, findings confirm the need for individualized, person-centered, and
tailored approaches to support individuals with major NCD adherence to
physical exercise (Di Lorito, Bosco, Pollock, et al., 2020; van Alphen,
Hortobagyi, et al., 2016; van der Wardt et al., 2017; van der Wardt et al., 2020).
More importantly, MT seems to be appropriate for vulnerable populations,
including those with major NCD (American College of Sports Medicine, 2021,
Izquierdo, Duque, et al.,, 2021); MT is also associated with high levels of
satisfaction (Cadore et al., 2014, Carvalho et al., 2009), which may increase the
success rate of these type of interventions and promote individuals’ compliance/
engagement. Despite MT promising reported impact, several questions need to
be answered about the effectiveness and operationalization of an MT

intervention for individuals with major NCD, as we will next summarize.
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1.3 Multicomponent Training for Individuals with Major NCD

1.3.1 Definition, characteristics, and relevance to individuals with

major NCD

Multicomponent training can be defined as a combination of “at least the

three modalities of strength/resistance training, aerobic/cardiovascular
endurance training, and balance/stability training, and may or may not have
included flexibility exercises” (Baker et al., 2007, 376). These physical fithness
components might be combined into each session, and/or equally distributed
throughout the entire duration of the program.

Current position statements and consensus guidelines for physical activity and
sedentary behavior from the WHO (Bull et al., 2020) recommend the integration
of MT activities, via a combination of structured group/class settings and
incidental activities (lifestyle-integrated that can be done at home), at least three
days a week in order to enhance functional capacity, prevent osteoporosis and

falls for all older adults and not only those with poor mobility.

Consistent evidence has demonstrated the MT’s important effect in reducing the
risk of fall-related injuries by nearly 32%-40%, including severe falls that result
in head trauma, bone fracture, or any other injury requiring medical care or
admission to hospital (American College of Sports Medicine, 2021; U.S.
Department of Health and Human Services, 2018). According to the 2021
ACSM guidelines on physical exercise prescription for older adults, evidence
suggests that MT, when compared with single-component training, is
associated with greater benefits on physical function. In particular, those
experiencing frequent falls or with mobility limitations, should perform 2-3 days
per week neuromotor physical exercises, combining balance, agility and
proprioceptive training, to effectively reduce and prevent the occurrence of falls
(American College of Sports Medicine, 2021).

MT as a training methodology has been gaining relevance in the scientific

community and recommended to older populations for more than 10 years
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(Nelson et al., 2007; U.S. Department of Health and Human Services, 2018;
World Health Organization, 2010), especially for those with poor mobility. This is
mainly due to its holistic benefit in the different physical fitness abilities of older
adults that are necessary to maintain or improve their ability to independently
perform ADL (Cadore et al., 2019; Valenzuela et al., 2019).

According to the recent International Exercise Recommendations in Older
Adults (ICFSR): Expert Consensus Guidelines the “exercise prescriptive
elements that best address the underlying contributors to dementia (sarcopenia,
low aerobic capacity, hypertension, diabetes, diabetes, anorexia,
cerebrovascular pathology, inflammation, etc.) offer the best basis on which to
prescribe exercise at this point in time for dementia itself’ (Izquierdo et al.,
2021, p. 842-843). Thereby, as highlighted by Izquierdo, Duque, et al. (2021),
evidence-based physical exercise modalities that holistically address frailty and
sarcopenia, polypharmacy, malnutrition, falls, osteoporosis, cardiometabolic
disease or depression, should be recommended to individuals with an

established diagnose of dementia.

Even though the link between dementia, sarcopenia, and frailty still need further
research, studies undertaken up until now indicate that people with dementia
may present an increased prevalence of frailty and sarcopenia (Pacifico et al.,
2020; Waite et al., 2021), two important geriatric syndromes associated with
many adverse outcomes, including disability, falls, and mortality (Izquierdo,
Duque, et al., 2021). The association of sarcopenia and frailty with poorer
health-related outcomes, their potentially reversible nature, and the possible
relationship with dementia, which are all precursors of disability, strengthens the
need to monitor these syndromes and prevent their progression (Cadore et al.,
2019; lzquierdo, Merchant, et al., 2021; Livingston et al., 2020; Waite et al.,
2021). Fortunately, increasing data suggest that MT interventions might help to
mitigate the trajectory of frailty and disability in older adults with NCD (Begde et
al., 2021; Casas-Herrero et al., 2022; Lam et al., 2018).

A previous study revealed that frail individuals with dementia who were

submitted to an 8-weeks moderate-intensity MT intervention showed
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improvements in muscle strength, balance, and gait ability (Cadore et al., 2014).
Indeed, many studies have shown that MT interventions are more effective in
improving most, if not all, of the frailty hallmarks, such as poor balance, reduced
muscle strength, poor gait ability, and increased incidence of falls (Cadore et
al., 2014; Cadore et al.,, 2019; lzquierdo, Merchant, et al., 2021). For this
reason, MT should be prescribed for most vulnerable populations, including
those with cognitive impairment or dementia to counteract the physical
consequences of frailty and sarcopenia (Izquierdo, Merchant, et al., 2021).

The accumulated evidence from ACSM guidelines for older populations
throughout the years (American College of Sports Medicine, 2017; Chodzko-
Zajko et al., 2009; U.S. Department of Health and Human Services, 2018),
along with the inconsistent (but promising) evidence from systematic reviews
and meta-analytic studies regarding the multiple benefits of MT (Begde et al.,
2021; Hernandez et al., 2015; Heyn et al., 2004; Kirk-Sanchez & McGough,
2014; Lam et al.,, 2018; Skinner et al., 2018), corroborate the usage of this
training methodology when the purpose is to improve physical fithess, functional

capacity and cognitive function of individuals living with major NCD.

It is worth highlighting that the concepts of multimodal and MT interventions are
often used interchangeably. Multimodal interventions, i.e., interventions
combining physical exercise training with other interventions (such as cognitive
stimulation or ADL training) must be carefully compared with those only offering
a physical exercise program given the difficulties to detach the effects of
physical exercise from the rest of interventions (Baker et al., 2007; Begde et al.,
2021; Lewis et al., 2020). Therefore, it is necessary to systematize the existing
evidence on the operationalization of MT interventions for individuals with major
NCD and explore the potential benefits of this well-promising training
methodology on multiple domains 2. Other questions also need to be answered,
such as: training intensity progression and control, evaluation methods, and use
of music. And last, but not least, the selection of adequate settings to implement

the MT intervention, the involvement of informal caregivers and partner entities,

3 Considering the MT definition of Baker and colleagues (2007).
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and the participants’ recruitment are also determinant aspects for implementing

a community-based physical exercise intervention.
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Chapter 2. Objectives of this Thesis

The previous chapter presented the theoretical framework highlighting
the main topics explored in the present thesis. Accordingly, several objectives
were defined, as presented in the following subsections.

2.1 Primary and Secondary Objectives

The primary purpose of the present thesis was to investigate the
contribution of a 6-month MT intervention on the physical and cognitive function
of individuals diagnosed with major NCD. Complementarily, this thesis

encompasses the following secondary objectives:

e Examine the effects of MT on individuals’ functional and psychosocial
outcomes (e.g., ability to independently perform ADL, neuropsychiatric
symptomatology, and quality of life).

e Analyze the association between health-related physical indicators and
quality of life of individuals with NCD.

e Explore the factors that influence individuals with NCD adherence to a

community-based physical exercise program.

This thesis includes one systematic review and meta-analysis and five original
studies that address these objectives. The systematic review and meta-analysis
were conducted to synthetize the existing evidence about the effects of MT on
physical fitness, cognition, and ability to function independently in ADL, and to
identify moderation patterns of those effects regarding FITT variables (chapter
4). The original studies report a 6-month MT intervention that was designed and
implemented in multicentered settings from September 2018 to March 2020,
within a project entitled “Body & Brain”, which protocol can be consulted
elsewhere (Carvalho et al., 2021).

75



Original study | (chapter 5) examined the effects of the “Body & Brain”
community-based physical exercise program on functional capacity (e.g., lower
body function, mobility, and gait speed) and ADL independence in older adults
diagnosed with NCD. In turn, the original study Il (chapter 5) explored the
contribution of this intervention on cognitive function, neuropsychiatric

symptoms, and quality of life.

Subsequently, a cross-sectional study was conducted to better understand the
association between health-related physical indicators and quality of life
(original study Ill: chapter 6), considering the relation between functional

capacity, frailty status, physical disability, and dependency.

Additionally, a qualitative study was conducted to analyze the perception of
informal caregivers about the barriers, motivators, and facilitators towards the
participation of care-receivers in a physical exercise program (original study IV:
chapter 7).

Finally, a qualitative study was conducted to explore the views of caregivers of
people with NCD about taking part in physical exercise sessions with their care-
receivers. Complementarily, this study aimed to explore the subjective impact of
the program on those caregivers who have physical exercised together with
their care-receivers (original study V: chapter 7). Table 2 provides a schematic

rational from the topics of the chapters included in this thesis.
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Table 2. Representation of the rational from the topic to the chapters of this research work

MT
intervention
for
individuals
with NCD

Effectiveness
of a 6-month
MT
intervention
on physical
and cognitive
functions

What are the
effects of MT
intervention in
individuals with
NCD?

To determine MT
effectiveness in
improving physical
fithess, cognition, and
ADL’s functionality.

To identify moderation
patterns of those effects
regarding FITT training
variables.

To examine the

6 studies, including
489 participants
diagnosed with
major NCD

43 individuals with
NCD (30 women)

ADL’s
functionality

Cognitive
Function

Agility

Systematic
review with
meta-analysis

Random-
Effect Model

Systematic
Review and
Meta-analysis

contribution of a 6-month SPPB
What are the MT intervention on the Wﬁ re aIIlocated. toa
effects on functional capacity (e.g., P y3|caNfe>2<g0|se TUG . Linear
functional lower extremity function, grsogg (S[.)-S’ 5r2ean quagi}nental Mixed- Original study
capacity and mobility, and gait speed) ey trol 6-meter Walk pt lled trial effects I
ADL in older adults living with | Y62"S) ‘,’\lr_go‘?"" O | Test controfled tnal | \iodels
functionality? NCD, and on their ability grlo;g (Sb:i r;sean
to independently perform yeérs)' ) BI
ADL.
36 individuals with
major NCD (25
To explore the effects of | women) were
What are the
a 6-month MT allocated to a
gggﬁ;ﬁv%n inter\(qntion on the physical exercise ADAS-Cog Quasi- Linear o
function cognitive functl_on, group (N: 18; mean NP experimental Mixed- Original study
neurops’ychiatric neuropsychiatric 74.33, SD=5.87 controlled trial effects Il
symptoms, and quality of | years) or a control Models
symptoms, and QoL-AD

quality of life?

life of people with major
NCD.

group (N:18; mean
81.83, SD=6.18
years)
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Determinants
of quality of
life of
individuals
with NCD

uestionnaire

Adherence to
a
community-
based
physical
exercise
program

What is the
association
between
physical health-
related
indicators and
quality of life of
individuals with
NCD?

What are the
barriers,
motivators, and
facilitators to the
participation of
individuals with
NCD in a
physical
exercise
program?

To identify the
association between
health-related physical
indicators — sarcopenia-
related factors, physical
fitness, independence in
ADL and habitual
physical activity - with
self-rated quality of life in
individuals with NCD.

To explore the
perception that informal
caregivers have on the
contributing factors for
(non)adherence to a
group-based physical
exercise program for
individuals with NCD
living in the community.

115 individuals with
NCD (mean 78.22,
SD=7.48 years;
74.8% female)

20 informal
caregivers (13 men;
mean 67.5,
SD=13.94 years;
age range: 37-86)

QoL-AD
DXA

Handgrip
strength
SPPB
6-meter Walk
Test

SFT
One Leg
Balance Test

Bl

Modified
Habitual
Physical
Activity

Semi-
structured
interviews

Cross-
sectional

Exploratory
Qualitative

Multivariable
Linear
Regression
Model

Braun and
Clarke’s
Thematic
Analysis,
under the
socio-
ecological
framework

Original study
1

Original study
v
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To explore the views of
caregivers of individuals 20 informal
with NCD about taking ) .
Should . . caregivers (13 men;
. part in a community-
caregivers be based phvsical exercise | Mean 67.5 Braun and
involved in . prysica : SD=13.94 years old; Clarke’s
. intervention with their . .
physical X . age range: 37-86), . Thematic
: care-receivers; Semi- : -
exercise of whom ten (mean structured Exploratory Analysis Original study
interventions to C age 72.9 years; ; . Qualitative guideline, \%
. To explore the subjective ) interviews .
their care- . : range 59-83 years; using and
. . impact of the physical . ;
receivers with : . 2 female) took part inductive
NCD? Eéxercise program in of the physical approach
' those caregivers who . .
have physical exercised EXEICISE Sessions
. ) with care-receivers.
together with their care-
receivers.

ADAS-COG - Alzheimer’s Disease Assessment Scale — Cognitive; Bl - Barthel Index; CG — Control group; DXA - Dual energy X-ray Absorptiometry; EG — Experimental Group; MMSE - Mini
Mental State Examination; NCD - Neurocognitive disorder; NPI - Neuropsychiatric Inventory; QoL-AD - Quality of Life — Alzheimer’'s Disease; SFT - Senior Fitness Test; SPPB - Short
Physical Performance Battery; TUG - Timed-Up and Go Test.

T Published chapters are entirely reproduced on this thesis with the permission of each journal (Appendix 2).
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Chapter 3. General Description

This chapter provides a general description of the thesis methodology,
namely study design and setting, sample recruitment, eligibility criteria and
interventions offered to experimental and control groups. Ethical procedures are
also depicted. In addition, the chapter includes a description of the outcome
measures and data collection procedures. Information on general sample
characteristics is also presented. Finally, a COVID-19 contingency plan is
presented to explain the impacts on the "Body & Brain” project and the required

methodological adaptations.

3.1 Design and Setting

The present thesis is nested in the “Body & Brain” project, a two-arm
quasi-experimental controlled trial with a parallel design, carried out in
multicentered settings in the Oporto Metropolitan Area — Portugal, and funded
by the Portuguese Foundation for Science and Technology (Fundagdo para a
Ciéncia e a Tecnologia, POCI-01-0145-FEDER-031808).

The "Body & Bran” project was conducted from September 2018 to March 2022,
and retrospectively registered in the US National Institute of Health clinical trials
registry - ClinicalTrials.gov (Identifier Number: NCT04095962) in September
2019 (Appendix 3). It offered eligible participants the opportunity to take part of
a community-based MT program — experimental group (EG), or monthly social
activity sessions — control group (CG), according to their wish and readiness to
join one of the groups. Additional information on this study protocol can be
found elsewhere (Carvalho et al., 2021), as well as results from a previous pilot

experience (Borges-Machado et al., 2019).

In total, the “Body & Brain” project was conducted in collaboration with 17
entities including: nursing homes and daycare centers, municipalities, a
university sports hall, a psychiatric hospital with a specific unit devoted to

dementia care, and a healthcare center. As presented in Figure 1, the project
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was carried out in two intervention cycles: from September 2018 to May 2019,
and between August 2019 and March 2020. In other words, recruitment process
occurred in September 2018 and August/ September 2019. Baseline
evaluations were conducted during October 2018 and September/ October
2019, and the post-intervention evaluations were performed immediately after
the 6-month period MT intervention. For further details on evaluation
measurements please see topic 3.2.2 Outcome measures. Considering both
intervention cycles, there were seven groups receiving the MT program (EG),

and eight groups participating in the monthly social activity sessions (CG).

November October -

2018 August/ March 2020
September . ; September . ond
Zr e
* Recruitment EG « Recruitment intervention

October 2018 December - September/
« Baseline May 2019 October 2019
evaluations « 1stcycle of * Baseline
MT evaluations
intervention » Adaptation
period for
EG

Figure 1. Project timeline

3.1.1 Procedures

3.1.1.1Sample recruitment

One hundred and eighty-three individuals were signalized at
multicentered settings for the two intervention cycles. Individuals were recruited
from public and private institutions dedicated to older adults (e.g., day care
centers, nursing homes, local community centers), hospital centers and clinics
(i.e., outpatients accompanied by psychiatrists or neurologists), Alzheimer’s and

caregivers’ associations, municipalities, local journals, and social media.

84



Advertisements were made via phone calls, emails, informative flyers and

presential and online meetings (Appendix 4). To motivate and clarify concerns

about the physical exercise sessions, short informative talks were provided to

exemplify simple exercises and illustrate a typical session of MT intervention.

3.1.1.2 Eligibility criteria

The eligible subjects pool was restricted to individuals with the following

characteristics:

i)
i)

ii)

age = 60 years;

clinically diagnosed with major NCD according to Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV-TR or DSM-5)
(American Psychiatric Association, 2013), or with dementia
according to the ICD-10 (World Health Organization, 2016), or the
National Institute of Neurological and Communicative Disorders
and Stroke — Alzheimer's Disease and Related Disorders
Association (NINCDS-ADRDA) (McKhann et al., 1984), by a
physician for at least 6 months;

capacity to walk independently without a human assistance or
assistive device at indoor environments (e.g., individuals who
were afraid to walk without a stick or a crutch outdoors [only] were

considered as valid).

Individuals were excluded if the following criteria were present:

)

diagnosed with any condition or disorder in which physical
exercise was contraindicated, such as unstable or ongoing
cardiovascular and/or respiratory and/or musculoskeletal
condition;

recent hospitalization (e.g., previous month to recruitment) and/or

in recovering from surgery or rehabilitation;
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iii) presenting an advanced stage of major NCD (e.g., < 10 points on
MMSE) that could affect physical performance in the physical

exercise training sessions or testing procedures.

3.1.2 Interventions

Experimental Group: MT program

The physical exercise sessions were conducted twice a week for 6-months,
took about 60-minutes each and occurred during the late morning or early
afternoon periods. Following the ACSM physical exercise guidelines for older
adults (American College of Sports Medicine, 2017, 2021), and the recently
published orientations by the WHO (Bull et al.,, 2020), the sessions were
subdivided in three main parts (please see Table 3), specifically: 10 minutes for
warm-up (i.e., general activation, joint mobilization and stretching), 35-45
minutes dedicated to specific training (i.e., balance and coordination, muscle
strength, and aerobic endurance), and the final five minutes to cool-down
exercises (i.e., slow walking, mobility and stretching exercises for the main

worked muscle groups and breathing exercises).
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Table 3. "Body & Brain" project MT intervention plan

E.g., slow walk,
mobility physical
exercises for the
shoulders, trunk,
hip, and ankles as
rotations,
flexion/extension,
and
adduction/abductio
n

10 min

10 min

10 min

E.g., one leg stand,
semi-tandem stand,
tandem walk, sideways
walk, heel-to-toe stands
and walk, step over
objects as cones, hoops
and huddlers, physical
exercises with balance
pads, shift weight from
foot to foot, turning and
changing direction

E.g., biceps arm
curl, triceps
extension,
adapted planks,
seated row, chest
press, squats,
knee extension,
hip extension, toe
raises, standing
leg curl

E.g., stationary
marching, walking,
simple step-based
choreographic
movements -
physical exercises
will start with only
lower limbs and as
needed will include
upper limbs

E.g., back
and chest
stretch,
quadriceps
and
hamstrings
stretch,
diaphragmati
¢ breathing

2-3 15
15 min exercise min 4 exercises | 10 min 5 min
5
Static and dynamic 2 sets o
balance 10-12 repetitions 60-65% HRmax
2-3
. . 15 4-6 . .
15 min gxeruse min | exercises 15 min 5 min
Dynamic balance and 2 sets o
coordination 10-12 repetitions 65-75% HRmax
2-3
. . 15 4-6 . .
10 min gxeruse min | exercises 20 min 5 min
2 sets

8-10 repetitions

65-75% HRmax

10 min

2-3
10 min exercise 15 46 20 min 5 min
< min | exercises
2 sets

8-10 repetitions

75-80% HRmax

HRmax-maximum heart rate; min-minutes.
Note: Table content was adapted from “Body & Brain” study protocol, published elsewhere (Carvalho et al., 2021)

Simple and functional exercises were preferred, and new exercises were

introduced as a progression of previous well-known ones. In addition, to

maintain a routine and to promote individuals’ success in performing the

physical exercises, within each group, both weekly sessions had the exact

same plan. Whenever possible, music accompanied sessions to promote

appropriate intensity, social interaction, and enthusiasm (van der Wardt et al.,

2017), particularly during aerobic endurance.
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The sports equipment encompassed chairs, ground markers, strings, elastic
resistance bands, dumbbells, hurdles, balance pads, agility ladders, balls, and

steps. Heart rate monitors were used to control intensity (Tedesco et al., 2019).

The MT program was implemented by professionals specialized in physical
exercise that prior to the program implementation received specific training
concerning NCD clinical features and progression, communication strategies,
challenging behavioral and psychological symptoms, and safety issues
(Laventure & Aherne, 2010). Throughout the intervention, each one of these
professionals conducted all sessions within the same group. Whenever
possible, another specialized trainer accompanied the sessions and provided
support to participants during exercises performance.

Although the “Body & Brain” project was not a dyadic intervention, caregivers
were invited to participate in this MT program as class members, according to
their availability and willingness. In other words, this physical exercise program
was designed to individuals with NCD, but caregivers could perform the
proposed activities by the professionals or assist their care-receivers if
necessary. Prior to the intervention, caregivers decided whether they wanted or
not to participate, and those who were unavailable or did not want to take part in
the physical exercise sessions were invited to attend in specific recreational
activities (i.e., festive gatherings), and received regular telephone contacts to

clarify any doubts about the care-receiver’s participation.

Group-sessions comprised five to eight participants in cases where there were
only individuals with NCD, or 10 to 12 participants if caregivers were also

participating in the physical exercise sessions (i.e., five to six caregiving dyads).

Control Group: Social activity

Although no specific physical exercise intervention was conducted in the CG,
considering ethical aspects and motivation to participate in the study,
participants received monthly sessions regarding physical activity and other

health-related topics (e.g., healthy eating habits and lifestyle, falls prevention,
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breathing and relaxation activities) information as a complement to standard
care. These sessions took about 60-minutes each, and were conducted by
specialized professionals, who were not responsible for the implementation of
the MT program but were aware of the existence of different interventions for
EG and CG.

Group-sessions involved five to 12 participants, and only included individuals
with major NCD. Most of the CGs included participants from daycare centers,
and, for this reason, informal caregivers were frequently unavailable to
participate in these sessions. In parallel, individuals with NCD and/or their main
caregiver/significant person were contacted regularly via phone calls to ensure
retention and compliance (i.e., chat-talk unrelated with the intervention). These

telephone contacts were not scheduled in advance.
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3.2 Methodology

3.2.1 Ethics

The “Body & Brain” project was approved by the Ethical Committee of the
Faculty of Sports of the University of Porto (CEFADE22.2018), and by the
Institutional Ethical Boards of three organizations (two public hospitals and a
private institution of social solidarity) that have collaborated with the project, as
presented in Appendix 5. In full compliance with the Helsinki Declaration,
individuals with NCD and their main caregivers received a complete explanation
of the study purposes, risks, and procedures. Following the best ethical
procedures, and complying with the specific legal requirements associated
(Diario da Republica, 2018), informed consent was obtained from all
participants and their legal representative/ proxy decision-maker/ significant

person or assigned main caregiver (Appendix 6).

3.2.2 Outcome measures

Data was collected at baseline and immediately after the 6-month MT
intervention, as presented on Table 4. Evaluations were conducted by
specialized and well-trained researchers, who were not responsible to
implement the MT program or the social activity sessions, and were not masked
to group assignment. The same evaluator was responsible to perform the same

procedures along the different assessment periods.

Additionally, a cutoff of 70% of the attendance rate was considered, to
determine the valid participants among the experimental group (Di Lorito,
Bosco, Booth, et al., 2020). The attendance rate was calculated considering the

total number of attended sessions through the total offered.
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Table 4. Description of methods and/or instruments to evaluate individuals with NCD and/or their caregivers/significant person

g%i?gngr;so raphic Participants’ sociodemographic information (age, sex, marital status, education,
grap! and living situation) general clinical data, and pharmacological treatment was X X
and general clinical . : . .
d gathered via a screening questionnaire.
ata)
Alzheimer’s Disease Assessment Scale — Cognitive (ADAS-Cog) (Nogueira et al., X
2018; Rosen et al., 1984)
Cognitive Function
Mini Mental State Examination (MMSE) (Folstein et al., 1975; Santana et al., X
2016)
Lower Body Function Short Physical Performance Battery (SPBB) (Guralnik et al., 1994) X
Senior Fitness Test (SFT) (Rikli & Jones, 2012) X
Physical Fitness
One Leg Balance Test (Vellas et al., 1997) X
Mobility Timed-Up and Go Test (TUG) (Podsiadlo & Richardson, 1991) X
Gait Speed 6-Meter Walk Test (Blankevoort et al., 2013) X
Handgrip strength Hand Dynamometer (Mendes et al., 2017) X
Total Body Lean Mass
Appendicular Skeletal Dual energy X-ray Absorptiometry (DXA) (Shepherd et al., 2017) X
Mass Index
Anthropometry Height (Direc¢éo-Geral Da Saude, 2013) X
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Weight
Body Mass Index (BMI)
(Direccéo-Geral Da Salde, 2013)

Waist and Hip circumferences (Direc¢éo-Geral Da Saude, 2013)

ADL'’s functionality Barthel Index (Bl) (Mahoney & Barthel, 1965; Sequeira, 2007)

. . Quality of Life — Alzheimer’s Disease (QoL-AD) (Barrios et al., 2013; Logsdon et
Quality of life al., 2002)

Neuropsychiatric

symptoms Neuropsychiatric Inventory (NPI) (Cummings et al., 1994; Ferreira et al., 2015)

Modified Habitual Physical Activity Questionnaire (Baecke) (Almeida & Ribeiro,

Physical activity levels 2014; Baecke et al., 1982)

The semi-structured interview guideline was developed based on similar studies

] ) (Karuncharernpanit et al., 2016; Lamb, Mistry, et al., 2018; Suttanon et al., 2012;
Barriers, motivators, Yu & Swartwood, 2012), and subdivided and two sections. The first part covered
and facilitators the barriers, motivators, and facilitators toward the participation of care-receivers
with NCD in a physical exercise program. In what concerns the second part,
questions aimed to explore the caregivers’ point-of-view about taking part in a
community-based physical exercise program designed to their care-receivers with
NCD. In addition, those who took part in the physical exercise sessions with their
Caregivers’ inclusion care-receivers were complimentarily invited to freely talk about the impact this
intervention had in their lives.

a — only on baseline evaluations; b — at baseline and after 6-month intervention; ¢ — only after 6-month intervention.
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Evaluations were conducted in three different in-person appointments (in
separate days), and thelephone interview. At the first appointment,
sociodemographic and general clinical data were gathered, and all physical
domain tests were performed (i.e., lower body function, physical fitness,
mobility, gait speed, and handgrip strength). On the second appointment,
cognitive tests and quality of life were evaluated. Antropometry and body
composition tests were performed at the third evaluation moment (at the sports
university facility). Caregivers’ questionnaires referring to care-receivers’ quality
of life, neuropsychiatric symptoms and daily functionality were obtained

subsequently via scheduled meeting and/or phone interview.

The qualitative semi-structured interviews were performed by a trained
qualitative research assistant who was not involved in the “Body & Brain”

project, and took place between April and May 2020.
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3.3 General Sample Characteristics

One hundred and eighty-three individuals were identified as potentially
eligible participants for the “Body & Brain” project from September 2018 to
September 2019. From the 83 individuals signalized between August and
September 2019, 30 persons participated in the 15t cycle of intervention and
expressed their interest to further continue in the physical exercise program:
however, only 26 enrolled again in the program. Overall, 65 individuals were
excluded after eligibility assessment. Reasons for exclusion are presented in

Figure 2 and Figure 3.

Assessed for eligibility
(n=100)

Excluded (n=31)
Not meeting inclusion criteria
(n=16) <+
Declined to participate (n=13)
Acute lliness (n=2)

!

Distribution according to
availability (n=69)

l l

Bi-weekly MT program Monthly Activity
(n=39) Sessions (n=30)
Completed trial (n=23) Completed trial (n=20)

Figure 2. First cycle intervention of “Body & Brain” flow diagram
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Assessed for eligibility
(n=113)

Excluded (n=34)

Not meeting inclusion criteria
(n=20)

Declined to participate (n=13)
Acute lliness (n=1)

!

Distribution according to
availability (n=79)

l

Bi-weekly MT program
(n=54)

l

Monthly Activity
Sessions (n=25)

From 2018/2019

Figure 3. Second cycle intervention of “Body & Brain” flow diagram

Y

intervention cycle
(n=26)
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Sixty-nine older adults (mean 79.50 years old (SD=6.73), 72.5% female) were
included in the 1%t cycle of intervention and distributed between the EG and CG.
From those, 26 participants were lost to follow-up (n=9) or discontinued the
intervention (n=17), which translates into a dropout rate of 38%. Forty-three
individuals diagnosed with NCD (mean 78.26 years old (SD=6.68), 69.8%
female) have completed the intervention, respectively, 23 in the EG and 20 in
the CG. In what regards the 2" cycle of intervention, 79 participants were
considered as eligible and distributed between the EG and CG according to
their availability and preferences to adhere one of the groups. Of those, 54

participants received the MT program (mean 76.04 years old (SD=7.08), 75.9%




female), and 25 individuals with NCD (mean 78.52 years old (SD=9.14), 72.0%

female) received the monthly social activity sessions along with usual care.

In short, 69 older adults completed baseline evaluations from the 15t cycle, and
53 new participants from the 2" cycle. Participants’ characteristics are
described in Table 5. So, the "Body & Brain” project sample comprised 122
individuals with a mean age of 78.26 years old (SD=7.60, age range: 61-94
years), of which 91 were female (74.6%). Most of them were married (47.5%)
and had a low to medium education (67%), i.e., these participants studied
during an average of 5.94 years (SD=3.68). Nearly 35% of the individuals with
NCD lived with their spouse, or with other family member (i.e., children)
(32.8%). On average, participants were prescribed with 7.51 (SD=3.23) different
medicines and, in addition to NCD-related pharmacological treatments, these
individuals were taking anti-depressants (72.9%), hypnotics, sedatives or
anxiolytics (43.6%), and anti-psychotics (28.2%). Most participants received a
clinical diagnosis of major NCD or dementia (91.5%), and the underlying
subtype was mostly unspecified (38.3%), or due to Alzheimer’s disease (35.5%)

or vascular disease (9.3%).

At baseline, participants presented a mean value on SPPB of 7.38 (SD=3.01)
points, indicative of a pre-frail status. In turn, data on TUG (mean 15.62,
SD=8.40 seconds) is indicative of frailty and increased risk of falls. Overall,
comparing SFT results with the normative functional fitness standards for the
Portuguese older adults* established for women and men by age group, it is
possible to verify that the individuals included in our sample presented a fitness
level of 10-25% of the population, which reveals their low of physical fithess
levels. Nevertheless, baseline values on Bl (mean 86.31, SD = 15.23 points)
are indicative that individuals were relatively independent ability to perform ADL
and presented a moderate cognitive impairment according to total scores on
MMSE (mean 18.28, SD = 5.88 points).

4As published in: Marques, E. A., Baptista, F., Santos, R., Vale, S., Santos, D. A., Silva, A. M.,
Mota, J., & Sardinha, L. B. (2014). Normative functional fithess standards and trends of
Portuguese older adults: cross-cultural comparisons. J Aging Phys Act, 22(1), 126-137.
https://doi.org/10.1123/japa.2012-0203
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Lastly, it is important to highlight that this sample includes the total number of
eligible participants included on both cycles of intervention, since September
2018, whether on EG or CG. According to the different purposes of the following
studies, data was analyzed considering different subgroups of the whole

sample.

Table 5. Baseline characteristics

Age (years), mean (SD)* 78.26 (7.60)
Age, range 61-94
Sex (female), n (%) 91 (74.6%)
Civil Status, n (%)
Married or civil union 58 (47.5%)
Widow 52 (42.6%)
Divorced or separated 11 (9.0%)
Single 1 (0.8%)
Year of Formal Education, mean (SD)? 5.94 (3.68)
Education levels, n (%)
Low (0-3 years) 27 (23.5%)
Medium (4-6 years) 50 (43.5%)
High (7-12 years) 31 (27.0%)
University (13-17 years) 7 (6.1%)
Living Situation, n (%)
Spouse 43 (35.2%)
With other family member 40 (32.8%)
Nursing home 30 (24.6%)
Alone 9 (7.4%)

Number of Medications and Supplements, mean (SD)° | 7.51 (3.23)

NCD-Related Medications, n (%)°

Any specific 29 (24.6%)
Only memantine 28 (23.0%)
Only cholinesterase inhibitors 27 (22.1%)
%(;r:]t;rrllﬁ:echolmesterase inhibitors and 34 (27.9%)
Antiparkinsonian 5 (4.1%)
Other supplements for cognition 11 (9.0%)
Number of Comorbidities, mean (SD)¢ 3.31(1.93)
Chronic Health Conditions, n (%)°¢
Hypertension 77 (64.7%)
Dyslipidemia 75 (63.0%)
Diabetes mellitus 33 (27.7%)
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Fallers in Past 12 months, n (%)¢ 48 (42.5%)
Disease Duration (years), mean (SD)® 2.83(2.24)
Diagnosis, n (%)f
Mild NCD or Mild Cognitive Impairment 10 (8.5%)
Major NCD or Dementia 107 (91.5%)
Unspecified 41 (38.3%)
Alzheimer’s disease 38 (35.5%)
Vascular disease 10 (9.3%)
Multiple etiologies 8 (7.5%)
Frontotemporal lobar degeneration 3 (2.8%)
Lewy bodies disease 3 (2.8%)
Parkinson’s disease 3 (2.8%)
Korsakoff syndrome 1 (0.9%)
MMSE, mean (SD)? 18.28 (5.88)
ADAS-Cog, mean (SD)° 34.45 (13.63)
QoL-AD, mean (SD)f 30.83 (4.46)
NPI, mean (SD)" 14.41 (11.26)
Bl, mean (SD)? 86.31 (15.23)
Total Body Lean Mass (kg), mean (SD)! 37.82 (65.50)
ASMI (kg/ m?), mean (SD) 6.37 (0.85)
BMI (kg/ m?), mean (SD) 27.62 (4.33)
SPPB, mean (SD)' 7.83(3.01)
6-Meter Walk Test (m/s), mean (SD)' 0.72(0.23)
Handgrip strength (kgf), mean (SD)? 19.31 (6.76)
TUG (sec), mean (SD)' 15.62 (8.40)
Upper-body strength (reps), mean (SD)™ 9.63 (3.83)
Lower-body strength (reps), mean (SD)f 9.97 (3.85)
Upper-body flexibility (cm), mean (SD)" -29.70 (15.34)
Lower-body flexibility (cm), mean (SD)° -19.69 (12.38)
Agility/dynamic balance (sec), mean (SD)°¢ 12.96 (7.17)
Cardiorespiratory capacity (reps), mean (SD)P 48.89 (19.17)
Balance (sec), mean (SD)' 3.59 (5.71)
Modified Baecke, mean (SD)! 3.30(0.92)

a — seven missing cases; b — four missing cases; ¢ — three missing cases; d — nine missing cases; e — eighteen missing
cases; f — five missing cases; g — one missing case; h — six missing cases; i — twenty-one missing cases; j — twenty-two
missing cases; | — two missing cases; m — eight missing cases.

As for caregivers, 20 (mean 65.50 years old (SD=13.94), 35% female) were
interviewed. Of those, ten were active-participating caregivers (mean age 72.9
years; range 59-83 years; 2 female) and took part in the exercise sessions,
whereas the other ten were social-participating caregivers (mean age 62.0
years; range 37-86 years; 5 female).
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3.4 COVID-19 Contingency Plan

Due to the coronavirus pandemic, the 2" cycle of intervention of the “Body
& Brain” project had to be interrupted on March 6" and, afterwards, the country
declared a state of emergency. For this reason, data is missing on follow-up
evaluations, dropout, and attendance rates. A contingency plan for the project
was developed, assuring regular telephone contacts with participants to find out
about their overall status and needs.

As result, three months after home confinement (June 2020), a telephone-
based evaluation was conducted to investigate the impact of home COVID-19
pandemic on care provision of individuals with NCD through informal caregivers’
perspective. As suggested by our study findings, the coronavirus pandemic had
significantly increased caregiving subjective burden and decreased well-being,
potentially due to worsening of physical and cognitive functions of people living
with NCD (Barros et al., 2020; Borges-Machado et al., 2020).

Subsequently, efforts were made to adjust and adapt the in-person program
and assessments to a virtual intervention, guaranteeing the participants’ safety.
Participants were conveniently recruited in September 2020 from two partner
entities (i.e., one nursing home and one day-care centre specialized in
dementia) and following the same eligibility criteria as in the in-person “Body &
Brain” project (Borges-Machado et al., 2021; Carvalho et al., 2021).

In brief, although the methodological adaptation of the MT program (4-month,
twice a week on 35-minute sessions) and of an evaluation protocol carried out
remotely through videoconference and/or telephone need further investigation
to examine its feasibility and effects, it was perceived as an important strategy
to counteract NCD progression that was particularly emphasized due to social
isolation and home confinement (Borges-Machado et al., 2021). It was also a
way to provide some sort of support to those older adults who found themselves

confined under a particularly stressful and demanding situation.
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PART Il — Results
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Chapter 4. Systematic Review and Meta-analysis on

Multicomponent Training Physical Exercise Interventions

The present chapter includes one published paper.
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4.1 Systematic Review - Effectiveness of multicomponent
exercise interventions in older adults with dementia: a

meta-analysis

Citation: Borges-Machado F, Lima N,
Farinatti P, Poton R, Ribeiro O, Carvalho
J. (2021) Effectiveness of multicomponent
physical exercise interventions in older
adults with dementia: a meta-analysis.
The Gerontologist. 61(8): €449-e462. doi:
10.1093/geront/gnaa091.

This open access article is distributed
under the terms of the Creative Commons
CC BY license, which permits unrestricted
use, distribution, and reproduction in any
medium, provided the original work is

properly cited.
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ABSTRACT

Background and Objectives: Multicomponent training (MT) combines aerobic,
strength, postural, and balance exercises, and may be a promising intervention
strategy for dementia. This meta-analysis study aims to systematize evidence
concerning the effectiveness of MT in physical fithess, cognition, and
functionality on activities of daily living (ADL) in older adults with dementia, and
to identify moderation patterns regarding training variables.

Research Design and Methods: Four databases were systematically
searched to locate potential trials through March 2019. A total of 2.312 records
were identified and a final set of 17 manuscripts reviewed; of these, 6 satisfied

all eligibility criteria.

Results: Samples sizes ranged from 27 to 170 participants; MT programs
lasted between 4 weeks up to 12 months, took place from a daily basis to twice
a week, and sessions ranged from 30-60 min. The TESTEX scale was used to
analyze the methodological quality, and the funnel plots to assess risk of bias.
This meta-analysis revealed that MT interventions benefit older adults with
dementia regarding ADL performance (ES= 0.313 [0.16 to 0.46]; p<0.01), but
the evidence was not sufficiently robust to determine the effectiveness of MT on

cognitive function and physical fitness, particularly, on agility.

Discussion and Implications: MT may be an important non-pharmacological
strategy to enhance ADL functionality on older adults with dementia. Findings
suggest that long-term interventions are more prevailing than high frequency
and longer duration exercise sessions. Further evidence is needed for
acknowledging its benefits in specific cognitive abilities and physical fitness.
This meta-analysis is registered in PROSPERO (no. CRD42020141545).

Keywords: Cognition, exercise/physical activity, function/mobility, intervention,

neurocognitive disorder.
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INTRODUCTION

Dementia or neurocognitive disorder are umbrella terms used to describe a set
of diseases that progressively affect the brain and several cognitive functions
(American Psychiatric Association, 2013; WHO, 2017). In 2012, the World
Health Organization (WHO) placed this condition as a global public heath
priority (Alzheimer's Disease International, 2018). Approximately 5% of the
world’s elderly population (roughly 47 million people) was affected by dementia
in 2015, and estimations predict a total of 75 million in 2030 and 132 million by
2050 (WHO, 2017).

Globally, dementia represents one of the major causes of disability and
dependence among older adults (WHO, 2017, 2018, 2019). The Lancet
Commission on Dementia Prevention, Intervention and Care (2017) has
recently emphasized that effective interventions to delay or prevent dementia
cases should address multiple reversible risk factors like physical inactivity,
depression, metabolic and cardiovascular disease (diabetes, hypertension, and
obesity), hearing loss, smoking, social isolation, and poor education (Livingston
et al., 2017).

Physical inactivity accounts for 3.8% of cases of dementia worldwide (Sallis et
al.,, 2016) and is the highest (out of 7 potentially modifiable) population-
attributable risk factors (Norton, Matthews, Barnes, Yaffe, & Brayne, 2014) —
between diabetes mellitus, midlife hypertension and obesity, depression,
smoking and low educational attainment. It is estimated that around 3 million
cases of Alzheimer’s Disease (AD), the most common dementia type, could be
avoided with a 10-25% shift in modifiable risk factors (Blondell, Hammersley-
Mather, & Veerman, 2014; Erickson, Weinstein, & Lopez, 2012). Blondell et al.
(2014) emphasized that higher levels of physical activity were associated with

an 18% reduction in the risk of dementia.

Physical activity is defined as any corporal movement produced by skeletal
muscles contraction, resulting in energy expenditure. Exercises refer to
planned, structured and systematic physical activity, with the purpose to

maintain or improve at least one of the physical components of physical fithess
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— aerobics, strength, flexibility, or coordination/balance (American College of
Sports Medicine, 2017; Caspersen, Powell, & Christenson, 1985). Physical
activity, and particularly exercise, might have a significative impact to improve
cognition and/or prevent dementia (Erickson et al., 2019; Quaglio, Brand, &
Dario, 2016; Winblad et al., 2016).

The accumulated evidence acknowledges the benefits of exercise as a
preventive measure against dementia (Alty, Farrow, & Lawler, 2020; Gomes-
Osman et al., 2018; Livingston et al., 2017; WHO, 2019) particularly AD (Norton
et al., 2014; Radak et al., 2010). However, prior reviews suggest that the dose-
response relationship of interventions to induce those benefits remains
undefined (Cass, 2017; Kivipelto, Mangialasche, & Ngandu, 2018; Skinner,
Ellis, & Pa, 2018).

Regular exercise appears to benefit individuals diagnosed with dementia due to
its potential influence on treating the symptoms or delaying its progression, in
addition to its intrinsic benefits upon physical fithess, cardiovascular health, and
individual wellness (Almeida, Gomes da Silva, & Marques, 2019; Cass, 2017;
Skinner et al., 2018; Smith et al., 2010). In fact, there is strong evidence that
different modalities of exercise (e.g., aerobics, balance, strength training, or a
combination of these) may help to delay functional and cognitive decline,
minimize the risk of falls, manage neuropsychiatric symptoms, and improve
ADL independence and quality of life in older individuals with cognitive
impairment (American College of Sports Medicine, 2017; Forbes, Forbes,
Blake, Thiessen, & Forbes, 2015).

Forbes et al. (2015) and Skinner et al. (2018) reinforced the need to identify the
best combination of training variables (frequency, intensity, type, and time — or
FITT) appropriated to a specific type/severity of disease and considering the
right target outcome. In fact, the therapeutic role of exercise as a non-
pharmacological adjuvant treatment of patients diagnosed with dementia needs
further evidence (Livingston et al., 2017).

This meta-analysis focuses on a specific training methodology entitled

Multicomponent Training (MT). It has been suggested that MT combining
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aerobic, strength, postural, and balance exercises (Baker, Atlantis, & Singh,
2007) can improve functional and cognitive performances in healthy older adults
(Baker et al., 2007; Carvalho, Marques, & Mota, 2009; Toraman, Erman, &
Agyar, 2004), and seems to be a feasible intervention for older adults with
dementia (Borges-Machado et al., 2019; Kirk-Sanchez & McGough, 2014;
Sampaio et al., 2020; Sampaio, Marques, Mota, & Carvalho, 2016; Smith et al.,
2010). These components must be combined during each exercise session
and distributed over time along training planning. Despite multimodal
methodologies have been presented as feasible — and to provide a maximum
benefit on several dimensions for individuals with dementia (Burton et al., 2015;
Hernandez et al., 2015; Lam et al., 2018) —, the existent systematic reviews and
meta-analytical studies regarding efficacy of exercise for people with dementia
do not focus on this specific training methodology (Blankevoort et al., 2010;
Farina, Rusted, & Tabet, 2014; Forbes et al., 2015; Gomes-Osman et al., 2018;
Groot et al., 2016; Heyn, Abreu, & Ottenbacher, 2004; Lam et al., 2018; Pitkala,
Savikko, Poysti, Strandberg, & Laakkonen, 2013; Smith et al., 2010).

In short, stronger evidence is warranted to confirm the role of MT in the
improvement of cognitive function, ADL functionality, and physical fithess of
older adults with dementia. Moreover, we could not find prior studies
investigating the role of FITT components within MT as moderators of changes

in cognitive and functional conditions.

To address this gap in the literature, the present meta-analysis includes
controlled trials of MT interventions for older adults diagnosed with dementia
considering the two following objectives: (1) to determine MT effectiveness to
improve physical fithess, cognition, and ADL functionality; (2) to identify
moderation patterns of those effects in regard to FITT training variables.

METHODS

This meta-analysis is consistent with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) Statement (Moher et al.,
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2015), and was registered in the International Prospective Register of
Systematic Reviews (registration no. CRD42020141545) — available on request.
PRISMA checklist can be consulted in Supplementary Table 1.

Study inclusion criteria

The systematic review included studies published in English meeting the
following criteria: (a) controlled trials (randomized or not); (b) exercise
interventions conducted with older adults clinically diagnosed with dementia
(from mild to severe stages); (c) Studies performed with humans, with a mean
age 65+ years old; (d) interventions applying exclusively MT; (e) peer-reviewed
studies. In brief, only trials investigating the effect of MT vs. non-exercise
control groups on physical fitness, cognitive function, or ADL functionality were
included. There was no restriction on intensity, frequency, and duration of
exercise programs. Studies exclusively performed with participants diagnosed
with Parkinson’s disease, Huntington’s disease or other rare forms of dementia
were excluded, since these patients tend to exhibit significant motor/functional

limitations.
Literature search strategy

Potential trials were identified through an electronic literature search using
PubMed, Web of Science, SCOPUS (including Embase), and SportDiscus
databases. The first two authors (F. Borges-Machado and N. Silva)
systematically searched the databases to locate potential trials through March
2019. A Boolean search strategy using the following combination of medical
subject heading (MeSH) descriptors and their synonyms was applied:

‘exercise,” “motor activity,” “circuit-based,” “dementia,” “neurocognitive

L] M Mk

(disorder/disease),” “cognition,” “executive function,” “activities of daily living,”
“functional (independence/ performance/ autonomy),” “physical (fithess/

conditioning) ,” as presented on Supplementary Table 2.
Study Selection

The same two authors (F. Borges-Machado and N. Silva) further screened all

potential reports using a multi-stage review process: (a) by title only; (b) by title
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and abstract; and (c) finally by full-text review. This process was completed
using a spreadsheet program from Microsoft. After a detailed review of the
articles, F. Borges-Machado conducted manual searches in order to identify
additional studies that met the inclusion criteria by consulting the references list
of the included studies. Any disagreements regarding potential inclusion or
exclusion of studies were resolved by discussion between the authors to
achieve consensus. Inter-rater reliability regarding study selection was
assessed by means of Cohen’s kappa, reporting a substantial agreement k=
0.742 (p < 0.002); 95% IC [0.41 to 1.08].

Data Extraction, Quality Assessment and Study Outcomes

Data from studies were extracted independently by one author (F. Borges-
Machado) according to the following categories: (a) study identification -
authors, publication year, country, study design; (b) sample characteristics -
size, sex proportion and age, type of dementia, clinical dementia diagnosis
criteria, scores in the Mini-Mental State Examination (MMSE) and/or Clinical
Dementia Rating (CDR); (c) ADL functionality (basic and instrumental activities
of daily living measured through validated questionnaires), cognitive function,
and physical fitness (gait speed, agility, balance, upper and lower body
strength, flexibility, cardiorespiratory capacity and motor hand function)
outcomes with level of significance; (d) control group treatment; and (e)
exercise intervention — FITT variables, intensity monitoring, supervision, design
setting. Corresponding authors were contacted to request additional data/

information when required.

As presented on Supplementary Table 3, study quality was assessed by means
of the TESTEX Scale (Smart et al., 2015), a 12-point checklist with higher

scores (maximum 15 points) indicating better study quality.
Effect Size Estimate

The Hedge’s g effect size was used to quantify alterations on cognition, ADL

functionality and physical fitness (agility) from multicomponent interventions,
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defined as corrected standardized mean difference (SMD) between two groups

based on the pooled, weighted standard deviation (SD; Durlak, 2009).

Initially the paired difference (mean experimental group — mean control group)
and paired difference standard deviation (experimental SD? + control SD? — 2 X
intertrial correlation x experimental SD x control SD)Y2 were calculated.
Subsequently, we determined the standardized mean difference (paired
difference x (2 — 2 x intertrial correlation))2 + paired difference SE) and the
standardized mean difference SE (standard error) ((1/n + standardized mean

difference? + (2 x n))¥2 x (2 — 2 x correlation factor))/2.

Thus, the correction factor obtained by the equation 1 — {3 + [4 x (total n —2) —1]
was multiplied by the standardized mean difference to estimate the Hegde’s g
(Borenstein, Hedges, & Higgins, 2009). When studies reported only the SE
value, the SD was calculated by multiplication of SE by the square root of the
sample n. The inter-study correlation factor (correlation between data from
experimental and control groups) was not provided by any of the studies,
therefore the value a SMD of 0.5 was considered across studies. A positive
value of Hedge’s g ES indicate that the experimental group was superior on a
positively oriented outcome measure (ADL functionality, physical fithess or

cognition), when comparing to the control group (Durlak, 2009).

Sensitivity analysis were performed to confirm if the calculated effect sizes of
the included studies were dependent of each other (Becker, 1988; Card, 2011).

The Cochran Q was calculated to analyze whether the individual studies’
treatment effects are farther away from the common effect, beyond what is
expected by chance, i.e., to verify if the homogeneity of the observed effect
sizes were significant. The Cochran Q was converted to a standardized
homogeneity measure (12 statistic) and to the correspondent confidence interval
(95% CI) to evaluate how much heterogeneity was present on the included
sample — ranging from 0 to 100%, representing to total of variation across
studies — with values of 25, 50 and 75% corresponding to low, moderate and

high heterogeneity (Higgins, Thompson, Deeks, & Altman, 2003). As the I?

114



approaches 100% and CI do not include 0% the hypothesis of homogeneity is

rejected and is more probable that heterogeneity has occurred.
Statistical Analysis

The meta-analysis and meta-regressions were executed through the
Comprehensive Meta Analysis program (version 2.2, Biostat™ Inc. Englewood,
NJ, USA). The random-effect model was applied based on the possibility of the
samples presenting unknown particularities that could interfere with the true
effect of the intervention. Differences between variables of the subgroup were
tested trough Q test based on ANOVA, namely: age (years), % women, BMI,
total intervention duration (weeks), weekly frequency, session duration (min),
TESTEX Scale, Journal Impact Factor. The risk of bias across studies was
analyzed through funnel plots with effect sizes (x-axis) versus the standardized
mean difference to each group of study (y-axis). Additionally, the non-
parametric “trim and fill’ method of Duval and Tweedie’s was also used to test

and correct potential publication biases (Hoffman, 2019).

RESULTS
Study Selection and Quality Assessment

A total of 2.312 records were retained after removing duplic