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ABSTRACT

Frailty syndrome is a complex aging expression determined by ontogenetic and
phylogenetic factors. Chronic stress has been shown to have immunosuppressive effects, to
accelerate immunosenescence and to cause cumulative disorders in many physiological
systems, resulting in frail state. In a recent approach, Linda Fried and colleagues have
developed a construct whose bases are muscle loss, negative energy balance and physical
inactivity, called ‘Frailty Cycle’. They identified five dimensions in the construct: weakness, low
resistance to an effort, slowness, low physical activity, and weight loss, which were
operationalized on five criteria to identify the Physical Frailty (PF), and divide the population in
frail, pre-frail and non-frail. Recently, epidemiological studies reported that cognitive
impairments, low immune expression, and others global health dimensions have a powerful
association with physical frailty. However, there is a need for the search for new correlated
markers for the frail condition, for a better understanding of the phenomenon. On the other
hand, exercise has been shown as a co-adjuvant treatment to have positive effects on several
factors linked to physical frailty (e.g. improve immunity and prevent chronic diseases), because
of it's potential effect on hormonal mediation. Looking at Fried PF Phenotype construct, their
dimensions share biological ‘commonalities’ that can be explained by studying the
biopsychological mechanisms with exercise being a key factor in the study of these

relationships.

The current research was designed to investigate and characterize the prevalence of
the PF in a cross-sectional Portuguese samples (institutionalized participants), to examine the
relationship between PF and each one of the general health status domain such as physical
fitness and functioning status; neuroendocrine and immune parameters; psychological and
cognitive ability of these populations; and to verified the impact of different types of exercise
in each domain of general health status. However, this doctoral thesis is presented in the form
of articles, divided into five sections and their respective chapters. In total, 3 preliminary studies
(2 systematic reviews of studies 1 and 2 and one exercise-intervention pilot study 3), 5 cross-
sectional studies (4,5,6,7, and 8) and 3 intervention studies (9,10 and 11) were completed.
The cross-sectional design consisted of the assessment of 140 older women (=75 years old),
living in different centres of heath care and social support, located in the city of Coimbra,
Portugal. The participants were selected using a non-probabilistic convenience sampling

based on the geographical area of the center region of Coimbra city.
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The experimental design characterizes as a naturalist controlled trial exercise-based
intervention study with two different chair-based exercise programs. In the preliminary study
3, the group of 20 participants was submitted to 14 weeks of chair-based yoga type flexibility
exercises. The control group consisted of 15 participants. The subsequent phase was
designed to assess the effect of muscle-strength with elastic band exercises (n = 24) and
multimodal exercise (n = 18) interventions on biopsychological outcomes in frail and pre-frail
individuals. Participants in these groups attended a 45 minutes’ exercise session, two-three
times per week over 24 weeks. All participants were evaluated in the pre- and post intervention
moments. In this phase, the participants were extracted by PF protocol from the cross-

sectional study design.

Several interesting findings from different studies were found. Firstly, preliminary
metanalysis review of study 01, exposed a strong association between the decline in the
cognitive profile and PF, which presents a similar pattern in countries of several regions in the
world (global effect size = 95%CI: 0.50-0.62, p<0.001). The systematic review of reviews
(study 2) has confirmed that there was concrete evidence of a promising effect of the
multimodal exercise with a long-term duration (more than five months) and a weekly frequency
that varies between 3-5 times per week seems to have a superior effect to other types of
exercise in improving different global health variables, attenuating and reversing the PF. In
yoga intervention of study 3, it was possible to verify that chair-based exercise, being a method
integrated with the conventional exercise programs of group classes, also promotes promising
results in the modulation of functional fithess and salivary stress hormones indicators.

However, it was clear that exercises of light intensity have little impact on these variables.

The cross-sectional studies presented important evidence regarding the identification
of new correlates of PF, as well as the power of some of these variables to explain the variance
associated with frailty status in the institutionalized older women. Study 4 demonstrated that
only aerobic resistance (AUC = sensitivity [93-96%]; specificity [74-77%], p=0.001) and
cognition (AUC = sensitivity [77-88%]; specificity [65-71%], p<0.001) were the variables that
had the greatest strong power of explanation of the PF status when compared to several other
global health markers. Study 5 demonstrated that the agility-dynamic balance test can be used
as a simple and fast tool for the detection of physical frailty (AUC=.82, 95% CI [0.74, 0.90]).
Study 6 revealed clearly that low activity levels and slow gait speed were independent
dimensions of PF that contribute to functional disability (p < 0.05). Central results from study
7 revealed that attitudes towards aging and the subjective perception of happiness, explaining
34% and 40% of variance respectively, were highlighted as new psychological dimensions that

may explain the variance associated with PF.
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In study 8 the results pointed to salivary a-amylase (AUC = 0.613, AUC 95%ClI =
[0.518; 0.707]) as a promising marker for prognosis of PF condition. Intervention studies with
different types of multimodal (CME) and muscle strength elastic bands exercise (CSE)
presented some important results. In study 9 it was possible to verify the positive effect of
exercise modulation on the independent components of PF in several domains of physical
function, namely in the reduction of the subjective perception of the risk of falls and in the
proficiency to perform daily life activities (p < 0.05), showing a small increase in sex hormones
such as DHEA and testosterone. Study 10 demonstrated the effect of exercise on the positive
mediation of immune markers, specifically in the balance of the IL-10 / TNF-a ratio (p < 0.05).
Study 11 showed the effect of exercise on the maintenance and improvement of psychological
well-being and cognitive abilities of exercise practitioners, as well as the effect of exercise on
the modulation of biological stress markers (COR and a-amylase) and immune function of IgA
(p < 0.05).

Overall, we believe that this multidimensional approach offers a more comprehensive
understanding of the causes and consequences of PF status. The results help us to make
some essential assumptions. In this sample, we verified the presence of new phenotypes
associated with to physical frailty status: Disability of Frailty, Cognitive Frailty, Psychological
Frailty, Poor functional fitness of Frailty and Neuroendocrine-immune of Frailty. Looking at the
interconnection between studies, we can see that it makes sense that frail individuals have
lower physical fithess, accompanied by a physical inability to perform daily tasks and a high
fear of falling. An interconnection between the low profile of psychological and cognitive state
and a lower functional fitness, since the literature points out a relationship between a good
functioning of the executive function and a greater capacity to solve physical tasks and daily

problems, also including the management of the stress, was also found.

Finally, the relationship between the unsatisfactory hormonal balance and the poor
functioning of the skeletal muscle system was also seen. On the other hand, exercise
intervention proved that chair-based exercise, was an appropriate method to integrate with the
conventional methods of exercise prescription to be used in the older-frail individuals. The
impact of different exercise programs (multimodal and muscle strength exercise) showed
similar findings in the several indocators. Despite the different results presented in the
intervention studies, we can speculate that exercise change positively the levels of physical
activity and physical fitness, which may be related to an improvement in subjective perception
of fear of falling and proficiency in daily activities. The improvement of the physical
performance seems to have influenced attitudes toward aging, global self-esteem and general
self-efficacy, corroborating the previous findings that already had exposed correlations

between physiological well-being and some physical-functional fithess components.



Although not directly assessed the social interaction component promoted by both
exercise programs, this ‘parallel-effect’ may have exercised a positive influence on the
improvement of emotional well-being and mood status of participants, since controls did not
show similar results. For the future interventions and based on our cross-sectional studies as
a pilot trial, we can recommend to extend this type of study to older populations of different
settings (e.g. hospitalization, community, social vulnerability). In addition, a longitudinal design
that focuses in the study of the life-time course, starting at age 40 and above (middle-age) may
produce clues about how the physical Frailty phenotype develops across the time. This was
the main recommendation from the World Health Organization Scientific Committee on the
International Conference on Frailty and Sarcopenia 2017, Barcelona. Exercise as an adjuvant
treatment may be combined with other therapies (i.e., dietary supplementation, medication) to
potentiate its beneficial effects, and this type of strategy is the future of public health

interventions.

Key-words: Physical Frailty, Older Adults, Exercise, Psychological well-being, immune

system, stress hormones, disability, cognition, physical fitness.



RESUMO

A sindrome da fragilidade € um complexo desfecho associado ao envelhecimento,
determinada por fatores ontogenéticos e filogenéticos. O estresse crénico demonstrou ter
efeitos imunossupressores, causando disturbios cumulativos em muitos sistemas fisioldgicos,
resultando num idoso fragil. Numa abordagem recente, Linda Fried e seus colegas fizeram
emergir um construto cujas bases sdo a perda de massa muscular, o balango energético
negativo e a inatividade fisica, chamados de "Ciclo da Fragilidade". Eles identificaram cinco
dimensdes deste construto: fraqueza muscular, baixa resisténcia, lentiddo da marcha, baixos
niveis de atividade fisica e perda de peso nao intencional e que serviram de base para
operacionalizar os cinco critérios do 'Fendtipo da Fragilidade Fisica (FF), capaz de dividir a

populagédo em idosos fragilizados, pré-fragilizados e nao-fragilizados.

Recentemente, estudos epidemiologicos relataram que o declinio cognitivo, baixo
perfil imunolégico e outras dimensdes da saude global t¢m uma poderosa associagao com a
fragilidade fisica. Existe a necessidade de busca de novos marcadores correlacionados com
a FF para uma melhor compreensdo do fenédmeno. Por outro lado, o exercicio tem sido
demonstrado como um tratamento coadjuvante na modulagado positiva de varios fatores
associados a condigao fragil (i.e., melhorar a imunidade e prevenir doengas crénicas), devido
ao seu efeito potencial sobre a mediagado hormonal. Olhando para o construto de Fried, suas
dimensdes compartilham correspondéncias no desfecho de algumas variaveis, que podem
ser explicadas pelo estudo dos mecanismos biopsicolégicos com o exercicio sendo um "fator-
chave" no estudo dessas relagdes. A presente tese doutoral foi concebida para investigar a
caracterizagido da prevaléncia da FF numa amostra transversal, de participantes idosos que
vivem em regime de institucionalizagdo, examinando a relagao entre a FF e cada dominio do
estado de saude global, tais como aptiddo fisica e estado funcional, parametros
neuroenddécrinos e imunitarios; bem estar psicologico e perfil cognitivo; e ainda, e verificar o
impacto de diferentes tipos de exercicio em cada dominio do estado de saude global destes
individuos. No entanto, esta tese foi elaborada na forma de artigos, divididos em cinco segbes
e seus respectivos capitulos. No total, foram realizados 3 estudos preliminares (2 revisdes
sistematicas (estudos 1 e 2) e um estudo piloto de intervengdo com exercicio (estudo 3), 5
estudos transversais (4,5,6,7 e 8) e 3 estudos de intervengéo (9,10 e 11).

O desenho transversal consistiu na avaliagdo de 140 mulheres idosas (=75 anos),
residentes em diferentes centros de saude e apoio social, localizadas na cidade de Coimbra,
Portugal. Os participantes foram selecionados por amostragem de conveniéncia nao
probabilistica, com base na area geografica da regidao central da cidade de Coimbra. O
desenho experimental caracteriza-se como um estudo-naturalista controlado, baseado em
diferentes programas de intervengdo com exercicio suportados por cadeiras. No estudo
preliminar 3, o grupo de 20 participantes foi submetido a 14 semanas de exercicios de

flexibilidade do tipo ioga baseados em cadeira. O grupo controle consistiu de 15 participantes.



A fase subsequente, foi planeada para testar o efeito de um programa de exercicios
de forga muscular com bandas elasticas (CSE, n = 24) e outro, caracterizado como
multimodal, que engloba resisténcia muscular, equilibrio, coordenagéo (CME, n = 18) sobre
os indicadores biopsicologicos em individuos frageis e pré-frageis. Os participantes desses
grupos realizam de uma sessao de exercicios de 45 minutos, com frequéncia de duas a trés
vezes por semana, durante 28 semanas. Juntos, o grupo controle, que nio exercitou (CG,e =
15) qualquer tipo de atividade, foram avaliados nos momentos pré e pés-intervengao. Para
esta fase, os participantes foram estratificados do desenho de estudo transversal em fungao

do protocolo de fragilidade fisica.

Alguns resultados interessantes nos diferentes estudos apresentados foram
encontrados. Primeiramente, a revisao sistematica com metanalise (estudo 01), encontrou
uma forte associagado entre o declinio do perfil cognitivo e a FF, cujo os resultados revelam
um padrao semelhante de associagao em paises de diversas regidées do mundo (tamanho do
efeito global = CI:95%: 0,50-0,62, p <0,001). A revisao sistematica de estudos de revisdes
(estudo 2) confirmou a existéncia de evidéncias concretas sobre o efeito promissor do
exercicio multimodal, realizado com uma duragéo de cinco meses (ou mais) sendo que, uma
frequéncia semanal que varia entre 3-5 vezes por semana, parece ter um efeito superior a
outros tipos de exercicio na melhoraria diferentes variaveis de saude global em idosos frageis,
atenuando e até mesmo revertendo o FF. No estudo (piloto) 3 de intervengdo com yoga, foi
possivel verificar que o exercicio com base na cadeira, sendo um método integrado nos
programas convencionais de exercicios em grupo, também promove resultados promissores
na modulagao dos indicadores de aptidao funcional e horménios salivares do estresse salivar.
No entanto, ficou claro que os exercicios de baixa intensidade tém pouco impacto sobre essas

variaveis.

Os estudos transversais apresentaram evidéncias importantes em relagdo a
identificagao de novos correlatos a FF. O estudo 4 demonstrou que a resisténcia aerébia (AUC
= sensibilidade [93-96%], especificidade [74-77%], p = 0,001) e cognicdo (AUC = sensibilidade
[77-88%]; especificidade [65-71%], p <0,001) foram as varidaveis que melhor explicaram a
condicao fragil, quando comparados a varios outros marcadores. O Estudo 5 demonstrou que
o teste de equilibrio dindmico-agilidade pode ser usado como uma ferramenta simples e
rapida para a detecgdo da FF em idosos institucionalizados (AUC = 0,82, IC 95% [0,74, 0,90]).
O estudo 6 mostrou claramente que os ‘baixos niveis de atividade’ e ‘lentiddo da marcha’ eram
dimensdes independentes da FF que contribuem para a incapacidade funcional (p <0,05). No
estudo 7, os resultados centrais revelaram que as ‘atitudes face ao envelhecimento’ e a
‘percepgdao subjetiva da felicidade’, explicam 34% e 40% da variancia, sendo apontadas como
novas dimensdes psicolégicas que podem explicar a variancia associada a FF. No estudo 8,
os resultados apontaram a a-amilase salivar (AUC = 0,613, AUC 95% CI = [0,518; 0,707])

como sendo um marcador promissor para o prognostico da condigédo de FF.
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Os estudos de intervengdo com diferentes tipos de exercicio (CME and CSE)
apresentaram alguns resultados importantes. No estudo 9, por exemplo, foi possivel verificar
o efeito positivo da modulagédo do exercicio sobre os componentes independentes da FF e
nos varios dominios da aptidao fisica-funcional, na redugao da percepgao subjetiva do risco
de quedas e na proficiéncia em realizar atividades de vida diaria (p <0,05), mostrando ainda,
um ligeiro incremento nas hormonas sexuais esteroides tais como o DHEA e a testosterona.
Ja o estudo 10 demonstrou o efeito dos diferentes programas de exercicio na modulagao
positiva de marcadores imunoldgicos, especificamente no equilibrio do racio IL-10/TNF-a (p
<0,05). O estudo 11 mostrou o efeito do exercicio sobre a manutengado e melhora do bem-
estar psicoldgico e habilidades cognitivas de praticantes de exercicio, bem como o efeito do
exercicio sobre a modulagdo de marcadores de estresse biolégico (COR e a-amilase) e

funcao imune de IgA (p <0,05).

Em geral, acreditamos que essa abordagem multidimensional oferece uma
compreensao mais abrangente das causas e consequéncias do estado da FF. Os resultados
nos ajudam a fazer algumas reflexdes importantes. Verificou-se a presenga de novos
fenotipos associados ao estado de fragilidade fisica: fragilidade associada as incapacidades,
fragilidade cognitiva, fragilidade psicolégica, baixa aptiddo fisico-motora associada a
fragilidade e fragilidade do sistema enddécrino-imune. Observando a interligagdo entre os
estudos, percebeu-se que faz sentido uma reduzida aptiddo fisica em individuos frageis,
acompanhados de uma incapacidade fisica para realizar tarefas cotidianas e o elevado medo
de cair. Uma interligagao entre o baixo perfil do estado psicoldgico e cognitivo e uma menor
aptidao funcional também faz sentido, uma vez que a literatura aponta para uma relagéo entre
um bom funcionamento da fungdo executiva e uma maior capacidade de resolver tarefas
fisicas e problemas cotidianos, incluindo também a gestao do stress psicologico. Finalmente,
a relagao entre um baixo perfil imunitario/hormonal e o funcionamento do sistema muscular

esquelético deficitario, cujas evidéncias apontam para uma correlagédo bastante sélida.

Por outro lado, ambas as intervengdes comprovaram que o exercicio com base na
cadeira, pode ser um método adequado para integrar aos métodos convencionais de
prescricdo de exercicio na aplicagdo com amostras de idosos mais frageis. O impacto de
diferentes programas de exercicios (CME e CSE) mostrou resultados semelhantes nos varios
indicadores. Podemos especular ainda, que o exercicio influenciou positivamente nos niveis
de atividade fisica e aptidao fisica-funcional o que pode estar relacionado com uma melhoria
na percepgao subjetiva do medo de cair e proficiéncia nas atividades cotidianas. A melhoria
do desempenho fisico parece igualmente ter influenciado nas atitudes em relagédo ao
envelhecimento, na autoestima global e auto-eficacia geral.
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Embora néo tenha avaliado diretamente o componente de interagao social promovido
por ambos os programas de exercicios, esse efeito paralelo pode ter exercido influéncia
positiva na melhoria do bem-estar emocional e no estado de humor dos participantes,
enquanto que o grupo controlo demostrou resultados negativos. Com base nos resultados dos
nossos estudos transversais e tendo em conta que este estudo pode ser considerado um
piloto, para as futuras intervengdes podemos recomendar a extensao desse tipo de estudo
para populagdes mais velhas de diferentes contextos (por exemplo, hospitalizagao,
comunidade, vulnerabilidade social) e com amostras representativas. Além disso, um
desenho longitudinal que analisa o comportamento para adeséo ao exercicio ao logo da vida,
comegando com amostras acima de 40 anos (adulto de meia-idade), pode produzir pistas
sobre como o fendtipo da fragilidade fisica se desenvolve ao longo do tempo. Esta foi a
recomendagdo maxima do Comité Cientifico da Organizacdo Mundial de Saude sobre a
Conferéncia Internacional sobre Fragilidade e Sarcopénia 2017 (Barcelona). No que concerne
aos resultados dos estudos de intervencdo podemos afirmar que o exercicio, utilizado como
uma terapia coadjuvante podera ser combinado com outras terapias (i. e. suplementagao
alimentar, medicagao) para potencializar seus efeitos benéficos sendo esse tipo de estratégia

o futuro das intervengdes em saude publica.

Palavras-chave: Fragilidade fisica, idosos, exercicio, bem-estar psicoldgico, sistema

imunitario, hormonas do estresse, incapacidades, cogni¢ao, aptidao fisica-funcional.
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1.1 Background

The Frailty syndrome is a complex ageing expression determined by ontogenetic and
phylogenetic factors (1). Biological and psychosocial chronic stress has been shown to have
immuno-suppressive effects, to accelerate immunosenescence and to cause cumulative
disorders in many physiological systems, resulting in a frail state. Sedentary life style also
proves to be a powerful condition linked to frailty (2). The phenotype of frailty is characterized
as a state related to an elderly person, in which reserve function across multiple physiologic
domains declines, compromising the individuals’ capacity to withstand stress, leading to
institutionalization/hospitalization and death (3). In a recent approach, Fried and colleagues
have developed a construct whose bases are the sarcopenia, negative energy balance and
physical inactivity, called the "Frail Cycle" (4). They identified five dimensions in the construct,
operationalized on five criteria to identify Physical Frailty (PF) and divide the population in three
subgroups as know as non-frail, pre-frail and frail (1). Lately, epidemiological studies around
the world reported that mental health and high comorbidities, have a powerful association with
PF (5,6). Older individuals with advanced frailty, with or without cognitive impairment, have an
end-of-life functional course marked by slowly progressive physical deterioration, with only a

slight acceleration in the trajectory of functional loss as death approaches (3).

Similar to Portugal, the population of many parts of the world is getting older posing
many serious problems but a relatively small number of good research studies to provide
practical answers (7). Due to the medical advances and increased life expectancy European
adults are reaching old age with more comorbidities, physical impairments and cognitive
decline, and these several global health conditions are intrinsically related to PF condition in
old people (8). Health is one of the most significant factors, associated with assessing
psychosocial wellbeing and quality of life (9). Some findings revealed that the high scores of
self-reported health are predictors of a better aging trajectory (10). This is specially
true/relevant in advanced age, where health-related quality of life is recognised by a set of
physical (long-term illness) and mental outcomes (depression), that impact on people’s
functional limitations, mobility difficulties, reflecting in an early physical and cognitive frail
condition (11,12). Recently, longitudinal and cross-sectional studies reported that low immune
function has a powerful association with PF (5). Inmunosenescence is also a part of the aging
process and is associated with an increase in autoimmune disorders, tumors or infectious
disease (13). The mucosal immune system, including the upper respiratory tract, is considered
as a first barrier to colonization by pathogenic agents, reducing the incidence of upper
respiratory tract infections (URTI) in humans (14). During aging, for example, there is a
decrease in salivary Immunoglobulin-A (IgA) and interferon gamma (IFN-y) secretion which

are also linked to higher URTI incidence (15).
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Engaging in regular sports, exercise or systematic physical activity (PA) is known to
protect against many factors associated with poor physical and psychological health and
improves life expectancy. With an aging population on the rise, it is important to assess
interventions and programs that may maintain mental-health and physical function and quality
of life in late life (16). It is very important for public health and political decision-makers to
identify the main factors associated with physical decline in older populations, which subsidize
the creation of new methods of adjuvants and co-adjuvants therapies (17,18). Looking at
Fried’s PF construct, their independent components share biopsychological «<commonalities»
that can be explained by studying the biochemical mechanisms, with exercise being a “key-

factor” in the study of these relationships (19,20).

The impact of exercise-mediation on independent frailty components such as muscle
hand-grip strength, gait speed, and subjective perception of vigour to conduct day-to-day tasks
is well tested and understood (21,22). However, there are some factors that may be influential
in this positive exercise mediator effect on the physical functioning, such as positive changes
in hormonal balance and in mood states (23,24). Regular exercise (RE) has been shown to
have positive effects on several factors related to PFS (e.g. improve immunity,
prevent/attenuate chronic diseases and ameliorate cognitive functions), because of its
potential effects on biological mediation and their positive impact on psychosocial health
outcomes (23,25). RE may have the largest positive effect on older women who have low
levels of sex steroids after menopause and that at the same time increase the risk for
cardiovascular disease and dementia (26). The type of exercise seems to be crucial on
increasing the aerobic capacity, but the evidence to support the involvement of multimodal,
aerobic and muscle-strength resistance exercise programs in improving cognition and
psychological well-being related to mental health are not yet clear (27), and their effectiveness

should to be investigated.

The realization of dysregulated immune function and increased disease prevalence in
the humans has been the motivation for interventions designed to improve immune functions
in the older populations (28). Regarding the influence of exercise intensity on the immune
function, data suggests that moderate RE may reduce URTI incidence and symptomatology
(29). Also, the immune function is less impaired in highly conditioned versus sedentary old
subjects. However, very few studies have looked at the effect of moderate RE on salivary IgA,
and there are no sufficient evidence to support the effect of exercise on IFN-y and C-reactive
protein (CRP) levels in old frail people (13). Some recent systematic review studies have
identified a lack of studies that aimed to investigate the impact of regular exercise on the
immune system of frail older individuals, opening some precedents for further investigations
(24,30).
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These same studies indicate that the biomarkers of pro and anti-inflammatory system
of interleukin-6, TNF and CRP appear to be the most investigated markers (20,23). Exercise
has also been shown to diminish the level of stress and anxiety and the risk of psychological
diseases and emotional decline in old people (31). The responses of saliva flow rate and their
composition during exercise are influenced by the sympathetic nervous system activity and
the Hypothalamic—pituitary—adrenal axis (HPA axis), the salivary glands being enervated by
both parasympathetic and sympathetic nerves (32). Recent studies have identified salivary a-
amylase (a-Amy) as a potential marker of sympathetic activity while salivary cortisol (COR)
seems to be a valid measure for the HPA axis activity (33). The adaptation to physical or
psychological stress usually involves the activation of the hypothalamic-pituitary-adrenal axis
(33). Normally it is hyper-activated and changes in diurnal or stress-induced secretion of the
cortisol hormone could predispose older adults to negative health outcomes associated with
the development of cognitive impairment (34). Cortisol levels are also affected by exercise,
depending on its intensity and duration, however the role of alpha-amylase needs to be

explored in relation of exercise modulation (35).

Cross-sectional studies have well established that low participation in RE is negatively
associated with symptoms of anxiety and depression (36). A meta-analysis suggested that
exercise can improve mental well-being of frail old people and that mental well-being in later
life is changeable through exercise (37). Positive effects of exercise participation have been
reported suggesting increases on older adult’s self-efficacy, that might improve more positive
perceptions of well-being and effectively enhance quality of life (38—41). Other studies revealed
that physical activity has an effective contribution for improving mood states (42), Self-esteem
(43,44) and satisfaction with life in older adults (45), all important indicators of mental health
and well-being. Further evidence for these positive effects of exercise on mental health and
well-being in old people have recently been provided as a guideline for exercise, offering a

strong evidence base for their both preventive and therapeutic benefits (43,46).

In contrast to other studies, the current research was designed to investigate the
hormonal mediation of RE in immune and neuroendocrine biomarkers; analyse the impact of
RE in the decrease of several factors associated with PF namely, psychological well-being and
cognitive impairments; analyse what type of exercise is more effective in improving immunity
and psychological/mental health as well as increasing cognitive abilities. However, before
testing the effect of the RE, it was necessary to test the interactions between independent
components of PF and several geriatric global health factors, aimed to understand how

exercise could have a more positive impact on these outcomes.
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Specifically, the production of new knowledge of these relationships is necessary to
understand the role of different type of exercises in mediating the biomarkers reported above;
the effectiveness to improve immunity, prevent/attenuate chronic diseases and the PF
condition. Aerobic exercise, for example, is thought to be most effective in improving cognitive
and physical health, however, different types of exercise, frequency and intensity can trigger
different adaptations or impacts. The role of resistance exercise using elastic band systems
as a muscle-strength type training or the multimodal exercise method aimed to improve
multifunctional skills in population aged 75 and over, for example, are less clear and its

effectiveness should be investigated.

In this sense, the main goals of this study was to explore the association between the
different dimensions of overall geriatric health and the frailty status in a cross-sectional sample
of institutionalized old people, and subsequently, understand how the participation in different
types of exercise programs was able to promote potential stimuli to provoking positive changes
in biopsychological outcomes. In addition, the hypothesis that not type, but the specific
exercise intensity is capable of attenuating and even reversing PF in frail and pre-frail cases
of octogenarians was tested. Notwithstanding the central objectives, the primarily procedure
of this research was to build a review of literature related to the aging process, frailty and
exercise, aiming to organize important information in a robust state of the art and systematic

review approach.

1.2 Research question

The present investigation focused on two distinct problems, that are interconnected or
complementary. It is worth mentioning that as preliminary studies, a group of 3 systematic
reviews studies are highlighted, aimed to present systematized and relevant information for
the present thesis and answer some initial questions. In the first part of the study, the objective
was to evaluate and characterize the population of older people living in an institutionalized
regime, based on the prevalence of the PF, taking into account the following biopsychological
dimensions: sociodemographic, global health, physical fithess and functional autonomy as well
psychological/mental health and immune and hormonal biochemical blood and salivary
markers. In this sense, the associations between these dimensions and PF indicators were
explored, presented through a set of 4 independent studies. In this sense, the study question
focused on the following question: 'Are there associations between PF and the different

biopsychological geriatric health outcmes in institutionalized Portuguese older adults?
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The second part of the study aimed to look at the modulatory responses caused by two
different types of exercise programs on biopsychological outcomes of older frail adults on PF
and how they differed. According to scientific evidence, the provision of systematic exercise
programs and the actual knowledge of its benefits for this population can be further explored
(47). In this sense, two different types of physical exercise programs were implemented, and
their central objective was to submit the different groups of pre-frail and frail older individuals
to either a program of muscular-strength or another characterized as a multicompetent
exercise program, both with a total duration of 24 weeks and look at the psychological

outcomes of the intervention.

1.3 General and specific objectives

The thesis is organized in 10 independent studies, summarized in three research
questions and papers to be submitted to international peer review journals, each having its

own general and specific goals listed bellow:

i) The first research question was to review the bibliography related to the frailty, their
correlates and aging related-exercise programs. In this sense, the aim of this preliminary step

is to organize the information in a systematic review with and without metanalysis;

ii) Study 1 was designed to examine the physical frailty sub-groups effect on cognitive status.

Thus, two studies of systematic review with metanalysis were performed;

iii) Study 2 aims to investigate the effectiveness of regular exercise on frail adults, using a

recent approach described as a systematic review of systematic reviews.

iv) Study 3 was carried out as a preliminary exercise-based research, aimed to explore the
effects of yoga type-flexibility exercises on stress hormones and disabilities domains in older

women;
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v) The second research question aimed to examine the PF incidence, PF-associated variation
of physical fitness, physical functioning and biochemical makers’ parameters as well as
psychological well-being and cognitive status in older people with PF. For this purpose, a

cross-sectional design was completed;

vi) Study 4 was targeted at analysing the relationship between PF and adverse general health

outcomes and assessed how the latter might explain the former;

vii) Study 5 was targeted to analyse the relationship between PF and physical fitness indicators

and assessed how the latter might explain the former;

viii) Cross-sectional study 6 aimed to explore the relationships between the Fried’s frailty model

and functional disability outcomes in institutionalized-dwelling older women,;

ix) Study 7 analysed the relationship between independent components of physical frailty and
psychological well-being, and explored the contribution that these outcomes can exerted in the

frail older women;

x) Cross-sectional study 8 aimed to explore the potential of adverse immune blood and salivary
biochemical markers to explain frailty status and test the relationship with frailty independent

components in institutionalized older women.

xii) The third research question aimed to describe the hypothetical effect of muscle-strength
and multimodal exercise programs on biochemical makers, physical functioning and mental
health domains in institutionalized frail and pre-frail women. A longitudinal experimental design

was used to test the hypothetical positive impact of two different types of exercise programs;

xii) Based-intervention study 09 aimed to verify the effect of the multimodal and muscle-
strength exercise programs on frailty independent components, functional disability and

balance of sex steroid hormones in frail older women;
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xiii) Study 10 aimed to investigate the impact of multimodal and muscle-strength exercise
programs on pro and anti- inflammatory immunity markers and physical fithess in

institutionalized older women;

xiv) Study 11 aimed to verify the modulator-effect of different types of exercise programs on
health-psychological status and salivary stress hormones associated with mood, subjective

well-being and self-perception status in frail-older women.

1.4 Study relevance

The reasons for the present study were based on the premise that up to the moment,
there is a lack of research explaining the associations between physical frailty and some
correlated health indicators, and also the potential effect of exercise as a complementary

therapy for the treatment of physical frailty in institutionalized older Portuguese populations.

However, a small number of studies have investigated the profile of neuroendocrine
and immunological makers, and possible associations with the PF variables that have been
identified in the literature (73). This study will also contribute to determine the incidence of PF
in older people living in social and health care support centers, an issue that may be of interest
to local public health. In addition, the lack of information on exercise modulation responses in
physiological systems is highlighted, since the integrated action of the aforementioned
biomarkers modulated by different exercise programs may be revealing of events not observed
in samples of pre-frail and frail elderly. This study is also justified by the need to analyze the
chronic responses to the multi-component exercise (muscular endurance, flexibility and
balance), compared to those of muscle strength (with elastic bands), since the circumscribed

evidence in the literature focus mainly on the benefits of aerobic exercise (49-52).

1.5 Assumptions and limitations

The conception, experimental application and data processing of this research study
was developed considering the existence of certain assumptions and also some study
limitations, which are important to identify. The rational premises on which the problem was
presented are based on the subsequent assumptions: i) given the reproducibility of the theory
of physical frailty and its application in numerous longitudinal studies, the same will occur in
the Portuguese population; ii) the same pattern of associations between PF and the different

overall health dimensions associated with old people can be found; iii) the hypothetical positive
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effect of physical exercise as complementary therapy in the attenuation of the frail condition,
can also cause positive impact in the other global health outcomes investigated. Regarding
the study limitations, they are closely related to the assumptions. Based on this consideration,
the following issues are addressed: i) low adherence of participants to different physical
exercise programs; ii) the lack of authorization by the directors of the institutions to take the
participants to the FCDEF-UC laboratory and consequent evaluation of anthropometric
physical fithess assessment iii) the need to conduct exercise programs in loco, which narrowed
the number of institutions able to participate in this study since not all had the physical space

(exercise room) suitable for group exercise classes in each institution.

1.6 Organization of PhD thesis document

The three research questions outlined above, containing their respective objectives,
served as a guiding thread for the development of the studies that, in a systematic and orderly
manner, translated into a 'doctoral thesis' carried out through a model of chapter construction
based on scientific articles or the Scandinavian model. This format has been an alternative for
a methodical and consistent way of gathering and processing scientific information (53).
However, despite the objectives of constructing a document of high scientific content and rigor,
due care was taken that this document contemplates a high quality of information in the
construction of its constituent parts, since it is the construction of a valid thesis to obtain the
degree that it is proposed here. In this sense, this thesis is presented in the form of articles,

divided into five sections and their respective chapters (studies).

The first section presents the chapters of General Introduction (e.g. objectives,
research question, assumptions and directions for the future studies) and Materials and
Methods (study design, methodologies, characteristics of participants and assessments) used
in different phases of both cross-sectional and experimental studies, which comprise the
“central axis” of this research purpose. Additionally, this part presented the organization of the
PhD thesis document. The section Il includes a sequence of three preliminary studies. In the
study 01 (chapter 1), the metanalysis approach to examine the magnitude of effect size of
differences on cognitive status comparing the three physical frailty subgroups was used. The
study 2 presents the systematic reviews of systematic reviews regarding exercise-based
interventions to reverse frailty condition, as a contemporary approach to design this type of
review (chapter 2). Additionally, this section presented in the chapter 3 a short-term exercise-
based intervention pilot study 3, aimed to explore the effects of yoga on disabilities, stress

hormones and functional fitness.
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In the studies of cross-sectional design (section lll), the general aim was to investigate
the relationship between frailty and each biopsychological dimension in the institutionalized
older women sample. Chapter 4 aimed to investigate the relationship between the PF and
adverse health outcomes indicators and to assess how the latter might explain the former.
Chapter 5 aimed to investigate the relationship between the PF and physical-functional fithess
indicators and to assess how the latter might predict the former (study 5). In chapter 6 of study
6, the focuses were on the contribution of the independent components of PF as indicators of
functional disability. To examine the relationship between PF and psychological well-being, as
well as assessing the contribution of different psychological domains to understand
psychological of frailty trajectory were the purposes of this study 7 (Chapter 7). Finally, the
study on Chapter 8 (study 8) aimed to explore the potential contribute of adverse blood and
salivary biochemical immune markers to predict frailty status and the relationship between

some markers and independents components of PF was tested.

In the three chapters of section IV, the exercise-based intervention was used to explore
the modulated effect of two types of 24-weeks chair-based exercise programs (elastic-band
muscle strength and multimodal exercises) on different global health indicators in
institutionalized older women. In these studies, all outcomes measures were organized
according to their biopsychological communalities, since the objective was to verify the impact
of the exercise on different variables of each dimension simultaneously. The study of Chapter
8 comprises analyses of physical functioning dimension and included functional disability, sex
steroid hormones, independent and combined components of physical frailty markers. Chapter
9 describes the analysis of exercise impact on psychological wellbeing (self-perception, mood
state and subjective well-being) outcomes and stress system regulation hormones. Finally, in
chapter 10, the central goal was to examine the exercise modulation effect on several blood
and salivary immune markers were included in the statistical model, in addition to some
markers of physical fithess associated with frailty. Finally, in chapter 11 of section V a global
discussion and conclusion together with some directions for future research in the areas of
exercise, frailty and their general global health correlates is presented. In the Final
Considerations Section V, was presented the general discussion, conclusions, limitations and
directions for the future studies. The objective was to make clear which were the main findings
of the studies, establishing an interconnection between them. It is important to note that all the
manuscripts presented in this thesis have a similar structure, according to the type of design

(systematic reviews, cross-sectional and exercise-based interventions studies).
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Taking into account the reference style of the last target journal where the different
manuscripts were submitted, minor adjustments in the sections and subsections of the
chapters were needed. However, in the topics of Section | and Section V, the Vancouver

citation style formatting rules were adopted.

1.7 State of the art

The biopsychosocial condition in which we reach old age is different depending on the
lifestyles maintained during the earlier stages of life (31). While some individuals manage to
get there with full physical and mental capacities, others suffer unpleasant experiences,
especially in later phases, often in consequence of many years of progressive physical and
cognitive decline, ending in care facilities that condition the final course of their life’'s (54,55).
Initiatives focused on an active lifestyle such as promoting the increase in the participation of
the old population in programs aimed to reduce sedentary behaviors and increase levels of
physical activity, seem to assume a key role in contemporary societies (56,57). Despite this,
some doubts regarding the effectiveness of translating the guidelines of the main world

organizations (which organize and justify directives for their implementation), in public policies

~

that show positive results in a given population (58) remain.

/

Health-related
quality of life

o /

Figure 1.1 The ecologic model of health-related quality of life structural concept, adapted from the World Health
Organization report, 2009.

In this context, the recognition of regular exercise and its positive modulating effect on
various aspects of the overall health of the elderly (59), as well as their contribution in making
older people more active and less dependent was recognized by the World Health
Organization (WHO) through strong stand positions (60). According to the WHO, in 2025, the
proportion between young and older adults will be similar, due to the decrease in fertility and
the increase in life expectancy and this growth will happen faster than in any other age group
(61).
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For this reason, the exponential increase in research in the field of the aging process
(62), seems to be centered on the challenge of maximizing the quality of life in the population
above 60 years of age through access to health, leisure (see Figure 1.1), increased literacy,
security, participation and social involvement (58,60,63). Nowadays, the improvement in the
health-related quality of life model presented by WHO in the recent past years was increasingly
more specific, being recently associated with the concept of dignified aging in the social
participation domain (64). Currently, the WHO presents the "Active and Healthy Aging"
concept, as a process to optimize opportunities to improve health-related quality of life when
reaching adulthood (65).

FIGURE 1.2 show the biological model. This concept presents some bioecological
aspects in a more specific way, directing the stakeholders to specific changes that will have a
more decisive impact on the aging life-course and also, taking into account the specificities of
each population as (66). In general, the term 'health' encompasses the promotion of physical,
mental and psychosocial well-being (66). The term 'active' is understood as the increase in life
expectancy associated with the promotion of active lifestyles, with access to physical/sport
activities or similar body practices (56). On the other hand, the term 'participative' is added to
this concept and is understood, in its broadest sense, by the offer of initiatives and
opportunities for adherence to different population programs (i.e. health therapies, physical
and sport activities, cultural and artistic manifestations) which can positively influence the
general well-being through a diminished sedentary lifestyle, without exclusion of the over 65-

year-old classified as an older-frail population (65).

oo N
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\ Genetics /

Figure 1.2 Bioecological model of the determinant factors in active and health aging policies, adapted from World
Health Organization report, 2009.

Behaviours
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1.7.1 The physical frailty syndrome

The frailty syndrome is a complex condition related to the aging process, characterized
by the decline of multiple physiological systems, which in turn compromises the body's ability
to resist to the deleterious effects of chronic stress (1,2). This phenotype, as thus treated by
the specialists, had a strong influence on the biological theories of aging (67), that explain this
process as an accumulation of harmful biochemical alterations, whose occurrence
accompanies the course of ageing (14,68). The progressive losses of energy and functional
reserves that occur in the body are a hallmark of this negative process (5). The vulnerability
induced by these losses can lead to a weakening state, if he or she is exposed to more severe
aggressions (2). From a frail state this individual tends to cycle through institutionalization (see

Figure 1.3), intensive care and hospitalization, often followed by early death (69).

It was based on this theoretical influence, that Linda Fried and her collaborators (2001),
through successive cross-sectional studies and the follow-up of samples of individuals over 50
years coming from a hospital context, have proposed a construct called the Physical Frailty
Syndrome (PF) (70). Fried et al. (2001) argue that even though 'deregulation of hormonal
systems is seen as an important age-related phylogenetic feature of PF theory, progressive
loss of mass muscle, energy balance deregulation, and sedentary lifestyle are considered as
central factors of frailty phenotype. The interconnection between these factors is currently
corroborated in epidemiological studies in which different authors recognize these pillars as

the central pathophysiological core of PF (4,7,8).
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Figure 1.3 The physical frailty trajectory associated with several biopsychosocial declines, adapted from of Fried
(2001).
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In this sense, there is an high potential effect of PF on the acceleration of the already
characteristic biological decline of elderly populations (55,71). In this way, five dimensions
were identified, which translated into criteria for the operationalization of the PF phenotype
(Figure 1.4), such as: muscular weakness, subjective perception of exhaustion, low levels of
physical activity, unintentional weight loss and slow gait speed. The evaluation under these
criteria makes it possible to classify the subjects as frail (three or more manifested criteria);
pre-frail (one or two of the overt conditions) and non-frail, when none of the five criteria are
meet (1). This construct has proved to be an excellent predictor of comorbidities and physical
disabilities, with excellent internal validity to evaluate what it is proposed, proved in

epidemiological studies carried out in several parts of the world. (7,18).

/ Weakness .
. No frail [0]
(Hand grip test)

Slowness (Gait Weight loss .
speed test) (self-reported) /-I Pre-frail [2]
Exhaustion Low PA levels /I Frail[3]
(self-reported) (questionnaire)

Figure 1.4 The five main components of the Fried’s Physical Frailty phenotype and their negative scores to
classify the frail sub-groups, adapted from (Fried, 2001).

1.7.2 Epidemiology of PF

Recent studies carried out in the European countries found similar values in the
percentage of elderly with PF in hospital context, when compared to the original study of Fried
(8). An incidence that ranges from 20% to 40% when pre-frail and frail individuals are added
(73). Most of the resources spent on health care are concentrated in the frail elderly, who
usually develop more severe clinical conditions (74). These represent on average 20 to 35%
of the elderly population in contemporary societies (88). In the recent systematic revision
present by Furtado and collaborators its possible to the prevalence of frailty and the most
important is to observe the percentage of older individuals (pre-frail, n = 11.559) who can move
to the frail condition. (74).
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The economic impact of PF in the older populations is interrelated with the costs of care
supported by several health systems in European countries (8). In Portugal, an average cost
of 2.205,00 €/patient/year was reported versus a much higher value of 5.634,00 € in the case
of severe health conditions including PF (75). In Germany, for example, similar results further
provided evidence that older people with 4 or more positive FS components have a substantial

increase in their health care costs (76).
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Figure 1.5 Prevalence of Physical Frailty based on epidemiological studies, in several countries adapted from
systematic review study carried out by Furtado and colleagues, 2017.

In studies conducted with samples of elderly who live in institutionalized systems and
who require social support and health care, the incidence of the frailty-trait seems to reach
higher percentages, with higher prevalence in women, but with men dying earlier (77,78). In
Portugal, the results of the first study recent published indicated that the prevalence of PF in
elderly communities was 34.9% (n = 339 participants) and the incidence of PF among older
(40.9%). women more frequent than in older men (32.5%) (79). This study also revealed that
the PF in Portuguese elderly populations was associated with several psychosocial factors
such as illiteracy, living within a family with some degree of dependence and living in unsuitable
conditions. PF is considered by many authors as a 'phenotype’ in a wide sense, since current
research has identified other patterns associated with PF such as sarcopenia (80), severe
decline in specialized cognitive functions (81), impairment of the immune and neuroendocrine
systems (82,83) and the low cardiorespiratory reserves of muscular strength and endurance
(84,85).
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New studies involving a joint and multivariate analysis between PF and other global
health indicators indicators, called frailty correlates, have also emerged (86,87). Some
indicators that most correlate with frailty are: chronic cardiometabolic diseases makers (88);
physical fitness (89,90); physical performance related to the decreased ability to perform
everyday life activities (91); immunological and inflammatory parameters (82); the association
between neuro-cognition, namely cognitive frailty (92,93); osteopenia and bone degeneration
(94); sarcopenia and disturbance of the neuromuscular system (91); psychological well-being
associated with mental health and other psychosocial factors, such as changes in emotional

states and subjective well-being (95,96).

Recent findings report a direct relationship between frailty and negative changes in the
neuroendocrine, immune and inflammatory systems (97,98). Imbalances in the
neuroendocrine system appear to satisfactorily explain dementia, delirium, failures and
cognitive absences, which may occur in individuals over 55 years of age (99). On the other
hand, immunosenescence, characterized by the 'natural deterioration' of the immune system
that arises with aging (5), is accelerated by the immunosuppressive effects of chronic
psychological or biological stress (100), translating into autoimmune, infectious and
degenerative diseases (14). All PF dimensions and their correlated domains have a 'feedback’
relationship between them and can be explained by adverse biochemical events (2). When
analyzed individually, biochemical markers (BM) have presented a weak relationship with the
PF, so recent evidence reinforces the premise that certain BMs should be analyzed (101,102).
BMs represent the 'biological passport' that allow an integrated understanding of adverse

physiological events (103).

1.7.3 Impact of regular exercise on frail elders

An approach to the treatment, attenuation or reversal of the frail condition in older adults
has gained some notoriety in recent years (19,20). Much has been discussed about the
efficacy of different physical exercise programs as an adjunct therapy capable of promoting a
positive impact not only on the independent components of frailty but on their correlated
domains (104-106). Evidence indicates that PF-related and regular exercise research may be
a 'key factor' in the study of these associations because of the important role played by PE in
neuroendocrine, immune and hormonal modulation of BM (49,107). The aging process does
not affect the immune and neuroendocrine system uniformly, and there is a high degree of
individual variability that may be associated with confounding factors. These factors have the
potential to either confound data interpretation or contribute to an interaction between different

types of exercise and immune function, or both (105,108-110).
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However, recently findings showed that participation in RE may induce a 'cascade' of
cellular reactions, capable of promoting angiogenesis, neurogenesis and synaptogenesis, and
further delay immunosenescence (105,111). In addition, there is proven positive action in
improving the quality of life related to emotional states, psychological well-being and gains in
autonomy to perform daily tasks (23). However, scientific evidence points to different types of
exercise causing distinct and specific responses in the different physiological systems in this

type of population (13).
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Figure 1.6 Hypothetical model of long term exercise-modulation effect to reverse physical frailty and stimulate
changes in biopsychosocial correlates. Created from (112,113).

Current findings have demonstrated, for example, the beneficial effects of aerobic
exercise on the increase of brain-derived neurotrophic factor (BDNF) in elderly people who
practice regular exercise (83). BDNF is an important mediator of brain neuroplasticity,
differentiation, neuronal growth, learning and memory (111). Its unregulated expression is
related to diseases such as Parkinson's, Alzheimer's and mild cognitive impairment (MCI), this
last one a clinical condition evidenced through cognitive testing (114). All these conditions or
diseases can be diagnosed through easy-to-apply cognitive tests, that are also valid and
capable of revealing a possible decline in executive function and memory, among others (115).
However, MCl is often characterized as a condition or initial stage of more advanced cognitive

impairments (116).
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Recent findings consistently associate MCI with PF (114,117). Exercise can act as a
positive mediator of cognitive functioning in individuals suffering from early dementia and
mental disorders, these responses being attributed to a possible role of BDNF (92). Cognitive
functions sensitive to early dementia and mental disorders shown to undergo positive changes
in response to the effects of exercise were attributed to a possible neurogenic effect of BNDF
(83). A possible regulatory effect of maintaining a satisfactory cognitive performance was also
observed in studies with other markers such as testosterone and cortisol (Verdelho et al.
2011).

The efficacy of exercise in the prevention / attenuation of clinical manifestations of
depression, stress and chronic anxiety, whose evidences are supported by biochemical
mechanisms of a similar nature, was also shown (118). In addition, the evidence that
associates physical and cognitive frailty with possible declines in the neuroendocrine system
is increasingly robust. (103,117,119). A systematic review carried out by Hogervost et al.
(2012) also found that different types of exercise may affect cognition and dementia risk to
different levels; aerobic programs seem to be particularly effective while there is little evidence

that flexibility exercises, such as yoga, can help cognition (120).

Dehydroepiandrosterone (DHEA), a sex hormone produced by the adrenal glands,
appears as a strong predictor of PF (14). The reduction of DHEA, the decline of insulin-like
growth factor (GH-IGF1), and testosterone, promote increased cortisol levels, which in turn
increase immunosenescence, which is also related to cognitive decline, psychophysiological
stress, cardiometabolic diseases and musculoskeletal disorders (13,33,121). This sequence
of events counterproductive to the physiological system is also associated with the increased
incidence of sarcopenia in the elderly, considered one of the central pathophysiological nuclei
of PF (122). However, increased plasma DHEA concentration and cortisol / DHEA ratio

balance are positive responses to moderate exercise (13,33).

Overweight/obesity in older people is also identified as a strong predictor of PF (80).
Currently, researchers investigate the increased production of inflammatory cytokines in obese
older patients associated with the risk of atherosclerosis and endothelial dysfunction (13);
chronic inflammation (123); insulin resistance (124); and some mental disorders induced by
the decrease of serotonin (125,126). The activation of powerful 'inflammatory cascades'
caused by hormonal imbalance can also have serious consequences for the cardiorespiratory
system (123). The term "inflammaging" is used to describe complex organic responses to
various inflammatory stimuli mediated by high levels of pro-inflammatory cytokines (127),
which appears to be triggered by chronic functional disorganization of the first line of immune
defense (105,108,128).
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The immune system of the mucosa, including the upper respiratory tract is considered
the first barrier to colonization of pathogens (35,129). The reduction of episodes of upper
respiratory tract infections (URTI) is related to the efficacy of these agents (13). The B
lymphocytes, important components of the acquired and mucosal immunity and producers of
immunoglobulins (including IgA), have their secretion affected by the immunosenescence
process, which leads to an increase in the incidence of cardiorespiratory pathologies (130).
Several studies suggested the practice of moderate intensity exercise as an agent for
promoting improvements in IgA expression, indicated a reduction in the symptoms and
incidence of URTI and a better immunological profile in well conditioned elderly individuals

when compared to sedentary ones (105,131).

Studies examining the effects of moderate exercise for IgA expression were
inconclusive as they did not find increased expression of important correlating biochemical
markers such as interferon-gamma (IFN-y) and salivary C-reactive protein (CRP), but point to
important clues for the study of mechanisms adjacent to this process (132). Acute moderate
exercise sessions have little impact on mucosal immunity, but prolonged and moderate/intense
training may evoke decreases in slgA secretion, compromising URTI (13). In addition to these
measures in saliva, peripheral blood concentrations of inflammatory biomarkers like
Interleukin-1 beta (IL-1B), Tumor Necrosis Factor (TNF-a) and Interleukin-6 (IL-6) have
previously been found to be elevated in cases of mild cognitive impairment in comparison to
healthy age-matched controls (133,134) Evidence shows that immunological and hormonal
parameters are able to mediate the effects of exercise on mucosal immunity, psychological
stress, cognitive improvement and risk of dementia in elderly who are regularly active (135)
since regular exercise may provide an effective strategy in the treatment and prevention of

associated disorders due to its anti-inflammatory benefits.

IFN-y is a potent cytokine produced by T lymphocytes and Activated “Natural Killers”
(NK) cells and exerts antiviral, antibacterial and anti-tumor effects (132,136). In a recent study
on the mobilization of circulating NK cells and IFN-y in response to exercise, the authors noted
that the magnitude of the effort was a precisely controlled variable for desirable immune
responses to occur (137). CPR, an important immune agent also quantified in this study, had
its expression increased in acute response to exercise (138). But it seems to be the chronic
moderate exercise that provides a homeostatic effect on the regulation of CRP, explained by
the decrease in cytokine overproduction, improvements in endothelial function (137), decrease

in insulin resistance, as well as a promising antioxidant effect (14,105).
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Some authors have identified salivary alpha-amylase (a-amylase) as a potential marker
of sympathetic activity and stress regulation associated with exercise (33). The a-amylase is
an enzyme that catalyses the degradation of starch into maltose and can be important to host
defence by inhibiting the adherence and growth of certain bacteria (139). It was already known
for its' antibacterial effect, acting on the inhibition of adhesion, growth and proliferation of
bacteria of the upper respiratory tract (35). However, chronic exercise responses of salivary
a-amylase still need to be explored, as the existing literature has investigated the acute
exercise-induced response in a more comprehensive way and used salivary cortisol as a
preferred BM in most studies, that has similar and more recognized functions for evaluation of

the response to biological stress (32,140,141).

Testosterone, the important sex steroid hormone is associated with musculoskeletal
health, declines with aging and cognitive function loss, its levels reported to be diminished in
patients with MCI, depression and chronic stress (121). Dehydroepiandrosterone (DHEA) is
another steroid hormone involved in metabolism, produced mainly in the adrenal cortex, its
functions linked  with anti-glucocorticoid, anti-oxidant, anti-inflammatory  and
immunomodulatory effects (98). Recently, DHEA has been investigated for its relationship to
mental and physical stress and also in psychological and behavioural disorders. The DHEA
plasma concentration and the ratio Cortisol/DHEA have also been shown to increase with PA
(123). Salivary markers may serve as potential non-invasive tools for evaluation of the
relationship between the central nervous system and mucosal immunity following
psychological and/or physical stress and how these may affect cognitive functions (32).
Exercise could be a significant factor in ameliorating the deleterious effects of chronic stress
but variables such as the type, intensity and frequency of exercise should be controlled and

defined clearly in order to effectively reduce the stress burden.
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2.1 Preliminary actions and ethics statement

This research protocol (RP) was integrated in the research project entitled “PRO-
HMESCI: Hormonal mediation of exercise on cognition, stress and immunity”, recently
published (1). This RP was previously approved by the Faculty of Sport Sciences and Physical
Education Ethical Committee - University of Coimbra (number reference: CE/FCDEF-
UC/000202013). The RP takes into account the legal premises of the Portuguese Resolution
[Art.° 4% Law n. 12/2005, 1 series] on ethics in biomedical research with humans (2), and
follows the guidelines for ethics in scientific experiments in exercise science research (3) and

still, complied with the guidelines for research with human beings of the Helsinki Declaration

(4).

The contact with the medical staff was established as one of the criteria to verify the
eligibility of each subject to participate in the study and subsequently, to perform the exercise
program. According to previous studies (1,5), the general procedures included: a) in the first
visit, a presentation was made to all eligible participants and HSC staff, communicating the
stages of this study; b) in the second visit, CHS or legal representative of participants was
required to give a full informed consent (statement of responsibility) before beginning the

research protocol, where the anonymization of data was performed.

2.2 Studies design (phases 1 and 2)

This research protocol was planned for approximately 13 months, involving a trained
research team and it is built in different phases, according to the type of studies: cross-
sectional and experimental (see Figure 2.1). The cross-sectional study (4 weeks’ duration)
consisted in the evaluation of older people (=65 years old), living in different centres of heath
care and social support (HCS), located in the city of Coimbra, Portugal. The participants were
selected using a non-probalistic convenience sampling based on the geographical area of
center region of Coimbra city. The experimental phase characterized as an intervention study
with two different chair-based exercise programs, designed to assess the effect of
strength/elastic band and multimodal interventions on biopsychological outcomes in frail e pre-
frail individuals. Participants in these groups was attended a 45 minutes’ exercise session,
two-three times per week during 28 weeks and were extracted using the Physical Frailty status

from the cross-sectional study design.
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2.3 Eligibility criteria
The description of the inclusion and exclusion criteria comprises the recruitment of the
HCS and the elderly participants to take part of cross-sectional study and subsequent interest

in participating in the different exercise programs.

i) inclusion criteria: a) ability to participate in a study with total duration of 12 months and
encompassing three phases: cross-sectional study, intervention and detraining periods b)
existence of an appropriate physical space to carry out the exercise sessions; c) required

support of caregivers to assist with the elders’ displacement to the exercise classes;

ii) Exclusion criteria: The following selection criteria for participants included was adopted to
select the HCS participants: a) take a part in this study spontaneously; b) drug therapy and
clinical condition controlled and updated (it must be stable and enable participation in the
exercise classes as decided by local medical staff); ¢) not completing the ‘8-foot-up and go
test’ in the maximum time of 50 seconds. According to previous studies with samples of
institutionalized elderly, scores above this value indicate severe disability/mobility dependence
(6); d) no involvement in other structured exercise programs; €) no presence of any type of
health condition that could prevent testing of functional autonomy such as severe or no
controlled cardiopathy, hypertension, uncontrolled asthmatic bronchitis, and any
musculoskeletal conditions that might prevent testing (i.e., osteoarthritis, recent fractures),
mental disorder, hearing and vision impairment, morbid obesity, or the use of medications that
could cause high attention impairment; f) do not have alcohol abuse; to have a high score on

the comorbidity Index, indicating a life expectancy under 2 years (7).

24 Sample size estimation

Calculation of sample size (SS) is an essential stage in the proposal of a research study
and is crucial to infer with confidence that SS calculated are reflective of underlying population
parameters (8). For different combinations of power and effect size (ES), the SS for both cross-
sectional and experimental studies were computed with G*Power 3.1.9.2 (9). G*Power is a
free software program for a variety of statistical tests currently accepted by the scientific
community (10). For the cross-sectional study, a total of 140 participants were enrolled for
subsequently analysis according the Fried of PFS protocol. The sample size has been
calculated according to the following assumptions: a 40% of incidence of frail condition of
previous cross sectional studies using institutionalized samples, with an a < 0.05and p =
0.80. Assuming that 5% (n = 32) can be lost during the data collection for any reasons (i.e.

death, non-cooperation, migration, chronic disease), 136 participants would be necessary.
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However, for each cross-sectional study, the power and ES was reported, taking into
account the adjustment of each evaluated dimension. In the experimental study the sample
size (SS) estimation was performed by considering the comparison of physical performance
between frail-subgroups in frail subjects between pre- and post multicomponent exercise
intervention. The SS was seen to range between 5 and 44. Previous publications have
reported high ES (Cohen’s d) for a combination score of physical fitness tests, up to 1.08 (11).
Assuming a minimum power of 0.8 as acceptable and that we may realistically but
conservatively, expect the ES to be at least 0.7 [moderate to robust], the SS of the study should
be 19 per group. Furthermore, assuming a dropout rate of 30% (12), the SS increases to 25

per arm, in total of a n = 75 participants.

2.5 Participants recruitment

In the first stage of recruitment, 10 eligible CSHS were randomly selected (see Figure
2.2). The primary recruitment strategy was based on information provided to the potential
participants by the medical professionals from each CHS, combined with clinical primary
outcomes information. The initial sample of cross-sectional study consisted of 305
institutionalized-dwelling individuals. Based on the medical staff recommendations, 52
individuals (14,6%) were excluded: i) severe clinical condition that does not allow one to get

out of bed (n = 33); ii) morbid obesity (n = 8); iii) use of medications that could cause attention

reduction (n=11).
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\ P A N N A N A T 1 " N el B I ol )
-
2. First stage:
-
g Selection of five eligible CHS. After medical staff recommendations 305 potential participants were
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e | s . )
W . second stage:
selection: 128 participants excluded after applying sample selection criteria:
a) physical disability (n=42); b) mental disorder (n=28); c) hearing or visual severe deficit (n=18);
A naad nalliativa haalth rara nr enacial niitritinnal ciinnnart (N=17) athar rlinical randitinne (n = 22)
4 (

4. Included: 140 participants admitted for cross-sectional studies 01 and 04. ]

7

Final
Analysis
N

5. Excluded: 21 participants and admitted 119 participants for cross-sectional studies 02 and 03

Figure 2.2 Flowchart of cross-sectional study design.
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A total of 74 subjects failed to meet sample selection criteria as follows: i) physical
impairment associated with musculoskeletal disorders and joint or muscle pain in the
performance of tests (n = 34), ii) established diagnosis of early-stage dementia or other mental
disorders (n = 9); iii) severe impairment of hearing or visual functions that made it impossible
to perform all tests (n = 13); iv) need of palliative health care or special nutritional support, (n
= 4); participants who dropped out when applying the tests (n = 14). In this phase, 39

participants also refused to participate a few minutes before data collection.

A total of 140 women were included in the cross-sectional studies 01 and 04. In studies
02, 03 and 04 119 participants were included, and because in the final analysis it was possible
to identify poor data quality, dropouts, non-conclusion of psychometric rate scales and other
issues, data of 21 participants were futher excluded. The Strengthening the Reporting of
Observational Studies in Epidemiology Statement (STROBE) extension for trials has been

used to design the cross-sectional study (13).

After defining the number of participants for the experimental studies, the Consolidated
Standards of Reporting Trials statement extension (CONSORT) has been used to design the
experimental study (14). To guarantee equal distribution [1:1:1] and the non-influence of the
researchers in the assignment of the groups, a simple allocation technique, distributing the
participants into 3 arms: chair-based multimodal exercise (CME), chair-based muscle-strength
elastic band exercises (CSE) and non-exercise control group (GC,e). Of the 75 participants
selected for the experimental study, a total of 09 participants withdrew their willingness to
participate before or immediately after the beginning of the study for different reasons and 3
participants were excluded from analyses due to low exercise adherence. None of the drop-
outs left the intervention because of injuries or adverse responses to the intervention. Finally,
a total of 59 participants of CME (n = 24), CSE (n = 18) and CG,. (n =17) completed the 28

weeks’ study (see Figure 2.3).
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2.6 Data collection procedures

Firstly, the assessment of the cross-sectional study 01 and the extraction of participants
for experimental study 02 were made. In the experimental design, 3-time points of data
collection were applied. In agreement the research methods already described in a recent
reports (1,5), all primary and secondary outcomes measures were collected at baseline
following a specific order. Assessment measures were organized by the main investigator,
applied by specialists and co-investigators of the research team and also, these were
completed on different days respecting the motivation of the participants, interrupting the test,

and continuing on another day if they felt tired or uncomfortable.

All baseline data collection was obtained between March and June 2015, during the
morning (09:00 to 11:30 am). To minimize methodological inconsistencies, the same variable
was always measured by the same member of the research team in all subjects. The quality
of data was analysed in a pilot study and was reported for each physical measure through
scores of internal consistency reliability (ICR). Table 2.1 and Table 2.2 presented the ICR
scores for each variable in their respective dimension. The time-point for all outcomes
measures were the first collected at baseline, after 14 and 28 weeks of exercise intervention
period. Some variables of Biosocial and global health status were included just in the baseline

assessment.

2.7 Primary outcomes
The physical frailty protocol characterizes as a primary outcome, however, biosocial,

anthropometric and global health status were also considered.

2.7.1 Physical frailty protocol

Based on the scientific rationale explained by Fried and colleagues, a phenotype of
frailty was proposed to include the several health domains and important co-variates
associated to the frail condition (15). However, in the final characterization of the Fried’s frailty
Phenotype, taking into account the most important five elements in the construct which
operationalized on five criteria to identify the Physical frailty construct, divide the population in
non-frail, pre-frail and frailty older individuals. The prevalence of the independent components
of PF was calculated, as well as the presence of each one of the five components of the Fried
of PF criteria. The positive evaluation in one or two criteria classified the participants as pre-
frail, in three or more as frail and as non-frail when the subject had none of the five PF

components (15). The following five components of PF were assessed:

Physical Frailty, their correlates and exercise-effect on biopsychological parameters 87



i) Weight Loss: assessed by self-reporting unintentional weight loss of four kilograms
or more in the last six months, for both sexes. In addition, this measure was validated by
medical records over one year assessed in the HCS; ii) Self-Reported Exhaustion: evaluated
by negative concordance of questions number 7 (“/ felt that everything I did was an effort’) and
20 (“/ could not get “going”), from the Centre of Epidemiologic Studies in Depression (CES-D)
questionnaire (16). In the original study, Fried et. al (2001) explained that these were
associations with the stage of exercise reached in graded exercise testing, as an indicator of
VO, max and was predictive of cardiovascular disease; iii) weakness was analyzed using the
handgrip strength test (HGT). This test uses a hand-held dynamometer (Lafayette
Dynamometer, model 78010, United States) and strength is measured in kilograms. The
subject holds the dynamometer in the hand to be tested, with the elbow by the side of the body.
When ready, the subject squeezes the dynamometer with maximum isometric effort, which is
maintained for 5 seconds. The best result of the two trials was used for scoring purposes (17).
Participants who were unable to perform the HGT and those in the lowest 20% were
categorized as positive. The cuttoff values for HGT = 29 for male kg and =217 Kg for female
were adopted; iv) slowness was measured using the 4.6 meters walking test (4.6-WT), which
results are expressed in seconds and adjusted for gender and height. The best time of the two
trials was used for final scoring. The cuttoff value of = 7seconds for males and =6 seconds for
females were adopted (18); v) low PA levels were assessed by the International Physical
Activity Questionnaire (IPAQ) short version (19). The IPAQ short form asks about three specific
types of activity undertaken in the three domains introduced above and time being sedentary.
The specific types of activity that were assessed are walking, moderate-intensity activities and
vigorous intensity activities; frequency (measured in days per week) and duration (time per
day) are collected separately for each specific type of activity. The total volume and the number
of day/sessions was included in the IPAQ analysis. There are three levels of PA suggested for
classification: inactive, minimally active and a highly active. Participants classified with low

levels of PA had a positive score for the FS condition (20).

Table 2.1 Reliability and validity measures of the three physical frailty components in a sample of n = 20 older

women.
Frailty Phenotype outcomes Unit Internal consistency reliability

4,6 walking speed test Seconds 0.80

IPAQ short version scale* minutes per day 0.78

Hand Grip Test kilos 0.84

Note: IPAQ = International Physical Activity Questionnaire.
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2.7.2 Individual and Sociodemographic data

The following individual and sociodemographic data were assessed: i) Chronological
age was assessed through the date at testing - date of birth and analyzed as a continuous
variable. ii) Sex was classified in two categories, female or male; iii) Marital status was
classified in four categories: single, married, widowed or divorced. iv) Level of education was
classified according to the Portuguese educational system and analyzed as a continuous
variable (21).

2.7.3 Anthropometric measures

The following anthropometric measurements were performed using following
standardized procedures previous described (22): i) Body mass was determined using a
portable scale (Seca®, model 770, Germany) with a precision of 0.1 kilograms; ii) Stature was
determined using a portable stadiometer (Seca Bodymeter®, model 208, Germany) with a
precision of 0.1 centimetres; ii) Body mass index (BMI) was calculated according to the usual
formula [BMI = weight/height?]; iii) Waist, arm and leg circumferences were measured using a
retractable glass fibber tape measure (Hoechstmass-Rollfix®, Germany) with a precision of

0.1 centimetres.

Table 2.2 Reliability and validity measures of anthropometric indicators in a sample of n = 20 older women.

Anthropometric measurements Unit Internal consistency reliability
Stature centimeters 0.87
Body mass kilos 0.89
Waist circumference centimeters 0.87
Hip circumference centimeters 0.91

2.7.4 General health status

Overall general health indicators were evaluated through measures and instruments
frequently used in epidemiological studies, due to their reliability and comparability with studies
in other countries (23—-29). The Charlson Comorbidity Index (CCI), Daily use medications
(DUM), nutritional status, systolic (SBP) and diastolic blood pressure (DBP) were accessed in
this study: i) CCI characterizes as a method of predicting mortality by classifying or weighting
comorbid conditions. This instrument has been widely used by health researchers to measure
burden of disease and has a weighted index based on 19 comorbid conditions. Its score can
be combined/adjusted with age and gender to form a single index (continuous variable). One

point for each additional 10 years is added to the initial score, that has been shown to predict
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one-year and 10-year mortality (7,30); ii) Daily medications used by the participants was
assessed through question number six of the Mini Nutritional Assessment (MNA), that asks
the participant if she takes more than 3 or less prescription drugs per day. Additionally, the
number of medications-used was checked systematically through the institutional medical
record of each participant, identifying and reporting polypharmacy (takes more than 3
prescription drugs per day) according to the Portuguese Classification System of Human
Medicine (31); iii) Nutritional status was measured using the MNA. It consists of 18-item
questionnaire that can be completed within 15 minutes and it includes four domains, namely
anthropometric assessment, general health assessment, dietary assessment, and self-
assessment of health and nutritional status. The maximum score is 30 points (pts), and
classifies subjects as well-nourished (24 to 30 pts), having risk of malnutrition (17 to 23.5 pts)
or as malnourished (score 17 pts and lower) (32); iv) To register SBP and DBP, the digital
device OMRON (HEM-4011C-E®) model M1 Plus was used (33).

Table 2.3 Reliability and validity measures of global health indicators.

Present study Original study
General health status
Mini nutritional assessment 0.74* 0.96"
Rest Heart Rate 0.78** NM
Systolic blood pressure 0.81** NM
Diastolic blood pressure 0.80** NM
Charlson comorbidity index 0.86** 1.28
Medication use NM NM

Note: *The Kappa coefficient of study validation; Tarea under curve validation criteria; ** internal consistency reliability test
applied in a sample of n = 20 older women (pilot study); Sestimated relative risk of death calculated by hazard ratio, p<0.001;
NA = not mentioned.

2.8 Secondary outcomes

Secondary measures comprised biochemical markers (blood and saliva samples),
health psychological wellbeing (mood state, psychological well-being and self-perception),
cognition status (global and specific areas) and physical functioning (functional disability and

physical fitness related to health).
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2.8.1 Salivary biomarkers analysis

The concentration of all salivary makers used were assessed by specific techniques,
according to the manufacturer instructions for the differents kits used. (34). The collection times
were always at the same time in the morning, in order to minimize the circadian effect seen
with some of the markers under study (35). Saliva was collected by passive drool that
consisted in the participant allowing saliva to collect on the floor of the mouth, then leaning
forward and dribbles into a tube), for three minutes in high quality polypropylene vials to avoid
problems with analyte retention or the introduction of contaminants that can interfere with the
immunoassays. Prior to the saliva collection subjects will be asked to rinse their mouth with
water to remove food residues 10 minutes before sample collection and to avoid: alcohol for
12 hours, dairy products for 20 minutes, foods with high sugar or acidity, or high caffeine
content immediately before sample collection. All participants were instructed not to engage in
extreme physical efforts in the 24 hours prior to the collection. The volumes measured, the
flow rate calculated, and the samples stored at —20°Celsius until determination of the saliva
markers proposed for this study. Immunoglobulin-A (IgA), testosterone (TT), lysozyme (Lys),
cortisol (COR) and dehydroepiandrosterone (DHEA), interleukin-6 (IL-6) and interleukin-1p
were analyzed by ELISA (34). Alpha-Amylase (a-amylase) was analysed by a kinetic-assay,
according to standard procedures reported in previous studies (36). The reference values for
all salivary markers were reported by the manufacturer and other relevant studies, in terms of
sensitivity cut off value, absolute range in adults (34). In the case of a-amylase (37), IgA (38)

and Lys (39), the reference values was obtained from other studies.

2.8.2 Blood biomarkers analysis

Venepuncture was used to collected blood samples by a registered nurse. The samples
of blood were allocated into kKEDTA and serum tubes. All participants were instructed not to
engage in extreme physical efforts in the 24 hours prior to the collection. Determination of
blood counts was done immediately after blood samples collection, using an automated
haematology analyser Coulter AcT Diff [Beckman Coulter, USA]. The remaining blood were
separated after centrifugation for the collection of plasma and serum and these stored in
cryovials at —80°Celsus (C) until determination of the serum and plasma markers proposed for
this study. The levels of the pro- and anti-inflammatory cytokines, such as interleukin-10 (IL-
10), interferon gamma (IFN-y), Tumour Necrosis Factor-alpha (TNF-a) and the neurotrophic
factor Brain Derived Neurotrophic Factor (BDNF), were analyzed by ELISA kits according to
the manufacturers’ instructions [Invitrogen®, CA] (34). The cardiovascular risk marker C-

reactive protein (CRP) was determined using the Horiba Medical Pentra C200 [Kyoto, Japan].
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2.8.3 Physical fitness

The Senior Fitness Test battery developed by Rikli and Jones (1999) was used to
access physical Fitness (PhFi). All PhFi tests were developed for adults aged over 60 years
and are appropriate for both research and clinical purposes (40). Additionally, Tandem Stance
Balance test (TSB) was used to evaluate static balance (Franchignoni, Tesio & Martino, 1998).
Participants performed two repetitions for each physical test to familiarize themselves. For all
the HrPf tests the best score of the two trials performed was used for final scoring purposes.
When upper and lower members were tested in both sides (i.e. left and right) the best scoring

side was the one considered for counting purposes.

The following PhFi measures were assessed: i) the lower body strength was
determined with the ‘30 second’s chair-and-stand test’ (30s-CS), measuring the number of
total full chair-stands that can be completed in 30 seconds with the arms folded across the
chest; ii) The upper body strength was assessed with the ‘30 seconds arm-curl test’ (30s-AC)
that measures the total number of bicep curls that can be completed in 30 seconds, seated in
a chair and holding a hand weight of 5 Ibs (2.27 kg) for women. iii) For lower-body flexibility
we used the ‘chair sit-and-reach test’ (CSR), from a sitting position at front of chair, with leg
extended and hands reaching toward the toes, the number of inches (centimeters, + or -)
between extended fingers and tip of toe were measured; iv) The upper-body flexibility
(shoulder girdle) was measured using the ‘back Stretch’ test, that assesses the distance
(centimeters, + or -) of approach between the middle fingers when one hand reaching over the
shoulder and one up the middle of the back; v) Agility-dynamic balance test (ADB) was
assessed using the eight-foot-up and go test, that assesses the time in seconds required for
the participant to get up from a chair (seated position), walk as quickly as possible around
either side of a cone placed 2,44 meters away from the chair, turn and sit back down in the
seated position; vi) Aerobic resistance was measured through the “2-minutes step test” (2m-
ST), that consisted of the number of full steps the subject completed in two minutes performing
a stationary gait, with one hand resting on the wall and raising each knee to a midway point
between the kneecap and iliac crest. Score is the number of times the right knee reaches the
required height (Rikli,& Jones, 2013). vii)The TSB consists of the participant maintaining the
standing position with open eyes and one foot in front of the opposite foot for a maximum of
30 seconds (43).
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Table 2.4 Reliability and validity measures of physical fitness tests in a sample of n = 20 older woman.

Physical Fitness Tests Unit Original Present Range of
study* study* Reference

values

30 second’s chair-and-stand test reps per time 0.87 0.89 4-15

30 seconds arm-curl test’ reps per time 0.83 0.90 8 to17
Chair sit-and-reach test’ centimeters 0.80 0.89 -1.0- +4.0
Back Stretch’ test centimeters 0.79 0.84 -8.0-+1.0
Eight-foot-up and go test seconds 0.79 0.80 71-115

Two-minutes step test” steps per time 0.91 0.78 44 - 101

Note: *test-retest reliability; **internal consistency reliability; NA = not applicable; Original study (minimum and maximum
values from old women

2.8.4 Functional disability (FD)

The indicators of FD were organized in a test battery following the approach of Tomes
and colleagues (2009), that proposes objective and subjective measures to access disability
(44). The following PhFi measures were assessed: i) Katz Index of independence (ADL) index
was used to asses’ daily function. The ADL ranks adequacy of performance in 6 functions such
as bathing, dressing, toileting, transferring (using transport), continence, and feeding (45).
Subjects are scored yes or no for independence in each of all functions described in the
questionnaire and after adding up the points, individuals were ranked. Participants who scored
for each function as dependent score 1 point and independent scored 0 points (46,47). ADL
scale is most efficiently used among older adults in a variety of care settings, when baseline
measurements, taken when the subject is well, are associated to periodic or subsequent
measures (46). Unlike the Lawton Instrumental Activities of Daily Living Scale, this instrument
has its recommended use for old individuals with an living institutionalized living (48); ii) Fear
of falling was measured using the Tinetti Falls Efficacy Scale (FES), assessing the possibility
of falling during the performance of 10 activities through the questions that encourage the
individuals to give a punctuation to this subjective perception of confidence ability to perform
daily living task to evolved stability, dynamic and static balance skills. Each question is rated
from 1 point (very confidence) to 10 (not confidence) and the per question rating are added to
generate a summary total score. The scores range from 10 to 100 points with a lower score

indicating a high self-efficacy or little fear of falling (49).
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Table 2.5 Reliability and validity measures for each Functional disability scale.

Functional Disability Scales Original study Portuguese version
Author score Author score

Falls efficacy scale Tinetti et al., 1990 0.71* Melo, 2009 0.88*

Katz of Independence ADL Katz et al., 0.87* Sequeira, 2007 0.92**

Note: ADL: activities of daily living; values of Pearson correlation with other physical functioning measures;
scores of Cronbach alpha; *internal consistency reliability.

2.8.5 Psychological well-being

The assessment of Psychological Well-being (PwB) was organized in a test battery that
comprised the most import three domains of psychological well-being and closely linked to
older ages, comprising mood state, self-perception and subjective emotional well-being (50).
In addition, the PWB tests were chosen because they had been validated in the Portuguese
population and were also described in the concept of Psychological of frailty defined previously

(51). The following measures of PWB were assessed:

i) Cognitive status: The Mini-Mental State Examination (MMSE) was used to assess cognitive
state (52). MMSE assesses five areas of cognition status: orientation, immediate recall,
attention and calculation, delayed recall, and language (53). The MMSE was used to classify
participants by cognitive profile as a category variable, according to the following cut off values:
severe cognitive impairment 1 to 9 points; moderate cognitive impairment 10 to 18; mild
cognitive impairment 19 to 24 points and normal cognitive status 25 to 30 points (54). The
propose was to measure cognitive functions sensitive to early dementia and age-related
cognitive decline. These functions have in earlier interventions also shown to respond and be

sensitive to the effects of exercise in the elderly populations (55,56);

i) Mood states: Depression was assessed using the Center for Epidemiologic Studies for
Depression (CES-D) scale reflecting major facets of this state. The 20-items are given on a
four-point Likert scale, using to rate how often (older people) over the past week they
experienced symptoms associated with depression, such as restless sleep, poor appetite, and
feeling lonely. Scores range between 0 and 60 in which the highest scores correlate with more
depressive symptoms for the last week (16). The Perceived Stress Scale (PSS) is the most
widely used instrument for assessing the perception of stress. It is a measure of the level to
which situations in one’s life are appraised as stressful. Iltems were designed to tap how
unpredictable, uncontrollable, and overloaded respondents find their lives. The scale also
includes a number of direct queries about current levels of experienced stress. Seven out of
the 14-items is considered negative and seven as positive. Final scores can vary from 14 to

70 points, a higher score indicating greater feelings of stress (57);
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iii) Self-perception: The Rosenberg Self-esteem Scale (RSES) analyses global self-worth. A
10-item scale that measures global self-worth by measuring both positive and negative feelings
about the self. The scale is believed to be uni-dimensional. All items are answered using a 4-
point Likert scale format ranging from strongly agree to strongly disagree. The sum of all 10-
item scores gives results between 10 and 40 points, where higher values represent higher
levels of self-esteem (58). The General Self-Efficacy Scale (GSES) was used to assess
optimistic self-beliefs related to efficacy to cope with a variety of difficult demands in life. This
is a 10-item scale and all items are answered using a 4-point Likert scale format ranging from
strongly agree to strongly disagree. Responses sum up to a composite score with a range from
10 to 40 points, where higher values represent higher levels of GSES (59). The Attitudes to
Aging Questionnaire (AAQ) was used to assess attitudes toward the ageing process as a
personal experience from the perspective of older people. The 24-item scale (total scores
range from 8 to 40 points) incorporates the concepts of both losses and gains with ageing.
Factor analysis found three distinct subscales: Psychosocial Loss, Physical Change, and
Psychological Growth. The AAQ contains 24 items and. The higher the score the more positive

the attitude towards one's own ageing process (60);

iv) Emotional well-being: The Satisfaction With Life Scale (SWLS) measures global cognitive
judgments of satisfaction with one's life. The SWLS is recommended as a complement to
scales that focus on psychopathology or emotional well-being because it assesses an
individuals' conscious evaluative judgment of his or her life by using the person's own criteria.
The 5-item scale results in scores between one to 35 points, with higher values representing
higher levels of life’s satisfaction (58). The Happiness Face Scale (HFS) consisted of a
graphical scheme where for each face is assigned one letter, in which the letter A (seven
points) is considered the maximum and the letter G, the minimum (one point). This scale was
commonly used to evaluate the positive facet of subjective well-being. The participant has to

identify with one of the faces, depending on his/her state of happiness (61).
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Table 2.6 Scores of internal consistency reliability for each psychometric rate scale.

Psychometric rate scales Original study* Portuguese version*

Author score Author score
CES-D Radloff, 1977 0.85 Gongalves & Fagulha, 2000 0.89
Perceived Stress Cohen et al., 1983 0.78 Mota-Cardoso et al., 2002 0.86
Rosenberg Self-esteem Rosenberg, 1965 0.90 Ferreira & Fox, 2007 0.85
General Self-Efficacy Schwarzer Jerusalem 0.86 Nunes et al., 1999 0.75
Attitudes to Aging Laidlaw et al., 2007 0.86 Silva et al., 2013 0.67
Satisfaction with life Dienner et al., 1985 0.83 Laranjeira, 2009 0.89
Happiness face scale Andrew & Withey, 1976 NA N.A. 078**
Mini-mental state exam Folsten et al., 1975 NA Morgado et al., 2010 0.71

Note: CES-D: Center of Epidemiologic Studies for Depression; *internal consistency reliability; **score calculated
from the pilot study.

29 Pilot study

In the first phase of the study, some initial procedures were adopted that are described
in the following lines. As previously mentioned, a pilot data collection was carried out in the
first four weeks, aiming at analysing the quality of data for each physical-functional fitness
measures. At the same time, interviews, psychometrics scales, cognitive and functional tests
were applied to check the subject’s conditions and evaluate the methods of application of the
study (1). In addition, an exploratory exercise-based intervention study was carried out, using
the data of 14 weeks of the chair yoga-type flexibility intervention, characterized as a third arm
of the complete study protocol in which this research project was inserted. The complete
description of chair yoga method was presented in the next topic. Previously, a four weeks of
exercise sessions was conducted with an exercise session per week aimed to test the chair-
based method, subjective perceived exertion (PSE) of the participants and the use of heart
rate monitors of the participants. The experimental-exercise classes had a duration of 30

minutes (pre-training, easy-level PSE = 4-5).

2.10 Description of exercise programs

The initial approach to the development of the exercises programs included the
complete description of both programs, defining the types of exercise for each program,
conducting literature review using key-terms related to the topics, consulting with other group
class exercise experts and preparing of the final version of the different types of chair-based
exercise program activities. The development of the chair-based exercise (CBE) group classes

was conducted by specialists in exercise prescription for older populations. In first order, the
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method consisted of integrating the main guidelines of exercise prescription recommended by
the American College of Sport Medicine Science (ACSM) for older adults (62—65) as well as
recent guidelines for exercise prescription in groups, with the support of a chair were
incorporated (66). In the CBE music was will not used during the sessions, since the objective
was to test the influence of exercise in some mental health parameters and therapy of music
alone (67), or combined with physical exercise can positively influence cognition parameters
(68). All exercise programs have the similar characteristics in terms of systematization (i.e.
number of weeks and sessions, time of session) but, different specificities (i.e. volume

intensity, type of exercises). An instructor-to-participant ratio of 1:12 was adopted.

2.10.1 Chair-based exercise method

The CBE consists of systematized and gradual exercises performed with a chair for
support that guarantees the individual's stability during the session, respecting individual
limitations without discouraging individuals to reach beyond their limits (69). The CBE protocol
was shown to be a suitable and appropriate method of exercise for inactive older adults (70).
This method, combined with other exercise methods can vary in intensity from vigorous chair
aerobic or resistance exercise designed to provide muscle conditioning and benefits for healthy
adults to movement that concentrates in maintaining a basic level function for older-frail
participants (70). Recent studies have demonstrated the effectiveness of multicomponent,
yoga type flexibility and muscle-strength elastic band exercises programs combined with chair

support in promoting beneficial changes on older individuals’ general health status (56,70,71).

2.10.2 Multimodal exercise program

In order to establish a progressive endurance training program aimed to improve the
walking-speed capacity, balance and other correlate motor skills, specific exercises were
performed with a determined number of exercises, repetitions, sets/circuits, and other
variables involved in this type of exercise program. Multimodal or multicomponent exercise
(ME) programms encompassing conventional progressive strength-resistance training,
flexibility, weight-bearing exercise and/or balance exercises have shown a good evidence to
reduce risk factors for falls and fracture as well improve motor skills (63). This form of designing
exercise program denotes an effective method to increase multiple musculoskeletal and
functional performance measures in older adults with risk factors for falls and/or low bone

mineral density (72).
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According to ACSM based-evidence guidelines ME exercises is classified as a degree
C (medium-low evidency) (73). However, recent studies have increasingly confirmed the
efficacy of this type of program for the development of physical fithess and improvement of
some cognitive abilities, especially in physically frail individuals or older populations with lower

levels of physical activity (72,74,75).

Table 2.7 Overview of single session multimodal exercises program.

Multimodal exercise group class Total time: 50 minutes

Phase 1 warming-up: 5 minutes
Mobilization and dynamic flexibility exercises sets* reps Cadence Rest PSE
Sequence of joint and full body mobilization exercises 2 10 1:2 20" 1-3

Phase 2 main workout
35 minutes
Multimodal circuit-training protocol exercises
1. Walk around the gym-room during 2-3 minutes. 2-4 8-16 1:2 20-30” 3-5
2. Chair-based sit and reach + easy skipping 2-4 8-16 1:2 20-30” 3-5
3. Chair-based sit and reach + arms coordination 2-4 8-16 1:2 20-30” 3-5
4. Chair-based leg extension and overhead reach 2-4 8-16 1:2 20-30” 3-5
5. Mini-circuit coordination, balance, quickness, agility 2-4 8-16 1:2 20-30” 3-5
6. Chair-based skipping + standing rear leg extension 2-4 8-16 1:2 20-30” 3-5
7. Chair-based middle skipping + arms coordination 2-4 8-16 1:2 20-30” 3-5
8. Chair-based power skipping 2-4 8-16 1:2 20-30” 3-5
9. Walk around the gym-room during 2-3 minutes. 2-4 8-16 1:2 60-120” 3-5
Phase 3 cool-down:
5 minutes
Full body relaxation exercises

Sequence of joint and static stretching exercises 1 10 21 10” 1-2

Complementary to the ACSM guidelines, the CME was an used integrated exercises
method, suggested by National Academy of Sport Medicine (NASM), in the form of physical
fitness programs periodization (76). The NASM of optimum performance training model (OPT),
is the way of describing how one should progress (as the PhiFi capacity improves)
(stabilization, strength and power) and their respective 5 sub-phases. Each exercise session
was performed with a pre-determined number of exercises (7-10), repetitions (6-12), sets (2-
4), rhythm of execution (1:2) and active rest in the siting position between sets (20-30) seconds
and active rest between circuits (90-180 seconds). Each session was conducted using a
functional-circuit training protocol, that consisted in completing one set of each exercise in a
full range of motion following two-three minutes of walking around the gym-room (77). When
one circuit of exercises was complete, one begins the first exercise again for the next cycle.

The exercise-types of body-weight strength, walking time route to work handedness, changes
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in direction, static and dynamic balance, coordination as well exercises with accessories (i.e.
cones, floor makers) were included. During the first 14 weeks, the body weight workout
executed in the set and reach position and simple walking exercises around the gym room
were used to develop stabilization. In the lasting 14 weeks, the increase of exercise intensity
was induced by inclusion of more difficult and complex exercises and challenges sequences,
aimed to improve endurance and specific motor skills (i.e. time reaction, balance,

coordination).

Exercise-intensity was indirectly calculated using the Karvonen’s formula to predict
target heart rate (HR), with maximal (max) HR calculated using a specific formula for older
population [HRyax= 207 (beats per minute, bpm) - 0.7 x chronological age] (78) and was
monitored using heart rate monitors (Polar, RCX5®) randomly distributed among participants.
A low to moderate intensity effort around 50-75% of maximum heart rate zone (HRz,x) values
was attained as recommended by the ACSM (79). Additionally, intensity was measured
through the modified BORG scale of perceived exertion (PSE), that consists of an arbitrary
scale ranging from 0 to 10 points, with identical intervals and with reference to the quality of
effort: (0) nothing at all; (1) very weak; (2) weak; (3) moderate; (4) somewhat strong; (5-6)
strong; (7-9) very strong; (10) very, very strong (almost maximal). Each exercise class was
divided into three parts: 5 minutes of warm-up and body mobilization (PSE = 1-3, HRz,ox = 50-
55%); 35 minutes of multimodal circuit exercises (PSE 3-6, HRz.x = 56-85%) and finally 5

minutes of stretching exercises targeted to encourage cool down (PSE 1-2, HRzyax= 45-50%).

2.10.3 Elastic-band muscle-strength exercise program

To create a progressive chair elastic-band muscle resistance exercise program (CSE),
specific exercises were performed with a determined number of repetitions, time of rest and
other variables evolved in this type of training. Elastic band (EB) is an alternative to traditional
muscle strength exercises devices which reduces the risk of injury, is cheap and easily
accessible (80), and allows individuals to perform a range of ergonomic movements and adjust
the training intensity based on the rate of perceived exertion (81). According the ACSM
evidence-based statement position, the systematic muscle-strength exercise has a evidence
category A (73). Elastic Band are relatively inexpensive and provide a practical form of training
that could be considered in programs designed for older adults with mobility limitations (82). A
type of resistance exercises with dumbbells as well as EB system showed increased same
electromyography amplitude and perceived loading with increasing resistance (83),
Consequently, this type of training is increasingly indicated for populations that are in clinical

and special conditions (84,85).
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Table 2.8 Overview of single session chair-muscle strengh exercises program.

Chair muscle-strength exercise group class Total time: 50 minutes

5 minutes

Phase 1 Warming-up:

sets*® reps Cadence Rest PSE
Body mobilization and dynamic flexibility exercises
2 6 1:2 20" 1-3
Phase 2 Muscle-Strengthening Activity:
35 minutes
Elastic-band exercises compound (bi-sets) protocol

Sequence of exercise*
1. Front squat (stand or chair) 2-3 10-15 2:3 30-45” 4-6
2. Unilateral hip flexion with chair 2-3 10-15 2:3 30-45” 4-6
3. Bench over Row (with flexion) 2-3 10-15 2:3 30-45” 4-6
4. Chest Press (stand or chair) 2-3 10-15 2:3 30-45” 4-6
5. Standing reverse Fly 2-3 10-15 2:3 30-45” 4-6
6. Spine Twist extension arm (oblique's) 2-3 10-15 2:3 30-45” 4-6
7. Shoulder Press/twist arm front position 2-3 10-15 2:3 30-45” 4-6
8. Frontal total raiser 2-3 10-15 2:3 30-45” 4-6
9. Biceps arm curl (stand or chair) 2-3 10-15 2:3 30-45” 4-6
10. Overhead Triceps extension 2-3 10-15 2:3 30-45” 4-6

Phase 3 cool-down:
5 minutes
Body mobilization and static flexibility exercises

1 10 2:1 10” 1-2

A descriptive evaluation survey study aimed to developed a systematic exercise
program for older adults using EB, involving 11 exercise professional experts and 20 older
participants concluded that the EB program feasible, was manageable, and could be helpful
to their health promotion (86). In our exercise program, the first three levels of the Thera Band
elastic system (yellow, green and red color) were used [Thera Band®, Akron, Ohio, US] (87).
An specific exercises were performed with a determined number of exercises (4-8), sets (2-3);
repetitions (12-15), a cadence of repetitions execution in 2 seconds concentric and 3 seconds
eccentric (2:3) and a passive rest in the sit position between sets (30-45 seconds). The details
information regarding control of exercise-type, repetitions and other variables involved in the
program varying across the time, respecting the different phases of training, as possible to
show in Table 2.8 above. The macrocycle of CSE was also design based on OPT model by
NASM (76).
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Intensity was measured through the OMINI perceived extension scale (PSE), that
consists of an arbitrary scale ranging from 0 to 10 points, with identical intervals and with
reference to the quality of effort: (0) extremely easy; (1-2) easy; (3-5) somewhat easy, (6-7)
somewhat-hard; (8) hard; (9-10) extremely-hard (88). During the first 14 weeks of
periodization, participants developed their stabilization and endurance strength training
program using an intensity somewhat easy (PSE = 3-5). To this effect, the level one (yellow
colour) of EB were used. In the last 14 weeks, participants were encouraged to develop their
resistance strength level increasing their intensity load perception somewhat to hard (PSE =

6-7), induced by changing the elastic-band levels to 2 and 3 (red and green colour).

The methodical organization of all CSE exercise sessions following a bi-set strength-
exercise protocol, that consisted in completed two exercises involving the major muscle groups
consecutively followed a rest period, performed in a full range of motion. In terms of control of
effort during the CSE program, the goal of was to keep the intensity of the exercise activities
between 1 to 7 in PSE levels. It was expected that the relationship with the real effort would
be 55-80% of maximum heart-rate (64). For safety reasons, the participants of CSE were using
heart rate monitors. The session was divided into three parts: 5 minutes of warm-up exercises
for general body mobilization (PSE 1 to 3, HRz.x = 45-55%), 35 minutes of strength elastic-
band exercises in PSE 4 to 7 (HRzmax = 56-75%) and finally, 5 minutes of cool-down stage,
through easy-walking and static flexibility exercises for "breath” control, PSE 1 to 2 (HRzmax =
45-50%).

2.10.4 Yoga type flexibility

The creation of the chair-based yoga (CY) was based on the essential philosophy of
Hatha Yoga and its asanas, focusing on the flexibility benefits provided by them (89). The
introduction of asanas was made through a sequence of movements combined with breathing
(90). This method allows the modification of postures itself and of how to "enter" and “leave"
the postures, which simplifies working with limiting conditions in group classes with various
levels of physical ability and can be reviewed according to the participant’s evolution (91). In
this intervention program, exercises sequence was prepared cautiously and reviewed
according to the participant’s evolution aiming to easily achieve moderate intensities in

classes.
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Participants of CY (n = 20) maintained a frequency of two-three times weekly. Each
session had a maximum duration of 50 min divided into three parts: i) 10 min of warm-up, with
standing or sitting exercises of joint mobilization and exercises to promote respiratory body
awareness; ii) the standing or sitting practice of asanas and postures sequences, with the
duration of 30 min; iii) 10 min to cool down and relaxation, through sitting or lying respiratory
body awareness exercises, localized massages, exercises for muscle relief and meditation
and vocalization. Additionally, the methods of design of the exercise programs include the
ACSM guidelines for stretching exercises prescriptions for older populations (79) (Table 2.9).
The global exercise intensity was measured with heart rate monitors and it was expected that
the real effort would 50-75% of maximum heart-rate (PSE = 4-6), the values recommended by
the ACSM.

Table 2.9 Overview of single session chair-yoga type flexibility exercise program.

Chair yoga exercise group class Total time: 50 minutes
5 minutes
Phase 1 Warming-up:
Joint mobilization and respiratory body awareness sets* reps Cadence Rest PSE
exercises

1 10 ** * 1-3

Phase 2: Asanas exercise routine 30 minutes
1. Seated Forward Bend” (Paschimottanasana) 4-5
2. “Butterfly” (Baddha Konasana) 4-5
3. “Seated Spinal Twist” (Ardha Matsyendrasana) 4-5
4. “Cow face pose” (Gomukhasana) 4-5
5. “Cat” (Cakravakasana) 4-5
6. “Child’s Pose” (Balasana) 4-5
7. “Snake” (Bhujangasana) 4-5
8. “Child’s Pose with arms extended” (Utthita Balasana) 4-5
9. “Side Bending Stretch” (Tiryaka Tadasana) 4-5
10. “Dorsal Torsion” (Kati Chakrasana) 4-5

Phase 3 cool-down: 5 minutes

Body mobilization and static flexibility exercises

1 10 2:1 10” 1-2

Note: SoSp= Standing or sitting position **Cadence according breathing and rest in transition periods

2.10.5 Non-exercise control group

This group did not participate in any physical exercise intervention during the
development of both exercise programs. However, they maintained their normal routines,
which included a monthly agenda of artistic, cultural and other activities offered by the

institutions.
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2.10.6 Exercise engagement and masking

Exercise sessions were offered two-three times/week, during 24 weeks, in a total of 74
sessions. Entries for each participant were recorded in a specific data sheet and the
percentage of exercise adherence to group classes was calculated individually through the
total sum of participation and reported as the total percentage. When a participant has two
consecutive absences, she was contacted to return to the exercise group classes. According
to recent systematic review, many factors influenced the adherence to exercise in the elderly
involved in a long term exercise program (12). Adherence rates were generally higher in
supervised programs involving older participants, fluctuating between 58 to 86% (12). Based
on this information, an adherence to the exercise program of 65%, was established as
minimum for each participant to be included in the study. The physical exercise instructor did
not not take part in data collection procedures. Precaution was taken to avoid interaction
between individuals of the two exercing groups by staggering the classes schedule. Each team
of teachers conducted the classes in their respective chair-exercise program, so that no

possible influences would occur.

211 General statistical procedures

First of all, it is important to point out that the statistical analyzes used in this study
were systematized for two study types: i) cross-sectional studies, which are epidemiological
characteristics and therefore use statistical methods inherent to this area of knowledge; ii)
intervention study design with exercise and controls, which used basically the repeated
measures as a statistical method, depending on the intervention over time. The rigor in the
statistical treatment of data produced in this type of study is justified when seeking accuracy
and precision in the measurements (92). The sampling procedure used requires that the data
analysis procedure considered in the calculation estimates the data weighting, either by the
losses and / or the effect of the study design, to generate more accurate estimates of the
studied phenomena (9). In this sense, it is quite obvious that the starting point is an exploration
of the data, in order to verify its normality. From this first step, we determined that the most
consistent was to report results and use of parametric and/or non-parametric statistical
analysis, according to the nature of the data, and not taking into account the unsubstantiated
premise that it is only the sample size that will determine the statistics to be used. The statistical

direction used for each type of study is described above, depending on its design (see

Table 2.10).
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Table 2.10 Statistical analysis presented in each study of PhD thesis.

Statistical analyses Studies

1 2 3 4 5 6 7 8 9 10 1"

Normality (Shapiro-Wilk or Kolmogorov) X X X X X X X X X
Mean (standard deviation) X X X X X X X X X X X
Median (1% and 3" quartile) X X X X X

Correlation (Pearson or Spearman) X X X X X X

Multiple regression analysis X X X X X

ROC analysis X X X

Collinearity (Nagelkerke R square test) X X X X X

Quantitative Comparison of T-student X X
Quantitative Comparison of ANOVA X X X X X X

Qualitative comparison of Kruskal-Wallis X X X X X

Qualitative comparison of Chi-square X X X X X

Qualitative comparison of McNemar X

Bonferroni Post-Hoc test X X X
Cochrane's Q Post-Hoc test X

Effect size of Eta-square X

Effect size of Cohens’ d X X X
Effect size of Phi X

Confidence intervals (C1:95%) X X X X X X X X
Chi-square X

Cochran’s Q X

Higgin | X

squared (%) X

Tau square tests (T) X

It is important to mention that the preliminary study 01 used the meta-analysis (MA) as
the statistical treatment. MA is a statistical technique current in several areas of health
research, whereby all data from all available studies of something are combined, at times
regardless of the quality of the data. The method is used by researchers to get a highest
amount of statistical information, at times without worrying about distortion of the results (93).
The standard MA treatment includes the calculation of the magnitude of effect of the
differences (e.g. between treatments or time-points) or or magnitude of correlations (if
applicable), using statistical tests such as tests of heterogeneity, effect size, publication bias
and sub-group analysis (94). The details inherent to specific statistical procedures for all
studies can be found in each article. To conduct the statistical analyzes, two programs were
used: SPPS Package and R - Statistical Analysis Program. The Comprehensive Meta-

Analyses Statistical Program was used to performed MA statistical treatment.
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2.11.1 Cross sectional studies

The non-normality distribution observed in some study variables after the Shapiro-Wilk
test statistical treatment, induced us to report them in the form of median, first and third
quartiles, since this form is considered the most logical and rational by statistical specialists.
However, the measures represented by their mean, standard deviation were used when the
data were presented normality, as a described in each study. The comparison of the frailty
subgroups according to the variables of interest for each study followed the assumption of
normality. For the normal variables were used the repeated measures ANOVA or, if applicable,
the non-parametric equivalent (Kruskal-Wallis test). The analysis of correlations between
variables followed a similar rational. For the normal data we used the Pearson correlation
analysis and for the non-normal distribution data we used the non-parametric (Sperman)

equivalent test.

Regarding the use of multivariate analyses, which were a common endpoint for all
cross-sectional studies, very specific assumptions were followed according to the interest for
each group of variables in the different studies. Linear, multiple or logistic regression models
were used, as well as some specific statistical resources for this type of analysis, based on
other (empirical or statistical) assumptions, such as stepwise regression methods (which
extract from the regression model those variables that don’t explain much the variance of the
dependent variable over the independent (i.e. studies 3,4 and 6) or, for example, the
hierarchical regression model (i.e. study 4), which takes into account the assumption that
'theoretically', a given dependent variable will explain better than the other variables introduced
in the model the variance on the independent variable and this way, this variable must be

introduced into the model separately.

In addition, a logistic regression following the Receiver Operating Curve (ROC) as an
attractive statistical solution was used in the analysis of data in studies 01, 03 and 06. ROC is
a graphical plot that illustrates the diagnostic ability of the binary classifier system when its
discrimination threshold is varied. The type of statistical treatment is frequently used in
epidemiological of health to choose the most appropriate cut-off for a specific test. This type
of statistics, despite being used in a permissive way in cross-sectional studies, does not
indicate prediction of factors contrary to what some studies point out. The real power of
prediction when using this type of analysis is in Cohort studies or longitudinal studies (95).
However, ROC analysis can be used to explore cross-sectional population data and estimate

some statistical outcomes trough models performance assessment.
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2.11.2 Intervention studies

In the exercise-based intervention studies we also used the principle of data assumption
as the first statistical procedure to be taken into account. However, the use of logarithmic
conversion or conversion to z-score, was a solution to better and more clearly treat some
biological data that accounted for inter- and intra-individual variability but very likely for this
type of studies and above all for some variables such as functional fithess (96). This way, we
were allowed to use parametric comparative statistics to analyse the effect of exercise over
time (T-test or repeated ANOVA measures). In order to demonstrate the results of exercise
modulation on variables of different dimensions (i.e. psychological, biological, physiological),
some principles described by Batterham and Hopkins (2006) and his colleagues were followed,
which make it clear that the significance value often does not indicate what is clinically or
biologically relevant to understand the real impact of exercise effect (97). For this effect,
measurements of the effect size were used. In addition to the ES calculation, the Delta scores,
which indicate the percentage of the change, were reported so that the joint analysis of these

measures of magnitude of the effect, taken together, led to a more reasonable interpretation.
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3.1 Abstract

The aim of this meta-analysis was to analyse the magnitude of the effect-size of the
cognitive status of populations over 60 years of age, when comparing nonfrail versus pre-frail
and nonfrail versus frail subgroups. A systematic review of prospective studies published from
2000 to 2017 was completed in Medline, B-on, Ebsco, Ebsco Health, Scielo, ERIC, LILACS
and Sport discus databases and observational, cohort and cross-sectional studies were
selected. The Mini-Mental State Examination to screening cognitive status and the Fried
phenotype for assess physical frailty state was used as clinical outcomes. After applying
additional search criteria, 14 manuscripts (26798 old participants) were selected from an initial
universe of 1681 identified. When comparing the scores of cognitive status of the participants
who were non-frail (n = 12729, 47.4%) versus pre-frail (n = 11559, 43.2%) and non-frail versus
frail (n = 2452, 9.4%) subgroups, significant statistical differences were found for both
comparisons (M+SD =0.60, 95%CI: 0.50-0.62, p<0.001 and M+SD = 3.43, 95%CI: 2.26-4.60,
p<0.001, respectively). It is clear that poor cognitive function is strongly closed associated with

pre-frailty and frailty subgroups in older populations around the world.

Key-words: Frail older adults, geriatric assessment, mild cognitive impairment, mini-mental

state exam.
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3.2 Introduction

Increasing functional health status in older adults across the life has been given more
attention in the last decade (WHO 2012), including both cognitive and physical functioning.
Cognitive status refers to all fundamental mental skills that regulate humans’ lifestyles, such
as instrumental daily life activities and complex behaviours (Carlson et al. 2009). An older age
has been shown to be a risk factor for early dementia and age-related cognitive decline in
specific areas, such as episodic memory (Misiak et al. 2013), with a third to half of the older
adults in Europe complaining of cognitive impairment (Cl), a possible precursor of early
dementia (Verdelho et al. 2011). Recently, studies have found that older people with lower
physical function, called the Physical Frailty syndrome (PFS), were more likely to develop Cl
(Gray et al. 2013; Buchman & Bennett 2013). However, conversely, individuals with IC can
also enter a spiral of early physical-functional decline, e.g. through engaging in less activity
because they feel less secure and/or because a common co-factor (e.g. dementia pathology)
driving both Cl and apraxia (the inability to perform learned activities and routines) (Panza et
al. 2015; Brigola et al. 2015; Ruan et al. 2015) .

PF is thought to be highly prevalent in old age, particularly in those with low education
and those of low socioeconomic status (Guessous et al. 2014). According to Fried’s model,
the phenotype of clinical PF is characterized by a critical mass of three or more “core frail
components” which are: i) weight loss>10 Ibs in past year, ii) weak grip strength (lowest
quintile), iii) exhaustion (by self-report), iv) slow gait speed (lowest quintile) and v) low physical
activity (lowest quintile) (Fried et al. 2001). Likewise, Ensrud in 2007 identified the physical
frailty phenotype as having the following components: i) diminished levels of physical activity
ii) unintentional weight loss, iii) self-rated fatigue, as also identified by impaired hand grip
strength and low performance in gait speed (Ensrud et al. 2007). While these criteria have
mainly physical components, Campbell and Bucher (1997) measured PF by incorporating
specific physical and cognitive tests, comprising i) grip strength, ii) chair stand, iii) sub-maximal
treadmill performance, iv) 6 min walking test, v) static Balance Test, vi) body mass index (to
assess weight loss), vii) arm muscle area (to assess sarcopenia, the muscle loss associated
with frailty) but also viii) Mini-Mental State Examination (MMSE) to assess cognitive
impairment (Marshal F. Folstein et al. 1975; Campbell & Buchner 1997). However, because of
its ease of application, the Fried model has been widely disseminated in several studies around
the world (Theou et al. 2015). For instance, according to some criteria, mental or cognitive
impairment is a crucial factor for PF and this would need to be assessed using objective

instruments (Panza et al. 2015).
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On the other hand, PF may also be an early indicator for possible later dementia (Gray
et al. 2013). One study showed that at post-mortem, Alzheimer Disease brain pathology was
associated with PF both in people with and without dementia (Buchman et al. 2013).
Epidemiological studies demonstrate the interconnection between physical frailty and cognitive
performance. However, longitudinal studies show this relationship and the emergence of
cognitive changes, cognitive impairment and dementia to be associated with an increased risk
of frailty status in older populations. Some systematic reviews have been carried out in order
to clarify this association (Panza et al. 2015; Brigola et al. 2015; Ruan et al. 2015). However,
a recent review of cross-sectional data used meta-analysis, comparing the means scores of
MMSE among pre-frail and frail sub-groups, but omitted the non frail group data (Furtado,
Guilherme Eustaquio, Teixeira, Ana Maria, Ferreira 2017). The present paper, in order to
complement this systematic review with metanalysis (SM) and to clarify the magnitude of effect
size in mean cognitive status investigated frail, pre frail and non frail subgroups using the Fried

of Physical Frailty Protocol.

3.3 Methods

This work followed a pre-determined and published protocol available in PROSPERO
2017: number registration CRD42017057360 (Furtado, Adriana Caldo, et al. 2017). The
search was conducted in English language (published or in press) in the following databases:
Medline, B-on, Ebsco, Ebsco Health, Scielo, ERIC, LILACS and Sportdiscus databases, with
access made between December of 2016 and July of 2017, using the advanced meta-search
option in which original articles of epidemiological studies of cross-sectional, observational,
cohort and population-based published between 2000-2017. Key Medical Subject Headings
(MeSH) and search indexed descriptors were used to refine the data search (Huang et al.
2011): (((“frail elderly” [MeSH Terms] OR “frail” [MeSH Terms]) AND “cognition” [MeSH
Terms]) OR ([mild cognitive impairment]] AND “frail older adults” [MeSH Terms]) OR “frail older
adults” [MeSH Terms] AND “[mini-mental State examination or MMSE]". Studies done in the
last 17 years, with samples of people over 60 years of age of both genders, who were not
hospitalized samples were selected. The data source strategy included also additional terms
related to indexed descriptors such as ‘Fried criteria’, ‘Fried Phenotype of Frailty’ and ‘Fried

Phenotype’.
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34 Central criteria of selected studies

The search was further limited by selecting articles including the Fried’s model to
assess frailty status and Mini-Mental State Examination (MMSE) to assess cognitive status.
The PF Phenotype was developed by Linda Fried and collaborators (Fried et al. 2001). After
consecutive studies on older adults samples, they identified five dimensions which translated
into five criteria to operationalize PFS. Weight loss was assessed by self-reporting, targeting
unintentional weight loss of four kilograms or more in the last six months or a loss of 5% of
total body weight in the three months prior to the assessment date. Self report exhaustion was
evaluated by negative concordance of questions number 7 and 20 of the Centre of
Epidemiologic Studies in Depression scale. Weakness was analyzed using the handgrip
strength test, adjusted for gender/body mass index. Slowness was measured using the 4.6
meters walking test, which results are expressed in seconds and adjusted for gender/height.
Low PA levels were assessed using the Minnesota Questionnaire - short version. The positive
evaluation in one or two negative criteria classified the participants as pre-frail, in three or more
as frail and as non-frail or robust, when the subject had none of the FS five criteria (Fried et
al. 2001).

The MMSE is an instrument composed by 30 questions, and is able to assess the
cognitive profile based on the evaluation of six areas of cognition: orientation, immediate
recall, attention, calculation, delayed recall, and language (Mungas 1991; Han et al. 2014). It
is a continuous score, ranging from 0 to 30 points (pts) and according to the criteria established
in several studies, the following cut-off values that classify individuals (categorical scores) on
cognitive profiles are: a) severe cognitive impairment (from 1 to 9 pts); b) moderate cognitive
impairment (10 to 18 pts) mild cognitive impairment (19 to 24 pts), d) normal cognitive status
(25 pts and above) (M F Folstein et al. 1975).

3.5 Exclusion criteria

The exclusion criteria of the present study comprised the elimination of all articles that
did not meet the initial selection criteria (include both MMSE and PF), had poorly defined
dimensions, did not report MSSE scores as mean and standard deviation, examination of
middle-aged adults was omitted. Extended or congress abstracts, systematic reviews, book
chapters, letters to editor, short surveys, study protocols, and interventional studies were also

excluded.
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3.6 Data Extraction

The initial search to create the present study was carried out by two independent
research assistants, who were trained in SM methods. Each research assistant performed the
independent-blindly search and at the end of the work, the principal research was conducted
a short briefing to assess the level of agreement of the search procedures. All titles and
abstracts of identified articles were screened and the full-text articles were assessed for
potential inclusion by the principal investigator and any conflicts that arose were reviewed until
an agreement was reached. For the final selection of the articles we included all based-
population studies, according to the FS subgroups non-frail, pre-frail and frail (as a categorical
variable) as well as compare the mean scores of the MMSE results (as a continuous variable),

according to the aforementioned subgroups.

3.7 Quality Assessment (QA)

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
Statement for the organization of this study was followed(Panic et al. 2013). PRISMA describes
the four stages (identification, screening, eligibility, final selection) needed to perform the
search and selection of manuscripts under a SM, and feature the graphic option to draw a
flowchart (Liberati et al. 2009). At the same time, the PRISMA presents the PICOS acronym
('patient, problem or population', ‘intervention', 'comparison, control or comparison',
'outcomes'), which directs the refinement of the systematic search, making the process more
effective (Panic et al. 2013). In addition to this method, we chose to use the Strengthening
Reporting of Observational studies in Epidemiology (STROBE) Positioning Statement, that the
characterization of each assessed item has been described in detail elsewhere (Malta et al.
2010).

This method consists of a checklist comprising 22 items, which characterizes a
manuscript based on the quality assessment that it presents. In this study, we used a STROBE
combined model of study designs, which is specifically assesses observational,
epidemiological, population-based, cross-sectional or cohort studies (Abeysena 2011). After
applying the above criteria we attributed to the total score of the 22 items a value of 100%.
The purpose of this procedure was not to use an established cut-off point to enter/or not enter
the meta-analysis. Instead, the percentage value was used to identify studies in which low

quality assessment could interfere with the results of the SM.
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3.8 Statistical Analysis

The results are expressed by calculating the values of the standardized mean and
standard deviation (M+SD) differences in MMSE scores when comparing the subgroups of
NFvsPF and NFvsF, as well as their respective variance, confidence intervals (Cl:95%), the
magnitude of the effect size and levels of statistical significance, which was set at p < 0.05
(Batterham & Hopkins 2006). The global M+SD of the studies included in this review were
calculated based on the random effects model, including the assumption of heterogeneity of
the studies and their participants. The risk of publication bias was assessed by the method of
visual inspection method of the scatter plot generated by the Egger's intercept test (Egger et
al. 1997). This graphic assumes a format of an 'inverted funnel plot' inserted by a midline, with
analogue display of points representing the studies included in the graphical analysis (Sterne
et al. 2001). Heterogeneity was measured using the Chi square, Cochran’s Q, the Higgin |
squared (1?)and Tau square tests (T), assuming that a T? > 1 suggests presence of substantial
statistical heterogeneity. In terms of I test analysis, the percentage of the variance attributed
to the heterogeneity of the study, ranges from low (25% <I* <50%) to high (I>> 75%)(Egger et
al. 1997). If the Q test is statistically significant (set at p < 0.05) there is also evidence of
heterogeneity. The SM was performed using the statistical program Comprehensive Meta-
Analysis - Version 3.0 (Bax et al. 2007).

3.9 Results
3.9.1 Data search

Figure 3.1 shows the paths covered for final studies selection that were later included
in the meta-analysis. The initial search identified 1681 potentially eligible papers. After
excluding articles following a review of titles and abstracts, replication and others reasons,
such as systematic reviews and intervention studies, 149 full-text articles were examined in
the screening stage. After applying the central criteria to the studies, 56 papers were advanced
for the eligibility phase. From the eligibility stage, criteria such as presentation of MMSE scores
as a categorical variable and treating the physical frailty as a continuous variable, as well as
studies carried out with the same database, were the most common reason for papers
exclusion. In total, 20 studies were included after quality analysis and six studies were
excluded (see Table 3.1).
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Figure 3.1 Flow diagram of studies selection according PRISMA guidelines (Panic et al., 2013).

3.9.2 Characteristics of studies and participants

Table 3.1 shows the 14 epidemiological studies were included for data quantitative
meta-analysis. From the total of 22 items, the overall mean of included studies was 92%. The
Table 3.2 showed the general characteristics of all studies included. A total of 14 studies
included for final data analysis have a total sample of 26798 participants which came from 11
different countries, with mean and their respective standard deviation of ages varying between
61.8 (1.4) to 87.5 (5.4) years old. Overall, the sample included 12729 (47.4%) non-frail, 11559
pre-frail (43.2%) and 2452 (9.4%) frail individuals.
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Table 3.1 Quality assessment scores of selected studies based on the STROBE check-list.

22

Items (paper sessions) 1234567389 1 1 12 13 14 15 16 17 18 19 20 21 22 100%
1. (Abizanda et al., 2013) 111111101 1 1 1 1 1 95%
2. (Alencar et al., 2013) o11101101 1 1 1 1 1 86%
3. (Avila-Funes et al., 2009) 111111111 1 1 1 1 1 100%
4. (Furtado et al., 2017) 111011111 1 1 1 1 1 95%
5a. (Han, Lee and Kim, 2014) 111111111 1 1 1 1 1 100%
5b. Han, Lee and Kim, 2014) 111111111 1 1 1 1 1 100%
6. (Jacobs et al., 2011) o11111011 1 1 1 1 1 91%
7. (Kiely et al., 2009) 111111101 1 1 1 1 1 95%
8. (Robertson et al., 2014) 0111111011 0 1 1 1 86%
9. (Samper-Ternent et al., 2008) 111111111 1 1 1 1 1 95%
11. (Al-Kuwaiti, et al., 2015) o11111101 1 1 1 1 1 91%
12. (Macuco et al., 2012) 011111100 1 1 1 1 1 86%
13. (Ottenbacher et al., 2009) 011111100 1 1 1 1 1 82%
14. (Yassuda et al., 2012) 111111100 1 1 1 0 1 82%
15. (Tay et al., 2016) 111111101 1 1 1 0 1 9%

21

19

22

21

22

22

20

21

19

21

20

19

18

18

20

Median of total scores

92%

20

A total of 10 studies had samples from both genders (Han et al. 2014; Avila-Funes et
al. 2009; Robertson et al. 2014; Abizanda et al. 2013; Tay et al. 2016; Yassuda et al. 2012;
Ottenbacher et al. 2009; Al-Kuwaiti et al. 2015; Macuco et al. 2012; Kiely et al. 2009), but only
the study carried out by Sook-Han and colleagues presented a separate analysis performed
by gender (Han et al. 2014). Three studies included female participants (Furtado, Adriana
Caldo, et al. 2017; Alencar et al. 2013; Samper-Ternent et al. 2008) and one study included
only older men (Jacobs et al. 2011). Four types of epidemiological studies were found: Three
longitudinal (Avila-Funes et al. 2009; Samper-Ternent et al. 2008; Ottenbacher et al. 2009),
four cohort (Tay et al. 2016; Alencar et al. 2013; Abizanda et al. 2013; Jacobs et al. 2011), six
cross-sectional (Yassuda et al. 2012; Furtado, Adriana Caldo, et al. 2017; Macuco et al. 2012;
Robertson et al. 2014; Han et al. 2014; Al-Kuwaiti et al. 2015) and one observational study
(Kiely et al. 2009). Study designs and full details are summarized in Table 3.2. The cognitive
status measured by MMSE was assumed as the central outcome in 11 studies (Alencar et al.
2013; Han et al. 2014; Jacobs et al. 2011; Avila-Funes et al. 2009; Robertson et al. 2014;
Yassuda et al. 2012; Ottenbacher et al. 2009; Al-Kuwaiti et al. 2015; Kiely et al. 2009; Macuco
et al. 2012; Samper-Ternent et al. 2008) and as a co-variate in three studies (Furtado, Adriana
Caldo, et al. 2017; Tay et al. 2016; Abizanda et al. 2013).
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All of the included papers used a version of Fried’s model and their respective five
components were used to create frail sub-groups. However, the study conducted by Laura Tay
and collaborators (Tay et al. 2016) did not have the three frailty subgroups and the main
investigator decided to introduce it only in the statistical analyses that compared the non-frail
versus frail individuals. When looking to the mean scores of cognitive performance in the PF
subgroups and taking into account the cut-off values of the cognitive status by MMSE, In all
studies the frail subgroup was classified as having cognitive impairment (MMSE lower 24 pts),
expect for studies carried out in France (Avila-Funes et al. 2009), United States (Kiely et al.
2009) and Ireland (Robertson et al. 2014). In the pre-frail subgroup, a total of 7 studies (USA,
South Korea, Brazil, Portugal, Mexico and United Arab Emirates) also presented the same cut-
of values to classified participants as a cognitive impairment (Yassuda et al. 2012; Furtado,
Patricio, et al. 2017; Ottenbacher et al. 2009; Alencar et al. 2013; Han et al. 2014; Al-Kuwaiti
et al. 2015; Macuco et al. 2012).
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Table 3.2 Characteristics of select studies following the PICOS statement (Panic et al., 2013).

Frailty Subgroups
samples distribution

Mini-mental scores by

Frailty subgroups

Author’s Country of Age Stud (100%) (Mxsp)
stud Samples Sex (M+gSD) Methgd _ _ Central outcomes Main goal
y population = Non-frail  po gqi  Frail Pre-
n (%) N n)  None o frail g
1. Albacete n =993 Physical Frailty,
Abizanza M 26.61 24.92 22.31 morality, disability To analyse whether frailty implies increased
et al. Spain M/F 79,4164 Cohort 1;6951 ’ 4;‘820 ’ 2588‘?, ., (323) (491) (552)  and activiles of risk of death and incident disabilty.
(2013) (16.9%)  (48.5%)  (22.8%) daily living
2 Alencar Belo n=160 Physical Frailty, Evaluate associations between frailty status
ei al Horizonte, F 78.3747.2 Cohort 24.02 21.11 17.02 cognitive status, and cognitive decline as well as the
(201'3) Brazil T 47 112 48 (4.03) (5.99) (5.43) hospitalization and incidence of cognitive impairment over 12-
(23.7) (54.1) (23.2) death month period.
n = 6030 . .
- -, Physical Frailty, . . -
3. Avila- 3 cities, o 2738 2871 421 27 51 27 42 26.91 mortality incidence, . To _determlne w_het_her addlng COgnIt.IV(.E
Funes et France M/F  74,115,2 Longitudinal (1.93) (1.93) (2.01) disability and impairment to frailty improves its predictive
al. (2009) (45.4) (47.6) (7) cognitive profile validity for adverse health outcomes.
4a. Sook- " n = 4294 . . To analyse Association between frailty and
Han et al. 25823';;8’ M 68,1+5,4 sg;)izfl-al 2200 1719 375 (226'913(; (2;1 ;12) (251 1513) ngsﬁzbgigmizd cognitive disorder in community people.
(2014) (51.2) (40.3) (8.7) : ' : 9
n = 6094
ﬁg'nséog_ 25 cities, F 64.8+3.72 Cross- 2593 2894 607 23.81 21.73 18.61 Physical Frailty and To analyse association between frailty and
2014 ’ South Korea e sectional (3.92) (4.54) (5.72) cognitive abilities cognitive disorder
(2014) (42.5) (47.4) (10.1)
n =834
5. Jacobs Jerusalem, 206 470 164 . . To examine the association
etal. Israel M 87,515,4 Cohort (2285241) (227'7021) (262.1222) P}:;)ésﬁ?tlivzriltlzuznd between frailty and cognitive impairment and
(2011) (24.5) (56) (19.5) ’ ’ ’ 9 the impact on 5-years survival
n =760
389 295 76
Physical Frailty, . . -
6. Kiely et Uni?;dsusjgtes M/F 78,1454  Observational (512) (38.8) (10) 2731 26.78 25.39 falls, disability and a-lr—1cc)i \::?)“rgagerév:ﬁe?f;a:ati)lliltShﬁ)d frr:clilitztlggsze(?sse
al. (2008) 1159 (253) (272) (3.21) hospitalization. P ylop
20 79 outcomes
(20.2) (79.8)




(Continuation...)

Dublin n = 4349 Physical Frailty
7. Robertson et al. ; Cross- 28.88 28.41 27.63 and cognitive To explore the relationship between cognitive
(2014) Ireland MIF— 818214 gectional (3;111 g) (12:343) ( ;’?) (152) (1.82)  (2.23) abilities function and physical frailty syndrome.
Texas n=1370 Physical Frailty , - ,
8. Samper-Ternent . ! _— 26.11 25.41 24.81 " Examine the association between frailty status
et al. (2008) United States  F 75,2458 Longitudinal (fg‘;) (fgi) (fi) 2.97)  (322)  (3.05) a”dp‘ig%“;"’e and change in cognitive function over time
United Arab n=151
9. Al-Kuwaiti et al. Emirates Cross- 24.72 23.71 19.73 . . To determine the prevalence and correlates of
) M/F  65,6+£6,2 . 75 53 23 Physical Frailty .
(2015) Abudabi Sectional (469) (331) (14.4) (1.52) (2.64) (3.88) frailty
5 =384 i i

10. Macuco et al. Saggiﬁlo’ ME 723458 Cross- 2 n 11 3 24.56 23.63 20.52 P::;'ggérf;;?vlgy To examine the association between frailty and
(2012) Sectional (369) (549) (8.2) (2.77) (3.72) (5.54) status cognitive functioning

i Texas, n=777 Physical Frailty We examined the prevalence of frailty and
;;I .((z)ét(;a;)oacfter et United Status M/F  74.0316.4  Longitudinal 191 425 161 (231 é7§31) (21 ?(7)) (1596134) and cognitive explored the correlates associated with disability

’ (24.5) (54.6) (20.9) ’ ’ ’ performance. and morbidity
=384 i i
12, Yassudaetal  SogPave o o Cross- — n ————— 2466 2368 20.50 P:nyj'ggérfirt?v'gy To explore the relationship between cognitive
(2012) Sectional (36.9) (54.9) (8.2) (3.78) (3.76) (5.55) function. function and frailty.
Coimb n=T119 Physical Frailt
13. Furtado et al. P%':L r:|’ F 81.9647.9 Cross- 19 n= n= 23.75 21.58 18.11 ar);zlci s[?ély To explore the relationship between physical
(2017) 9 T Sectional 15.9 46 54 (3.98) (4.84) (5.17) fitpne);s frailty and physical fitness
(15.9) (38.7) (454)
Sslggtiizr;’ Phvsical Frailt To examine the independent and combined

14. Tay et al. Asia MFE  76.6+6.7 Cohort =99 16.72 . 19.03 ar?/d co nitivey effects of inflammation and endocrine
(2016) ’ e (3.76) (5.11) 9 dysregulation on baseline frailty status and

status

frailty progression at one year




3.9.3 Magnitude of effect size

Regarding the central hypothesis of this SM, we attempted to assess whether the frailty
subgroups, non-frail versus pre-frail (NFvsPF) and non-frail versus frail (NFvsF) differed in
mean and standard deviation scores for cognitive performance. The results showed that the
global effects of MMSE mean and standard deviation differences were statistically significant
for both NFvsPF (M+SD = 0.60, 95%CI: 0.50-0.62, p<0.001) and NFvsF (M+SD = 3.43, 95%CI:
2.26-4.60, p<0.001) comparisons (see Figure 3.2). The results of Z-values test scores showed
that we may reject the null hypothesis as the frail subgroups-effect was not associated with

cognitive performance) in both comparisons (NFvsPF, Z = 18.31 and NFvsF, Z = 5.73).
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Figure 3.2 Descriptive statistic of each study and global results of meta-analysis. (a) Non-frail versus frail, (b)
Non-frail versus pre-frail.
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3.9.4 Homogeneity effects

To determine whether the observed variation fell within the interval assigned to the
error of the studies sample and to test the null hypothesis according to which all the studies
involved in this SM share a magnitude of common effects, the Cochran’s Q test (Q) was used.
If all studies share the same magnitude of effects, the expected value of Q would be equal to
the degrees of freedom, i.e., the number of studies minus 1. The value obtained from Q test
for both comparisons were 857.820, with 14 degree of freedom (NFvsF) and 417.520, with 13
degree of freedom (NFvsPF). In both comparisons the values were statistical significant (p
<0.001) accepting the alternative hypothesis, i.e., the true magnitude of the effect varies from

study to study.

The statistics of 1? corresponded to the ratio of the real heterogeneity of the total
variation of the observed effects, that is, it tells us what proportion (percentage) of the observed
variance reflects the differences in the true magnitude of the effect rather than in the error of
the sample(Dinnes et al. 2005). The obtained value of > = 98.368 (NFvsF) and 96.886
(NFvsPF) which means that about 98.40% of the variance reflects the true effects. The Tau
squared (T?) values correspond to the variance of the true effect sizes among studies which
were in the current SRM, 4.92 (NFvsF) and 0.54 (NFvsPF).

3.9.5 Publication Bias

To assess hypothetical publication bias, we initially performed the visual inspection of
the funnel plot, suggesting low evidence for publication bias. However, we used Egger
intercept test and standard deviation (SD), Confidence interval (Cl):95% and degree of
freedom (df) to test the null hypothesis according to which the intercept is equal to zero (see
Figure 3.3). The result for NFvsF intercept comparison was 5.05 (SE = 2.96, CI:95% = -1.27-
11.38,t =1.72, df = 13 and p = 0.10) and for NFvsPF comparison the intercept comparison
was 3.34 (SE = 2.05, Cl:95% = -1.12-7.81, t = 1.63, df = 12 and p = 0.12). In the both

comparisons the p value was not significant, indicating no strong evidence for publication bias.
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Figure 3.3 Visual Funnel plot inspection associated to Egger’s test. (a) Non-frail versus frail, (b) Non-frail versus
pre-frail.

3.10 Discussion
3.10.1 Frailty, age and gender

Regarding PF and sex differences, the older literature points to a similar association
between physical frailty and cognitive decline in both male and female older adults (Han et al.
2014). It is perhaps for this reason that many authors did not present the statistical analyses
stratified for sex. However, findings in recent studies that used other PF screen tools are
unanimous in revealing a higher incidence of PF in older women when compared to older men
(Chang & Lin 2015; Theou et al. 2015; Theou et al. 2011). Older men (with or without cognitive
decline) have physical frailty associated with a higher incidence of mortality when compared
to older women and such results were corroborated in 3 studies selected for this SM (Avila-
Funes et al. 2009; Abizanda et al. 2015; Jacobs et al. 2011). In the present study, similar to
occurred in a previous study (Furtado, Guilherme Eustaquio, Teixeira, Ana Maria, Ferreira
2017), it was not possible to explore sex-differences, since only the study carried out in South

Korea presented statistical analysis by gender (Han et al. 2014).

138 Chapter 3



In fact, sex is one of the variables which influence may help us to explain the high
heterogeneity found in this meta-analyses (Sterne et al. 2001; Egger et al. 1997). Frailty linked
to cognitive decline is identified in the literature as having a strong relationship with advanced
age, although this phenotypes may be able to manifest itself early as well. In the present SM
the results showed that only studies carried out in Portugal (Furtado, Patricio, et al. 2017)
(81.96+7.91) and Singapore (Tay et al. 2016) (76.6+7.03) with a higher mean age showed
more cognitive decline and similar distribution in the PF subgroups. Contrariwise, the studies
conducted in South Korea (Han et al. 2014) and United Arab Emirates (Al-Kuwaiti et al. 2015)
presented the same frailty and cognitive characteristics but had lower mean ages for cognitive
scores. Factors such as education, public policies to adopt an active and healthy lifestyle
during the course of life and different eating habits from country to country may interfere and

could be identified in a more in depth meta-analysis.

3.10.2 Frailty, cognition performance and assessments

PF assessment is used to identify older populations at risk for adverse aging-related
health indicators (Mohler et al. 2014). Recent reviews recognized more than 25 types of frailty
screening tools among which the Fried’s and colleagues set is the most widely used (de Vries
etal. 2011; Sieliwonczyk et al. 2014; Schwenk et al. 2014). The PF comprises five components
and this screen tool has been confirmed associated with subsequent health outcomes in a
succession of studies drawn from a range of diverse older populations (Brigola et al. 2015;
Bouillon et al. 2013). However, Fried’s model, which comprises physical frailty, had a strong
interrelationship with cognitive state as assessed by MMSE (Yassuda et al. 2012; Alencar et
al. 2013; Han et al. 2014; Robertson et al. 2014). As the MMSE assesses several cognitive
domains, it might be useful to determine which individual experienced cognitive deficits are
most significantly associated with frailty scores (Mungas 1991). However, MMSE total score
(rather than isolated cognitive ability screen tools) showed to be a better predictor of physical
frailty scores (Abizanda et al. 2013; Avila-Funes et al. 2009). As the Fried construct seems to
be the most used protocol for assessing the frailty phenotype, MMSE is the most widely used
tool for assessing cognitive status, thus increasing the level of comparability with other studies
(Vella Azzopardi et al. 2018).
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3.10.3 Frailty subgroups and cognitive decline

The pattern of decreased cognitive performance in the comparisons of non-frail versus
pre-frail and frail subgroups was found in all studies included in this meta-analysis, except in
those carried out in Singapore (Tay et al. 2016), that showed higher MMSE values, i.e. better
cognitive results in the frail subgroup. In the other comparisons, the mean differences in MMSE
scores were always statistical significant. The results were recently confirmed when also
comparing pre-frail and non-frail subgroups (Furtado, Guilherme Eustaquio, Teixeira, Ana
Maria, Ferreira 2017). Various studies have confirmed the existence of cognitive decline in
pre-frail and frail subgroups. However, according to our latest review of literature, this is the

first study to statistically show the magnitude of the mean differences.

The strong evidence of communal physio-pathological chains is based on the
occurrence of both physical frailty and decreased cognitive function involved in the same
biopsychological systems (Gale et al. 2013). Recent findings suggest a severe loss of muscle
(sarcopenia) and bone (osteopenia) mass as a common nutritional impairment in this
population, causing cellular and molecular damage, reducing homeostatic reserves caused by
mechanisms that are regulated by complex neuronal maintenance and repair networks (Chang
et al. 2016). Cognitive Frailty, as it is known today, has become of major concern for public
health, as a result of the increased incidence of many types of dementia (Panza et al. 2015),
since it is characterized as a phenotype that represents large expenditures to health care

systems (Macklai et al. 2013).

3.10.4 Study limitations

To the best of our comprehension this is the first analyses to systematically examine
the interaction between physical frailty and cognition performance in the elderly population.
Despite the high methodological quality of the studies included, this work has some limitations.
It was not possible to perform a gender analysis, since only one of all the studies included
presented the results according to the sex of the participants. The different criteria for the
evaluation of frailty phenotype adopted by some researchers did not allow us to include more
studies. Our results signify the importance of implementation of public policies to develop and
improve non-pharmacological treatments (i.e. physical activity plus nutritional support) when
evaluating physical impairments and their associations with cognitive decline to be used as a

basis for health professionals decision-making.
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3.11  Conclusion

Worse of physical frailty condition improves the predictive validity of the accepted
currently definition of cognitive impairment, characterize as a low score of mini-mental
cognitive test. The accuracy in the evaluation of cognitive functioning may help to well-define
and characterize frailty associated to cognitive decline in older persons. This would be useful
in expecting aging policies needs and to provide appropriate services to encourage an active

life style, aiming to large prevent the premature health decline effects in the old populations.
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4.1 Abstract

Background: Regular exercise has been shown to have positive effects on several factors
related to FS (e.g. improve immunity, cognitive abilities, improve psychosocial domains),
because of its potential effect of biopsychological outcomes modulation Goals: To combine
considerable information concerning the benefit of exercise through a systematic review of
existing systematic reviews on the frailty status exercise scientific literature. Methods: the RS
followed a pre-determined and published protocol available in PROSPERO 2018. The search
was conducted in English language, in the following Ebsco, Ebsco Health, Scielo, ERIC,
LILACS, Medline (PubMed), Web of science and SportDiscus data bases. The entry was made
between the months of December 2017 and February 2018, using the advanced meta-search
option, aiming to detecting existing SR and metanalysis of exercise-based intervention
published between 2000-2017. The terms of ‘physical exercise’, elderly-frail and systematic
review (and analogues) were used. The strength of evidence of each article was assessed and
the respective score atrabuted, trough the AMSTAR-2 (A MeaSurement Tool to Assess
Systematic Reviews) A narrative and descriptive findings are reported. Results: In total, 19
studies were including after quality synthesis analisys. The quality of evidence was completed
according AMSTAR-2 checklist revealed a mean (standard deviation) score of 11,2 (£2,3) with
a range of 8-16 points, suggests moderate quality of the systematic reviews. In general,
findings demonstrate an overall positive benefit of long term multicomponent exercise-based
intervention in the attenuation and reversing frailty status and have a substantial impact in their
correlates outcomes, especially in the physical-functioning status. Conclusions: A trend
towards better results in old participants classified as pre or moderate frail, and who underwent
programs lasting more than 22 weeks, with an average weekly frequency of 2-3 times a week
and with session time exceeding 45 minutes was found. For other forms of exercise, the
evidence is inconclusive due to the low number of studies. Despite some limitations, more
high-quality studies that use metanalysis statistical treatment are needed to clary the real effect

on the specific group of variables.

Key-words: Exercise, Frail older adults, systematic reviews
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4.2 Introduction

According studies in recent years, in the last year’s exercise-based interventions have
been considered a preferable alternative for treating condition of frailty (1). Frailty syndrome is
a complex ageing expression determined by ontogenetic and phylogenetic factors (2). Chronic
stress has been shown to have immuno-suppressive effects that accelerate
immunosenescence and cause cumulative disorders in many physiological systems, resulting
in the frailty state (3). Environmental factors such as malnutrition and negative psychological
adjustment events across life also contribute to manifesting frailty earlier (4). Several forms of
manifestation and classifications frailty exist (5). Fried et al. (2001) have developed a construct
whose bases are sarcopenia, negative energy balance and inactivity, called physical frailty
(PF) status (6). Recently some studies have identified that cognitive of frailty, for example, may
be separated into subtypes distinct physical frailty (PF) (7). This implies that cognitive frailty
syndrome, a novel age-related concept (8), is a form of pathological brain-aging and a
precursor to neurodegenerative processes, that is characterized by concurrent PF and

potentially reversible cognitive impairment (1).

Despite the different subtypes of frailty, there is a consensus that sedentary life style
proves to be a powerful condition linked to PF (9). Regular exercise has been shown to have
positive effects to several factors related to PF (e.g. improved immunity, cognitive abilities and
psychosocial indicators), because its potential effect in the modulation of biopsychosocial
indicators (10). For this reason, a large number of the intervention studies with exercise in old
individuals, opted to investigate variables of physical, biological and behavior factors (11). This
factors share commonalities that can be explained by studying the simultaneous exercise

modulation effect on some of these variables (12).

Evidence shows that immunological and hormonal parameters are able to mediate the
effects of exercise on mucosal immunity, psychological stress, cognitive improvement and risk
of dementia in elderly who are regularly active (13). In fact, regular exercise may provide an
effective strategy in the treatment and prevention of associated disorders owing to its anti-
inflammatory benefits (14). Regular exercise has also been shown to diminish the level of
stress and anxiety and the risk of psychological diseases and emotional decline in the elderly
(15). Currently, there is conflicting evidence concerning the efficacy and practicality of different
types of exercises interventions to decrease PF. For this reason, some review articles written
in the last decade, aimed at presented a robust evidence that supporting the use of exercise

as a coadjutant treatment to reverse the frailty status (16—18).
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In this sense, the current research was designed to summarize the recent robust
evidence and analyzing the impact of regular exercise in the decrease of the several factors
associated with frailty. We started from the premise that there were already some revisions
made of great quality, this systematic review (SR) of previous systematic reviews articles
(SRofR) updates the previuos one and offers a more open view of the best ‘state of the art’ on

this topic.

4.3 Methods

The method used to perform this systematic review study protocol was based on the
Cochrane approach, organized by Smith and colleagues (19). This approach is suggested to
appraises and summarizes research findings from separate papers of SR papers to discuss
the different results to help provide clinical decision makers with relevant scientific evidence.
Sources and searching, review selection, quality assessment, presentation of results and

implications of practice research are the recommended foci for conducting this type of study.

4.3.1 Data sources

This work followed a pre-determined and published protocol available in PROSPERO
2018, number registration CRD42018088782 (20). The search was conducted in English
language in the following data bases: Ebsco, Ebsco Health, Scielo, ERIC, LILACS, Medline
(PubMed), Web of science and SportDiscus, though the University of Coimbra on line remote
control access (21). The entry was made between the months of December 2017 and February
2018, using the advanced meta-search option, aiming at detecting existing SR and

metanalysis of exercise-based interventions published between 2000-2017.

4.3.2 Inclusion and exclusion criteria

Generally, the following two inclusion criteria were taken into account for further
evaluation and selection of a paper: a) a paper a defined as a SR and/or SR following
metanalysis; b) the use of any systematic regular physical exercise or analogous coadjutant
treatment interventions (i.e. tai-chi), aimed at treating frailty or modulating overall frailty
correlated outcomes; RS papers that included randomized controlled trials (RCT) or non RCT-
type studies; Exclusion criteria included: a) withdrawal of comprehensive, scoping and
literature review type paper where the authors do not presented a discussion in the narrative
way b) withdrawal of papers where the coadjutant treatment does not fit into the concept of

physical exercise or where no therapeutic exercise was adopted.
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4.3.3 Main search criteria

The search was developed taking into account the PICOS approach (22). Participants
included frail male and female adults aged 65 years and older, classified according to the
standardized methods for evaluating frailty with criteria accepted by the scientific specialists
(23). Intervention include any types of systematic physical exercise, comprising aerobic,
resistance and strength-muscle, yoga, Pilates, flexibility/balance and other similar types,
therapeutic exercise, chair-based, combined, and multicomponent exercises programs.
Comparison largely addressed supervised or unsupervised exercise interventions,
experiments with or without control group, comparison of different exercise programs with
randomized and non-randomized trials design. The duration, frequency and adherence to the
exercise could be varied. Outcomes included physical, functional and mental health changes,
such as musculoskeletal, body composition and cardiometabolic functions. They also included
improvement in physical fithess and frailty outcomes measures; improvments in psychosocial,
psychological wellbeing and quality of life domains. The exercise-based interventions also
tested the impact of neurocognitive functions and specific cognitive abilities. Blood count and
saliva samples were analyzed for alterations in stress and sex steroids hormones, cytokines,

neuroendocrine, immune, pro- and anti-inflammatory biochemical makers.

4.3.4 Search strategy

The strategy was developed by a first author in discussion with the reviewer specialist
and author’s research team. Firstly, a meeting was held with three exercise experts aiming to
define the key search terms. Secondly, the data extraction was carried out by two independent
exercise specialists, who communicated only in the initial phase of refinement of the search
methods. It was recommended to the first author to exclude the articles by reading the title,
abstract and finally, reading the manuscript in its integral form, in this order. At the end of the
searches, a concordance analysis of the two searches was performed by the first author and
reported as a percentage. The Medical Subject Headings (MeSH) indexed descriptors were
used to refine the data search and Table 4.1 summarizes the key-terms were used (24).
Additionally, analogues terms of eligible primary terms were identified and used according to

decision of the members of research specialist in physical exercise.
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Table 4.1 Summary of adopted descriptors for meta-data search.

Physical exercise

...OR exercise or exercise training OR exercise therapy OR aerobic exercise or aerobic training OR
circuit-based exercises OR circuit training OR muscle strength exercises OR muscle strength training or
resistance training OR Weight-Lifting exercise program OR muscle stretching exercises OR balance
exercises OR flexibility exercises OR multimodal exercise OR multicomponent exercise or combined
exercise OR physical activity OR physical fithess programs.

AND

Frail Elderly

...OR frail elders OR frail older adults OR frail older populations OR frailty syndrome OR frailty phenotype
OR physical frailty OR frailty outcomes OR frailty status OR frailty state.

AND

Systematic review

...OR review OR metanalysis.

4.3.5 Quality of evidence Assessment (QEA)

The strength of evidence of each article was assessed trough the AMSTAR-2 (A
MeaSurement Tool to Assess Systematic Reviews). AMSTAR-2 is a validated instrument that
assesses the attributes of the best available evidence in systematic reviews (19). Based on
online calculator, queries the papers estimating 16 items and attributing a final result
classification based on quantitative (0 to 16 points) and qualitative (low, moderate and high
quality) approaches. According to relevance that require insight on the quality of the SR
methodology, AMSTAR-2 helps to minimized errors and bias checklist (25). Each paper
included in the eligibility phase was assessed using this tool (for more details see:

https://amstar.ca/Amstar Checklist.php).

44 Results
4.4.1 Data search

The initial search recognized 753 potentially eligible papers in the identification stage,
however, 726 were excluded after reading titles and abstracts, and identifying replications. A
total of 27 full-text articles were examined in the screening stage. After reading the article
completely, 21 papers advanced for the eligibility stage (see Figure 4.1). In total, 19 studies
were including after quality synthesis stage. The QEA realized according AMSTAR-2 checklist
revealed a mean (z standard deviation) score of 11.2 + 2.3 with a range of 8-16 points (see
Table 4.2). A total of 3 studies was obtained high scores (strong evidence), varying between
14 to 16 points (26—28) and one study presented a poor score, classified as a critical evidence

(29). Descriptive findings are provided because pooled effects were not calculated.
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Figure 4.1 Flow diagram of studies selection according PRISMA guidelines (30).

4.4.2 General characteristics of SR studies

As can be seen in Table 4.3, in general, all the authors included only RCT-type studies
in their respective SR articles. Overall, out of 18 studies, 4 articles performed metanalysis
(16,26-28), 13 studies did not advance to any statistical treatment, chosing the narrative way
using qualitative and categorical results presentation (29,31-42), and one article chose to use
an alternative statistical comparison treatment for calculating the degree of exercise effect
eviendence (pre- and post-exercise) measuring Cohens’ d effect size (43). The number of
articles included in all papers ranged from 4 to 47 papers. However, these numbers are relative
and not absolute, because when analysing all the articles included in the presented SRofR,
we found that there were several studies that were in more than one revision. The number of
data bases assessed, the form of data access and the date range for the articles search is
quite varied, but it does not appear to be directly proportional to the number of articles included

in each review.
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A total of six studies presented an open date search not delimiting an initial date of
interval, only defining the final year (26,28,33,36,39,42). The remaining authors closed the
date of the search in a range that includes approximately 10-15 years. Observing all included
SR, the number of participants varied between 9 to 1338. But these numbers are relative, for
the same reasons we mentioned above. The study variable included in each SR study was
depend on the interest of the respective authors and the main goals of studies. Analysing each
SR, it was very clear that the option of performing a SR following meta-analysis (SRM) or just
a SR also interferes with the selection of variables. The option of running a SRM, for example,
requires the select of a limited number of variables since the authors interest is to present a
solid evidence (16,26—28), while the objectives of SR, in generally, is to presented the topic of
interest with several correlated sub-themes (29,31,32,34,37,40,41); or offered a large
comprehensive review on the main theme (27,33,38,42). Despite the particular objectives of
different authors, the variables included in each SR study can be classified into the following
categories, current is called by gerontology and gerontology specialists as frailty correlated
dimensions (44—46):

i) Psychosocial determinants: cognitive status, mood states, depression, quality of life,

social engagement and caregiver burden;

ii) health determinants: vitality, perceived health status, self-reported pain, tendinitis,

admission to hospital or long care;

iii) physical-functional fithess and physical frailty status: gait speed, upper and lower
muscle strength, endurance capacity, upper and lower flexibility; aerobic resistance; levels of

physical activity.

iv) motor skills: static and dynamic balance, coordinator, reaction time, mobility and

neurological tests;

v) Physical functioning (related to disability): independent and instrumental activities of

daily life, falls incidence, risk of falls and fear of falling;

vi) Body composition and anthropometry: nutritional status (ratio of calories intake),

changes in body weight and composition; circumferences and BMI,

vii) biochemical makers: inflammatory cytokines, blood counts, bone and muscle

damage biomarkers and insulin resistance indicators;
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Figure 4.2 Categorization of the variables emerged from the 18 systematic reviews studies.

4.4.3 Scope of studies and participants

Overall, all SR studies used physical-functional fitness, physical frailty and/or motor
skills as the first outcome, that included the physical frailty outcomes, which was in agreement
with the central objectives of each SR. Almost all reviews included in their studies measures
of indirect functional physical function using questionnaires and psychometric scales. Only 3
authors were included in their reviews studies with biochemical makers as a central indicator,
especially variables of pro and anti-inflammatory system and insulin resistance (29,33,42). The
study participants' ages included in each review range from 60 to 90 years of age. However,
a specific group of studies have samples older than 70 years (28,31-35,40,47). In all studies,
male and female old frail and pre-frail participants were included, only one study included pre-
frail participants (27). Even though in all SR the authors labelled their participants as frail
status, the frailty assessment used in the studies cited in each review were substantially varied.
However, all the authors assumed that they included studies whose measures can be
classified as valid (as in the case of the protocol of Fried, Tinetti or the Edmonton Frailty Scale)
or non-standard measures, such as the ability to climb stairs, activities of daily life and falls

risk scales, physical fithess tests and others (Table 4.3)
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Table 4.2 Summary table of general scope of systematic reviews studies.

s Review Methods of s s Studies T‘?t‘.’l of .
Author’s study Characteristics studies included earch Strategy included pa(r:;c;zz;lts Main results
A systematic review (without metanalysis) PubMed, EMBASE, EMtree (via EMBASE.COM) (in This systematic review suggests that older
. R - ) . and CENTRAL (in the Cochrane Library) data bases adults with different levels of abilities can
1. Chin et al. (2008)  exercise interventions to generated impact RCTs studies hed between 1995 and 2007 in English 20 20 to 551 improve their functional performance b
on physical functioning outcomes :/vere searched be 9 P . L P Y
anguage regular exercise training.
An comprehensive systematic review of Medline, Embase, Psycinfo (Scholars Portal), Cinahl Multicomponent training program
2 Theou et al exercise interventions for frail older people, RCTs studies (OVID & EBSCO; 1982-), Scopus, Ageline, Eric interventions, of long duration (=5months),
(2'011) " that examines how frailty is assessed and (ProQuest), and SportDiscus (EBSCO) data bases, 47 13 to 188 performed 3x per week, for 30-45 minutes
does not focus only on one specific were searched up to February 1, 2009 in English per session, generally had superior outcomes
outcome measure language than other exercise programs
3.Weening- A systematic review (without metanalysis) Medline, PubMed, Cochrane, and CINAHL data bases, The conclusion is that there is firm evidence
Dijksterhuis et al., aimed to test the power effect size of RCTs studies using MESH terms data bases in English language, 27 20 to 981 for training effects on physical fitness,
(2011) interventions studies with several types of published between and published between 1955- functional performance, activity of daily living
planned exercise 2008. performance, and quality-of-life.
The systematic review (without The multi-component exercise composed by
4. Cadore et al metanalysis) was focus on supervised RCTs studies Scielo, Science Citation Index, Medline, Scopus, Sport strength, endurance and balance training
(2'013) v exercise programs that improved muscle Discus, and Science Direct data bases data bases in 20 9 to 684 seems to be the best strategy to improve rate
strength, balance, and gait ability and English language and published between 1990-2012. of falls, gait ability, balance, and strength
decreased the risk of falls. performance in physically frail older adults
Home-based exercise interventions may
5. Clegg et al The systematic review  following RCTs and cluster AMED, CINAHL, Cochrane Library, EMBASE, Ir?:c:g\rlz;e ?)lzztir?gltt);evlgre?rlgﬁtgl s?;[zzleHovr::gj
: ' metanalysis on specific primary and RCTs studies PSYCHINFO and PedRO data bases in English 6 94 to 243 P ) o
(2012) : : based exercises are a potentially simple, safe
secondary outcomes previously selected. language, published between 1950-2010. . . : :
and widely applicable intervention to prevent
dependency decline for frail older people.
Exercise training interventions succeeded in
improving PPTs, although it regress to the
The systematic review (without pre-intervention  state once exercise
metanalysis) was focus on Randomized PubMed. using Mesh and Tiab terms data base. was discontinued. Home-based exercises were
6. Bibas et al. (2014) clinical trials that tested one or more RCTs studies , USING IV ’ 38 17 to 1665 safe/effective and appeared to help
therapeutic interventions in a population of searched in English language, up to 2014. counteract the regression. Moderate-intensity
frail older adults programs achieved superior results for
muscle mass and function. Individuals with
moderate frailty derived greater benefits.
Exercise and some physical activity
programmers, particularly moderate intensity
The systematic review (without and multi-component, are safe and can
metanalysis) was focused on Randomized Medline, Embase, AMED, PEDro, The Cochrane improve strength and function in the majority
7. Nash (2012) controlled  trials  reporting  physical RCTs studies Library, British Nursing Index and PsychINFO between 13 30 to 682 of frail, except highly frail with multiple

outcomes in frail older people

1995 and 2010.

comorbidities. Limited evidence on
transferability of improvements into everyday
life, and sustainability could not be
determined.



8. Gine-Garrida et al
(2014)

Systematic review following metanalysis to
determine the efficacy of exercise-based
interventions on improving performance-
based measures of physical function and
markers of physical frailty in frail older
people.

RCTs studies

MEDLINE, The Cochrane Library, PEDro, and
CINAHL, up to April 2013.

19

2110 138

Exercise has some benefits in frail older
people, although uncertainty still exists with
regard to which exercise characteristics
(type, frequency, duration) are most effective.

9. Daniels et al
(2008)

Systematic review to assess the content,
the methodological quality and the
effectiveness of intervention studies for the
prevention of disability in physically frail
elderly.

RCTs studies

PubMed, the Cochrane (CENTRAL), CINAHL, and
hand-searching, in English, Dutch and German up to
2007.

10

46 to 188

There is an indication that relatively long-
lasting and high-intensive multicomponente
exercise programs have a positive effect on
ADL and IADL disability for moderate
physically frail elders.

10. Chou et al (2012)

Systematic review following metanalysis to
determine the effect of exercise on the
physical function, activities of daily living
(ADLs), and quality of

life (QOL) of the frail older adults.

RCTs studies

PubMed, MEDLINE, EMBASE, the Chinese Electronic
Periodical Service, CINAHL, and the Cochrane Library,
between 2001 and 2010.

30 to 311

Exercise is beneficial to increase gait speed,
improve balance, and improve performance
in ADLs in the frail older adults.

11. Liberman et al
(2017)

Systematic review to report the most
recent literature regarding the effects of
physical exercise on muscle strength, body
composition, physical functioning and
inflammation in older adults

RCTs and CCTs
studies

PubMed and Web of Science in 2015 or 2016 in
English.

34

19 to 127

Exercise has moderate-to-large effects on
muscle strength, body composition, physical
functioning and inflammation in older adults.
Future studies should focus on the influence
of specific exercise modalities and target the
frail population more.

12. Dedeyne et al
(2017)

A systematic review aimed to determine
the effect of multi-domain compared to
mono-domain interventions on frailty status
and score, cognition, muscle mass,
strength and power, functional and social
outcomes in (pre)frail elderly (65 years).

RCTs studies

PubMed, EMBASE, CINAHL, PEDro, CENTRAL,
Cochrane Central, and by citation search, author
search, and reference lists up to 2016, in English,
Dutch, French, or German

12

31 to 246

Overall, multi-domain interventions tended to
be more effective than mono-domain
interventions on frailty status or score, muscle
mass and strength, and physical functioning.
Results were inconclusive for cognitive,
functional, and social outcomes. Physical
exercise seems to play an essential role in the
multi-domain intervention, whereby additional
interventions can lead to further improvement

13. Arantes et al
(2009)

A systematic review of the literature on
physical therapy interventions and their
effect on frail community-dwelling elders

CTs, CCTs,
RCTs studies

Medline, Embase, PEDro, SciELO, LILACS and
Cochrane Library until June 2008

15

11 to 243

There is little evidence of the effect of physical
therapy intervention on frail community-
dwelling elders; thus, it is not possible to
reach a consensus or conclusion on the
effectiveness of the therapeutic regimens
proposed for this complex syndrome.

14. Frost et al (2017)

A systematic review following metanalysis
aimed to synthesize randomized controlled
trials evaluating home and community-
based health promotion interventions for
older people with mild/pre-frailty

RCTs and
crossover studies

MEDLINE, MEDLINE, EMBASE, Scopus, Social
Science Citation Index, Science Citation Index
Expanded, Cochrane, Cochrane Central, Cochrane
Effective Practice and Organization, NHS Health
Economic Evaluation Database, Cochrane
Methodology Register, Cochrane Groups, Database of
Abstracts of Reviews of Effects, PsycINFO;
Cumulative Index to Nursing and Allied Health
Literature, Evidence for Policy and Practice
Information Centre Register of Health Promotion and
Public Health Research (Bibliomap), Sociological

18 to 103

Interventions of exercise in groups showed
mixed effects on functioning (no effects on
self-reported functioning); positive effects on
performance-based functioning.



Abstracts, Social Care Online, and Applied Social
Sciences Index and Abstracts, between 1990 and
2016, in English.

15. Lopez et al
(2017)

A systematic review of the effect of
resistance training (RT) alone or combined
with multimodal exercise intervention on
muscle hypertrophy, maximal strength,
power output, functional performance, and
falls incidence in physically frail elderly

RCTs studies

MEDLINE, Cochrane CENTRAL, PEDro, and
SportDiscus from 2005 to January 2017.

Frequency of 1-6 sessions per week, training
volume of 1-3 sets of 6-15 repetitions and
intensity of 30-70%1-RM  promoted
significant enhancements on  muscle
strength, muscle power, and functional
outcomes. Therefore, we suggest that
supervised and controlled RT represents an
effective intervention in frailty treatment.

16. Schechtman and
Ory (2001)

This article uses covariate-adjusted
preplanned meta-analyses of the effect of
exercise on quality of life (QOL) outcomes.

RCTs studies

All medical data base provided by Cooperative Studies
of Intervention Techniques - Washington University in
St. Louis

Results indicate that exercise produced a
small but significant improvement in the
emotional health component of QOL, trended
toward an improved social component, and
did not effect perceptions of general health;
exercise-related joint and muscle stresses did
not increase bodily pain; and QOL
improvements were independent of changes
in physical functioning.

17. De Labra et al
(2015)

A systematic review to examine the
exercise interventions to manage frailty in
older people

RCTs studies

PubMed, Web of Science, and Cochrane Central
Register of Controlled Trials from 2003 to 2015, in
English.

Results suggested that frail older adults
seemed to benefit from exercise
interventions,

although the optimal program remains
unclear. More studies of this topic and with
frail populations are needed to select

the most favorable exercise program

18. Apostolo et al
(2017)

A systematic review to summarize the best
available  evidence regarding the
effectiveness  of  interventions  for
preventing frailty progression in older
adults

RCTs studies

CINAHL, MEDLINE, Scopus, Embase, Cochrane
Central Register of Controlled Trials and SciELO.
ProQuest Theses and Dissertations, Open-Grey,
Banco de teses da CAPES (www.capes.gov.br) and
Dissertation Abstracts Online (e-Thos), in English,
Portuguese, Spanish, Italian and Dutch, from January
2001 to November 2015.

Mixed results regarding the effectiveness,
however, there is clear evidence on the
usefulness of such interventions in carefully
chosen evidence-based circumstances, both
for

frailty itself and for secondary outcomes,
supporting clinical investment of resources in
frailty intervention.

Notes: * The data was extracted from data base of 4 sites (cities), that managing a public health based community exercise intervention.



4.4.4 Exercise interventions characteristics and outcomes

In general, findings demonstrate an overall positive benefit of exercise-based
interventions in the attenuation and (or) reverse of frailty, and have a substantial impact in their
correlates outcomes. Considering all the interventions found in the different systematic review
studies, we can attribute two classifications that are based on the following approaches
according to: i) the place where the exercise interventions were carried out (community
centres, gym centres, naturalistic style, home based and aquatic exercises programs); ii) use
(or not) of some integrated technologies or advices for mediating exercise programs (e.g. Wii-
fit, assistance device and tele-monitoring and vibration platform); iii) exercise-type associated
to physical fithess component, single-component (e.g. flexibility, balance, coordination, muscle
strength, aerobic walking or cycling) or multicomponent (e.g. aerobic plus strength, balance,
aerobic and strength, repetitive performance of ADL tasks, reaction time plus resistance,
functional training and environment adaption exercises. There is a type of exercises, which in
a more contemporary way, can be called body and mind activities (e.g. Pilates, Tai-chi and
Yoga). A large part of these interventions take the form of exercise group class, except the

category that used integrated technologies.

There was significant variability regarding duration, frequency, type and intensity of
commonly prescribed exercise programs. A general trend toward improved outcomes was
noted when exercise was conducted in a moderate-supervised multicomponent (composed by
strength, endurance and balance) exercise-type intervention (32-35,37,40). The SR
comprised in this review also show a trend towards better results in old participants classified
as pre or moderate frail, and who underwent programs lasting more than 22 weeks, with
average weekly frequency of 2-3 times a week and with session time exceeding 45 minutes
(31,33-35,37,38,40).

Some SR reported that many of the studies examined failed to meet the designation of
physical exercise, whereas others reported well-defined, if disparate, exercise parameters.
One study, for example, was not very clear when including studies that used exercise and
physical therapy treatment, abruptly increasing the risk of bias in interpreting findings, which
is already great, since the variability of interventions is considerable (39). Systematic reviews
that included studies using some form of integrated technology considered the modulating

effect of physical exercise when using this resource (27,39,42).



Table 4.3 Characteristics of systematic reviews studies according the PICOS statement and quality of evidence score.

Characteristics of . Ewdepce
Author Main goals articipants Type of intervention Frail Comparison Variables quality
(year) 9 P P yp criteria P (total
score)
Supervised group class . .
Male and female with a . exercise and group class The gait pen_‘ormgnce was ”?ed tl_me-_up
. Multi-component , ) and go, chair rising and stairs climbing
To analyse the variable degree of . The author’s study use the plus home-based exercise, :
) ) ) exercises programs ; . ) tests; the  balance performance was
systematic physical frailty status : main outcomes of physical- frequency of 2-3 times per )
1. Paw et al. . . o (mixed strength, balance . ) z measured by the tandem and semi- Moderate
exercise modulation- participants, age range . . = functional fitness status to week (one study = 4-5 .
(2008) ) and endurance); Tai-chi e . h ) tandem tests, Berg balance scale, one (12 points)
effect on physical from 77 — 88 years old . L stratified older frail-  times), 45 to 60 minutes of
Lo : and resistance training ) . . . leg stand test, 10-seconds parallel and
performance living in community and population time session and time of T
o program . . POMA tests; timed Up and Go test for
health care facilities intervention ranged from 10 ! .
gait performance;
weeks to 28 months.
Psychosocial determinants (quality of
To examine the Pre-frail and frail men Supervised group class life, cognitive functions, quality of life,
2 Theou et effectiveness of current and woman, age of 71 Multi-component Only 3 studies utilized one of exercise, frequency of 2-3  ADL disability and falls). Physical health
) ; . h — 90 years old living in comp . the validated operational times per week, 30 to 90 (physical activity, cardiorespiratory, Moderate
al. exercise interventions ] . exercises and resistance - : ; . ; : ) . o
(2011) for the management of community, hospital training proaram definitions of frailty (Fried, minutes of time sessionand muscle function, motor skills, flexibility
frailty status 9 and health care 9 prog and Tinetti protocol) 1 to 18 months of time and balance); Adverse health outcomes (13 points)
y ’ facilities. duration (body composition, biochemical,
neurological and nutritional status)
) To performe_d a sta_te_ of _Instltut|ona||zed (living Balance, aerobic, flexibility , Supemsed group  class ADL Performance, quality-of-life,
3. Weening- art on exercise-training in a long-term care . The author's study use the exercise, frequency of 2-3 . : . -
. . . . : and strength exercises : ) ; operationalized as Depression, Vitality, Moderate
Dijksterhuis outcomes influencing facilites and nursing . main outcomes of physical times per week, 45 to 60 . .
. ) e programs, combined and, _ . . . and Perceived Health and physical
etal, (2011) functional fitness, homes) pre-frail and functi S functioning (ADL scale and minutes of time sessionand . .
g P . unctional training ; - o : fitness (endurance, balance, strength, (11 points)
activity of daily living, frail older people (age, . physical fitness) to stratified 1 to 18 months of time e A
- 4 exercises. . . . flexibility and coordination).
and quality- of-life + 70 years old. older frail-population duration
Pre-frail frail and 11 studies classified their Supervised rogressive Berg balance scale, one leg stand test,
. ’ . participants  using  valid P prog . and clinical test of sensory interaction
To recommend training  moderate-frail men and . group class exercise .
- ) Strength, endurance and protocol and 9 studies and balance) Timed Up and Go test for
4. Cadore et strategies that improve woman, age of 70 — 90 b L A ) Lo program, frequency of 1-3 .
; . - ; alance training, and consider history of injurious gait performance, the strength  Moderate
al. the functional capacity years old living in . ; . times per week, 5 to 60 .
h . . - . multi-component falls, iliness-induced . . . measurements were done using the one
(2013) in physically frail older community, hospital . ) ) minutes of time session and i . )
exercises program functional decline and : repetiton maximum test (1RM) and (10 points)
adults. and health care ) " 1 to 48 weeks of time T~ ) .
sarcopenic condition as an . isokinetic and isometric dynamometry.
facilities. : . duration. s
effective screen of frailty. Data on incidence of falls
Two trials used an .
Home based exercise operationalised, non- Modal treatment frequency Mea_sures Of. mO.bllle, health-related
) : : ) quality of life indices, self-Report
To evaluate whether (supervised and non validated frailty model to was three times per week : . e
A Male and female . . . . questionnaire and measures of activities
5. Clegg et home-based exercise - . supervised) and a mix of select and stratify (range 3-21 sessions per ; L Moderate
. . - participants with the L . . : of daily living. Secondary outcomes
al. interventions improve median age was 83 home-based and group- participants. Four trials did week). Treatment duration measures  were  muscle  strength
(2012) outcomes for frail older 9 based exercise (included if not use an operationalised was 6 months (mean 28 gtn, (16 points)

people.

years (range 78 - 88)

the
component)

home-based

frailty model but reported
inclusion criteria or baseline
characteristics.

weeks, range 6 weeks - 18
months).

balance, depression, bone strength and
adverse outcomes including falls and
admission to hospital or long-term care.




34 studies classified their

Dietary
balanced diet, milk protein,

counselling,

Timed Up and Go test for gait

Exe_r<_3|se training, par_t|C|pants usiNg - icotta cheese, amino acids  performance, the strength one repetition
nutritional valid frailty : : Lo
. supplementation, nurse maximum test (1RM), isokinetic and
supplementation, protocol and 4 S h . ) ; .
To test one or more . ) . - . visits, education small isometric dynamometry, insulin
. Men and women Frail combined exercise plus studies  consider L ) ) )
. therapeutic . L : I~ groups, symbiotic, resistance, inflammatory cytokines, Moderate
6. Bibas et . . . and pre-frail at  nutritional inability to descend e . )
interventions in a . . . : . estrogens, androgens, incidence of falls, quality of life,
al, 2014 h ) baseline, age over 60 Supplementation, stairs, to live in s R .
population of frail older : - testogel, DHEA, rhGH, disabilites, death or hospitalization, (8 points)
years. pharmaceutical  agents, residence and ; ) - .
adults - : . Supervised group class frailty status, change in body weight and
multi-dimensional sarcopenic } . o)
L exercise and group class its composition (muscle mass and fat
programs, and home- condition as an . .
A . plus home-based exercise mass) was assessed by validated
based trial effective screen of
) program, frequency of 2-5 methods.
frailty. .
times per week.
To _|nvest|gate the Multi-component Group and _ individual
effectiveness, . classes exercise, and .
L exercises programs Strength, flexibility, balance, TUG,
sustainability and Male and female X . - . group class plus home- . )
. . (mixed strength, balance All studies classified their . walking speed, 2-min step test and PPT,
7. Nash, adverse effects of participants with the ! e . o based exercise program, L . . Moderate
; . . and endurance); adapted participants using a minimum - mobility, health-related quality of life .
2012 exercise interventions range age of 77 — 86, s h ; frequency of 1-7 times per . . : (12 points)
- Tai-chi, Hydrotherapy, of one valid frailty protocol ; : indices, self-Report questionnaire, FS-36
on muscle strength and  and frail week, with 30-75min e P
) PRT, and ADL tasks ) . and measures of activities of daily living.
physical performance rogram session/duration, and 3 -52
in frail older people. prog weeks program
To determine  the Strength, endurance,
) . balance, flexibility and Group and individual . . - .
efficacy of exercise- ) e . . Physical function such as mobility, gait,
A . Men and women  stretching training, and exercise, functional
based interventions on ) ; . . . muscular strength, balance, endurance,
. . . defined as frail  supervised group training, . - . training, home-based L T
8. Gine- improving ; All studies classified their . . and disability in ADL. Falls, incidence of
. according to  home based e . o exercise and physiotherapy e Moderate
Garrida et al  performance-based : - : participants using a minimum fractures, tendinitis, or muscular )
. standardized criteria, physiotherapy, h . program, frequency of 2-7 . . . (14 points)
(2014) measures of physical . ) of one valid frailty protocol ; . soreness; health-related quality of life;
. age over 65 years. multifactorial times per week, with 8- L AT
function and markers of . S : ) . symptoms of depression; hospitalization;
. . . . interdisciplinary 90min session/duration,
physical frailty in frail . : and death.
older people intervention, home based and 10 - 48 weeks program
exercises program
:;1% asse;semi d%?gt?:;i Nutritional  status and Multicomponent  exercise
lit d gth Men and women intervention. Exercise for 10 weeks to 18 months’ Physical measures (e.g. weight gain,
. quality an € defined as frail  program, Single- All studies classified their duration; Home exercising strength, mobility, oxygen uptake,
9. Daniels et effectiveness of ) e ; - . ) . ) : .- Moderate
) . . according to Component, strength,  participants using a minimum  independently and provided physical fitness, physical activity and )
al (2008) intervention studies for : - . h ) R o ST (12 points)
the revention  of standardized criteria, multi-component, and both  of one valid frailty protocol monthly phone calls. balance; daily life activities, disabilities,
disabilitF;/ in physically aged 76 to 83 nutritional and exercise Additional  support by diverse frailty outcomes
frail elderly telephone
. Exercise-training single or . .
To determ_me the effect multiple, including At_ least one of t_he Adapt_ed Supemsmn . e|th<_er Timed Up & Go (TUG) test, gait speed,
of exercise on the S . B Fried of Physical Frailty exercised in facilities or in
- Man and Women flexibility, low- or intensive o or Berg Balance Scale (BBS),
physical . ; ) . Index, Speechley and communities, or home- -
. . defined as a frail resistance, aerobic, ) " O : performance in ADLs evaluated by the
10. Chou et function, activities of articipant with ages  coordination. balance. and Tinetti's criteria, and the based. 60- to 90-minute validated questionnaire or reliabilit Moderate
al (2012) daily living (ADLs), and P P 9 ’ ’ EFS, depressed mood, , sessions, a y (14 points)

quality of
life (QOL) of the frail
older adults.

ranging from 75.3 to
86.8 years

Tai-Chi; repetitive
performance of ADLs; and
task-oriented or gait train

dependence on assistance in
performing ADLs, fall rate,
and poor nutritional status

repeated daily or weekly for
3 to 12 months.

inventory, and QOL evaluated by the
Medical Outcomes Study 36-Item Short-
Form Health Survey (SF-36).




Resistance
ranging (moderate
to high intensity), aerobic

training

To report the most trainin (cyclin and
recent literature ing yeling
. walking), combined
regarding the effects of ) -~ . . . )
) . resistance training and . . The participants exercised Outcome focused on biochemical
11. physical exercise on - .S Different types of frailty - ; ) .
. Man and Women aged aerobic training, other ; 50- to 60-minute/sessions, makers of inflammation status, muscle = Moderate
Liberman et muscle strength, body . screen and frailty related to o . )
- : at least 65 years types of exercises ) 2 to 5x/week for 12 to 60 strength, body composition or physical (12 points)
al (2017) composition, physical . . sarcopenia 2
e including whole body weeks. functioning
functioning and I
. : . vibration,
inflammation in older ; .
adults exercise with hqrs_es,
’ Pilates and Huber training,
tai chi, soccer training and
balance training
To determine the effect
of multi-domain
compared to mono- Stretching exercises, to Primary outcomes including one or more
domain interventions increase strength, All participants defined as The participants exercised y U 9
12. ) Men and Women aged ; h - ; of the following: frailty status or score,
on frailty status/score, balance. Resistance  (pre)frail by an  45- to 90-minute/sessions, Moderate
Dedeyne et e at least 65 Vyears, L ) . . . muscle mass, strength or power, )
cognition, muscle o . training, functional tasks, operationalized frailty 2 to 3x/week for 3 to 9 ; - L (10 points)
al (2017) classified as (pre)frail - . - - physical functioning, and cognitive or
mass, strength and proprioception, aerobic  definition. months ;
. ) social outcomes
power, functional and exercises.
social outcomes in
(pre)frail
7 types of interventions 1)
muscle strengthening; 2)
exercises for muscle
To carry out a strengthening,  balance,
systematic review of coordination, flexibility,
the . literature o" " Men and Women aged re"?°?'°”, time and ae_roblc All studies classified their The participants exercised . Moderate
13. Arantes physical therapy training; 3) functional e ) - Muscle-strengthening, balance,
! . 7 at least 65 years, L ) participants using a minimum 2 to 3x/week for 10 to 27 R L L
et al (2009) interventions and their o . training; 4) physical h ; coordination, flexibility, reaction time and .

. classified as frail ' of one valid frailty protocol weeks. ) L ) (10 points)
effect on frail therapy; 5)  at-home aerobic training and water exercise.
community-dwelling physical therapy; 6)
elders. environment  adaptation

and prescription of
assistive device; 7) water
exercise
To synthesize
randomized controlled Balance Strenath Supervised exercises,
trials (RCTs) ’ Uengih, . il frailty identified through monthly  sessions, tele I
. speed, walking, Power, A h . o Self reported functioning, performance
evaluating home and Men and Women over L . a validated frailty scale which  monitoring, and home- ; o .
14. Frost et . . ; Flexibility and resistance : . . . based-physical functioning, gait speed, Moderate
community-based 65 years with mild/pre- - o contained an intermediate based exercise, frequency . )
al (2017) training, Wii fit and seated balance, time-up and go and muscle- (15 points)

health promotion
interventions for older
people with mild/pre-
frailty

frailty

exercise, tele monitoring
and home exercises.

classification between frail
and robust

2-3x/weeks, for 45 to
60minutes, for 10 to 48
weeks

strength tests.




To know the effect of
resistance training (RT)

Supervised progressive

alone or combined with exercises. 1-6x fweeks. for Muscle  mass, muscle  strength,
multimodal exercise Men and Women over 8 to 48 V\;eeks Resista’nce functional capacity, and falls incidence.
15. Lopez et intervention on muscle 65 years and older and Multimodal and All studies classified their trainin ' increased Specifically muscle hypertrophy, Moderate
al ('201‘)7) hypertrophy, maximal defined as frail Resistance trainin participants using a minimum individ%all and  sets maximal strength, gait speed, timed up (12 points)
strength, power output, according to 9 of one valid frailty protocol varvin toy‘1 of 8-15reps. 2 and go (TUG) test, sit-to-stand test, Short P
functional standardized criteria of é-1% reps. and 3 Ef‘s- Physical Performance Battery (SPPB)
performance, and falls 10reps ps scores
incidence in physically ps.
frail elderly
Supervised groups (large or Falls and falls-related injuries, strength,
. small) exercise program, ) . . .
16. To evaluate the effect Resistance, balance, home exercise frequency of aerobic capacity, gait speed, balance, Critical
Schechtman of exercise Men and Women at flexibility, and endurance 1-6 times per wegk 15yto functional mobility and measures of Low
and Ory on quality of life (QOL) least age 65 exercise. Tai chi and 60 minutespof time s’ession activities of daily living, general health Quality
(2001) quality educational session. . perception, emotional, pain, and social (10 points)
and 15 to 24 weeks of time
) scales.
duration.
Exercise frequency of 1-5
times per week, 20 to 90
17 De To examine the Men and Women witha  Multicomponent, Defined with a clear ;n;nl:(t)es;;ftlvry:eizsscl)cf)nt?mng Frailty status and/or physical capacity
Lai)ra ot al exercise interventions mean age of 82.5 £+ 4.3 functional, walking, operational duration Resistance and/or functional capacity, muscle Moderate
(2015) to manage frailty in years old, defined as balance, resistance, and definition/measurement valid trainin ’ increased strength, incidence of falls, balance and (11 points)
older people frail home exercise training. frailty protocol. training body composition.
individually, and sets
varying to 1-2 of 6-8 reps,
and 3 of 8reps
g\?aﬁ:g}zanze;\zzebnis; Supervised groups (large or  Cognition status, quality of life, activities
reqardin the Older adults aged 65 small) exercise program, of daily living, caregiver burden,
18. Apostolo ef?ective%ess of and over e?( licitl Multicomponent, All studies classified their home exercise frequency of  functional capacity, depression and other Moderate
et al (2017) interventions for identified aé re-f?ail 0¥ functional, resistance, and participants using a minimum  1-6 times per week, 15 to mental health-related outcomes, self- (11 points)
reventin frailt frail p home exercise training. of one valid protocol 60 minutes of time session  perceived health and social P
grogressign in olde); and 15 to 24 weeks of time  engagement;

adults

duration.




Two independent reviews selected studies that contained one arm of the RCT design
controlling combined or multi-domain treatment (e.g. exercise plus especial diet, exercise plus
hormonal therapy or cognitive training) (29,36). The author of these reviews revealed that both
treatments combined with exercise had a unclear results when compared to exercise treatment
alone, since the number of studies was relatively small (29,31,33,34,36). Only one review
points to consistent positive results in the quality of life associated to substantial improvements

on motor competence in physically frail older adults (32).

4.5 Discussion

To our knowledge, this SR of existing frailty-related, exercise-specific SR is the first of
its kind to combine outcomes associated with any type of exercise-based interventions aiming
to treat, attenuate or reverse frailty in older adults. Other SRofR papers regarding the exercise
effect have been recently developed and served as a guideline for us to carry out this study
(25,48). This type of approach in the treatment of information about the 'state of the art' already
produced in the area of exercise (or any area of knowledge) on a specific topic seems to be a

very attractive way of gathering information from highly explored themes (49).

The overall quality evidence of the included SR studies was moderate, limiting our
ability to draw decisive conclusions about specific elements of results. However, it seems that
the low scores of QEA were related to the type of SR, since the reviews articles that opted for
a SRM show more solid evidence regarding the results presented (16,26-28), according
AMSTAR guidelines. Notwithstanding the satisfactory results achieved by these reviews in the
QEA, it is worth noting that even following the meta-analysis statistical treatment, some articles
present a very small number of studies, which raises doubts as to the validity and weight of
the evidence (28). The evidence presented in this review considerably supports a multitude of
general health benefits from exercise on frail individuals, even though the mean value of the
QAE of the studies classified as moderate. In fact, it seems to have been a characteristic of
the different articles not to delimit only a specific and restricted sub-topic related to frailty, but
the option for selecting several sub-themes decreases the possibility of performing a RSM
(50). However, we must also take into account the main characteristic of intervention studies
with exercise carried out with older populations, which, in general, take a multidimensional
approach as a way to selected study variables (33). In addition, the number of RS (or
comprehensive) included in our study is much higher than the number of RS with meta-

analysis articles, an important factor that seems to limit a more solid conclusion.
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Observing that most of the included SR considered only RCT studies, we can increase
the degree of consistency of our hypothesis, that considers the benefits of regular exercise in
the frail elderly. Considering the real nature of the findings and the reasonable evidence found
in the SR studies, we can assume that, that the multi-component exercise seems to promote
more satisfactory results. Looking at the SR studies it is noted that a classification for this type
of program does not always consider its real concept. The ACSM defined multi-component
exercise as exercise-type program whose main characteristics usually including muscle-
strength, flexibility, balance and walking and balance exercises in the same session, aim to
prevent falls, improve lower muscle-strength and static-dynamic balance (51). Perhaps, for
some exercise programs classified as multi-component by the different studies, the term

integrated exercise program would be the most appropriate.

Among the other type of interventions, the only convincingly effective intervention to
improve physical fithess performance and other global health makers were muscle-strength
exercises (38). The SR looing at home-based as a exercise programs exposed that this type
of exercise-mediation intervention may improve disability in older people with moderate, but
not severe frailty status (26,28). These results corroborate the findings reported within the
different SR studies, which identify that supervised exercise had a greater impact when
compared to unsupervised programs. This may be attributed to superior attention from the
health care provider and the control of the actual exercise-dose may be better in supervised
settings where effort, technique, motivation and volume are better controlled, thereby enabling

greater impact of exercise effects (48).

This type of SR has demonstrated the importance of long-term exercise and moderate
intensity to achieve impact in a large number of global health variables on pre-frail and frail
individuals. Some important concepts do not appear to be associated in different studies, such
as the concept of exercise periodization and alteration of stimuli over time (in order to test
different benefits), which are variables to be considered in long-term programs. This results
also reveal a very important finding. Few studies included in the SR papers have tested the
effects of exercise on the physical frailty independent components, especially low levels of
physical activity domain, which are currently the dimensions most associated to frailty status
(52). However, this SR offers important clues to understand the real impact of exercise on this
type of population, as well as to important information for the elaboration of useful exercise

programs that contribute to better results and help attenuate the frail condition.
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4.6 Conclusion

The increasing incidence of physical frail individuals warrants a crucial need to define
public health interventions that improve general health, focussed on physical fitness status.
Despite some limitations, such as the exclusion of SR that contained exercise but did not cleary
defined the frail status of the subjects and other revisions that included studies with others
therapies associated with exercise, the general results showed that structured exercise
training has a positive impact on frail older adults (especially pre-frail) and should be used for
the management of frailty. The multi-component exercise program seems to be the one that
have the most positive impact on this type of population. For other forms of exercise, the
evidence is inconclusive due to the low number of studies and evidences. More high-quality
studies that use metanalysis statistical treatment are needed to clarity the real effect on specific

groups of variables.
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5.1 Abstract

The aim of this study was to assess the changes mediated by exercise on activities of
daily life and falls (autonomy), physical fithess, salivary cortisol and alpha amylase in older
adults living in social care givers centers. Methods: 35 women (83.81 + 6.6 years old) were
divided into two groups: chair-yoga exercises (CY, n=20) and control group (CG, n=15). All
subjects were evaluated before and after 14-weeks of intervention. CY was involved in classes
two times per week, while the GC did not participate in any exercise. Results: Fear of falling
decreased in both groups, cortisol increased and alpha-amylase decreased in the CG. No
significant changes occurred in physical fitness outcomes. Conclusion: Chair-yoga practice
was able to maintain the PF scores and stress hormone levels, but was not able to improve

the subject’s perception on the ability to perform the instrumental activities of daily life.

KEY-WORDS: Older adults, yoga, exercise, physical fithess, cortisol, alpha-amylase.
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5.2 Introduction

Ageing is characterized by deregulation of multiple physiological systems with
deleterious effects on physical health and functional autonomy in older adults [1], [2]. Biological
chronic stress has been shown to have immuno-suppressive effects and to induce a physical-
frail state [3]. The gradual deterioration in the skeletal muscle system seems to be the central
mechanism for decreased independency in activities of daily life (IADL) and physical fitness
(PF) indicators [4]. The autonomy in the elderly can be characterized as the ability of the
individual to perform IADL while demonstrating a satisfactory PF condition, without eminent
risk of falling [5], [6]. Functional impairment, especially when it is generated by the
consequences of falls, increases public health spending to treat patients with later sequels [7].
For this reason, recent aging-autonomy models propose an integrated approach, whose major

intervention mechanics are to assesses eminent risk of falls and improve PF over time [8].

Even non injurious falls are disabling with strong associations with activity constraint,
isolation, deconditioning, increased fear of falling again and depression [7]. Associated with
factors such as multi-comorbidity and polypharmacy, an increased risk of falls can further
increase older adult’s vulnerability [9]. In this sense, to check for possible associations between
hormonal parameters related to stress and psychosocial and stressful constraints seems to be
a prudent direction [10], [11].

Cortisol (sCOR) is an essential hormone in the regulation of the biological stress
response, but recently salivary alpha-amylase (sAA) has also emerged as a novel biomarker
for evaluating stress [12]. These neuroendocrine markers play an important role in establishing
the bodily reaction to stress and regulation of the autonomic function [13]. Stress
responsiveness is primarily regulated by two neuroendocrine axes: the hypothalamic-pituitary-
adrenocortical (HPA) and sympathetic adrenomedullary systems [14]. The HPA axis is a
complex neuroendocrine stress system involved in bio-behavioral adjustments to
confrontational stimuli and change [12]. Because saliva collection is a non-invasive method
and for being accurate salivary biomarkers for detection of autonomic activity [15], sCOR and
sAA received more attention lately in respect to their relationship with physical exercise [10].
However, results from chronic exercise on neuroendocrine modulation in the older populations
are scarce [11]. In the few studies that address exercise in the elderly and biological stress,
the use of diverse methodologies strip the accuracy of the inference of the results [16]. The
premise that preserving an adequate state of physical independence in advanced age is
related to satisfactory PF seems to be widely accepted (Fraga et al., 2011; Matta et al., 2013;

Pernambuco et al., 2013).
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For this reason, a physical exercise routine can be a complementary form of muscle
damage prevention through the improvement of HrPf [19]-[21]. The American College of Sport
Medicine (ACSM) makes it clear in their own guidelines when it refers that ten minutes of
flexibility training a day, twice a week, will aid in the prevention of falls by improving balance
[22]. But the recommendations on flexibility training are controversial since this type of training
by itself does not seem to be enough to promote the functional benefits required by older
people to maintain an adequate level of PF [23]. Among the various forms of exercise that
could be practiced by older persons, yoga has been recommended as it could mitigate the
deleterious effects of aging on flexibility [21], [24]. According to the literature, the benefits of
regular yoga practice include improvements in balance, coordination, strength and flexibility
[19], [25]. In older people with physical limitations to perform the full practice of yoga,
adaptations may be made and an exercise program supported by a chair can be developed
[21], [24].

To date, few publications on the effect of yoga in elderly have been published [23]. In
a recent systematic review [19], the studies that tested the effects of yoga, mainly looked at
variables such as strength, flexibility and cardiovascular resistance [25], psychosocial factors
such as depression and anxiety [26], and biomarkers able to assess oxidative stress and lipid
profile [27]. Studies involving athletes were also used to assess the acute effects of exercise
on biological stress [28]. In a recent systematic review [19], Questions regarding whether
biological levels of stress are associated with PF, fear of falling and psychosocial factors, as
well as if the practice of yoga is able to change these parameters in the older person remain
unanswered. Towards this purpose, the aim of this study was to evaluate the effects of a chair-
based yoga exercise program on stress hormone levels, ADL, fear of falling and PF in

institutionalized older adults.

5.3 Methods

Participants were older women living in social and health care support centres (SHC),
located in the city of Coimbra, Portugal. All participants (or responsible) were required to give
a full informed consent before beginning the research project. The study protocol was
approved by Faculty of Sport Sciences and Physical Education Ethical Committee - University
of Coimbra [Ref.: CE/FCDEF-UC/000202013]; it respects the Portuguese Resolution (Art.° 4
Law n. 12/2005, 1% series) on ethics in research with humans [29], follows the guidelines for
ethics in scientific experiments in exercise science research [30] and complies with the

guidelines for research with human beings of the Helsinki Declaration [31]
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5.3.1 Design of the study

This study was planned for approximately 20 weeks and was built in 3 different stages,
as described below: Phase 1 (2 weeks) consisted in the evaluation of the participants before
chair-based yoga exercise program. Phase 2 was an intervention study with implementation.
Phase 3 (2 weeks) consisted in the evaluation of the participants after the 14 weeks of
exercise. All the tests were applied before and after the exercise intervention in all groups. To
minimize difference in procedures the same evaluators performed the data collection both at

baseline and follow-up assessments.

5.3.2 Participants

According to a recent systematic review (08 studies, sample average of 09 participants)
previous studies on exercise interventions have shown small effect size in psychobiological
outcomes in similar populations [16]. For this reason, a minimum sample of 15 participants per
group was recruited, sufficient to identify possible beneficial effects taking into account the size
of the effect size (d = 0.50, strong effect size, power = 0.80) established [32]. Additionally,
another 7 participants were recruited (30% of 15 participants) in order to prevent dropout of
the study sample [33]. In total, 58 participants from a Center for social and health care support
were selected from a convenience sample. After applying the inclusion and exclusion criteria
and after dropout the final sample consisted of 35 female participants (age = 83.81 + 6.6years
old). The participants were allocated into two groups: chair-based yoga type flexibility exercise

group (CY, n=20) and non-exercising control group, (CG, n=15).

5.3.3 Sample selection criteria

Baseline assessment tasks included measures of biosocial and global health status,
which associated with the medical staff report, formed the basis for determining the selections
sample criteria’s in the study. The inclusion conditions for the older participants stipulated in
first order were: Being female participant aged over 60 years; drug therapy controlled and
updated; If the participant present clinical condition or comorbidity, it must be stable and enable
participation in yoga classes as decided by local medical staff. The exclusion criteria were: not
completing or withdrawing from the ‘8-foot-up and go test’ (FGT) in the maximum time of 50
seconds, since scores above this value indicate severe mobility dependence [34]; involvement
in other structured exercise program; presence of severe cardiopathy, uncontrolled
hypertension or asthmatic bronchitis, musculoskeletal dysfunctions that prevented the physical
testes (i.e. osteoarthritis, recent fractures), mental disorder, hearing and vision impairment,

morbid obesity or the use of medications that significantly impair attention.
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5.3.4 Masking

To minimize differences in assessment procedures the same evaluators performed the
collection data at both baseline and follow-up measures. The psychometric scales were
applied by independent assistant that establish contact with the participants without made
references to the exercise program. The instructor of the exercise sessions did not take part
in the data collection procedures. Precaution was taken to avoid interaction of CY exercises

between individuals of the two groups by staggering the classes’ schedule.

5.3.5 Assessments

5.3.6 Activities of daily life and falls

The Lawton Instrumental Activities of Daily Living (IADL) questionnaire was used. The
questionnaire is used for identifying how a person is carrying out daily activities at the present
time and for identifying improvement or deterioration over time in 8 domains [35]. A summary
score ranges from 9 (low function, dependent) to 20 points, for ‘high function’ independent [36].
Tinetti Falls Efficacy Scale (FES) was used. The FES contains questions concerning the
possibility of falling during the performance of 10 activities [37]. FES is represented on a 10-
item analog scale and accordingly, the lower the score the greater the confidence, resulting in
a high self-efficacy and reduced fear of falling when performing the 10 activities described in

the questionnaire [38].

5.3.7 Physical tests assessment

The Senior Fitness Test battery (Rikli; Jones 2013) was used to assess PF. The lower
body strength was determined with the ‘30 second’s chair-and-stand test’ (30s-CS), measuring
the number of total stands completed in 30 seconds. The upper body strength was determined
with the ‘30 seconds arm-curl test’ (30s-AC) that measures the total number of arm curls
executed in that time. To assess lower-body flexibility the ‘chair sit-and-reach test’ (CSR) was
used measuring the distance in centimeters, (cm) of overlap or between the tips of the middle
fingers when the arms are reaching up in the middle of the back as far as possible. To assess
agility and dynamic balance the FGT was used, assessing the time needed for the participant
to get up from the chair, walk as quickly as possible around either side of a cone placed 2.44
cm away and to sit back down in the chair. Each physical test has its respective cutoff value,

however, the final scores were used as a continuous variable form.
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5.3.8 Biochemical markers

Saliva will be collected by passive drool (method for collecting whole saliva), which
provides the purest sample and making possible future testing. The individuals will salivate
without any orofacial movement into high quality polypropylene vials to avoid problems with
analyte retention or the introduction of contaminants that can interfere with the immunoassays.
Collection was always at the same time of the morning in order to minimize the circadian effect
of the markers used. After collection, the saliva containing tubes were store at -20°C until
analysis, then defrosted and centrifuged in order to collect the saliva sample [40]. The
determination of the sAA was done by kinetic assay (Salimetrics, UK) and concentration of
sCOR was determinate by competitive ELISA (Salimetrics, UK), according to the manufacturer

instructions [41].

5.3.9 Chair-based yoga exercise program

The creation of the chair based CY was based on the essential philosophy of Hatha
Yoga and its asanas, focusing on the flexibility benefits provided by them [19]. Music was not
used during the sessions, since it could exert influence on neurocognitive aspects [42], [43].
Exercise intensity was controlled using heart rate monitors (Polar, RCX5) randomly distributed
between participants during the exercise program and monitored a low to moderate intensity
effort, reaching intensities around 50-75% of maximum heart-rate values as recommended by
the ACSM [22]. For safety reasons, exercise intensity was indirectly calculated using the
Karvonen’'s formula to predict target heart rate (HR), but with maximal (max) HR being
calculated using [HRmax= 207 (beats per minute) - 0.7 x chronological age] for older people
[44]. For this study, the sequences of exercises were prepared cautiously and reviewed

according to the participants evolution [45], aiming to achieve moderate intensities in classes.

5.3.10 Exercise Adherence

Classes were offered 2-3 times/week, during 14 weeks, in a total of 32 sessions. The
percentage of exercise adherence to group classes was calculated individually through the
total sum of participation. When a participant had two consecutive absences, she was
contacted to return to the group classes. An adherence to the exercise program between of

65% - 75% [46], was established as minimum for each participant to be included in the study.
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54 Data analysis

The Kolmogorov-Smirnov and visual inspection was done to check the distribution of
data. For an elderly population, it should be noted that the intra-individual variability of the data
becomes a major research challenge, with regard to homogeneity. Thus dependent variables
were log-transformed before analysis to reduce non-uniformity of error as a recurring feature
on data from biological nature, except FES and IADL which were based on Likert scales [47].
Descriptive statistics were summarized as average, standard deviation, range and association
between variables was done using the Spearman Correlations Rank Test. The magnitude of
correlations was classified following the standards: trivial [r < 0.1 — 0.3]; moderate [r < 0.3 —
0.5]; strong [r < 0.5 - 0.7], robust [r < 0.7 - 0.9] [48]. Comparison between groups was
accomplished using t-test for two independent samples. The T-paired test accessed
differences between variables pre and post exercise and percent changes were calculated.
The between-subject standard deviation for each dependent variable was used to convert the
log-transformed changes of HrPf indicators into standardized [Cohen effect size (ES)] changes
in the mean. The smallest standardized change was assumed to be 0.20 [49]. The statistical
analysis was made with SPSS 20.0 (Statistical Package for Social Sciences, IBM), and p<0.05

used as the level of significance.

5.5 Results
Table 5.1 shows the characterization of the sample. No statistically significant
differences between the CG and CYG groups were found, in other words, they were

homogeneous for all variables at the beginning of the study.

Table 5.1 Characteristics of experimental and control groups at baseline and comparison between
groups by Two-independent samples.

Chair YogalFlexibility ~ C°ntrol group non-

Variables exercising
(n=20) (n=15) P d
MzSD MzSD

Salivary Cortisol (ug/mL)? 00.57(00.23) 00.65(00.19) 488 0.09
Salivary Alpha Amylase (U/mL) 76.16(41.13) 67.98(54.60) 496 0.16
Chair sit-and-reach test (cm) 18.90(10.48) 16.90(10.72) 924 0.18
30s Arm-curl test (per time)? 11.45(04.10) 08.67(04.70) .091 0.63
30s chair-and-stand test (per time) 09.20(03.75) 07.40(02.84) .590 0.48
8-foot up and-go test (seconds) 20.36(16.22) 17.10(11.90) .827 0.22
Falls Efficacy Scale (#) 27.85(21.63) 40.87 (22.76) .804 0.58
Lawton of IADL scale (#) 20.15(04.13) 22.01(05.12) .601 0.11

Notes: ** p<0.01; * p<0.05, comparisons between groups based on t-statistic; * logarithm transformed; M+SD = means
(standard deviation ); d = Cohens effect size; IADL: Activities of Daily life
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Preliminary, associations between the variables studied at baseline were tested: IADL
was inversely and moderately correlated with the 8f-UGT (r = -.347, p < .01), 30s-AC (r = -
.361; p<.01),2m-ST (r=-.343; p <.01); FES moderately correlated with the 30s-CS (r=.336;
p <.01) and sCOR showed a moderate and inverse correlation with CSR (r=-.431; p <.01).
There were no correlations between the levels of sAA and any of the other parameters
assessed. When comparing the results obtained before and after the 14-weeks chair yoga
exercise program (Table 5.2) FES values decreased in both groups. The percent change for
the CYG is dimmed to be possible beneficial (-36%; p = .04). However, the FES change in the
CG was -45% (p = .002). In both groups a large magnitude of effect size (d = 0.60 and d =
1.03 respectively) was identified. A trend towards an increase in the values of the IADL scale
in the CYG group (p = .055) was also found with a magnitude of effect size considered as

moderate (d= .36). No changes in the IADL score were detected for the GC.

Levels of sCOR increased significantly only in GC (+14%; p = .050) with a moderate
maghnitude of effect size (d = .39), whereas in the YG no significant changes in this hormone
concentration occurred. The results also showed a significant decrease of sAA levels in the
CG, with a substantial percentage of change and large magnitude of effect size (-47%, p =
0.24; d = .78). The HrPf indicators (2m-ST, 8f-UGT, 30s-AC and 30s-CS) did not change in
both groups.

Table 5.2 Comparison between pre and post exercise intervention values.

Chair YogalFlexibility (n=20) Control group non-exercising (n=15)
Pre Post Pre Post
M+SD M+SD p A% d M+SD M+SD p A% d
Cortisol 00.57(00.23) 00.62(00.16) .158 +9 0.25  00.65(00.19) 00.73(00.22) .050 +14 0.39
Alpha Amylase 76.16(41.13) 70.54(43.46) .701 -7 0.13  67.98(54.60) 36.32(15.31) .024 -47 0.78
Chair sit-and-reach 18.90(10.48) 21.01(13.02) .398 +11 0.17 16.90(10.72) 16.30(10.46) .883 -4 0.05
30s Arm-curl 11.45(04.10) 10.95(03.33) .542 -4 0.13  08.67(04.70) 08.06(03.78) .929 -7 0.14
30s chair-and-stand 09.02(03.75) 09.30(04.24) .937 +1 0.06  07.40(02.84) 06.20(03.91) 128 -16 0.35
8-foot up and-go 20.36(16.22) 18.90(12.17) .989 -7 0.10 17.10(11.90) 14.02(05.75) 484 -18 0.32
FES Scale 27.85(21.63) 17.90(08.08) .042*  -36 0.60  40.87 (22.76) 22.46(10.44) .002** -45 1.03
Lawton of IADL 20.15(04.13) 21.55(03.59) .055 +7 0.36  22.01(05.12) 22.33(04.28) .783 +2 0.06

Notes: ** p<0.01; * p<0.05, comparisons between groups based on t-statistic; ® logarithm transformed; M+SD = means (standard deviation ); d =
Cohens effect size; IADL: Activities of Daily life
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5.6 Discussion

The objectives of this study were to assess the effects of a structured program of CY
in an older population on: physical fithess, which takes place as a set of global health-related
measures (Nelson et al., 2007); on functional autonomy, which in this study was evaluated
through subjective analysis instruments for activities of daily living, (Graf, 2008); on the fear of
falling (Morgan et al., 2013); and on biomarkers related to autonomic system function and

biological stress, representing a promising line of studies in older populations [11].

The results of this study revealed significant changes or ‘benefit possible’ on FES when
baseline values where compared to the ones after 14 weeks of exercise intervention with CY.
However, this change could not be attributed to exercise only, since the CG also presented
the same changes. It is possible that the change from winter to spring, might have also
influenced the results obtained. However, two new correlations between FES and the FGT and
the 2MST have emerged in the CY, together with the increase in the inverse correlation with
the 30s-CS test (r = -0.34 versus r = -0.57) that are not present in the CG. Studies have linked
PF and the risk of falls, but even when they found positive results, they recurred to other
assessments, so it seems to be more important emphasizing the preventive character of the

exercise.

This probably happened because a measure of subjective assessment, first of all,
should be combined with studies that use direct measures related to falls, with the objective to
explore the real sensitivity of exercise effects under these scales. It would be important to
check for the socially desirable answers; check if the initial values have been overestimated
and finally, assess the relationship between the decreased FES with the improvement of the
static and dynamic balance [50]. Improvements in such parameters were not found in our
results (although a correlation between FES and the FGT, the test for static and dynamic
balance, did appear), unlike other studies, which suggest that bodily practices like yoga or
similar activity are more effective for the elderly population when compared to other exercise
programs. The other HrPf tests results showed no improvements as no differences were found
in the scores between the first assessment moment and 14 weeks after, at the end of the
program. Regarding the IADL our results show a tendency (p<.055) for an increase in

functional independency on these activities after the intervention program.

Although this institutionalized groups do not have the opportunity and real need to
perform independent activities since they live in a care giver center where most of those
activities are provided for them, other activities like mobility, endurance to walk and other
physical activities can assist to avoid accidents in those environments. In fact, our results did

show a correlation between FES and IADL, that was reinforced after the exercise intervention
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in the CYG. In our study both groups were classified as "severely dependent" (cut off > 20
points) at the beginning of the program and remained in that condition 14 weeks after. Studies
with a similar methodological design and sample are scarce in the literature. Other studies
used younger samples aged between 60-75 years old and that may justify the limited
responses obtained with the chair based yoga/flexibility exercise program. A small and non-
pathological increase of the sCOR levels in the CG was found in our study. A small rise in
sCOR levels related to exercise practice was expected in the CY but not in the CG. Other
factors may interact with sCOR levels such as psychosocial life stressful events with ageing
[51].

It is possible that the chair-based exercise could have helped protect against such
stressors. The lack of studies involving similar samples makes it difficult to create a solid
evidence of the role of exercise as modulator of HPA axis in this population. At the same time,
some studies involving analysis of the sAA reveal considerable variation in the activity of this
enzyme across populations. The patterns of between-population differences have been linked
to the number of AMY1 copies, which is seen as an adaptive response to the intake of dietary
starch and It can also reflect a decrease in mucosal immunity since sAA is also used as a first
barrier to bacterial colonization in the mouth [40]. In this study there was a substantial decline

in sAA values in the CG but not in the CY where the values remained stable.

The similarities of the PF parameters between the CG and CY suggest that this type of
exercise does not promote significant changes (at physiological and PF levels) to justify its use
in older subjects with these specific characteristics. Importantly, this age group is characterized
as having a ‘very poor physical condition’, comparing our baseline results with the cutoff values
of the original study realized in older American population [52], and with other studies using
Portuguese samples living in the community [53]. In addition, factors such as volume, intensity
and frequency of exercise (exposure over time) or even another type of exercise practice could
be used to promote significant changes in these variables. For example, more intense and
challenging yoga exercises maybe more effective as shown in other studies [19]. In our study,
the average intensity based on heart rate monitoring varied between 50%-57% of the
theoretical HRax. Such values are characterized as low-intensity exercise [54], even for very
old participants. However, the chair-based method adopted to perform the Yoga exercises
may have been a factor to the greater exercise adherence (average 69%) throughout the
program compared to other studies.The age group of the participants may be seen as limiting
factor that attenuated the usual progression of the YG exercise program. It is expected that
activities like yoga exercises move forward and challenge flexibility in the sitting and lying
positions [25], or stay longer in standing position stimulating to improve the strength, resistance

and static/dynamic balance [19].
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5.7 Conclusion

The results suggest that the chair-based yoga/flexibility program was able to maintain
the levels of sSCOR and sAA protecting against stress and infection but was not able to promote
substantial increments in the other variables analyzed. However, comparison between groups
after the exercise program showed that there were statistically significant differences (results
not shown) found mainly in the PF variables, which may reflect the maintenance of the PF
capacities in the CYG, corroborated by the increase seen in the IADL scores, as opposed to

the CG that showed a trend towards a decline in the PF levels.

The advanced average age of the participants in our study has led us to choose the
chair-based exercise method, which limited the progression expected of many parameters of
PF. It can also be hypothesized that the effect of motivation for the tasks, caused by emotional
instability or acute manifestations of chronic diseases is a striking feature of these populations,
and seemed to have also influenced the predisposition to complete the some activities inherent
to the study [46].

This study provides scientific evidence that, apart from the adaptation of the chair-
based exercise program, other variables must be controlled so that the practice becomes more
effective for this age-group population. Thus, we recommend that elderly health care centers
incorporate these practices with the necessary adaptations from the traditional yoga, seen as
a well-established practice with very positive benefits for elderly people. We suggest the
implementation of more studies using samples with low HrPf and more advanced age groups.
Given the inter-person variability of some of the biochemical markers used, especially the sAA,

increasing the sample size is also recommended.

The progressive reduction of the time spent by the participants in the ‘seated position
in the chair’ is also recommended. Such procedure would decrease the recovery interval to
effort, increase intensity and add time to the exercise program. Thus, it would be expected that
the participants perform more demanding routines from the physical point of view, which may
raise the profile of the results and positively influence the subjective perception of functional

autonomy related to activities of daily life and risk off falls.
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SECTION I

Cross-section design: relationships between physical frailty and global health

domains
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6.1 Abstract

Little is known about symptoms associated with frailty in institutionalized Portuguese
older adults. The study aimed to investigate the association of frailty with diverse geriatric
health characteristics and how the latter might contribute to the former. Cross-sectional data
of 140 women aged over 75 years were analyzed. Data were collected between March and
June, 2016. Fried’s definition of physical frailty, psychological, sex hormones, disability and
physical fithess outcomes were examined. Prevalence of frailty was 40%. Frail women had
lower scores in cognitive and physical fithess, and high scores for depression and
comorbidities. Significant correlations emerged between frailty and disability, fear of falling,
aerobic resistance and cognition. Regression analyses and Receiver Operating Curve showed
that only aerobic resistance (sensitivity [93-96%]; specificity [74-77%], p=0.001) and cognition
(sensitivity [77-88%]; specificity [65-71%], p<0.001) remained in the equation to independently
contribute to physical frailty. A trend towards lower systolic blood pressure in the frail group
may reflect being less physically active and/or having more systemic comorbidity. Fried’s
model can be considered applicable. Using simple functional fitness and cognitive measures
rather than using less reliable self-report assessments can better identify those with physical

frailty The role of blood pressure in physical frailty status needs to be further explored.

Keywords: Frail-older adults, disability, physical fithess, sex steroid hormones, cognition.
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6.2 Introduction

The growing numbers of older people in European Countries is one of the main reasons
for increasing costs demands on public health systems, especially on medical services and
long-term social services (Matlabi, Behtash, & Shafiei, 2016). In Portugal, the term “nursing
homes” is used to define institutions that assist elderly people with (or not) chronic diseases
and physical constraints, offering health care, social support, nutrition and leisure activities. It
constitutes a social response developed in collective housing, temporary or permanent, for
older people in situations of greater risk of loss of independence and/or autonomy (Almeida &
Rodrigues, 2008). Although not all institutionalized older persons are classified as physically
dependent, this state furthers functional decline and increases care demands (Gonzalez-Vaca
et al., 2014). It is therefore important to be able to identify/monitor frailty and its associated risk

factors in this population.

Frailty is conceptualized as a state in which reserve function across multiple
physiological systems decline, thereby predisposing them to poor functional health,
institutionalization and death (Clegg, Young, lliffe, Rikkert, & Rockwood, 2013). Linda Fried
and colleagues developed the phenotype of Physical Frailty (PF) construct whose primary
characteristics are sarcopenia, negative energy intake and physical inactivity. The
identification of five PF assessment criteria enables the characterization of older persons in
three frail subgroups, namely as non-frail pre-frail and frail individuals (Fried et al., 2001). In
the past 15 years, this construct has been shown to have good criterion validity to evaluate PF
in different populations cohorts (Coelho, Paul, Gobbens, & Fernandes, 2015). PF is an
important predictor of serious adverse health incidents. The current evidence clearly shows
the relationship between PF and chronic disease, disability, and psychosocial and biochemical
markers, currently known as frail correlates (Morley, 2011). Frail older men have a higher risk
of mortality than frail-older women (Theou, Brothers, Mitnitski, & Rockwood, 2014). However,
findings in recent studies are unanimous in revealing a higher incidence of PF in older women

when compared to older men (Chang & Lin, 2015).

Institutionalized older persons have more heterogeneous health conditions when
compared with those living in the community (Gonzalez-Vaca et al., 2014). It is essential to
investigate different demographic and general health outcomes to understand the evolution of
this phenotype. Importantly, robust findings support the idea that physiological systems and
environmental factors are intrinsically interconnected with the PF condition. In Portugal, this is
the first exploratory study that investigates the interconnections between Fried’s PF model and

adverse biopsychological geriatric health outcomes.
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Thus, the goals of this study were to characterize PF in people living in nursing homes,
examine associations between PF and adverse general health outcomes and also, to explore
the sensitivity, specificity, and prognostic performance of adverse geriatric health outcomes in

identifying PF status in institutionalized women.

6.3 Methods
6.3.1 Study Design

The participants of this study consisted of a subset of participants from the study
protocol previous published (Teixeira et. al., 2016). Cross-sectional data from the baseline
assessments were used for the current paper. This is an exploratory case-control local
population-based survey (Pearce, 2012), that collects information on PF incidence in older
women living in nursing homes of social and health care support in Portugal (CHS). This pilot
study was designed to provide information on the trends and results expected when using a
representative probabilistic sample of this population in future studies. On the first stage of
CHS selection, of a total of 206 collective accommodation located in the city of Coimbra, 57
institutions (27%) were classified as CHS. From these CHS, a total of five institutions that
presented the following characteristics were selected: a) public or co-participated by local
Social Security CHS; b) CHS where the elderly live in long-term accommodation, ¢) CHS that

have the same daily routine, including health and social care practices.

6.3.2 Sample selection criteria

The participants were selected using a non-probably convenience sampling based on
the geographical area of the Portuguese Center region of Coimbra city. The primary stage of
assessment was information provided to the potential participants by the medical professionals
from each CHS, combined with clinical primary outcomes information. The initial recruitment
consisted of 305 (100%) institutionalized-dwelling potential participants. However, specific
selection criteria were applied: women aged over 60 years and willing to assent to take part in
the study spontaneously; drug therapy and clinical conditions controlled and updated; no
presence of any type of health condition that could prevent testing of functional autonomy,
such as severe cardiopathy, hypertension, uncontrolled asthmatic bronchitis, musculoskeletal
conditions (i.e., osteoarthritis, recent fractures), mental disorders, and morbid obesity. Even
before applying these criteria, 128 individuals (42%) were excluded due to several negative
clinical conditions such as physical, cognitive, hearing or visual severe impairments. A total of
37 (12%) elders dropped out during the data collection phases. The final analyzed sample

consisted of 140 (46%) older women.
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6.3.3 Ethical aspects

The directors of the CHS, the participants and/or their legal representatives signed
consent forms. This study was approved by the Faculty of Sport Science and Physical
Education Ethical Committee (Reference code CE/FCDEF-UC/000202013) - the University of
Coimbra, respected the Portuguese Resolution (Art. 4st; Law n. 12/2005, 1st series) and

complied with research guidelines in humans of the Helsinki Declaration (Petrini, 2014).

6.3.4 Outcome measurements

All sample variables were measured by the same member of the research team. The
quality of data was reported through scores of internal consistency reliability (ICR). As in
previous studies, biosocial, anthropometric and clinical health variables that presented
differences between frailty subgroups were considered as a co-variate in the correlation and
regression models due to the potential confounding effect that these variables can exert on
the results (de Vries et al., 2011). The general health indicators of mental health, psychological
well-being, physical fitness, functional disability and sex steroid hormones, were analyzed as

central outcomes. PF status was also analyzed as a central outcome.

6.3.5 Physical Frailty screening

The prevalence of PF was calculated, as well as the presence of each one of the five
independent components of the PF criteria (Fried et al., 2001). Weight loss was assessed by
self-reporting unintentional weight loss of four kilograms or more in the last six months.
Exhaustion (self-reported) was evaluated by the negative concordance of questions number 7
and 20 from the Centre for Epidemiologic Studies in Depression (CES-D) scale (Gongalves,
Fagulha, Ferreira, & Reis, 2014). Weakness was analyzed using the handgrip strength test
(HGT), adjusted for body mass index (BMI) and stratified by gender (ICR = 0.84). Slowness
was measured using the 4.6 meters walking test (4.6-WT), whose results are expressed in
seconds and adjusted for gender and height (ICR = 0.80). Low PA was assessed by the
International Physical Activity Questionnaire short form (IPAQ). Participants classified with low
levels of PA had a positive score for the PF (ICR = .78) (Santos et al., 2010). The positive
evaluation of one or two criteria classified the participants as pre-frail, in three or more as frail

and as non-frail, when the subject had none of the PF criteria.
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6.3.6 Sociodemographic and anthropometric data

Chronological age was analyzed as a continuous variable. Marital status was classified
into four categories. Level of education was classified according to the Portuguese educational
system. Body mass was determined using a portable scale with a precision of 0.1 kilograms
(ICR = 0.89) and stature was determined using a portable stadiometer with a precision of 0.1
centimetres (ICR = 0.87) for BMI calculation. Waist and hip circumferences were measured

using a retractable glass fibber tape measure (ICR = 0.87, 0.94 and 0.76, respectively).

6.3.7 General health status

Comorbidity was assessed by using the Charlson Comorbidity Index (CCl) (Charlson,
Szatrowski, Peterson, & Gold, 1994). Nutritional status was measured using the Mini
Nutritional Assessment (MNA) (Guigoz, 2006). To register systolic (SBP) and diastolic blood
pressure (DBP), the digital device OMRON model M1 Plus was used. Self-reported health
status and medication use were assessed through questions number 6 and 18 of the MNA,
respectively. Exercise behaviour was assessed by questions number 7 and 24 from the
Attitudes to Ageing Questionnaire (AAQ) (Laidlaw, Power, & Schmidt, 2007).

6.3.8 Mental health and psychological well being

The Mini-Mental State Examination (MMSE) was used to assesses cognitive function
(Folstein, Folstein, & McHugh, 1975). To assess health psychological status, CES-D
depression scale (Gongalves et al., 2014), Rosenberg Self-Esteem Scale (RSES) (Neto, 1996)
and the Satisfaction with Life Scale (SWLS) were used (Barros, Félix; Neto, 2004).

6.3.9 Functional disability and physical fitness

The Portuguese version of the Katz Index of Independence in Activities of Daily Living
(IADL) (Katz, Downs, Cash, & Grotz, 1970) and Tinetti Falls Efficacy Scale (FES) was used
(Melo, 2009). Upper body muscle-strength was assessed with the ‘30 seconds arm-curl test’
(30s-AC) (ICR = 0.89). Aerobic resistance was measured through the “2-minutes step test”
(2m-ST) (ICR = 0.78) (Rikli & Jones, 2013).
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6.3.10 Sex steroids hormone makers

Saliva samples to measure cortisol (CORT), Dehydroepiandrosterone (DHEA) and
Testosterone (TEST) levels, were collected by passive drool always at the same time in the
morning, to minimize circadian effects. The levels of sex steroids hormones were determined

by competitive ELISA according to the kits manufacturer instructions (Salimetrics UK, 2017).

6.3.11 Statistical procedures

Normality assessment of continuous variables was performed resorting to Shapiro-Wilk
tests. Continuous variables were described by their medians, 1%t and 3° quartiles, absolute
and relative frequencies. The comparison between the frailty sub-groups was done using
ANOVA or Kruskal-Wallis. Total and partial Pearson or Spearman coefficients were computed
to assess correlations controlling for predetermined co-variates that presented differences in
the ANOVA. A linear regression using stepwise backward elimination was undertaken,
considering the significant geriatric health outcomes which had been associated with PF status
in correlations and regression analyses, adjusted for predetermined co-variates. To examine
the contribution of each general health outcome in explaining PF, the univariate diagnostic
value of each variable in the model was determined using ROC (receiver operating
characteristics) analysis, comparing non-frail versus pre-frail and non-frail plus pre-frail versus
frail subgroups. For each model, a 95% confidence interval (Cl) from percentiles for the area
under the curve (AUC) was determined. In all regression models the collinearity was checked
using Variance Inflation Factors and the goodness of fit model was verified by Nagelkerke R
square test. The level of significance adopted was 0.05. All computations were performed

using IBM/SPSS Statistics 21 and R version 3.3.1 programs.

6.4 Results

In the total sample, median (1° and 3° quartiles) age was 83.0 (77; 88). In total 62.9%
(n = 88) of the participants considered their health not to be good, 126 out of 140 participants
(90%) reported that they did not participate in regular exercise programs and 87.3% of the total
sample considered regular exercise ‘important or very important’ at any age. Of all participants,
56 (40%) were considered as frail, 53 as pre-frail (38%) and 31 were as classified as non-frail
(22%). When frail sub-groups were compared, statistical differences were found for the level
of education, comorbidities, mental health (CES-D and MMSE), functional disability (IADL, and
FES) and physical fitness of 2-MST and 30s-AC (Table 6.1).
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Table 6.1 Comparison by frailty syndrome index for adverse geriatric health outcomes (n = 140).

Non-frail Pre-frail Frail
p value

(n=31, 22%) (n=53, 38%) (n=56, 40%)
Sociodemographic data M(1;3)
Chronological age (years) 83 (77; 88) 83 (76; 89) 83 (77; 87) 0.988
Level of education (degree) 4.00 (3.00; 6.00) 3.00 (3.00; 4.00) 3.00 (2.00; 4.00) 0.034
Anthropometric measurements M(1;3)
Body mass index (kg/m?) 27.24 (24.34; 30.08) 28.90 (24.45; 31.46) 30.03 (25.64; 32.16) 0.086
Waist circumference (cm) 93.00 (86.00; 100.50) 92.00 (83.00; 100.00) 92.00 (85.25; 97.25) 0.693
Hip circumference (cm) 99.50 (94.50; 104.60)  102.50 (97.00; 107.00) 102.53 (96.50; 109.00) 0.302
Waist-to-hip ratio 0.93 (0.88; 1.00) 0.90 (0.84; 0.97) 0.89 (0.83; 0.94) 0.078
General clinical health status M(1;3)
Self-reported health status (n; %)
Not as good 21 (67.7%) 30 (56.6%) 37 (66.1%)
As good 2 (6.5%) 6 (11.3%) 9 (16.1%)
Does not Know 0 (0%) 3(5.7%) 1(1.8%) 0.400
Better 8 (25.8%) 14 (26.4%) 9 (16.1%)
Mini nutritional assessment M(1;3) 25 (24; 26.5) 25.5 (24; 26) 24 (22.75; 26) 0.074
Systolic blood pressure (mm/H) 137 (114; 153) 135 (119; 148) 129 (120; 139) 0.210
Diastolic blood pressure (mm/Hg) 65 (57; 77) 65 (61; 72) 66 (59; 74) 0.868
Charlson comorbidity index (score) 7 (6; 10) 6 (6; 8) 7.5(7;9) 0.010
Physical exercise behaviour (n, %)
Little or nothing important 2 (6.5%) 6 (11.3%) 12 (21.4%)
Important or very important 29 (93.5%) 47 (88.7%) 44 (78.6%) 0.118
Participation (n, %)
I’'m not involved 26 (83.9%) 47 (88.7%) 53 (94.6%)
I'm involved 5(16.1%) 6 (11.3%) 3 (5.4%) 0.254
Mental health status M(1;3)
CES-D depression (score) 20 (13; 27) 18 (14; 27) 24 (21; 31) 0.012
Mini mental state exam (score) 25 (21; 27) 21 (17; 25) 17 (13; 22) <0.001
Psychological well-being M(1;3)
Global self-esteem (score) 24 (19; 27) 23 (19; 25) 23 (21; 25) 0.453
Satisfaction with life (score) 23 (13; 27) 24 (21; 29) 22 (19; 27) 0.121
Functional disability M(1;3)
Katz’s instrumental ADL (score) 0(0; 3) 1(0;1) 1.5(1;3) 0.004
Fear of falling scale (score) 33 (14; 40) 33 (13; 65) 41 (28.5; 59) 0.023
Physical fitness
Two minutes step (aerobic) test (reps per time) 50 (42; 58) 40 (30; 45) 27.5 (16; 36.5) <0.001
Thirty seconds arm curl test (reps per time) 13 (10; 15) 11(9; 14) 9(7.5;10.8) <0.001
Salivary sex steroids hormones M(1;3)
Cortisol (ug/mL) 0.26 (0.16; 0.29) 0.21(0.11; 0.27) 0.27 (0.16; 0.33) 0.115
Dehydroepiandrosterone ( pg/mL) 26.97 (7.42; 33.16) 19.77 (5.05; 40.82) 31.2 (7.42; 45.98) 0.741
Testosterone (pg/mL) 59.01 (43.15; 100.74) 57.25 (39.29; 83.99) 64.15 (46.87; 82.3) 0.428

Notes: Abbreviations: ADL = activities of daily living; pg/mL = microgram per millimeter; pg/mL = picogram per millilitre; CES-D of depression scale; cm =

centimeters; Kg/m® = kilograms square meter; mmHg = Millimetre of mercury; M (1;3) = Median of 1° and 3° quartlile.
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Physical Frailty showed significant but small associations with CES-D, SBP and MNA;
was moderately associated with IADL and FES; and strongly associated with the MMSE, 30s-
AC and 2-MST. The results found indicate an indirect correlation of PF with CORT and 30s-
AC (moderate association) and the expected associations within DHEA, CORT and TT also

appeared. After partial correlations, associations remained stable (Table 6.2).

Table 6.2 Spearman and their equivalent partial correlations (p values in bold) between frailty syndrome total
score and adverse geriatric health outcomes (n = 140)

Uncontrolled Controllingt

General Health outcomes r p r p

Mini nutritional assessment -.222 .008 -.205 .016
Systolic blood pressure (mm/H) -.232° .031 -.235 .005
Diastolic blood pressure (mm/Hg) -.045 .595 -.006 .946
Charlson comorbidity index (score) .106 213 .056 .509
CES-D depression (score) A73 .041 104 224
Mini mental state exam (score) -452" .000 -.424" .000
Global self-esteem (score) .043 .616 140 101
Satisfaction with life (score) -.079 .353 -.062 469
Katz's instrumental ADL (score) 269" .001 .264" .000
Fear of falling scale (score) 265" .002 2177 .010
Two minutes step (aerobic) test -.585" .000 -.552' .000
Thirty seconds arm curl test ( -.403" .000 -.328" .000
Cortisol (ug/mL) .103 .226 .040 .644
Dehydroepiandrosterone ( pg/mL) .073 .226 097 .256
Testosterone (pg/mL) .025 773 .005 .953

Notes: ** p<0.001; * p<0.005; tpartial correlation values are expressed in bold of each variable, controlling for level of
education

On the basis of these outcomes, a stepwise linear regression model was built using all
variables that had shown associations with PF total score, using stepwise backward
elimination. In a second step, again using stepwise backward elimination, variables were
entered which had shown differences between groups using ANOVA. Sex steroids hormones
(DHEA, CORT and TT) were entered in a third step but were removed from analyses as they
did not modify associations. In the first step model, the 2m-ST was left in the model (B = -.04,
SE =.007, 3 =-.43, p < 0.0001). Co-linearity was present for 30-sAC (tolerance = .83), but the
2m-ST offered better adjusted R squared (by itself adjusted R squared = .31, compared to
30s-AC, adjusted R square = .11). Lower SBP also predicted PF scores in the equation
independently (B =-0.02, SE =.005, 3 =-0.21, p = 0.002) in the first step. In the second step,
the MMSE scores were entered (B =-0.09, SE = 0.02), 3 =-.32, p < 0.0001).
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Figure 6.1 Receiver operating characteristic curve analysis for test performance: a) Frail versus non-frail group;
b) Frail versus non-frail plus pre-frail group.

6.5 Discussion

The main findings of this study were that after regression analyses only aerobic
resistance and cognition remained in the equation to independently predict PF. Our study
showed that the prevalence of PF in these institutionalized women was 40%. This estimate is
higher when compared to studies in community-dwelling people (34.9%) in Portugal (Duarte &
Paul, 2015). The prevalence in our study is lower than the FINAL (69.3%, n = 187), CUENCA
(53.7% n = 281) and higher than the FRADEA (16% n = 993) Spanish studies (Abizanda et
al., 2013; de la Rica-Escuin et al., 2014; Garrido, Serrano, Bartolomé, & Martinez-Vizcaino,
2012). In our results, weakness and slowness were the two main components of PF with the
highest incidence, wich were similar to findings reported in the FINAL study (de la Rica-Escuin
etal., 2014).

All the subjects in the total sample and subgroups were classified as well-nourished. In
contrast, a community Portuguese study with community dwellings samples, revealed a
significant prevalence of malnutrition in PF (Sewo Sampaio et al., 2015). In our study, regular
dietary control was performed by a nutritionist which seemed to exert a protective nutritional
effect. However, the BMI scores classified the participants on average as obese, which
associated with PF reveals a pattern known as sarcopenic obesity. We also found a trend for
lower blood pressure (SBP) values in the frail sub-group. After 70 years, there are some
comorbidities that can cause changes in vascular structure that when added to the
polypharmacy use, can cause BP values to decrease substantially (Mermans et al., 2016).
Some studies demonstrate that low scores of BP are associated with poor outcomes in frail
people, however, BP as a marker of PF remains controversial (Muller, Smulders, De Leeuw,
& Stehouwer, 2014).
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Surprisingly, a large percentage of our sample mentioned the importance of regular
exercise. The role of regular exercise in attenuation and reversal of PF is already well
documented (de Labra, Guimaraes-Pinheiro, Maseda, Lorenzo, & Millan-Calenti, 2015).
However, public policies to encourage regular participation in physical exercise programmes
do not seem to extent to populations with special needs in Portugal. The relationship between
PF, functional disability and physical fitness has already been observed in many other studies
and some of these markers (i.e. ADL) were identified as PF-independent predictors (Chang &
Lin, 2015). In the same direction, higher scores of comorbidity, depression and cognition
impairment are also strongly associated with PF status. Unlike our results, previous studies
have found associations between PF and free testosterone (Hyde et al., 2010) and lower levels
of DHEA were significantly associated with increased odds of PF and mortality (Baylis et al.,
2013). These differences could probably be explained by the larger samples used in both of
those studies. Importantly, low cognitive function was also an important predictor of PF either
as assessed by a total score or as group membership. While it could be argued that circular
reasoning may confound the analyses for aerobic fithess variables, this is not the case for
cognitive function. Earlier it was argued that cognitive decline as assessed by MMSE is an

important part of PF (Lerner, Liben, & Mueller, 2015), which was confirmed in our analyses.

The main limitation of this study was the fact that the sample was not representative of
all institutionalized Portuguese older populations and also, the predominance of
institutionalized-dwelling female individuals in Portugal is a factual circumstance. The other
limitation is the cross-sectional design, that does not permit assessment of the temporal and
thus potentially causal relation of variables, as is the case of this study. Despite the study
revealing interesting clues to future research, the relatively small sample size could have
provided inadequate statistical power to detect some modest but meaningful associations as
statistically significant. This study is the first cohort study using saliva samples. Salivary
measures have emerged in biopsychological research because they are less invasive when
compared to urine and blood collection. Our interest in the subsequent approach will be to
verify the effects of a long-term exercise intervention as a co-adjuvant therapy on this
population. In this sense, this study provided us with some clues to elaborate a non-
pharmacological mediation approach, aimed to attenuate the age-related effects associated

with the frail condition.
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6.6 Conclusion

The phenotype of physical frailty status developed by Fried and colleagues can be
considered applicable to institutionalized-dwelling Portuguese older women. Frailty was
associated with a poor aerobic resistance fitness and cognitive function. We reported that two
simple measures can provide an objective screening assessment for frailty in this population.

The role of blood pressure in frailty needs to be further explored.
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71 Abstract

Associations between frailty and physical-functional fitness (PFF) indicators in frail
women over 65 years of age remain largely unexplored. This study analyzed the relationship
between old physical frailty syndrome (PF) and PhFi indicators and assessed how the latter
might predict the former. Participants were 119 elderly women (81.96 £7.89 years) recruited
from four social and healthcare centers. PhFi was assessed through muscle strength tests of
upper and lower limbs, endurance, agility-dynamic balance, flexibility and body composition.
The following PF indicators were assessed: weight loss, exhaustion, weakness, slowness and
low physical activity level. Significant correlations were found between PF and endurance,
agility-dynamic balance, upper and lower limbs muscle strength tests. Comparison analyses
also revealed that, among PF groups, the frail subgroup performed significantly poorer on all
PFF measures except body composition. Additionally, a Receiving Operating Characteristics
curve analysis revealed good diagnostic accuracy for predicting PF by using the agility-
dynamic balance test (AUC=.82, 95% CI [0.74, 0.90]; sensitivity and specificity were 70.4%
and 84.8% for the cut-off = 16.22 seconds). Thus, the agility-dynamic balance test is a

promising tool for screening institutionalized older people for risk of physical frailty.

Keywords: Physical Frailty, older women, physical fitness, agility-dynamic balance.
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7.2 Introduction

Physical Frailty syndrome (PF) is a complex ageing expression determined by
ontogenetic and phylogenetic factors (Fried et al., 2001). Chronic stress has been shown to
have immuno-suppressive effects that accelerate aging and cause cumulative disorders in
many physiological systems, resulting in a frail state (Clegg & Trust, 2011). In PF, physiological
reserve and defense functions decline (Fried et al., 2001), compromising the individual's
capacity to withstand chronic biological stress (Afilalo et al.,, 2014) and leading to
institutionalization or hospitalization, often followed by a premature death (Lally & Crome,
2007). According to geriatric specialists, PF is a highly prevalent and important physical health
impairment associated with five identifying criteria: weakness, low resistance to effort,
slowness, low physical activity levels and unintentional weight loss (Abizanda et al., 2013;
Rockwood, MacDonald, Sutton, Rockwood, & Baron, 2014).

Despite relationships between the decline in the physical functioning and PF, we cannot
attribute to PF any central cause (Cho, Scarpace, & Alexander, 2004; Greene, Doheny,
O’Halloran, & Anne Kenny, 2014; Kim et al., 2010). Progressive muscle damage related to the
deleterious effects of senescence, seems to be at its pathophysiological core (Mohler, Fain,
Wertheimer, Najafi, & NikoIich-Zugich, 2014). PF is associated with but not a direct result of
aging (Romero-Ortuno, 2013). Currently, there are increasingly robust associations between
PF and multiple comorbidities, that although less lethal, tend to accumulate during the aging
process (Robinson et al., 2009). Physical disability seems to be a primary pathway to PF
(Macklai, Spagnoli, Junod, & Santos-Eggimann, 2013). Notwithstanding the high correlation
between low levels of physical-functional health in frail populations (Peterson et al., 2009),
some studies have recently discussed the potential attenuation and prevention effect that
exercise may have on PF, through stimulating positive improvement in physical-functional
fitness (PhFi) indicators (Jeoung & Lee, 2015).

The American College of Sport Medicine (ACSM) describes PhFi as multidimensional,
including cardiorespiratory fitness, flexibility, body composition, muscular strength and
endurance (Garber et al., 2011). Despite the importance of all PhFi dimensions, the scientific
consensus considers cardiorespiratory fitness and muscle strength/resistance as most
important epidemiologically from childhood (de Chaves et al., 2016) to old age (Nelson et al.,
2007). In this sense, maintaining satisfactory levels of PhFi through adherence to regular
exercise, appears highly beneficial in attenuating and preventing cardiometabolic diseases
(Murphy, McNeilly, & Murtagh, 2010), osteoarticular disorders (Peterson et al., 2009),
sarcopenia and the frail condition (Mjm, van Uffelen, Riphagen, & van Mechelen, 2008; Park,
Kwak, Harveson, Weavil, & Seo, 2015). Strong associations between health-related quality of

life and PhFi in populations over 60 years old have been reported (Takata et al., 2010).
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Some researchers reported that the decline on PhFi indicators associated with age is
aggravated by a sedentary lifestyle (Kimura, Mizuta, Yamada, Okayama, & Nakamura, 2012).
Women, aged over 60 years, have been found to be less physically active overall but more
involved in household activities (Lee, 2008) than older men. On the other hand, the results of
a recent and stronger epidemiologic study carried out in 11 countries revealed that women
over 60 years of age in all these countries were more likely than men to have disabling, non-
lethal conditions including physical disability (i.e., difficulties to perform general activities of
daily life), osteoarticular diseases, depressive symptoms and hypertension (Crimmins, Kim, &
Solé-Auro, 2011). Many of these diseases are robustly related to a sedentary behavior across
life (Chastin, Fitzpatrick, Andrews, & DiCroce, 2014).

The study of associations between PF and some PhFi indicators has recently gained
the interest of the scientific community in its search for simple and effective means of
preventing PF. Most of these studies have focused on people over 65 years of age living in
the community (Drubbel et al., 2014). However, recent research showed a higher prevalence
of various comorbidities, PF, and mortality among people living in centers for social and health
care support (Abizanda et al., 2014; Nobrega, Maciel, de Almeida Holanda, Oliveira Guerra, &
Araujo, 2014). This type of institution seems to exert a ‘protective effect’ for many people,
preventing other adverse clinical events mostly through improved nutrition (Abizanda et al.,
2014). However, since a decrease in physical-motor proficiency, loss of functional autonomy
(related to mental health) and absence of family are also psychosocial characteristics of this
population (Abizanda et al., 2013), these centers may also play a role in improved PhFi. Given
the expected growth in the European adult population over 65 years of age and the fact that
PF increases health costs and decreases health related physical activity, it is essential to better

understand the relationship between PF and PhFi outcomes.

Therefore, a set of objective and accurate assessment criteria appropriate for use in
institutionalized older people is essential to enable health staff to recognize PF cases at early
periods and subsequently, provide timely and appropriate combined therapeutics. This study
explored the relationship between PF status and PhFi indicators in institutionalized dwelling
older women and also explored the sensitivity, specificity, cut-off points and predictive
performance of specific senior PhFi tests for identifying frailty status. We hypothesized that PF
participants would be at higher risk of PhFi decline, when compared to individuals identified as
pre-frail or not frail (robust), and we looked for independent associations between PF and PhFi

tests to better predict frailty.
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7.3 Methods

This study was a prospective, cross-sectional, local, older population-based survey in
which we collected information about PF incidence in older people living in centers for social
and health care support (CHS). The sample consisted of a subset of participants within the
PRO-HMESCI study protocol (Teixeira et al., 2016). Our initial sample consisted of 203 older
participants aged over 60 years minus 84 participants who failed to meet exclusion criteria or
dropped out as follows: physical impairment associated with musculoskeletal disorders and
joint or muscle pain in the performance of some specific movements or tests (n=34), closed
diagnosis of early-stage of dementia or mental disorder (n=09); severe impairment of hearing
or visual functions that made it impossible to perform all tests (n=07); need of palliative health
care or special nutritional support, with medical indications not to participate in the study
(n=04); participants who dropped-out when applying the tests (n=10); and male participants

excluded for methodological reasons (n=20).

Participant inclusion criteria used were: women aged over 60 years and willing to
assent to take part in the study spontaneously who were under control and updated with
prescribed medications. The final number of participants was 119 older women. Needed
statistical power was computed by considering the agility-dynamic balance test values in
studies comparing frail and pre-frail groups, using a Mann—Whitney U test, with a significance
level of 0.01. The computations were performed on G*power 3.1.9.2, and the power was
determined to be 0.99 (Faul, Erdfelder, Buchner, & Lang, 2009) with a sample of 119 and an

effect size of 1.12.

7.3.1 Ethical Procedures

CHS directors and elders who expressed interest in participating in the study signed an
informed consent form, in which the privacy and anonymous identity of the data collected were
guaranteed and any needed access to participants’ medical records were given. The study
protocol was approved by the Faculty of Sport Sciences and Physical Education Ethical
Committee - University of Coimbra [reference code: CE/FCDEF-UC/000202013], in respect of
Portuguese Resolution [Art.° 4%; Law n. 12/2005, 1% series] on ethics in research (Braga, 2013)
and complied with the guidelines for research with human beings of the Helsinki Declaration
(Petrini, 2014).
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7.3.2 Outcome Measures

Data collection of sociodemographic and medical history status, frailty syndrome,
physical fitness and anthropometric indicators was organized by the principal investigator and
were performed by independent specialists (properly trained) of the research team. To
minimize differences in data collection procedures, the same evaluator carried out data

collection for all participants.

7.3.3 Sociodemographic Status.

Information on chronological age (continuous variable); marital state (assessed as a
four categories variable: single, married, widowed and divorced) and level of education
(assessed as a continuous variable) was collected for each participant. The level of education
was classified according to the Portuguese educational system and analyzed as a continuous
variable (Fernandes, 2007).

7.3.4 Anthropometric Measures

The standardized procedures described by Lohan and colleagues (Chumlea,
Baumgartner, 1989) were followed for the collection of anthropometric data, including body
mass weight determined using a portable scale (Seca®, model 770, Germany) with a precision
of 0.1 kilograms, stature determined using a portable stadiometer (Seca Body meter®, model
208, Germany) with a precision of 0.1 centimeters, and body mass index (BMI), calculated

according the formula [BMI = weight/height?]

7.3.5 Comorbidities

The Charlson Comorbidity Index (CCIl) was used in this study, is a method of predicting
mortality by classifying or weighting comorbid conditions. The CCI has been widely utilized by
health researchers to measure burden of disease and has a weighted index based on 19
comorbid conditions. Its score can be combined/adjusted with age and gender to form a single
index (continuous variable). One point for each additional 10 years is added to the initial score,
that has been shown to predict one-year and 10-year mortality (Charlson, Szatrowski,
Peterson, & Gold, 1994). Medical records provided by the medical and health professional
team were used to verify the accuracy of information provided by study participants for use
within the CCI.
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7.3.6 Medication-use assessment.

Daily medications used by the participants was assessed through question number six
of the Mini Nutritional Assessment (Guigoz, 2006), that asks the participant if she takes more
than 3 or less prescription drugs per day. Additionally, the number of medications-used was
checked systematically through the institutional medical record of each participant, identifying
and reporting polypharmacy (takes more than 3 prescription drugs per day) according to the

Portuguese Classification System of Human Medicine (Santos & Almeida, 2010).

7.3.7 Cognitive Status Assessment.

The Mini Mental State Exam (MMSE) used in this study assesses five areas of
cognition: orientation, immediate recall, attention and calculation, delayed recall, and language
(Folstein, Folstein, & McHugh, 1975). The maximum MMSE score is 30 points, and a score
below 24 points is considered abnormal and used for dementia and mild cognitive impairment
(MCI) screening (Melo & Barbosa, 2015). The MMSE was used to classify participants by
cognitive profile as a category variable, according to the following cut off values: severe
cognitive impairment, 1 to 9 points; moderate cognitive impairment, 10 to 18; MCI, 19 to 24
points and normal cognitive status, 25 to 30 points (Mungas, 1991). Additionally, the MMSE
can be analyzed as a continuous variable. Its purpose in this study was to help determine
whether a low cognition profile might have affected physical fithess trainability as has been

shown by prior research (Uemura et al., 2013).

7.3.8 Physical Frailty Syndrome Screening.
Assessment of Physical frailty was evaluated according to the following Fried’s five

criteria of the frailty phenotype index (Fried et al., 2001):

i) Weight loss assessed by self-report of unintentional weight loss of four kilograms or
more in the last six months; ii) Poor endurance and energy (self-reported exhaustion)
evaluated by negative concordance of two questions, number seven and twenty, of the
questionnaire developed by the Center of Epidemiologic Studies for Depression, called the
CES-D scale (Gongalves, Fagulha, Ferreira, & Reis, 2014); iii) Weakness, analyzed using the
handgrip strength test (HGT). This test uses a hand-held dynamometer (Lafayette
Dynamometer, model 78010, United States) and strength is measured in kilograms. The
subject holds the dynamometer in the hand to be tested, with the elbow by the side of the body.
When ready the subject squeezes the dynamometer with maximum isometric effort, which is
maintained for 5 seconds. The best result of the two trials was used for scoring purposes

(Syddall, Cooper, Martin, Briggs, & Aihie Sayer, 2003). Participants who were unable to
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perform the HGT and those in the lowest 20% (adjusted for BMI and stratified by gender) were
categorized as positive for the weakness criterion; iv) Slowness, as measured by the ‘15 feet
walking test’, consisting in an individual walk without assistance (4,6 meters) where the time
taken to complete it is measured and expressed in seconds, adjusted for gender and height.
The best time of the two trials was used for final scoring (Newman, Haggerty, Kritchevsky,
Nevitt, & Simonsick, 2003); v) low physical activity level, assessed by the International Physical
Activity Questionnaire (IPAQ) short form such that participants classified as having 'low levels
of PA’ and 'very low sedentary' on this instrument scored negatively in the PF criteria
(Guessous et al., 2014; Pitanga, Pitanga, Beck, Gabriel, & Moreira, 2012). The prevalence of
FS combined score was calculated, as well as the presence of each of the five items (0 to 5
points). According to the Fried Protocol, the negative evaluation in one or two criteria classifies
the participants as pre-frail, in three or more as frail and as non-frail or robust, when the subject

has no void in any of the five criteria of PF (Fried et al., 2001).

7.3.9 Assessment of Physical Fitness Indicators.

The following Senior Fitness Test battery developed by Rikli and Jones (2013) was
used to measure PhFi: i) The lower body strength is determined with the ‘30 second’s chair-
and-stand test’ (30s-CS), measuring the number of total full chair-stands that can be completed
in 30 seconds with the arms folded across the chest; ii) The upper body strength was assessed
with the ‘30 seconds arm-curl test’ (30s-AC) that measures the total number of bicep curls that
can be completed in 30 seconds, seated in a chair and holding a hand weight of 5 Ibs (2.27
kg) for women. iii) For lower-body flexibility we used the ‘chair sit-and-reach test’ (CSR), from
a sitting position at front of chair, with leg extended and hands reaching toward the toes, the
number of inches (centimeters, + or -) between extended fingers and tip of toe are measured;
iv) The upper-body flexibility (shoulder girdle) was measured using the ‘back Stretch’ test, that
assesses the distance (centimeters, + or -) of approach between the middle fingers when one
hand reaching over the shoulder and one up the middle of the back; v) Agility-dynamic balance
(ADB) was assessed using the eight-foot-up and go test, that assesses the time in seconds
required for the participant to get up from a chair (seated position), walk as quickly as possible
around either side of a cone placed 2,44 meters away from the chair, turn and sit back down
in the seated position; vi) Aerobic resistance was measured through the “2-minutes step test”
(2m-ST), that consisted of the number of full steps the subject completed in two minutes
performing a stationary gait, with one hand resting on the wall and raising each knee to a
midway point between the kneecap and iliac crest. Score is the number of times the right knee
reaches the required height. (Rikli,& Jones, 2013).
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For all the PhFi tests the best score of the two trials performed was used for final scoring
purposes. When upper and lower members were tested in both sides (i.e. left and right) the

best scoring side was the one considered for scoring purposes.

7.4 Statistical Analysis

The assumption of normality was checked by resorting to Shapiro Wilk tests and by
visual inspection of normality plots. When normally distributed, quantitative variables were
described by their means and standard deviations. When not normally distributed, medians
and the first and third quartiles were used instead. Nominal variables were described with

absolute and relative frequencies.

A comparison of quantitative variables between PF categories (no frail, pre-frail and
frail) was performed using one-way ANOVA test or Kruskal-Wallis test, as applicable.
Associations between nominal variables were assessed using the chi-squares test and Monte
Carlo simulations were performed when appropriate. Partial correlations between the PF
combined score and PhFi indicators were computed, together with partial correlations
controlling for the cognitive status, comorbidities and both factors at the same time. The
variables expressing PhFi results were analyzed regarding their predictive value to distinguish
between frail and pre-frail subgroups by performing a Receiver Operating Characteristics
(ROC) curve analyses. A multivariate logistic regression was subsequently undertaken,
considering all of the aforementioned PhFi test performance variables as predictors of PF. IBM
SPSS Statistics 21.0 and in ‘R 3.3.1" software were used for all computations. The level of

significance adopted was P= 0.05.

7.5 Results

Data from 119 participants were analyzed, and Table 7.1 presents descriptive
characteristics of the participants for all variables. Analysis of the sociodemographic variables
indicated that our participants were older women (81.96 + 7.89), mostly without husbands
(94.1%) and with low academic achievement levels according to the Portuguese education
classification system (3™ grade). When the ‘no frail, ‘pre-frail’ and ‘frail’ subgroups were
compared, there were no statistical differences between these groups for chronological age,

weight and marital state. Statistical differences were found for height (p < 0.05).

226 Chapter 7



Concerning clinical status, the average scores of the total sample classified the sample

as a whole as showing a cognitive status of MCI (MMSE, 20 points), a high incidence of multi-

comorbidity and a high risk of mortality (CClI, 7 points) and a high incidence of polypharmacy.

Differences between groups were found for MMSE scores that were lower (p<0.001) and CCI

scores that were higher (p = 0.026) in the frail group. There was also a clear tendency for

increased polypharmacy in the frail subgroup. Regarding PF assessment, 19 participants were
classified as nonfrail (16%), 46 subjects as pre-frail (38,7%) and 54 as frail (45.4%).

Table 7.1 Characterization of the total sample study population® and comparison by frailty phenotype index for

sociodemographic, clinical status, frailty and physical fitness indicators.

Total sample Nonfrail Pre-frail Frail

(n=119, 100%) (n=19, 16%) (n=46, 38.7%) (n=54, 45.4%) P
Bio-sociodemographic
Chronological age (years, A+SD) 81,96 +7,89 81.68 £6.72 81.80 + 8.65 82.19+7.72 0.959
Weight (kilograms, A+SD) 65.45+£12.58 66.22 + 11.33 65.08 +11.54 65.49 + 13.98 0.946
Height (meters, M1;3) 1.51 (1.47 ; 1.56) 1.56 (1.49 ; 1.62) 1.51 (1.47 ; 1.55) 1.50 (1.46 ; 1.52) 0.008
Marital state (n,%)
Single 31(26.1) 6 (31.6) 12 (26.1) 13 (24.1)
Married 7(5.9) 4(21.0) 1(2.2) 2(3.7) 0.073
Widowed or divorced 81 (68.0) 9 (47.4) 33 (71.7) 39 (72.2)
Level of education (degree; M1;3) 3(3;4) 4(3;6) 3(3;4) 3(2;4) 0.063
Clinical status
Mini mental state exam (score, M1;3) 20 (15; 25) 25(21;27) 21 (17 ; 25) 17 (13 ; 22) <0.001
Charlson comorbidity index (score, M1;3) 7(6;9) 8(6;10) 7(6;8) 8(7;9) 0.026
Medication use, per day (n, %)
| use more than three 108 (91.5%) 17 (89.5%) 43 (95.6%) 48 (88.9%) 0.465
| use three or less 10 (8.5%) 2 (10.5%) 2 (4.4%) 6 (11.1%)
Frailty Syndrome (n, %)
Weakness (N:P) 85 (71,4): 34(28.6) 0 (0) : 19 (100) 36 (78.3): 10 (21.7) 49 (90.7) : 5(9.3) < 0.001
Slowness (N:P) 62 (52.1): 57(47.9) 0 (0) : 19 (100) 14 (30.4) : 32 (69.6) 48 (88.9): 6 (11.1) < 0.001
Poor energy (N:P) 49 (41.2): 70 (58.8) 0 (0) : 19 (100) 10 (21.7) : 36 (78.3) 39 (72.2):15(27.8) < 0.001
Weight loss (N:P) 19 (16): 100 (84) 0 (0) : 19 (100) 3(6.5):43(93.5) 16 (29.6) : 38 (70.4) 0.001
Low physical activity level (N:P) 55 (46.2): 64 (53.8) 0 (0) : 19 (100) 13(28.3): 33 (71.7) 42 (77.8): 12 (22.2) < 0.001
Physical Fitness (M1;3)
Back stretch test (centimetres) 43.00 (34 ; 56) 53.00 (39.00 ; 70.50) 44.00 (37.50 ; 60.50) 40.25 (31.00 ; 51.00) 0.022
Agility-dynamic balance (seconds) 13.00 (10 ; 20.56) 9.75(7.12;10.58) 11.15 (9.20 ; 14.90) 20.14 (14.30; 25.97) < 0.001
Chair sit and reach (centimetres) 36.00 (25.50 ; 42.50)  35.00 (23.00 ; 43.50) 38.75 (34.50 ; 43.50) 32.25(22.50 ; 38.50) 0.002
30 seconds chair-and-stand test (reps) 8.00 (6.00 ; 11.00) 11.00 (10.00 ; 12.00) 9.00 (7.00 ; 11.00) 6.00 (5.00 ; 8.00) <0.001
30 seconds arm curl test (reps) 10.60 (8.00 ; 12.00) 13.00 (11.00 ; 15.00) 11.00 (9.00 ; 14.00) 9.00 (7.00; 11.00) <0.001
2-minutes step test (reps) 37.00 (20.00 ; 44.00)  52.00 (44.00 ; 60.00) 39.50 (30.00 ; 45.00) 27.00 (16.00 ; 35.40) < 0.001
Body mass index (A+SD) 28.49+5.05 26.95+ 3.78 28.22+ 4.60 29.27+ 5.69 0.205

®Data presented as (A+SD): average * standard deviation; (M1;3): median; 1% quartile; 3 quartile or as (n, %): number (percentage) of participants, where applicable;

N = negative: P: positive.
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Analysing scores from the senior PhFi tests battery and comparing the frailty sub-
groups, the frail group exhibited lower performance results on all tests. A comparison between
the three groups showed statistically significant differences attained for all tests battery
variables except for body mass index, whose results indicated higher values in the direction of
the frail group. In addition to the descriptive scores described in Table 7.1, a graphical
representation also showed PF-differences in PhFi scores. In Figure 7.1 of radar plot, to ensure
comparability and an easier visualization, the medians were computed for each of the three
PF sub-groups and then divided by the maximum of the three medians. It is worth mentioning
that, for each PF component represented in the plot, higher results mean better performances.
The frail group can be seen to have lower scores for all PhFi variables except for body

composition.

/ —&— Nonfrail Prefrail =—#=—Frail \

Body mass index

Two-minutes step Back strech

1/agility-dynamic balance

30 seconds arm-curl
K 30seconds chair-and-stand Chair seat-and-reach /

Figure 7.1 Radar plot of the variables of the physical fithess tests comparison by physical frailty subgroups (n=
119).

Correlations between the combined score of PF and PhFi indicators can be seen in
Table 7.2. Additional partial correlation, controlling for cognitive state, comorbidity and both
variables were also included. Direct and strong correlations emerged from associations
between PF combined score and ADB test (r = 0.662; p < 0.001). An inverse and strong
association emerged in 2m-ST variables (r = - 0.617; p < 0.001). Inverse and moderate
association appears in 30s-CS (r = - 0.555; p < 0.001) and 30s-AC (r = - 0.456; p < 0.001)
tests; inverse and small associations values appear in BST and 30s-CS tests (r=- 0. 255 and

r=-0.289; p < 0.001, respectively).
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No statistical correlation between BMI| and FS combined score was found. When the

effects of cognitive profile, comorbidity and interaction between both variables were removed,

correlation scores decreased but did not change the magnitude of the correlations.

Table 7.2 Spearman total and partial correlations (controlling for cognitive, comorbidity and both) between

combined score of FS and indicators of physical fitness tests (n =119).

Control
. BST ADB CSR 30-SCS 30s-AC 2m BMI
Variables
r -0.255 0.662 -0.289 -0.555 -0.456 -0.617 0.119
None
p 0.005 <0.001 0.001 <0.001 <0.001 <0.001 0.198
r -0.212 0.617 -0.292 -0.509 -0.411 - 0.556 0.157
MMSE
p 0.021 <0.001 0.001 <0.001 <0.001 < 0.001 0.090
r -0.231 0.653 -0.279 -0.542 -0.446 -0.616 0.096
CClI
p 0.012 <0.001 0.002 <0.001 <0.001 <0.001 0.303
r -0.181 0.604 -0.280 -0.489 -0.398 -0.552 0.131
MMSE and CCI
p 0.051 <0.001 0.002 <0.001 <0.001 <0.001 0.159

Subsequently, ROC analyses were performed to assess how PhFi indicators may be
used to predict PF status (see Table 7.3). The highest AUC value was attained for the ADB
test, the 95% confidence interval being [0.739, 0.901]. The corresponding cut-off value,

maximizing Youden’s Index, was seen to be 16.22 (seconds), the sensitivity 70.4% and the

specificity 84.8%.

Table 7.3 Predictive performance of physical fitness tests for frailty syndrome (n =119).

Variables Cut-off Sensitivity Specificity AUC AUC 95% CI
Back stretch <33.75 37.0% 89.1% 0.631 [0.522, 0.740]
Agility-dynamic balance 216.22 70.4% 84.8% 0.820 [0.739, 0.901]
Chair sit and stand <35.75 68.5% 73.9% 0.712 [0.609, 0.815]
30 seconds chair stand <6.50 51.9% 89.1% 0.754 [0.661, 0.847]
30 seconds arm curl <11.50 92.6% 47.8% 0.728 [0.626, 0.829]
Two minutes step <36.50 77.8% 65.2% 0.738 [0.640, 0.836]
Body mass index 229.89 53.7% 63.0% 0.550 [0.436, 0.664]
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Test performance indicators were used as predictors for PF in a logistic regression
analysis aimed at distinguishing between pre-frail and frail sub-groups. Non-frail participants
were thus excluded from this analysis. Out of the seven variables assessing test performance,
only ADB test (f = 0.198; SE=0.052; p = 0.0000; OR = 1.218; OR 95% CI [1.110; 1.349]) and
30s-AC (B =-0.213; SE=0.086; p = 0.013; OR = 0.808; OR 95% CI [0.683; 0.956]) were found
to be statistically significant predictors. These two predictor variables were linearly related to
the logit of the dependent variable using the Box-Tidwell procedure. A multivariate outlier was
identified using standardized residual and kept in the analysis. The model was seen to be
statistically significant (x*[2] = 45.181, p < 0.001) and to explain 48.6% (Nagelkerke R?) of the
variance in the outcome variable. It achieved a sensitivity and specificity of 70.4% and 84.8%,
respectively, with AUC 0.848 with the corresponding 95% confidence interval being [0.773,

0.922]. Figure 7.2 shows only those significant variables in multivariate logistic regression

Y

ADB test
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Line

analysis.
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Figure 7.2 Results of Receiver operating characteristic curve analysis for test performance used physical fitness
indicators (n = 119).

7.6 Discussion

The goals of this study were to explore associations between PF and PhFi indicators
and to analyze predictive performance of PhFi tests among women living in centers for social
and health care support in the district of Coimbra, Portugal. To our knowledge, this study is
the first scientific examination of the predictive performance of PhFi indicators for evaluating

PF in a Portuguese population over 65 years old.
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Frailty has similar prevalence (45.4% frail subgroup) when compared to other
European countries that have studied samples living in social and health care support
(Abizanda et al., 2013). According to other international studies, there is a clear trend towards
an increasing prevalence of PF in samples of institutionalized individuals. Portuguese women
over 65 years of age have distinct sociodemographic characteristics, when compared to South
American (Yassuda et al., 2012), North American (Kiely, Cupples, & Lipsitz, 2009) and Asian
populations (Han, Lee, & Kim, 2014). In agreement with other studies of participants with
similar sample characteristics (Gonzalez-Vaca et al., 2014), our bio-sociodemographic data

revealed a trend toward lower levels of education in the pre-frail and frail subgroups.

Unlike other studies in which frail subjects were underweight (Donini et al., 2013), we
found no statistically differences between groups in body weight and BMI. This fact may be
explained by the nutritional support these individuals received from the care center in which
they were living, consistent with a cross-sectional study conducted in Spain (Gonzalez-Vaca
et al., 2014). According to several researchers, in recent years, malnutrition is a frequent
problem among people living in institutionalized context (Cereda, Valzolgher, & Pedrolli, 2008;
De Luis et al.,, 2011; Donini et al., 2013). Our data highlight the importance of adequate
nutritional balance, one of the variables at the core of the FS status. Especially for this study,

it is important to note that body weight probably did not affect the assessment of PhFi.

In terms of clinical history, cognitive impairment and incidence of comorbidities are the
most explored dimensions in studies combining PF-correlates (Brigola et al., 2015; Chang &
Lin, 2015). Despite ICC scores, present data does not indicate an increase in the number of
diseases in the direction of the frail subgroup. The prevalence of a high comorbidity index in
our study sample was present in all the PF subgroups. The results of cognitive function
assessed by the MMSE showed statistical differences between PF subgroups. The pattern of
increased MCI occurrence among the pre-frail and the frail people in this study was
comparable to previous studies (Abizanda et al., 2013; Han et al., 2014). However, studies
with similar samples with participants living in community-dwelling context have higher values
in MMSE scores when compared to studies with institutionalized samples (Robertson, Savva,
Coen, & Kenny, 2014). Regarding differences in PhFi indicators between FS subgroups, frail
people exhibited smaller scores in the lower and upper body strength, lower and upper body
flexibility, agility, dynamic balance and aerobic resistance capacities compared to the non-frail

and pre-frail sub-groups.
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An improvement on PhFi performance, through regular physical exercise practice,
reportedly enhanced physiological parameters related to physical health, exerting therapeutic
treatment effect for prevention and mitigation of specific outcomes of physical impairment and
can also contribute to increasing physical activity and quality of life (Patel, Newstead, & Ferrer,

2012), even in people aged over 65 years old (Vrantsidis et al., 2014).

The scientific literature recognizes the importance of maintaining an active lifestyle
across life, to mitigate adverse and harmful negative effects on physical health. However,
muscle strength and cardiorespiratory fithess are consensually the most encouraged PhFi
components to be predominantly trained, because of the direct relationship between the
human vital capacity and physiological reserve (Charansonney, 2011). A closer look atthe FS
sub-groups, specifically the frail subjects, revealed that weakness (muscular strength),
slowness (walking speed) and low physical activity levels were the three FS components on
which a larger number of participants scored negatively. The results of partial correlation
between PF combined score and PhFi indicators (seeTable 7.2) showed satisfactory
correlations between these dimensions, even when controlling for the effects of comorbidities,
cognition profile or both. Some studies indicate that these clinical conditions exert influence on
PhFi variables, though this was not demonstrated in the present study. Generally, our results
are consistent with other studies that explored associations among similar variables and
dimensions (Chang et al., 2014; Jeoung & Lee, 2015).

A second central focus of the present study was an analysis of the potential
performance of PhFi tests for predicting the FS condition. We identified the 30s-AC and ADB
test as two potential predictors of PF. The longer the ADB test took to be completed and the
lower the number of repetitions in 30s-AC, the greater the risk of being frail. Notably, the ADB
test was the best predictor. According to recent studies, this test seems to be an appropriate,
independent and predictive tool to detect frail subjects (Chang et al., 2014). Note that for the
same sensitivity as the best univariate predictor (ADB test), the logistic regression model

allows for a slightly higher specificity (89.1%, whereas it was 84.8%).

In analytical terms, for this population or another with similar characteristics, taking
longer than 16.22 seconds to complete this test predicts the existence of a frail condition.
Accurately, the risk of frail condition (not pre-frail) increases about 2.12% per second spent in
the ADB test (see Table 7.3). Similar results were previously found in a similar study using an
analogous test (the time-up-and-go test) for predicting frail condition in community-dwelling
subjects (Greene et al., 2014; Savva et al., 2013).
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However, in their sample, unlike the present study, the authors excluded individuals
with MCI. As mentioned, the comparison of the ADB test values between frail and pre-frail sub-
groups is of particular importance, since statistically significant differences were found
between the ADB test values of the two groups, (U=446, p<0.01). The satisfactory execution
of this test requires awareness, concentration on the information received (attention) and fast
decision-making (reaction time) when the participant receives the signal to 'raise from the chair'

and walk as quickly as possible (Barry, Galvin, Keogh, Horgan, & Fahey, 2014);

Additionally, rising from a chair unassisted by upper limbs requires lower limbs muscle
strength, and walking fast and turning around a cone placed at 2.44 meters requires quickness,
agility, dynamic balance and body support (Cebolla, Rodacki, & Bento, 2015). Thus, this test
requires the integration of physical capacities, highly dependent on a satisfactory
neurocognitive functioning. Perhaps this is the reason why the cut-off values for predicting
risk of PF status in the present study were higher than previous studies in which the predictive
cut off value was = 8.12 seconds (Chang et al., 2014) as our sample contained individuals

whose MMSE test values were in the range of mild cognitive impairment.

The central findings of the present study support the power of the agility-dynamic
balance test for predicting PF in institutionalized populations aged over 65 years, where
application of Fried’s criteria is not feasible. This study’s limitations include a sample that was
only representative of institutionalized women since randomly selected institutions in a
‘universe’ of many others was the most feasible, fast and economical method of data collection
and the number of male participants motivated to participate was very low. However,
comparing these data to similar results from previous research, we conclude that the agility-
dynamic balance test is gaining clinical utility because of its accuracy in detecting physical

frailty. It has potential for use as a reference measure in future exercise intervention studies.
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8.1 Abstract

Introduction: The associations between functional disability (especially related to the
activities of life activities) and frailty have already been explored. However, the contribution of
each component of physical frailty and their contribution to understanding the early physical
decline of older individuals are poorly explored. Objectives: To determine the relationships
between physical frailty and functional disability and to identify the independent components
of frailty that most influence on disability in institutionalized-dwelling older women. Methods:
A cross-sectional study of 119 (81,96+7,89) institutionalized older women aged 75 and over.
Functional disability was assessed through Agility-dynamic and Static balance tests, Activities
of daily life and Falls risk screen outcomes. Physical frailty components were assessed by
Fried Protocol that encompasses Low levels of physical activity, Self-reported exhaustion,
Weakness (low handgrip strength), Slowness (low gait speed) and non-intentional weight loss.
Results: A comparative analysis showed that the frail subgroup displayed the weakest results
for all functional disability outcomes (p < 0.05). Despite the statistically significant associations
between frailty total score and all disability outcomes, the linear regressions analysis showed
that in the two models tested, Low physical activity levels and Slowness were the frailty
independent components most associated to disabilities. Conclusion: More studies with
larger samples across different cohorts of institutionalized-dwelling populations will help to
better understand the independent relationship of each physical frailty component to the
different adverse-disability outcomes may help to provide a more real prognostic value and

assist to design a co-adjuvant treatment to attenuate and reverse physical frailty.

Key-words: Frail older adults, women, disability evaluation, activities of daily living, motor
skills.

Physical Frailty, their correlates and exercise-effect on biopsychological parameters 245



8.2 Introduction

The Frailty Syndrome is a state in which reserve function across multiple physiologic
domains decline, compromising the individuals’ capacity to withstand stress, thereby
predisposing them to poor general health, functional decline, institutionalization and death "2.
Linda Fried and colleagues ® developed a construct known as the Physical Frailty (PF) and
identified five components: weakness, low resistance to effort, slowness, low physical activity
levels and weight loss and operationalized a criteria for characterizing a person as frail, pre-

frail and no frail 3.

Recently, findings suggested that PF is strongly linked to different functional disability
(FD) outcomes comprising an independent component of PF, increased caregiver burden, and
greater financial costs for public health *°. Currently, FD is understood as a multidimensional
construct that integrates the analysis of compensation strategies to maintain a satisfactory
physical health to perform daily life activities autonomously ’. The assessment of FD can be
quantified by direct (simple and low cost functional fitness and motor tasks tests) or indirect
measures (through questionnaires evaluating specific daily life tasks), both clinically validated
89 Positive changes in FD are primary determinants of quality of life in advanced age.
Perception of a positive physical condition, for example, (i.e. not be afraid to face possible
physical barriers that condition the fear of falling) might reflect a personal sense of predicted

support from others despite being PF.

Currently, there is poor information about the contribution of each PF independent
component to physical-functional decline '°. Epidemiological studies reported that poor scores
on the handgrip strength test were associated with high risk of mortality ', dementia and mild
cognitive impairment 2. Low levels of physical activity were consistently associated with
mortality " and cognitive decline '*. Poor walking speed proficiency and low physiological
reserve '°. However, it remains to be explored how each independent component of PF can
contribute to explain functional disability in frail older adults. Geriatric researchers have started
to explore the independent association of each PF components with some FD outcomes °,
However, the relationship of PF independent components and different FD outcomes, as well
as their contribution to understand the decline frail institutionalized-dwelling individuals, are

poorly explored.

Thus, the aim of this study was to analyse the relationship between the PF and
functional disability outcomes, as well as to verify the frailty subgroups-differences on FD

outcomes in institutionalized-dwelling people aged 75 years or more.
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8.3 Methods

This was a cross-sectional data collection study design of institutionalized-dwelling
Portuguese older adults aged 75 and over. The sample consists of a subset of the participants
of the previous published study protocol. Initially, 5 centres of health care and social support
(CHS) were approached and four institutions were randomly selected to participate in the
study. The directors of the CHS, the participants and their legal representatives signed consent
forms. This study was approved by the Faculty of Sport Science and Physical Education
Ethical Committee (Reference code CE/FCDEF-UC/000202013) - the University of Coimbra,
respected the Portuguese Resolution (Art. 4st; Law n. 12/2005, 1st series) and complied with

research guidelines in humans of the Helsinki Declaration®.

8.3.1 Sample selection criteria

Participant inclusion and exclusion criteria were validated through a face-to-face
interview. The inclusion conditions for the participants were: to take part in the research
spontaneously and to have controlled and updated medicine treatment. The presence of
severe chronic health illness that could prevent performance of the physical tests of functional
disability outcomes, such as severe cardiomyopathy, hypertension, uncontrolled asthmatic
bronchitis and any musculoskeletal, mental, hearing or vision disorders, including morbid
obesity or the use of drugs that could cause attention impairment, were adopted as exclusion
criteria of participants. The first eligible sample consisted of 183 institutionalized-dwelling
participants. In total, 64 women participants were excluded due to a poor clinical health
condition (high physical and cognitive impairment). A total of 119 older women were finally
included in the study. Needed statistical power was computed by considering the Lawton index
values in studies comparing differences between frail and pre-frail groups, using a Mann—
Whitney U test, with a significance level of p = 0.01. The computations were performed on
G*power 3.1.9.2, and the power was determined to be 0.97 with a sample of 119 and an effect

size of 1.12 "6,

8.3.2 Measurement

Data collection was executed by the principal investigator and a properly trained
research team constituted of a nurse, physiotherapist and physical educator. To minimize
differences, the same evaluators performed data collection. Sociodemographic,
anthropometric and health status indicators that presented statistical differences on frailty
subgroups comparison were analyzed as a covariate. The quality data of physical tests was

examined and internal consistency reliability (ICR) for each test was reported.

Physical Frailty, their correlates and exercise-effect on biopsychological parameters 247



8.3.3 Frailty screen

The positive evaluation in one or two PF components classified the participants as pre-
frail, three or more as frail and as non-frail when the subject had none of the five frailty
independent components, forming a categorical classification . The incidence of PF based on
the five components was calculated by generating a continuous score (0 to 5 points). The

following Fried of PF protocol was applied:

i) unintentional weight loss was assessed by self-reporting loss of four kilograms or more in

the last six months, validated by medical records over one year;

ii) exhaustion (self-reported weariness) was evaluated by negative concordance of questions

number 7 and 20 from the Centre of Epidemiologic Studies in Depression (CES-D) scale *°;

iii) weakness was analyzed using the handgrip strength test (HGT). This test uses a hand-held
dynamometer (Lafayette Dynamometer, model 78010, United States) and strength is
measured in kilograms. The subject holds the dynamometer in the hand to be tested, with the
elbow by the side of the body. When ready, the subject squeezes the dynamometer with
maximum isometric effort, which is maintained for 5 seconds. The best result of the two trials
was used for scoring purposes ?°. Participants who were unable to perform the HGT and those
in the lowest 20% (adjusted for BMI and stratified by gender) scored positive, based on cut off
values of Fried’s study population; iv) slowness was measured using the 4.6 meters walking
test (4.6-WT), which results are expressed in seconds and adjusted for gender and height.
Based on cut off values of Fried’s study population, the best time of the two trials was used for

final scoring '°;

v) low PA levels were assessed by the International Physical Activity Questionnaire (IPAQ)
short version . The IPAQ short form asks about three specific types of activity undertaken in
the three domains introduced above and time being sedentary. The specific types of activity
that were assessed are walking, moderate-intensity activities and vigorous intensity activities;
frequency (measured in days per week) and duration (time per day) are collected separately
for each specific type of activity. The total volume and the number of day/sessions were
included in the IPAQ analysis. There are four levels of PA suggested for classification: inactive,
minimally active, medium active and a highly active. Participants classified as inactive and

minimally active had a positive score for the frailty status 2.
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8.3.4 Functional disability outcomes
The assessment of FD was organized in a test battery following the approach proposed

in a previous study :

i) The Katz Index of Independence (ADL) and The Lawton Index Instrumental (IADL) were
used for assessing autonomy in daily life tasks. ADL scale ranks adequacy of performance in
six functions (dressing, transferring, toileting, continence, feeding and bathing). Individuals are
scored for each function as an independent (1 point) or dependent (0 points), for the six
functions. A score of 6 indicates full function, 4 indicates moderate impairment, and 2 or less

indicates severe functional impairment ®%.

i) The Lawton Instrumental Activities of Daily Living (IADL) was used for identifying
deterioration or improvement over time in 8 socio-biological functions. A summary score

ranges from low function (8 points) dependent, to independent for high functions, 32 points #*.

iii) Fear of falling was measured using the Tinetti Falls Efficacy Scale (FES), where individuals
are asked to rate, on a 4-point Likert scale, their concerns about the possibility of falling when
performing 16 activities. Scores range from 10 to 100 points, with a lower score indicating a

high self-efficacy and little fear of falling %°.

iv) The eight foot-up-and go test was used to assess agility-dynamic balance (ADB). The ADB
test measures the total time in seconds needed for the participant to get up from the chair,
walk the distance of 2.44 meters as quickly as possible around either side of a cone, and to sit
back down in the chair (ICR = 0.80). A total time of more than 9 seconds indicates a “risk

zone”. %°.

v) The Semi-Tandem Stance Balance test (TSB) was used to evaluate static balance, and
consists of the participant maintaining the standing position with open eyes and one foot in
front of the opposite foot for a maximum of 30 seconds. The time of 10 seconds or less

indicating very poor static balance (ICR = 0.77).

8.3.5 Sociodemographic screening

Information on chronological age was assessed through the date of birth and analyzed
as a continuous variable. Marital status was categorized in single, married, widowed or
divorced and level of education (assessed as a continuous variable) was collected for each

participant. Level of Education was classified according to the Portuguese educational system.
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8.3.6 Anthropometric measures

The standardized procedures described by Lohan and colleagues (Chumlea,
Baumgartner, 1989) were followed for the collection of anthropometric data, including body
mass weight determined using a portable scale (Seca®, model 770, Germany) with a precision
of 0.1 kilograms; stature using a portable stadiometer (Seca Body meter®, model 208,
Germany) with a precision of 0.1 centimeters and BMI, calculated according to the standard
formula (BMI = weight/height?).

8.3.7 Clinical-mental health status

Comorbidity was assessed using the Charlson Comorbidity Index (CCl) that measures
the burden of disease and has a weighted index based on 19 comorbid conditions. The score
ranging from O (low) to 10 points (high), can be combined with age and gender to form a single
index *°. Those individuals that presented a comorbidity index above 10 points were excluded
from the study. The Mini-Mental State Examination (MMSE) was used to assesses five areas
of cognition. The maximum score is 30 points and a score below 24 points is usually
considered indicative of dementia screening *"*2. Depression state was assessed using the
scale developed by CES-D '°. The 20-items, totalling an overall score of 0 to 60 points, in

which the highest scores correlate with the frequency of depressive symptoms *.

8.3.8 Statistical analysis

The Shapiro-Wilk test was used to assess the normality of continuous variables.
Normally distributed continuous data were described by their averages and standard
deviations, whilst non-normally distributed continuous data were described by median and first
and third quartiles. As for categorical variables, absolute and relative frequencies were used.
Independent samples ANOVA tests and Kruskal-Wallis tests were performed to compare
continuous variables between groups and Chi-square tests to assess the association between
categorical variables. Spearman's rank correlations and corresponding partial Spearman
correlations were used to test the associations between FD outcomes PF total score. The
relationships between the ADL and each of PF components was evaluated using logistic
regressions. The relationships between PF and all other FD outcomes were analyzed using
linear regressions. The unadjusted model simply included one dependent variable and one
independent variable. In model 1, stature, comorbidities, depressive state and cognitive state
were included as covariates. The outcomes of disability were assumed as dependent variables
and the PF components were independent in the regression analysis * (p=0.05). All

computations were performed on IBM/SPSS Statistics 21 and R version 3.3.1.
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8.4 Results

Characteristics of the population are shown in Table 8.1. Mean age of the total sample

was 81,96+7,89, 68% of the participants were divorced or widowed and the median level of

education was third grade. Analysing differences in frailty subgroups, no significant changes

were found in sociodemographic and anthropometric variables, except for stature. The mean

of stature data showed that the frailest individuals had a statistically significant shorter stature

(p = 0.008). None of the other sociodemographic and anthropometric parameters showed

significant differences between frail subgroups. Frail individuals presented a lower score on

the cognitive test (p < 0.001), a worse depressed mood (p = 0.026), and a higher comorbidity

index (p < 0.001) when compared to the other subgroups.

Table 8.1 Characterization of the total study sample and comparison by physical frailty subgroups for biosocial

and global health outcomes.

Total sample Nonfrail Pre-frail Frail p
(n=119, 100%) (n=19, 16%) (n=46, 38.7%) (n=54, 45.4%) value
Sociodemographic
Chronological age (years, AxSD) 81,96 (+7,89) 81.68 (+6.72) 81.80 (+ 8.65) 82.19 (2 7.72) 0.959
Level of education (degree; M1;3) 3(3;4) 4(3;6) 3(3;4) 3(2;4) 0.063
Marital state (n,%)
Single 31(26.1) 6 (31.6) 12 (26.1) 13 (24.1)
Married 7 (5.9) 4(21.0) 1(2.2) 2(3.7) 0.073
Widowed or divorced 81 (68.0) 9 (47.4) 33(71.7) 39 (72.2)
Anthropometric data
Weight (kilograms, A+SD) 65.45(+12.58) 66.22 (+ 11.33) 65.08 (+11.54) 65.49 (+ 13.98) 0.946
Stature (meters, M1;3) 1.51(1.47;1.56) 1.56 (1.49; 1.62)  1.51(1.47;1.55)  1.50 (1.46; 1.52) 0.008
Body mass index (A+SD) 28.49 (+ 5.05) 26.95 (+ 3.78) 28.22 (+ 4.60) 29.27 (+ 5.69) 0.205
Clinical-mental health state
Mini mental state (0-30 pts, M1;3) 20 (15; 25) 25 (21;27) 21 (17 ; 25) 17 (13; 22) <0.001
Comorbidity index (0-10 pts, M1;3) 7 (6;9) 8(6;10) 7(6;8) 8(7;9) 0.026
CES-D depression scale (0-60 pts, A+SD) 21.92 (+ 8.00) 19.42 (+ 7.99) 19.46 (+ 8.09) 24.89 (+ 6.98) 0.001
A=Average (mean), SD = standard deviation, M1; 3 = Median (25" Percentile; 75" Percentile); pts = points
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The results of FD outcomes showed that statistical significant differences were found
for all variables indicating that the frail subgroup presented more dependence (Katz index of
ADL = p < 0.001 and Lawton index of IADL p = 0.002), higher fear of falling (p = 0.002) and
less static (p = 0.039) and dynamic balance (p < 0.001) scores when compared to pre-frail and

non-frail subgroups.

Table 8.2 Characterization of total sample and comparison of physical frailty subgroups for functional disability

outcomes.
Total sample Nonfrail Pre-frail Frail p
(n =119, 100%) (n=19, 16%) (n =46, 38.7%) (n = 54, 45.4%) value

Katz index of ADL 43 13 20 10
(0-6 pts, n,%, disability) (36.1) (68.4) (43.5) (18.5)

<0.001
Katz index of ADL 76 6 26 44
(0-6 pts, n,% no disability) (63.9) (31.6) (56.5) (81.5)
Lawton index of IADL index 20.11 17.37 18.70 22.28

0.002
(9-32 pts A+SD) (£5.70) (£7.24) (£5.27) (£ 4.65)
Falls efficacy scale 40.00 33.00 34.50 41.00

0.048
(10-100 pts M1;3) (18.00; 61.00) (14.00; 40.00) (13; 70) (26.00; 59.00)
Static balance test 1.30 2.52 1.56 1.09

0.039
(per time,M1;3) (0.05; 4.11) (0.71; 11.00) (0.17 ; 4.15) (0.01; 3.38)
Agility-dynamic balance test 13.00 9.75 11.15 20.14

<0.001
(per time,M1;3) (10.00; 20.56) (7.12; 10.58) (9.20; 14.90) (14.30; 25.97)

A=Average (mean), SD=standard deviation, M1; 3= Median (25" Percentile; 75" Percentile); pts = points

As an additional analysis The Spearman’s rank and partial correlations, controlling for
covariates that presented were performed. Statistical differences in the group-treatment
comparison was found. A moderate to strong correlation between PF total score and all FD
outcomes was found (p<0.005). When looking at the partial correlations, only that between the
Lawton index of IADL and FES scale disappears. On the basis of this first phase of statistical
treatment, the multivariate regression analyses were performed and the results are presented
in Table 8.3 showed above. Two models of independent relationships were generated between
each disability and frailty independent components. The unadjusted results showed that
Weakness was significantly associated with Katz of ADL and DBT tests, Slowness was
associated to all FD outcomes, Exhaustion was associated to all FD components (except the
STB test) and Low PA levels also associated with all FD outcomes, except with the FES scale.

However, all these associations were ftrivial (r < 0.10).
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After adding the adjusted covariates, Weakness presented a significant trivial
correlation with the Katz of IADL index (B = - 0.047; OR = 0.954; 1C95% [0.898, 1.016] ;p
<0.001) and ADB test (*~0.18; p = -0.325; p = 0.007). The PF component of Slowness also
showed a small correlations with Katz of ADL index (f = 0.28; OR = 1.316; 1C95% [1.076,
1.609]; p <0.001) and moderate association with ADB test (r*~0.53; p = 1.982; p <0.001) and
a trivial correlation with TSB test (*~0.05; p = -0.444;; p = 0.034). Self-reported Exhaustion
maintain independent and small significant association with Lawton of IADL index (r*~0.53; p
= 1.982; p <0.001) and a significant but small association with the ADB test (*~0.21; p = -
6.642; p = 0.001) was also seen. Weight loss presented a small association with Katz of IADL
index (fp =-1.707; OR = 0.181; 1C95% [0.044, 0.749] ;p < 0.001) and a trivial association with
the TSB test (*~0.05; p = -4.379;; p = 0.016).

Finally, Low PA levels had the smallest association with the Katz index (f = - 0.245;
OR =0.783; 1C95% [0.509, 1.204] ;p <0.001), a moderate association with the Lawton index
of IADL (r*~0.30; p =-1.182; p = 0.010) and a small association with the ADB test (r*~0.25; p
= -3.528; p = 0.010). Lastly, residual and analytical analyses did not show violations of the

assumptions underlying regression analysis and indicated a satisfactory fit of the model.
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Table 8.3 Association between each physical frailty and functional disability components (n = 119).

zﬂ:‘cc;::zgl Disability Katz’s index of ADL Lawton’s index of IADL Falls efficacy scale Agility-dynamic balance test Static Balance test

Physical Frailty B OR 95% ClI fe";t”'bus R? B p R? B p R? B p R? B p
components coefficient for OR pvalue coefficient value coefficient value coefficient value coefficient value
Low hand grip test

(Weakness)

Unadjusted -0.056 0.946 [0.898,0.996] 0.028 0.016 -0.096 0.166 <0.001 0.069 0.825 0.095 -0.400 0.001 0.006 0.070 0.415
Adjusted* -0.047 0.954 [0.896, 1.016] <0.001 0.236 -0.043 0.507 0.091 0.035 0.912 0.178 -0.325 0.007 0.008 0.049 0.600
Low 15-feet walking test

(Slowness)

Unadjusted 0.288 1.334 [1.134, 1.570] <0.001 0.112 0.523 <0.001 0.059 1.695 0.008 0.533 1.978 <0.001 0.059 -0.471 0.008
Adjusted*® 0.275 1.316 [1.076, 1.609] <0.001 0.252 0.244 0.098 0.108 0.201 0.516 0.531 1.982 <0.001 0.046 -0.444 0.034
Self-reported weariness

(Exhaustion)

Unadjusted -1.405 0.245 [0.106, 0.568] 0.001 0.101 -3.631 <0.001 0.021 -7.353 0.120 0.141 -7.474 <0.001 <0.001 0.209 0.874
Adjusted* -1.487 0.226 [0.078,0.659] <0.001 0.293 -1.551 0.133 0.891 0.289 0.349 0.210 -6.442 0.001 0.007 -0.559 0.704
Unintentional reported

(Weight loss)

Unadjusted -0.706 0.493 [0.167,1.458] 0.184 0.025 -2.354 0.086 <0.001 0.762 0.902 <0.001 0.135 0.955 0.021 -2.712 0.113
Adjusted* -1.707 0.181 [0.044,0.749] <0.001 0.238 -1.134 0.379 0.095 0.279 0.363 0.122 -0.684 0.776 0.057 -4.379 0.016
IPAQ - short version

(Low PA levels)

Unadjusted -0.460 0.632 [0.434,0.919] 0.013 0.107 -1.754 <0.001 <0.001 0.043 0.985 0.176 -3.909 <0.001 0.031 1.173 0.047
Adjusted* -0.245 0.783 [0.509,1.204] <0.001 0.277 -1.182 0.010 0.094 0.270 0.382 0.253 -3.528 <0.001 0.029 1.053 0.110

Notes: *Adjusted for age, education level, morbidity index, body mass index and cognitive status (model 1). For each logistic regression and each of the FS components, the corresponding B coefficient, odds-ratio (OR), 95%
confidence intervals for the OR and the p-value of the omnibus tests of model coefficients were computed. For each linear regression and each of the frailty components variables, the coefficient of determination of the model (R?),
the B coefficient, the corresponding p-value and the p-value for the ANOVA test were computed; IPAQ = International Physical Activity Questionnaire
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8.5 Discussion

The aim of the present study was to investigate the relationship between PF and FD
outcomes in institutionalized women over 75 years old. We also examined the disability-
differences between the three frail sub-groups. The main findings of this study were that the
regression analyses showed that low levels of physical activity and slowness were the PF
component most associated with FD outcomes even after adjusting models. On the other
hand, the Katz index of ADL and the ADB test were de FD outcomes most associated with

physical frailty independent components in both regressions models.

After Linda Fried described the PF Phenotype % several studies examined the

prevalence of physical frailty in institutionalized samples *

. Studies realized in Spain
(Abizanda et al., 2014; de la Rica-Escuin et al., 2014), North America *® and Brazil *
corroborate the findings in the present study. First, the prevalence of PF was similar (45.4%)
and second, frail individuals had the worst FD scores when compared to the other PF
subgroups. The other finding of this study that drew attention was the short stature found in
the frail subgroup when compared to the other frailty sub-groups. According to previous
evidence, stunted growth as a developmental delay is a risk factor for later life functional
impairments “%*'. Height could be related to osteopenia/osteoporosis leading to loss of height.
This fact was independent of age and needs to be further explored. Previous researchers have
also found that a high comorbidity index, lower cognition and depressive status also appear to

strongly associate with physical frailty (Abizanda et al., 2014; de la Rica-Escuin et al., 2014).

Similar to the present study, low PA levels were found to be a PF independent
component that had a relationship with Katz of ADL and Lawton of IADL indexes “***. The
probable mechanisms that for this association were proposed in a previous study by Theou
and colleagues *°. The construct of daily life activities includes underlying socio-biological
functions that are highly dependent on a satisfactory level of physical activity (PA). The
biological mechanisms remain weakly comprehended, however, the main effects of low PA on
functionality could be mediated by reduced muscle strength, and also possibly by a down-
regulated inflammation and sex steroids hormone expression “°. Gait speed is the most used

motor skill test in studies related to physical performance in older frail populations *’.

Low capacity of walking speed has been found to be an independent component of
physical frailty status linked with FD outcomes in numerous previous findings ***°. On the other
hand, the Katz of ADL Index was the FD outcome most closely interrelated with all independent
components of frailty and may explain the physical deficit on the functional status that occurs
in an advanced frailty stage. For this reason, some researchers recognize it as an independent

maker of frailty status *°.
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Additionally, the results showed that, not the static balance, but the dynamic balance
motor skill test, showed the best relationship with all the independent components of frailty
status. This test has shown satisfactory associations with PF independent components in
previous studies °"*2. In addition, recent research has demonstrated that the ADB test proved
to be a good predictor of PF, for instance, when the full application or interpretation of Fried’s
criteria is impracticable °'****. A critical analysis of the ADB test can help understand the
satisfactory associations with PF found in this study since this test requires the integration of

different physical capacities such as timed reaction, upper body strength and agility >>°.

The limitations of this study is its cross-sectional design and the associations may be
bidirectional and the study sample was small number of people in frailty subgroups, due to
excessive and unexpected number of dropouts. However, the results of the present study
showed a similar trend to the other studies with larger samples. Exploring these associations
in institutionalized-dwelling individuals has a particular interest since their risk for age-physical
decline was approximately four times higher when compared to community-dwelling

individuals.

8.6 Conclusion

Our findings showed that low levels of physical activity and slowness are the
independent components of physical frailty most associated with functional disability
outcomes. These relationships have a specific interest in institutionalized samples and are in
agreement with findings of previous studies. More epidemiological studies are needed across
different sample cohorts of institutionalized-dwelling populations, to determine the real
prognostic value of frailty independent components and to help design a co-adjuvant treatment
to prevent frailty based on active lifestyle police interventions, aiming to increase levels of
physical activity and also, encourage changes in sedentary behaviours in this type of

population.
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9.1 Abstract

Background: The term ‘Psychological Frailty’ has appeared as a new frailty phenotype
and implies a parallel to the Physical Frailty phenotype, suggesting perhaps a relationship
between physical and psychological factors in frailty. Purpose: Very little is known about the
associations between psychological status or mental health-related outcomes and the physical
Frailty Syndrome in institutionalized populations. The main goal of this study was to analyse
the relationship between physical frailty and psychological status in institutionalized older
women. Methods: Cross-sectional data were collected. Participants were 118 older women
aged 65 years old or more, recruited from four nursing homes, who were asked to complete a
sociodemographic and a general health assessment survey. Psychological status was
assessed using cognitive status, self-perceptions (self-efficacy and self-esteem), mood states
(stress, depression) and emotional well-being (happiness and satisfaction with life)
investigated using psychometric rating scales. Physical Frailty was assessed using the Fried
of frailty Phenotype, that includes Weakness, Self-reported Exhaustion, Low Physical Activity
levels and Unintentional Weight Loss assessments. Results: Frail older women had a poor
score in all psychological well-being outcomes, except for global self-esteem and satisfaction
with life. A hierarchical regression model analysis showed that cognitive status, attitudes to
aging and a subjective feeling of happiness had a significant relationship with PF in both
unadjusted and adjusted models (explaining 34% and 40% of variance, respectively).
Conclusions: Psychological factors are strongly associated with PF. Implementing active
lifestyle interventions to improve positive psychological outcomes in geriatric assessments

could assist in the older institutionalized patient’s physical and mental health care.

Key-word: Frail Older adults, women, psychology, emotional well-being and mental health.
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9.2 Introduction

Frail populations are at increased risk for adverse negative health consequences
(Middleton, Mitnitski, Fallah, Kirkland, & Rockwood, 2008). Disability, morbidity,
institutionalization, and hospitalization are likely outcomes of this clinical time-progressive form
of unsuccessful ageing (Clegg, Young, lliffe, Rikkert, & Rockwood, 2013). In the frail person,
the order of adverse events occurs earlier and faster, significantly affecting their quality of life
(Gobbens, Luijkx, & van Assen, 2013; Kanwar et al., 2013). Consensual statements on the
core feature of the physical frailty (PF) syndrome, recognises it as an ageing-phenotype that
increases vulnerability to stressors, due to impairments in multiple inter-related systems that
lead to a decline in homeostatic reserve and resiliency. The concept of PF developed by Fried
and colleagues (Fried et al., 2001), understood as a robust construct, has five components
(Weakness, Low levels of Physical, Activity, Weight Loss, Exhaustion and Slowness) and is
assumed to be very helpful for health professionals and researchers to comprehend the

heterogeneity of health trajectories linked to frailty (Morley et al., 2013).

However, in spite of the considerable progress to date in the development of both the
phenotypic and index models, the observational identification of frailty recognises other health
dimensions that could further explain this phenomena (Kelaiditi et al., 2013). The coined
concept of PF has been reported to mediate risk of several types of neuropsychological
impairments (Buchman & Bennett, 2013). The concept of ‘cognitive frailty’ proposes a parallel
to physical frailty, a loss of resilience and adaptability in the dominion of brain function and
denotes a linkage to physical functions (Canevelli, Cesari, & van Kan, 2015). Numerous
studies on expanded PF have implicated cognition as a possible factor influencing geriatric
health outcomes (Panza et al.,, 2015). As with the concept of cognitive frailty, the term of
‘Psychological frailty’ (PsyF) appears as a new frailty phenotype, and implies a parallel to PF

in the brain activities dimension, suggesting a relationship between the two (Fitten, 2015).

Frailty has been characterized by factors connected with multiple negative
Psychological well-being (PwB) facets that manifest during the aging process already studied
previously, but the difference is that the PF condition seems to worsen some psychological
aspects (Freitag & Schmidt, 2016). In addition to cognitive status, studies aimed to analyse
the multifaceted interactions between PwB outcomes and frailty, revealed that motivation (i.e.
self-efficacy, attitudes), negative and positive mood state (i.e. depression, stress, emotional
well being) were identified as core dimensions of PsyF (Dent & Hoogendijk, 2014; Freitag &
Schmidt, 2016; Gale, Cooper, Deary, & Aihie Sayer, 2014; McAuley et al., 2006).
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Each person has a unique genotype and a set of lifetime involvements that will fare in
terms of global-health and risk of illness (McEwen, 2015). Thus, distinct mood states are the
most important contributors to emotional adjustment and reflect in good perception of physical
health (Thoits, 2011). Psychosocial stress, for example, is associated with the onset and
progression of many and costly comorbidities, including chronic pain conditions linked to
functional disabilities (Muscatell et al., 2015). Positive self-esteem is seen as a protective factor
that contributes to a high positive physical self-perception in frail subjects (McAuley et al.,
2005). High self-efficacy appears to be associated with good levels of motor skills in frail people
(Chou, Hwang, & Wu, 2012). Adverse negative conditions of physical health can influence
older people’s subjective perception of positive feelings, mostly when they determine a
reduction in their levels of PwB and their individual perception of their general health (Cho,
Martin, Margrett, Macdonald, & Poon, 2011; Wu et al., 2013).

In spite of the critical contribution of PwB outcomes to explain PF, not many studies
used PwB to describe how frail populations evaluate their levels of well-being, self-perceptions
and mood states and how these are related to PF. Previous research looking at these
associations was done in the community and hospital-based populations (Dent & Hoogendijk,
2014). Other recent findings show that some domains of subjective well-being impaired by a
frailty identity crisis may play an central role in describing self-reported health status in older
populations (Andrew, Fisk, & Rockwood, 2012a). However, very little is known about this
relationship in specific populations, e.g. those living in nursing homes. The context of nursing
homes provides a crucial location for the study of these connections, due to the patients’

heterogenic condition in terms of physical status, comorbidities and psychological adjustment.

Thus, the main goal of this study was to analyse the association of physical frailty-with
psychological well-being domains as well as to explore the relationship between frailty and

PwB in institutionalized older women.

9.3 Methods

Data collection of all outcomes measures were organized by the principal investigator
and were performed by independent specialists (properly trained) from the research team. The
same evaluators for each study domain performed the data collection in all study participants
using a face-to-face approach. Individual attention was provided to participants with
interpretation doubts, questions were read to clarify the meaning assuring that no emphasis

was put on the phrase in order to avoid directing the answer.
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9.4 Design and procedures

This study a was cross-sectional study using a survey on frailty incidence in old people
living in nursing homes. The sample consisted of a subset of participants within a previously
published study protocol (Furtado, Patricio, Loureiro, Teixeira, & Ferreira, 2017). In the first
stage, 10 CSHS were selected as eligible to participate in the study in the city of Coimbra,
Portugal. After the visits to the homes to communicate the purpose of the study and to verify

the eligibility selection criteria, four institutions were selected to participate in this study.

9.4.1 Participants and eligibility criteria

In a first phase all female participants aged over 75 years, willing to participate in the
study and with their prescribed medications controlled were admitted to the study. The specific
exclusion criteria were: i) the presence of any type of health condition that could prevent testing
of autonomy, such as severe cardiomyopathy, uncontrolled cardiorespiratory illness and any
musculoskeletal conditions that might prevent performance (i.e. recent fractures); ii) mental
disorder, uncorrected hearing and vision impairments, morbid obesity; iii) no control and/or not
up to date with drug therapy or the use of medications that could cause attention impairments.
The first eligible participants included in the study were 183 institutionalized-dwelling old adults
aged over 75 years. After applying the sample selection criteria, 64 participants were excluded
or dropped out due to: i) physical impairment associated with musculoskeletal disorders and
joint or muscle pain (n=34), ii) closed diagnosis of early-stage of dementia or mental disorder
(n=09), iii) severe uncorrected impairment of hearing or visual functions that made it impossible
to perform all tests (n=07), iv) need of palliative health care or special nutritional support, with
medical indications not to participate in the study (n=04), v) participants who dropped-out when
applying the tests (n=10), vi) inconsistent data (n =1). The final number of participants

consisted of 118 older women.

9.4.2 Ethical Procedures

The NH directors and those who decided to participate in the study signed an informed
consent form, in which the privacy and anonymous identity of the data collected were
guaranteed and any needed access to participants’ medical records was given. This study was
approved by the Faculty of Sport Science and Physical Education Ethical Committee
(Reference code CE/FCDEF-UC/000202013) - the University of Coimbra, respected the
Portuguese Resolution (Art. 4st; Law n. 12/2005, 1st series) and complied with research

guidelines in humans of the Helsinki Declaration (Petrini, 2014).
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9.4.3 Outcomes measures

PF (and its components) was the primary outcome and the domains of PwB were
secondary outcomes. Sociodemographic, general health status and anthropometric measures
that presented statistical differences in frail sub-groups comparison were treated as possible

confounders (and were entered as co-variates in analyses).

9.4.4 Physical Frailty screening

The prevalence of each of five items was calculated to generate the PF total score
(continuous). A negative evaluation in one or two criteria classified the participants as pre-frail,
in three or more as frail and as non-frail when the subject had a void in any of the five criteria,

forming a categorical classification.

The following Fried’s PF protocol was used (Fried et al., 2001): i) Weight loss was
assessed by self-report of unintentional weight loss of four kilograms or more in the last six
months, which was validated by medical records over one year; ii) Poor endurance and energy
(self-reported exhaustion) was evaluated by negative concordance of two questions, number
seven and twenty, of the questionnaire developed by the Center of Epidemiologic Studies for
Depression, the CES-D scale; iii) Weakness was analysed using the handgrip strength test
(HGT). This test uses a hand-held dynamometer (Lafayette Dynamometer, model 78010,
United States) and strength is measured in kilograms. The subject holds the dynamometer in
the hand to be tested, with the elbow by the side of the body. When ready the subject squeezes
the dynamometer with maximum isometric effort, which is maintained for five seconds. The
best result of two trials was used for scoring purposes (Syddall, Cooper, Martin, Briggs, & Aihie
Sayer, 2003). Participants who were unable to perform the HGT and those in the lowest 20%
(adjusted for BMI and stratified by gender) were categorized as positive for the weakness
criterion; iv) Slowness was measured by the ‘15 feet walking test’, consisting in an individual
walk without assistance (4,6 meters) where the time taken to complete it, is measured and
expressed in seconds, adjusted for gender and height. The best time of the two trials was used
for final scoring; v) Low physical activity level was assessed by the International Physical
Activity Questionnaire short form. Participants classified as inactive and minimally active had

a positive score for the frailty status score.

9.4.5 Psychological well-being assessement
The psychological tests described below were chosen because they had been
validated in the Portuguese population and characterize the main psychological domains

described in the concept of PsyF as defined previously (Fitten, 2015):
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i) Cognitive status: The Mini-Mental State Examination (MMSE) was used to assess
cognitive state. The MMSE assesses five areas of cognitive function: orientation, immediate
recall, attention and calculation, delayed recall, and language. The maximum MMSE score is
30 points, and a score below 24 points is considered abnormal and used for dementia and

cognitive impairment screening (Macuco et al., 2012).

ii) Mood states: Depression was assessed using the CES-D scale reflecting major
facets of this state. The 20-items are given on a four-point Likert scale, with scores between 0
and 60 in which the highest scores correlate with more depressive symptoms for the last week
(Gongalves, Fagulha, Ferreira, & Reis, 2014). The Perceived Stress Scale (PSS) assesses
the perception of stressful experiences. Seven out of the 14-items is considered negative and
seven as positive. Final scores can vary from 14 to 70 points, a higher score indicating greater

feelings of stress (Taylor, 2015)

iii) Self-perception: The Rosenberg Self-esteem Scale (RSES) analyses global self-
worth. The sum of all 10-item scores gives results between 10 and 40 points, where higher
values represent higher levels of self-esteem (McKay, Boduszek, & Harvey, 2014). The
General Self-Efficacy Scale (GSES) was used to assess optimistic self-beliefs related to
efficacy to cope with a variety of difficult demands in life. Responses sum up to a composite
score with a range from 10 to 40 points, where higher values represent higher levels of GSES
(McAuley et al., 2005). The Attitudes to Aging Questionnaire (AAQ) was used to assess
attitudes toward the ageing process as a personal experience from the perspective of older
people. The AAQ contains 24 items and total scores range from 8 to 40 points. The higher the
score the more positive the attitude towards one's own ageing process (Low, Molzahn, &
Donald Schopflocher, 2013);

iv) Emotional well-being: The Satisfaction With Life Scale (SWLS) measures global
cognitive judgments of satisfaction with one's life. The 5-item scale results in scores between
one to 35 points, with higher values representing higher levels of life’s satisfaction (McKay et
al., 2014). The Happiness Face Scale (HFS) consisted of a graphical scheme where for each
face is assigned one letter, in which the letter A (seven points) is considered the maximum and
the letter G, the minimum (one point). The participant has to identify with one of the faces,

depending on his/her state of happiness (Andrews & Withey, 1976).
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9.4.6 Sociodemographic variables

Information on chronological age (continuous variable); marital state (assessed as four
categories variable: single, married, widowed and divorced) and level of education were
collected for each participant. The level of education was classified in years and analysed as

a continuous variable.

9.4.7 Anthropometric measurements

Standardized procedures were followed for the collection of anthropometric data and
included: i) weight or body mass as determined using a portable scale (Seca®, model 770,
Germany) with a precision of 0.1 kilograms; ii) stature determined using a portable stadiometer
(Seca Body meter®, model 208, Germany) with a precision of 0.1 centimeters. Body mass
index (BMI) was calculated according to the formula [BMI = weight/height’] (Chumlea &
Baumgartner, 1989)

9.4.8 Clinical health status

Comorbidity was assessed using the Charlson Comorbidity Index (CCI) that measures
the burden of disease to form a single index and is used as a continuous variable. One point
for each additional 10 years is added to the initial score, that has been shown to predict one-
year and 10-year mortality. A recent studied carried out a successful update of the index to 12
comorbidities (Quan et al.,, 2011). Medical records provided by a medical and health
professional’s team were used to verify the accuracy of information provided by study
participants within the CCIl. The number of medications used was checked systematically
through each participant institutional medical record, reporting polypharmacy according to the

Portuguese Classification System of Human Medicine.

9.4.9 Statistical analysis

The assumption of normality was checked using Shapiro Wilk tests and by visual
inspection of normality plots. Continuous data were described by their medians, 25" and 75"
percentiles, whereas categorical data were described by absolute and relative frequencies.
The comparison of quantitative variables between the frail sub-groups was performed using
ANOVA or Kruskal-Wallis, depending on whether the variables were found to be normally
distributed which, in turn, was ascertained employing Shapiro Wilk tests. The association
between the groups and qualitative variables was assessed using Chi-square tests. Partial

correlations between the PF and PwB were computed, together with partial correlations
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controlling for the assumed co-variates (cognitive status, comorbidities, marital status and
height). The magnitude of the associations was classified following recommendations: trivial (r
< 0.1); small (r from 0.1 to 0.3); moderate (r from 0.3 to 0.5); strong (r from 0.5 to 0.7) and
robust (r from 0.7 to 0.9) (Batterham & Hopkins, 2006). In addition, the relationships between
PF and PwB were analysed using a hierarchical stepwise regression model. In these, cognitive
status was introduced as a first block. Secondly, depression state was entered together with

cognitive status.

Lastly, all other psychological outcomes were entered to explain the maximal variance
of the regression model. In addition, the unadjusted bivariate model 1 simply included the
dependent variable (PF total score) and independent variable (PwB outcomes). Model 2 was
further adjusted for variables of height, marital status and comorbidity. IBM SPSS Statistics
22.0 and in R 3.3.1 software were used for all computations. The level of significance adopted
was P= 0.05.

9.5 Results

Table 9.1 presents the descriptive characteristics of the participants (n = 118) for all
variables. Concerning the PF assessment, 19 participants were classified as non-frail (16%),
45 subjects as pre-frail (38%) and 54 as frail (46%). Analysis of the sociodemographic
variables indicated that participants were older women with a median age of 83.0 (76.0; 88.0)
years, mostly without husbands (94%) and with very low median (3" grade) academic
achievement levels. When the frail sub-groups were compared, there were statistical
differences between these sub-groups in marital status (p = 0.028) and anthropometric height
(p = 0.008), but not weight.

With regards to the general health status, the mean scores of the total sample reflected
a high incidence of comorbidity and a high risk of mortality with a median of 7 (6; 9) points on
the CCI, as well as a high incidence of polypharmacy. There was also a clear trend for
increased polypharmacy in the frail subgroup. Statistical differences between groups were

found for CCI scores, that were higher (p = 0.013) in the frail group.
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Table 9.1 Characterization of the total sample study population® and comparison by physical frailty subgroups
syndrome for sociodemographic, anthropometric and general health status outcomes.

Variable Total sample Nonfrail Pre-frail Frail P
(n=118, 100%) (n=19, 16%) (n=45, 38%) (n=54, 46%) value

Sociodemographic (M1;3)

Chronological age (years) 83.0 (76.0; 88.0) 82.0 (77.0; 88.0) 83.0(76.0; 89.0) 83.0(76.0;87.0) 0.954

Level of education (degree) 3.0(3.0; 4.0) 4.0 (3.0; 6.0) 3.0(3.0; 4.0) 3.0(2.0; 4.0) 0.060

Marital state (n,%)

Single 30 (25.4) 6 (31.6) 11 (24.4) 13 (24.1) 0.028

Married 7 (5.9) 4(21.1) 1(2.2) 2(3.7)

Widowed or divorced 81 (68.6) 9 (47.4) 33 (73.3) 39 (72.2)

Anthropometric (M1;3)

Weight (kilograms) 66.1 (57.2; 71.4) 65.7 (568.6; 77.9) 65.7 (56.8; 71.4)  66.5(53.1; 70.5) 0.951

Height (meters) 1.5(1.5; 1.6) 1.6 (1.5; 1.6) 1.5(1.5; 1.6) 1.5(1.5; 1.5) 0.008

Body mass index (M1;3) 29.0 (24.6; 31.5) 27.0 (24.6; 30.1) 29.2 (24.4;31.6) 30.2(25.3;32.3) 0.207

General Heath state

Comorbidity (index, M1;3) 7.0 (6.0; 9.0) 8.0 (6.0; 10.0) 7.0 (6.0; 8.0) 8.0 (7.0; 9.0) 0.013

Medication use, per day (n, %)

| use more than three 108 (91.5) 17 (89.5) 43 (95.6%) 48 (88.9) 0.434

| use three or less 10 (8.5) 2 (10.5) 2(4.4) 6 (11.1)

Notes: = M1; 3: The first and third quartile.

Figure 9.1 shows the characteristics of the total study sample and descriptive according
to whether they were frail, pre-frail or frail. Examining scores from the PwB outcomes, the
results showed statistically significant differences in the frail group, expect for self-esteem as
assessed by RSES (p = 0.928) and SWLS (p = 0.171). This group also had high scores for
negative mood states using the CES-D depression scale (p = 0.001) and the PSS stress scales
(p = 0.003), as well as low scores for cognitive status using the MMSE (p < 0.001), self-
perception using the GSES (p = 0.017), attitudes to ageing as assessed with the AAQ (p =
0.005) and subjective well-being using the HFS (p =0.037). Independent of directions of the
scale’s quotation, the statistically significant results indicated worse values for the frail

subgroup.
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Figure 9.1 Box plots of the psychological well being outcomes only for each significant variable when comparing physical frailty sub-groups; X axis = psychological variables
and Y axis = frail subgroups (1 = frail, 2 = Pre-frail and 3 = Frail). Statistical treatment was performed using Kruskal-Wallis tests, following Dunn's post-hoc test. The
significance level was set at * p < 0.05; ** p < 0.01.




Table 9.2 shows the Spearman’s rank and partial correlations, controlling for potential
confounders. A significant correlation emerged between PF and all PwB, outcomes except
with satisfaction with life as assessed by the self-esteem as assessed by the RSES. After
applying statistical adjustment, correlations were moderately attenuated or increased, but
some some important associations persisted. In the correlations between the psychological
variables it was verified that all values were lower than r = 0.70, indicating that the assumption
of non-multicollinearity among factors (taking into account the introduction of these variables

in the regression model) was not violated.

Table 9.2 Spearman and their equivalent partial correlations between physical frailty total score and
psychological well-being outcomes (n = 118).

Variables 1 2 3 4 5 6 7 8

1. Physical Frailty Total score

0407
. o (<0.001)
2. Mini-mental State Examination -0.438
(0.008)
0.317 20.152
. (<0.001)  (0.101)
3. CES-D of depression Scale 0.248 201
(0.008) (0.047)
0.294 20.162 0.416
. (0.001) (0.081)  (<0.001)
4. Perceived stress Scale 0.238 -0.187 0.375
(0.011) (0.065)  (<0.001)
0.085 20.085 0.093 0.398
(0.361) (0.363)  (0.315)  (<0.001)
5. Global self-esteem Scale 0.036 -0.114 0.060 0.375
(0.704) (0.164)  (0.525)  (<0.001)
0274 0.322 0.278 -0.453 -0.251
o (0.003) (0.000)  (0.003)  (<0.001) (0.007)
6. General seff-efficacy Scale -0.161 -0.252 -0.258 -0.439 -0.256
(0.091) (0.012)  (0.006)  (<0.001) (0.007)
-0.332 0.205 -0.321 -0.385 -0.315 0.302
. . o (<0.001)  (0.026)  (<0.001)  (<0.001) (0.001) (0.001)
7. Attitudes to ageing Questionnaire -0.221 0.285 -0.271 -0.337 -0.269 0.254
(0.019) (0.004)  (0.004)  (<0.001) (0.004) (0.008)
-0.204 20.008 -0.315 -0.307 -0.238 0.223 0.381
o (0.027) (0.934)  (0.001) (0.001) (0.010) (0.017)  (<0.001)
8. Satisfaction with life Scale -0.212 -0.266 -0.330 -0.294 -0.212 0.221 0.379
(0.024) (0.008)  (<0.001)  (0.002) (0.024) (0.020)  (<0.001)
20.182 0.034 -0.237 20.024 0.266 0.027 20.180 0.072
o . (0.053) 0.715)  (0.011) (0.804) (0.004) (0.775)  (0.058)  (0.450)
9. Subjective Face Happiness Scale -0.240 -0.249 -0.280 -0.045 0.243 0.055 -0.144 0.113
(0.011) (0.014)  (0.003) (0.643) (0.010) (0.576)  (0.137)  (0.243)

Notes: tpartial correlation values are expressed in underline of each variable, controlling for marital status, height and comorbidity; MMSE = Mini-
mental State Examination; CES-D = Depression Scale; RSES = Rosenberg Self-Esteem Scale; SHS = Subjective Happiness Scale; GSES =
General Self Efficacy Scale; AAQ = Attitudes to Ageing Questionnaire; EWB = Emotional Well Being Scale.
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Supported by the evidence presented in correlational analyses, multiple linear
regression analyses were used to explore relationships between PF (as the dependent
variable) and PwB outcomes (as independent variable). RSES and EWB were not introduced
in this analysis as these were not correlated with PF. A hierarchical stepwise model was used,
considering the theoretical assumption that cognitive profile and depression state presented a
closed relationship with frailty (Buchman & Bennett, 2013; Lohman, Dumenci, & Mezuk, 2016).
The results in Table 9.3 showed that, as expected, the cognitive profile of MMSE explained
22% of the variance by itself (model 1). Both unadjusted [F(6.100) = 11.613; p <0.001; R? =
0.340)] and adjusted [F(9.97) = 6.789; p <0.001; R? = 0.401)] regression analysis (block 3)
models were statistical significant. In model 3, cognitive status using the MMSE, the Happiness
Face Scale score, and the score of the Attitudes to Aging Questionnaire showed a significant
relationship with PF in both unadjusted and adjusted models (explaining 34% and 40% of
variance, respectively). Stress, negative mood of depression and self-efficacy did not
significantly contribute to the model. The results indicated that decreased cognition, self-
efficacy and happiness was accompanied by an increased likelihood for being frail. In
regression model 3, associations were moderately attenuated by further adjustment for other

potential confounding factors but persisted.

Table 9.3 - The association of PF with psychological well-being and physical frailty indicators (n = 118).

Regression Models Unadjusted Adjusted
R2 B P R2 B P

coefficient value coefficient value
Model (block) 1 22 29
Mini-mental State Examination ’ -.467 .000 ’ -.452 .000
Model (block) 2
Mini-mental State Exam .30 -.440 .000 .32 -.420 .000
CESD depression scale .169 .052 .169 .163
Model (block) 3
Mini-mental State Examination -.378 .000 -.369 .000
CESD depression scale .01 .909 .028 T71
Perceived Stress Scale .34 143 157 40 112 .264
General Self-Efficacy Scale -.024 .809 -.024 .798
Happiness Face Scale -.188 .032 -.198 .022
Attitudes To Ageing Questionnaire -.212 .034 -.209 .038

9.5 Discussion

The purpose of the present study was to analyse the relationship between PF and PwB.
Firstly, we verified the PF-differences in PwB indicators and results indicated that frail
individuals had a poor satisfaction with life, poor attitudes to ageing, poor general self efficacy,
and a increased level of depression and perceived stress. Based on the relationship of
depressive and mood states and cognitive status symptoms, additional PwB variables were

investigated to explain incremental variance in PF scores.
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Besides the expected effect of the cognitive profile, results showed that not depressive
mood states, but a negative attitude to ageing and low feelings of happiness proved to
independently contribute to the variance in PF status. To our knowledge, this is the first
scientific evidence for the association of psychological health outcomes with PF scores in a

Portuguese female institutionalised population over 75 years old.

9.5.1 Comparison by frailty subgroups

In agreement with other studies using samples with similar attributes, PF had similar
prevalence (46%) when compared with other European countries with studied samples living
in nursing homes (Gonzalez-Vaca et al., 2014). The general health was poor and comorbidities
presented with high scores in frail subgroups, showing that a possible overlap between
morbidity and frailty exists (Wong et al., 2010). Interestingly, the sociodemographic of height
(but not weight) and marital status (more widowed or divorced) presented with worse results
in the frail subgroup. Height could be related to osteopenia/osteoporosis leading to loss of
height. This was independent of age, and needs to be further explored. Marital status has also
been shown in several longitudinal studies to be a powerful predictor of a number of chronic
diseases (Lunenfeld & Stratton, 2013), and seems to follow the same trend towards the PF

condition.

Analysis of PWB outcomes showed that higher scores were found with an increased
incident of frailty. As in the Canadian Aging Study (N= 5.703), which results revealed that frailty
was associated with low levels of well-being. The authors confirmed that PWB impaired by a
frailty identity crisis may play an important role in defining subjective health in older adults
(Andrew, Fisk, & Rockwood, 2012b). A more recent longitudinal study carried-out in similar
population was found that a higher feeling of psychological well being was associated with a
sense of control, self-realization and autonomy and may exert a protective effect against PF
(Gale et al., 2014). Despite the differences in the different protocols for the evaluation of frailty,
these studies were unanimous in confirming the robust link between frailty status and low

general psychological well-being.

9.5.2 Relationships among PF and PWB outcomes

Several PWB outcomes were found to be directly associated with the PF total score. A
recent study showed a clear interconnection between PF status and a set of PWB outcomes
highlighting self-efficacy, anxiety, depression and resilience (Freitag & Schmidt, 2016). But,
unlike our results, in this study depression emerged as an important psychological domain that

explained the variance in PF scores.
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In the regression analysis of the present study, a satisfactory relationship explained the
PWB variance of PF, and the co-variates had only a slight attenuating effects on these
relationships. It may be that cognitive status explained the association of depression, self
efficacy and stress with frailty in our sample. Similar to Campbell and Bucher’s findings at 20
years ago, this study found that the MMSE independently predicted frailty syndrome (Lerner,
Liben, & Mueller, 2015). Cognitive frailty is already a widely accepted concept, as is the
temporal similarity between the onset of cognitive decline and subsequent deficit in physical
function (Kelaiditi et al., 2013).

Other factors associated with PF, such as perceived stress and self-efficacy did not
contribute to the regression models in this sample. However, these outcomes play an important
role in the establishment of the indirect relationships with frailty. The interconnections between
stress and physical health remain the most widely studied under a biological approach
(Corazza et al., 2013). However, it is possible that several psychosocial events exist activating
emotional stressors with ageing. Also the ability to cognitively adjust to these events and
reduce stress and improve self efficacy to deal with stressors could mediate the relationships
found. Attitudes to aging, subjective feelings of happiness and their association with PF
appeared as surprising findings. Attitudes towards ageing played an important role in the

regression model.

A robust cross-sectional survey that collected data in 20 countries and was carried out
by WHO quality of life research group showed that attitudes to ageing mediated the
relationship between health satisfaction and physical, psychological, social and environmental
quality of life (Low et al., 2013). These associations represent solid evidence, since the AAQ
is a multidimensional construct, which includes three sub-dimensions: psychosocial loss,
reflecting an high perception of negative feelings; and psychological growth, related to the
increase of positive feelings regarding the life events; and physical change, emphasizing on
items primarily associated to health and to the experience of ageing itself, therefore resulting
in a subjective individualised psychological viewpoint affecting physical health (Laidlaw,
Power, & Schmidt, 2007).

In this study, happiness displayed an additional factor to explain PF in this population.
Positive psychology in recent years has advocated for the assessment of happiness rather
than only assessing negative mood and its associations with general health status (Jones,
Rapport, Hanks, Lichtenberg, & Telmet, 2003). Our data suggest that positive mood may have
a more satisfactory contribution to PF rather than a negative mood which may have been
explained by other factors present in the model. Interestingly, satisfaction with life and self

esteem were not associated with frailty.
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Experimental studies including those which can improve mood such as regular exercise
will show whether our findings may reflect causality. If this is the case it may be that through
exercise or other activities that improve mood and perceived coping styles (reducing stress
and possibly a related increase in self-efficacy and self-esteem), improved attitudes to ageing
(and possibly the related life satisfaction) will also improve and mediate improvement in PF
symptoms. A take-home significance of this study is that increasing evidence supports the
protective features of maintenance of a stronger sense of psychological well-being, which may
help to reduce risk for physical frailty and support a reasonable end-life-course. Doctor Carol
Ryff, who has high expertise of psychological well-being domains makes clear the importance
of introducing new concepts to help understanding the links between the aging process and
psychological well-being, highlighting attitudes and resilience (Ryff, 2014). They are important
psychological skills for the development of capacity to maintain or regain well-being in the face

of adversity.

9.6 Conclusions

Frailty was related to poor scores of psychological well-being outcomes outcomes in
institutionalized older women. In addition, cognitive status, attitude toward aging and individual
feelings of subjective happiness were revealed as independent predictors of frailty. Despite a
construct of satisfactory evidence, this study had some limitations. Firstly, these lie within the
sample characteristics, which included more fit individuals than frail people and could have
caused biased results. Furthermore, this study has a cross-sectional design and the
associations may be bidirectional and causal reasoning is difficult here as those with PF,
because of their limitations may be more likely to feel less in control, more stressed and have
a more negative attitude and lower feelings of happiness in life. However, the results of the
present study showed a similar trend to the other studies with larger samples. Implementing
active lifestyle interventions that take into consideration positive feelings outcomes in geriatric
assessments will assist in patients physical and mental health care planning. Future research
needs to investigate the mechanisms underlying this finding, perhaps exploring some

biopsychological mechanisms.
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10.1 Abstract

Background: Early identification of older populations at increased risk for the physical frailty
syndrome using biological approaches is potentially important for screening accuracy. Goals:
To assess how different blood and salivary biomarkers may be applied to accurately explain
frailty status and study the relationship between immune markers and independent
components of physical frailty in institutionalized older women. Methods: A group of 139
institutionalized-dwelling women, aged 75 years and older, were assessed for
sociodemographic, anthropometric and general health variables. The five Fried’s physical
frailty components (weakness, exhaustion, slowness, weight loss and low levels of physical
activity) were also assessed. The quantification of different biochemical makers, including pro
and anti-inflammatory cytokines, sex steroid hormones, anti-microbial proteins and blood cells
count was performed in plasma and salivary samples. Results: The present study indicates
that salivary a-amylase was the biomarker that better explained the frail condition and the one
biomarker that best associated with the independent components of physical frailty.
Inflammatory markers and blood counts also presented a link to the Physical Frailty
components with Mean Corpuscular Hemoglobin, IL-10, IL-18, TNF-a- and cortisol levels
associating with Exhaustion. Conclusion: These results are in accordance with previous
studies observed for similar populations and have uncovered a new salivary marker (o-
amylase) that may be used as a screening tool. Future research needs to investigate the
causal-effect association between immune makers and physical frailty and further explore
other markers of the multiple systems involved in the immune response, including those found

in saliva samples, as this could be an easier non-invasive method for screening for frailty.

Key-words: Frail older adults, immune system, sex steroid hormones, cytokines, alpha-

amylase
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10.2 Introduction

The overall biochemical markers of organ systems are intrinsically inter-related and are
best studied in the development of frailty (Gale, Baylis, Cooper, & Sayer, 2013; Walston, 2002).
Especially in advanced age, clinical health status is characterised by a set of long-term
musculoskeletal, immune and neurocognitive morbidities, that impact on people’s physical-
functioning. Clinical health outcomes are more than just the absence of disease, and includes
all physiological structures related to the aging process. Studies revealed that lower clinical
health is associated with an imbalance in several biochemical makers (BM) involved in the

immune system, especially in frail individuals (Leng, Xue, Tian, Walston, & Fried, 2007).

The frailty syndrome is a challenging aging expression determined by phylogeny and
ontogeny factors (Morley et al., 2013). Nowadays, frailty is conceptualized as a state in which
reserve function across multiple physiologic systems declines, compromising the individuals’
capacity to withstand biological stress, thereby predisposing them to poor health, functional
decline, institutionalization and death (Mitnitski et al., 2015; Rockwood & Bergman, 2012).
Using a classical approach, Linda Fried and colleagues (2001) established the Physical Frailty
(PF) concept and identified five components which were Weakness, Slowness, Exhaustion,
Weight loss and Low levels of Physical Activity (PA) to characterize it. According to this
protocol it is possible to categorise the older population in frail, pre-frail and non-frail
subgroups, according to the negative scores obtained on the individual factors (Fried et al.,
2001). However, accumulating evidence from observational studies supports a progressive
relationship between frailty, immune and neuroendocrine systems (Clegg, Young, lliffe,
Rikkert, & Rockwood, 2013).

Numerous studies have shown that a decrease in the immune response is closely
associated with a number of aspects of frailty, including sarcopenia and osteopenia (Aw, Silva,
& Palmer, 2007). The molecular mechanisms involved in this relationship are quite complex,
which occasionally hinders a reasonable conclusion about which biomarkers may have a
greater power in explaining the early development of the frailty phenotype (Yao, Li, & Leng,
2011). However, some specialists suggest that the major reason for the difficulty in
understanding the phenomenon is the diversity of mechanisms involved in the immune system,
which include molecules, such as catecholamines, sex steroid hormones, anti and pro-
inflammatory interleukins, and several cellular subsets that impact on in immune function. The
cross-talk between these biochemical markers pathways are usually linear, although
sometimes the lines of action through a chemokine signalling are diffuse, and do not follow the

expected predictability of the linear pathway (Soysal et al., 2016a).
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Numerous researchers have sought or assessed clinical or physiologically relevant
biomarkers for their relationship with PF and poor clinical status, or assessed how putative
predictors of PF may serve as additional screening tools (Schoufour, Echteld, Boonstra,
Groothuismink, & Evenhuis, 2016). The Newcastle 85+ Study assessed whether a 40
Biochemical makers (BM) based frailty index allowed examination of their collective effect in
predicting mortality compared with individual biomarkers (Mitnitski et al., 2015). The results
showed that the combined BM of Frailty-index was more powerful for mortality prediction than
any individual biomarker. In another study, serum sirtuins (NAD dependent deacetylases with
anti-ageing properties) were described as promising non-invasive biomarkers for PF status
(Kumar et al., 2014). Associations between PF in older institutionalized men and inflammatory
makers, in particular Interleukin-6 (IL-6), Tumour Necrosis Factor-Alpha (TNF-a) and high
sensitivity C-reactive Protein (CRP) serum levels have also been reported (Hubbard,
O’Mahony, Savva, Calver, & Woodhouse, 2009).

Analysing multisystem risk factors of frailty in cross-sectional data of 1685 older adults
aged 55 and older in the Singapore Longitudinal Ageing Studies, the researchers found that
white blood cell counts, haemoglobin, albumin, lymphocytes and total cholesterol were highly
associated with pre-frail and frail subgroups (Ng, Feng, Nyunt, Larbi, & Yap, 2014). The most
recent study that focused on the female population found that high concentrations of the
inflammatory marker CRP were more strongly predictive of incident frailty in women than in
men (Gale et al., 2013). Many of the studies in the scientific literature came from community-
dwelling elderly people, and the extrapolation of these results to a sample of institutionalized
older people can be imprecise. Older adults living in institutionalized care are a dissimilar
population with regards to many geriatric clinical health outcomes. Many questions remain
unresolved for this population, as for example, whether and how BM of the different
physiological systems have a close relationship with PF status. To our knowledge, the use of
salivary biomarkers associated with mucosal immunity and their association with PF has not

been reported in the literature.

In this study, we propose to assess how biomarkers (cytokines, sex steroid hormones,
anti-microbial proteins and blood count analysis) of different systems may be applied to explain
PF status and to test the strength of their relationship with independent components of PF in
institutionalized older women. It was hypothesized that the frail sub-group would have a lower
immune profile than those who are pre-frail and non-frail, and that salivary biomarkers could

also reveal useful associations with frailty in this population.
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10.3 Material and Methods

This exploratory study evolving institutionalized-dwelling individuals was based on a
survey aimed to verify PF incidence in people living in centres for social and health care
support (CHS). The sample consisted of a subset of the participants who took part in the
previous published study protocol (Teixeira et al., 2016). Cross-sectional data from the

baseline assessments were used for the current paper.

10.3.1 Eligibility criteria

Included participants were female, aged 75 years and over, who were willing to take
part in the study and who were under medical supervision with updated prescribed drugs. The
specific criteria for participant’s exclusion were: the presence of any type of health condition
that could prevent testing of autonomy, such as severe cardiomyopathy, uncontrolled
cardiorespiratory illness and any musculoskeletal conditions that might prevent testing (i.e.
recent fractures); having a mental disorder, hearing and vision impairment, morbid obesity;
having no controlled and updated drug therapy or the use of medications that could cause

attentional impairments.

10.3.2 Sample selection

A total of five institutions of CHS where the older person lives in long-term care and
has the same daily routine, including health and social care were selected. The primary stage
of participants’ assessment was information provided on the potential participants by the
medical professionals from each CHS, combined with clinical primary outcomes information.
A convenience sampling assignment was used. The initial recruitment consisted of 305 (100%)
institutionalized-dwelling potential participants. Before the initial screen, 128 individuals (42%)
were excluded because of several negative clinical health conditions, such as severe physical,
cognitive, hearing or visual impairment and other specifics impairments. A total of 37 (12%)
older people dropped out during the data collection phases. The final analysed sample

consisted of 139 (46%) older women.

10.3.3 Ethical statement

All the CHS directors and potential participants who expressed interest in participating
in the study signed an informed consent form, in which the privacy and anonymous identity of
the data collected were guaranteed and any needed access to participants’ medical records

were given. This study was approved by the Faculty of Sport Science and Physical Education
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Ethical Committee (Reference code CE/FCDEF-UC/000202013) - the University of Coimbra,
respected the Portuguese Resolution (Art. 4st; Law n. 12/2005, 1st series) and complied with

research guidelines in humans of the Helsinki Declaration (Petrini, 2014).

10.3.4 Outcomes measures

Data collection of all variables was organized by the principal investigator and was
performed by independent specialists (properly trained) of the research team. The same
evaluators for each study domain performed the data collection in all study participants. The
biosocial and general health indicators which had shown statistical differences between frail
sub-groups in the comparison analysis were treated as covariates in the subsequent

correlational statistical analyses.

10.3.5 Physical Frailty screening

Assessment of PF was evaluated according to Fried’s PF protocol (Fried et al., 2001).
Weight loss was assessed by self-report of unintentional weight loss of four kilograms or more
in the last six months, validated by medical records. Poor endurance and energy (self-reported
exhaustion) was evaluated by negative concordance of two questions (number 7 and 20) of
the Center of Epidemiologic Studies for Depression questionnaire (CES-D), which in the
original study had shown a significant association with a direct measurement of maximum rate
of oxygen consumption (VO?nax). Weakness was analyzed using the handgrip strength test
(HGT). Participants who were unable to perform the HGT and those in the lowest 20%
(adjusted for BMI and stratified by gender) were categorized as positive, based on cut off
values. Slowness, as measured by the ‘15 feet (4,6 meters) walking test’, adjusted for gender
and height. Based on cut off values of Fried’s study population, the best time of the two trials
was used for final scoring. Low PA levels were assessed by the International PA Questionnaire
short form, such that participants classified as having inactive and minimally active on this
instrument scored positively. The PF total score was calculated according to the presence of
each of the five items (0 to 5 points), classifying the participants as pre-frail (with 1 or 2 points),
as frail (with 3 or more points) and as non-frail when the subject had none of the five frailty

independent components, establishing a categorical classification.
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10.3.6 Biochemical markers analysis

All saliva and blood collections for the biomarkers analysis occurred in the morning
(between 10:00h — 12:00h). Saliva samples were collected by passive drool, that consisted in
the participant allowing saliva to collect on the floor of the mouth, then to lean forward and
dribble into a polypropylene tube for 3 minutes. Prior to the saliva collection, subjects were
asked to rinse their mouth with water to remove food residues 20 min before sample collection.

Saliva samples volumes were measured, aliquoted and stored at —20°C until further analysis.

Salivary concentrations of testosterone (TT), cortisol (COR), dehydroepiandrosterone
(DHEA), lysozyme (Lys), and immunoglobulin-A (Ig-A) were analyzed by competitive ELISA
[Salimetrics®, UK]. Salivary alpha-amylase (a-amylase) was analyzed using a kinetic assay
[Salimetrics®, UK]. Additionally, salivary concentrations of interleukin-1 beta (IL-1p) and IL-6
were also analyzed by standard ELISA [Salimetrics®, UK]. Blood samples were collected by
venepuncture by a registered nurse, and were allocated into kEDTA and serum tubes.
Determination of blood counts was done immediately after blood collection, using an
automated haematology analyzer [Coulter AcT Diff, Beckman Coulter, USA]. The remaining
blood was separated by centrifugation and the plasma and serum samples kept frozen at -
80°C until further use. The plasma levels of TNF-a, interferon gamma (IFN-y) and interleukin-
10 (IL-10) and were analyzed by ELISA [Invitrogen®, CA]. Serum CRP was determined using
the Horiba Medical Pentra C200 [Kyoto, Japan].

10.3.7 Biosocial status

Sociodemographic information on chronological age (continuous variable) and level of
education (assessed as a continuous variable) was collected for each participant. The level of
education was classified according to the Portuguese educational system and analyzed as a
continuous variable (Fernandes, 2007). Anthropometric measures included body mass,
determined using a portable scale (Seca®, model 770, Germany) with a precision of 0.1
kilograms; stature, determined using a portable stadiometer (Seca Body meter®, model 208,
Germany) with a precision of 0.1 centimeters, and body mass index (BMI), was calculated
according the standard formula [BMI = weight/height’l. The standardized procedures
described by Lohan and colleagues were followed for the collection of anthropometric data
(Chumlea, Baumgartner, 1989).
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10.3.8 General health status screen

Nutritional status was measured using the Mini Nutritional Assessment (MNA). It
consists of 18 questions. The maximum score is 30 points (pts), and classifies subjects as
well-nourished (24 to 30 pts), at risk of malnutrition (17 to 23.5 pts) or as malnourished when
scoring 17 points and lower (Guigoz, 2006). The Charlson Comorbidity Index (CCIl) measures
burden of disease and has a weighted index based on 19 comorbid conditions (Charlson,
Szatrowski, Peterson, & Gold, 1994). Daily medications used (MU) by the participants were
assessed through question number six of the MNA, that asks the participant if he/she takes
more than 3 or less prescription drugs per day. The Mini Mental State Examination (MMSE)
was used to assess cognitive profile. MMSE assesses five areas of cognition (Folstein,
Folstein, & McHugh, 1975). The scores range from 0 to 30 points, and a score below 24 pts

is considered abnormal and used for dementia screening.

10.3.9 Statistical analysis

The assumption of normality was checked by using Shapiro Wilk tests and visual
inspection of plots. Continuous data are described by their medians, 25" and 75" percentiles,
whereas qualitative data are described by absolute and relative frequencies. The comparison
of continuous variables between the frail sub-groups was performed using ANOVA or Kruskal-
Walllis, aimed to test biosocial and global health outcomes to control for selection bias. The
association between PF sub-groups and category variables was assessed using Chi-square
tests (Monte Carlo simulations were used when applicable). Correlations were computed to
check de assumption of collinearity, together with partial correlations controlling for
predetermined co-variates. To examination the contribute of each BM to explain frailty, the
univariate diagnostic value of each BM was determined using ROC (receiver operating
characteristics) analysis, comparing non-frail versus (vs) pre-frail and non-frail vs frail
subgroups. For each model, a 95% confidence interval (Cl) from percentiles for the area under
the curve (AUC) was determined. The relationship between independent PF components of
Slowness, Weakness and low levels of PA and some BM were made using linear regression.
The PF of Exhaustion and Weight loss and their association with BM was assessed through
logistic regression. The unadjusted model simply included one dependent variable and one
independent variable. Model 1 presented unadjusted analysis results and model 2 included
educational level, comorbidities, and cognitive state as co-variates. The outcomes of BM were
assumed as dependent variables and the all BM were independent in the regression analysis.
IBM SPSS Statistics 21.0 and in R 3.3.1 software were used for all computations. The level of

significance adopted was P = 0.05.
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10.4 Results

Table 10.1 presents biosocial characteristics of the complete sample and results from
the frail subgroups analysis of the participants. Of all participants, 55 (39.6%) were considered
as frail, 53 as pre-frail (38,1%) and 31 were classified as non-frail (22.3%). When frail sub-
groups were compared for biosocial and global health status (co-variates), statistical
differences were found for the level of education (p = 0.030), stature (p < 0.001), comorbidities

(p = 0.006), depression (p = 0.009) and cognitive status (p < 0.001).

Table 10.1 Characterization of the total sample and comparison by physical frailty categories for biosocial and
general health status.

Total sample Nonfrail Pre-frail Frail p
value
= 0, = . o = . [} (n=
(n =139, 100%) (n=31;22.3%) (n=53; 38.1%) 55,39.6%)
Biosocial status (M1;3)
83 82,5 83 83
Chronological age (years) 0.945
(77, 88) (77, 88) (76; 89) (78; 87)
3 4 3 3
Level of education (degree) 0.030
(3:4) (3;6) (3;4) 24
28.74 27.24 28.9 30.09
Body mass index (M1;3) 0.070
(25.02, 31.16) (24.49, 29.6) (24.45,31.46) (26.13,32.16)
General health status (M1;3)
Mini-nutritional assessment (0-30 24 24 24 24 0.918
points) (20, 26) (21, 25.25) (2, 26) (22, 26)
7 7 6 8
Comorbidity index (0-10 points) 0.006
(6,9) (6,10) (6,8) (7,9)
3 3 2 4
Polypharmacy use, per day (unit) 0.142
(2,4) (2,4) (2,4) (2, 4)
Mini Mental State Exam (0-30 21 25 21 17 0.000
points) (16, 25) (21.5, 27) (17, 25) (13.5, 22)

Notes: M (1;3) = Median vale of the first and third quartile.

The biochemical markers characteristics of the complete sample and results by frail
subgroups analysis of the participants were presented in Table 10.2. Statistical differences
were found for the levels of salivary IL-6 (p < 0.001), IL-1 (p = 0.011), COR (p < 0.001) and
a-amylase (p = 0.020) as well as plasma cytokine of IL-10 (p = 0.049) and TNF-a (p = 0.035).
In the differential blood counts, differences in mean corpuscular haemoglobin (MCH) (p =

0.013) were also found.
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Table 10.2 Characterization of total sample and comparison by physical frailty subgroups for biochemical makers.

Total sample Nonfrail Pre-frail Frail P
Biochemical makers
(n =139, 100%) (n=31; 22.3%) (n=53; 38.1%) (n=55; 39.6%) value
Salivary Interleukin-6 (pg/mL) 16.75 34.18 18.46 13.07 0.000
(9.22,25.7) (16.75, 40.66) (8.09, 25.2) (8.04, 19.95)
Salivary Interleukin-1 beta (pg/mL) 117.5 239.24 115.84 73.01 0.011
(20.35, 208.95) (61.9, 486.95) (16.55, 203.89) (8.36, 203.89)
Plasma Interleukin-10 (pg/mL) 9.46 15.61 (3.88, 19.73) 6.13 20.53 0.049
(3.01, 27.3) (1.8, 19.73) (3.75, 27.52)
Interferon-gamma (pg/mL) 5.55 417 3.39 7.57 0.503
(1.19, 11.4) (1.19, 8.03) (1.19, 11.4) (1.19, 11.4)
Tumour Necrosis Factor (pg/mL) 94.31 102.15 47.51 131.09 0.035
(25.09, 145.35) (31.86, 159.2) (23.58, 133.14)  (25.09, 186.88)
C-Reactive Protein (pg/mL) 3.93 4.73 2.48 3.93 0.126
(0.7, 5.66) (1.9, 6.41) (0.65, 4.7) (1.3,5)
Salivary Cortisol (ug/mL ) 0.24 0.26 0.21 0.27 0.055
(0.15, 0.29) (0.16, 0.29) (0.11,0.27) (0.16, 0.32)
Salivary Testosterone (pg/mL) 59.01 59.01 57.25 65.29 0.365
(41.45, 85.25) (44.71, 93.53) (39.29, 83.99) (49.95, 82.3)
Salivary Dehydroepiandrosterone (pg/mL) 26.97 26.97 19.77 32.16 0.701
(6.25, 41.23) (7.42, 33.16) (5.05, 40.82) (7.42, 45.98)
Salivary Lysozyme (pg/mL) 21 21 1.37 3.02 0.386
(0.44, 4.65) (2, 3.05) (0.18, 4.65) (0.5, 4.65)
Salivary Immunoglobulin-A ( pg/mL) 231.44 258.23 199.25 234.81 0.173
(105.73, 258.23) (171.56, 258.23) (105.74, 247.73)  (94.25, 351.58)
Salivary alpha-amylase (U/mL) 45.59 84.95 41.49 25.91 0.020
(2.95, 102.66) (25.01, 197.81) (2.71, 98.73) (0.82,61.13)
Brain Derived Neurotrophic Factor (ng/mL) 4.92 5.45 5.17 4.85 0.964
(2.89, 7.97) (2.7,8.21) (2.88,8.27) (3.09, 6.89)
Leucocyte (*10-3/uL) 6.81 7.3 6.5 7.1 0.428
(5.9, 8.4) (5.65, 8.9) (5.5, 8.1) (6.4, 7.85)
Lymphocyte (*10-3/uL) 1.93 22 1.9 1.9 0.393
(1.6, 2.3) (1.55, 2.7) (1.6,2.2) (1.6,2.3)
Monocyte (*10-3/uL) 0.34 0.3 0.34 0.34(0.3,04) 0.870
(0.3,0.4) (0.3, 0.45) (0.2,0.4)
Granulocyte (*10-3/uL) 64.7 65.4 64.5 64.7 0.812
(58.15, 71.6) (56.65, 71.6) (58.9, 70.8) (60.25, 71.9)
Erythrocyte (*10-6/uL) 4.39(4.12,4.7) 4.43 4.39 4.39 0.987
(3.96,4.7) (4.22, 4.66) (4.12,4.71)
Haemoglobin (g/dL) 12.3 12.2 12.5 12.02 0.189
(11.55, 13.1) (11.35, 13.6) (11.7,13.3) (11.3,12.8)
Mean Corpuscular Haemoglobin (pg) 27.8 28.3 28 31.4 0.013
(26.75, 29.2) (27.1, 29.3) (27,29.4) (26.2,32.4)
Mean Cell Volume (fL) 88.2 89.2 88.5 87.67 0.185
(85.9, 91.55) (86.35, 93) (86.5, 91.5) (84.85, 89.4)
Percentage of red cell distribution width 13.31 13.2 13.4 13.31 0.955
(12.8, 14.1) (12.7, 14.15) (12.8, 14.3) (12.8, 14.05)
Platelets (*10-3/uL) 218.43 204.52 220 224 0.156
(175, 258) (158.5, 230) (186, 261) (184.5, 258.5)
Mean Platelet Volume (fL) 8.6 8.6 8.66 8.6 0.641
(8,9.2) (8.05, 9.05) (7.8,9.7) (8.2,9)

Notes: = M1; 3: Median value of the first and third quartile in the bracket.

Subsequently, the first model of logistic regression analysis (using stepwise backward

elimination) following a receiver operating characteristics curve analysis was performed to test
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the contribution of each BM to explain the frail condition, comparing non-frail versus (vs) pre-
frail and non-frail vs frail. For both comparisons, the previously selected co-variates were
entered. In the non-frail vs frail analysis, co-linearity was present for IL-1p and TNF-a
(tolerance = .85) and was removed from the statistic model. The results show that when
comparing non-frail vs frail groups, only salivary a-amylase contributed to the frail condition in
the equation independently (3 = -.006, OR = .994, 95%CI [998;1000], p = .022). A satisfactory
area under curve (AUC) reference value was attained for a-amylase (AUC = 0.613, AUC
95%CIl = [0.518; 0.707]), with a sensitivity of 64.6% and a specificity of 75.4%.The
corresponding cut-off value, maximizing Youden’s index, was seen to be 63.7 U/mL. The

analysis of non-frail vs pre-frail subgroups was not found to have statistical significant results.
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Figure 10.1 Receiver operating characteristic curve analysis for biochemical maker of salivary a-amylase, (n
=140).

In the second regression analysis we opted for exploring the relationship between each
independent PF component and the same biochemical makers were used as in the previous
regressions analysis. The results of Table 10.3 show that in the unadjusted and adjusted (CCl,
MMSE and Education levels) models, salivary IL-6, IL-1f and a-amylase makers were
associated with the frailty component of Weakness. Plasma IL-10, TNF-a, MCH and salivary
a-a, COR and IL-1- B showed an association with Self-reported Exhaustion, although a-a
presented a statistical significant relationship only after adjusting the model (3-. = 003, OR =
998, 95%CI1 =[.997; 1003], p = .048). Only salivary a-amylase presented a statistical significant
association with the independent physical frailty component of Low Levels of physical activity,
considering both adjusted (r?= .044, B-. = 002, p = .008) and unadjusted (r*= .033, R-. = 003,

p = .009) regression models.
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Table 10.3 Association between each physical frailty independent component and available biochemical makers (n = 139).

Physical Frailty Weakness Slowness Exhaustion Weight loss Low PA levels
components (Low Hand grip strength) (Low Gait speed) (Self-reported weariness) (Unintentional reported) (IPAQ-short version)
) . p value p value
Biochemical R B p R? B p B OR 95% ClI omnibus B OR 95% ClI omnibus R? B p

markers coefficient value coefficient value coefficient for OR test coefficient for OR test coefficient value
IL-6 (pg/mL)
Unadjusted .020 .054 .044 -.007 -.005 .710 -.007 .993 [.979; 1007] .321 -.003 .997 [.979; .1007] 707 .015 .006 .090
Adjusted* .026 .057 .050 .016 -.004 744 -.009 .991 [.997; 1006] .140 -.003 .997 [.980; .1015] 438 .000 .006 .096
IL-1B (pg/mL)
Unadjusted .048 .005 .008 -.002 -.001 .386 -.001 .999 [.998; 1000] 126 .000 1000 [.998; 1003] .585 .000 .003 237
Adjusted* .076 .005 .007 -.003 -.001 .389 -.001 .999 [.997; 1010] .023 .000 1000 [.999; 1001] 401 -.011 .000 .242
IL-10 (pg/mL)
Unadjusted -.002 -.012 401 -.004 .004 523 -.042 959 [.935; .983] .001 -.002 .998 [.991; 1005] .552 -.006 -.001 .680
Adjusted* .032 -.012 .395 .005 .004 .554 -.040 961 [.937;.984] .000 -.002 .998 [.991; 1007] 466 -.018 -.001 .695
a-amylase
(U/mL)
Unadjusted .089 .019 .009 .004 -.003 218 -.001 .996 [.996;1001] .256 .000 1000 [.996; 1003] .798 .044 .002 .008
Adjusted* .104 .019 .000 .007 -.003 229 -.003 .998 [.997; 1003] .048 .000 999 [.996; 1003] 488 .033 .003 .009
MCH(A) (pg/mL)
Unadjusted -.006 145 .655 .001 147 .300 .255 1.290 [1.061; 1559] .011 .048 1049 [846; 1301] .658 .010 .066 125
Adjusted* .007 .183 572 .014 .180 .206 .238 1.268 [1.037; 1551] .009 .056 1057 [847; 1321] 490 -.002 .063 148
COR (ug/mL)
Unadjusted -.004 -.936 .529 -.003 .526 421 .31 1.365 [1.361; 1367] 467 .593 1089 [1000; 1099] 495 .007 -.200 311
Adjusted* 142 -.580 .506 .154 .265 .328 .373 1452 [1.449; 1458] .026 .220 1773 [1769; 1785] 512 146 -211 .256
TNF-a (pg/mL)
Unadjusted -.001 .004 .327 -.001 -.002 .369 -.008 .992 [.990; 1.001] .000 -.002 .998 [.991; 1011] .035 -.002 .389 .389
Adjusted* 144 .580 484 .156 -.277 169 -.007 .993 [.991; 1004] .000 -.003 .997 [.994; 1008] 0.75 120 212 212

Notes: *Adjusted for education level, morbidity index and mini-mental state exam. For each logistic regression and each of the FS components, the corresponding 8 coefficient, odds-ratio (OR), 95% confidence intervals for the OR and the p-value of the omnibus tests
of model coefficients were computed. For each linear regression and each of the frailty components variables, the coefficient of determination of the model (R?), the B coefficient, the corresponding p-value and the p-value for the ANOVA test were computed; PA =
Physical activity; Salivary Interleukin-6 = IL-6, Salivary Interleukin-1 beta = IL-1p, Plasma Interleukin-10 = IL-10, Tumour Necrosis Factor = TNF-a, Salivary a-amylase = AA, Mean Corpuscular Haemoglobin = MCH; IPAQ-SV = International Physical Activity
questionnaire — short version.



10.5 Discussion

Analysing the associations between the immune markers and frailty status in
institutionalized older women, the results indicated that of all biomarkers that presented
statistical differences in the frailty subgroups comparison, only salivary a-amylase contributed
to explain frailty status in this study sample. Exploring the relationship between PF
independent components and salivary IL-6, IL-18, COR, a-amylase, plasma TNF-a, the results
showed that mucosal immune makers (a-amylase and cortisol), pro-inflammatory (IL-6, IL-1
and TNF-a) and anti-inflammatory (IL-10) cytokines showed a statistical significant relationship
with the independent PF components of Weakness and/or Exhaustion. The human immune
system is a host defence system involving many biological structures within an organism that
defends against several types of pathogens or other substances from the environment,
neutralizing viruses, bacteria and fungi through mechanisms such as phagocytosis (Licastro
et al., 2005). All BM involved in this study have protective functions directly or indirectly in
different immune sub-systems, but its efficacy decreases with advanced ageing. Recent
studies suggest that there are abnormal increased immunosenescence processes in frail
individuals, namely in the pro-inflammatory cytokines levels, such IL-6 and IL-1p (Soysal et al.,
2016b).

High levels of IL-6 and IL-1f in older people were associated with neurodegenerative,
cardiometabolic, and musculoskeletal disorders (Licastro et al., 2005). However, our study
showed unexpected lower values of IL-6 in the frail subgroup, contradicting the results of some
recent findings (Leng et al., 2007). The likely explanation for these results is presented by
Maggio and colleagues, that elucidate the causal role of lower levels of IL-6 (and other
cytokines such as IL-1pB, IL-12 and IL-23) in very old frail people (as was the case in our study
sample), with an intrinsic relationship with possible decreases in the immune response,
involving the Pattern Recognition Receptors-PRR (Maggio, Guralnik, Longo, & Ferrucci,
2006). The action of PRR intramolecular mechanism associating with the immune response is
the pathway that can explain the lowering of these cytokines levels. PRR recognize varied
pathogen by their molecular patterns, leading to the secretion of inflammatory cytokines,
chemokines and upregulation of co-stimulatory molecules (Compté et al., 2013). In very old
frail individuals, this response does not occur in the same proportion, and poor nutrition and
low muscle mass were closely associated with low activation of this mechanism (Compté et
al., 2013; Leng et al., 2007).
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In the present study, IL-6 and IL-1p were associated with Weakness (low hand grip
strength), corroborating the findings previously described by Compté and colleagues (Compté
et al., 2013).1t is important to mention that some recent studies suggested that IL-6 also exerts
important signalling in the inflammatory process, not requiring its suppression, but rather an
expression which may be beneficial for the activation of some anti-inflammatory mechanisms
(Maggio et al., 2006) or a direct response to elevate TNF-a levels (Walston, 2012; Welsh et.
al, 201), as it seems to be the case in our study.On the other hand, IL-10 exerts a potent anti-
inflammatory activity regulating the immune system response (Bruunsgaard & Pedersen,
2000). Decreases in IL-10 have been linked to the aging process and found in obese
individuals (Bruunsgaard & Pedersen, 2000). A number of studies showed different IL-10
levels on different frail sub-groups. Curiously IL-10 knock out mice have been used as frail-
induced animal models (Dagdeviren et al., 2017; von Zglinicki et al., 2016). Relationship
between IL-10 and Exhaustion emerged in our study that could be explained by the direct
relationship between IL-10 and low cardiorespiratory function shown in previous findings (Su,
Hao, Liu, & Dong, 2017). Elevations in IL-10 are expected as a counter regulatory mechanism
to arrest and limit further inflammation in chronic inflamed tissues. Furthermore elevation of IL-
10, with or without elevation in IL-6, is associated with an increased risk of cardiovascular
disease (Welsh et al., 2011). TNF-a levels were higher in the pre-frail and frail individuals
which could have elicited higher levels of IL-10 in the frail subgroup. However, the limited
number of studies that associated frailty and IL-10 do not permit an accurate inference (von
Zglinicki et al., 2016). While IL-10 was inversely associated with Exhaustion, TNF-a, levels

were positively associated with Exhaustion.

According to a recent literature review, increases in the levels of this pro-inflammatory
cytokine are associated with the chronic fatigue syndrome, which in turn has a
pathophysiological core common to the frail condition: bone and muscle weakness (Morey,
Boggero, Scott, & Segerstrom, 2016). In our study sample the second highest incidence of
comorbidity were bone degenerative diseases (Louati & Berenbaum, 2015). PF and anaemia
in the older individuals appear to share a common biological disorder, especially immune -
endocrine dysregulations linked to frailty (Leng et al., 2009). In this study, a slightly but
significant increase in MCH levels in the frail subgroup may give clues to understand an
established association between blood count cells, sarcopenia and frailty (Silva et al., 2014).
The MCH represents the average mass of haemoglobin per red blood cell (RBC) which main
function is to carry oxygen to the body tissues via the blood current through the circulatory
system (Snyder & Sheafor, 1999). As self-reported Exhaustion is understood as a PF
component of fatigue, the associations found in the present study makes sense, corroborating

some findings with similar population from the FIBRA study (Silva et al., 2014).
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Notwithstanding the above findings, the primary findings of this study revealed that a-
amylase was the only marker that could explain the frail condition. Interestingly, a-amylase
presented a statistical and direct relationship with Exhaustion, low levels of PA and Weakness
(low grip strength), which explains why a-amylase was the marker that showed the best fit in
the ROC analysis. Research on saliva samples in older populations has grown in the last years
for two apparent reasons, easy and non-invasive data collection and the existence of moderate
and strong correlations with their similar blood markers (Schumacher, Kirschbaum, Fydrich, &
Strohle, 2013). Although a-amylase was included in our statistical model considering its
important contribute to mucosal immunity (acting as a first barrier of host immune defence), in
the last years, a-amylase has also been studied in a behavioural perspective, due to its
identification as a modulator of the autonomic nervous system activity in both biological and
psychological stress (Allgrove, Gomes, Hough, & Gleeson, 2008). The small concentration
found in our study sample is possibly explained by the high prevalence of low levels of PA
(40% of total sample), since recent findings suggested that maintaining an active life style in
older individuals (i.e. moderate exercise) can help preserve a reasonable response of the ANS,

contributing to a stronger first immune barrier (Walsh et al., 2011).

In contrast to the a-amylase results, the salivary cortisol (COR) response had higher
levels in the frail individuals group. While COR is a useful maker as a measure of hypothalamic-
pituitary-adrenocortical activity (HPA) and psychobiological stress, the expression of a-
amylase occurs in the parotid gland (in response to adrenergic activity) and the sympathetic
adrenomedullary system (SAM). This difference may be the first step in understanding the
antagonist results in the frail sub-group. Previous studies have shown that the responses of
the HPA and the SAM systems may differ depending on the type of stressor (i.e. psychosocial
stress, chronic disease, exercise) (Maruyama et al., 2012; Schumacher et al., 2013). As was
the case of this study, evidence suggests that higher levels of salivary COR may be due to the
vulnerability of clinical status in older women (high ICC values were observed in this sample),

corroborated with similar findings from previous studies (Varadhan et al., 2008).

Furthermore, experts recognize that high psychological state of depression and anxiety
(other important characteristic of this sample) have been empirically linked to dysregulation
and inhibition of some immune responses (Morey et al., 2016). This marker also presents an
association with the independent PF component of Exhaustion after adjusted model statistics,
suggesting associations between global health status, low cardiorespiratory fithess and high

levels of biological stress.

300 Chapter 10



Despite of the results obtained, this study has some limitations. First, the number of
participants was relatively small, considering the individual variability in some of the
biochemical makers studied. Future studies with institutionalized samples should include
larger samples, especially if involving markers that act in different pathways of the immune
system. Second, the cross-sectional data does not permit a causal-effect association. The high
number of biomarkers examined was very positive. However, we recognize that when
examining the results, the reader must take into account that we introduced in the statistical
model different biological materials, although the correlation between the salivary and blood
samples of the markers used in the present study were proven. The introduction of saliva made
the study interesting from the methodological point of view. Although the regression models
used levels of comorbidity (and cognitive profile) in the adjustment of statistical models, future
analysis should also try to examine relationships between immune markers and a group-type

of medication used.

10.6 Conclusions

In conclusion, the present study indicates that salivary a-amylase was the better
biomarker in the model to explain the frail condition and was the one that was most strongly
associated with the independent physical frailty components. The inflammatory and blood cell
makers studied also revealed interesting links to the the five independent components of
physical frailty and and all the associations made sense from a biological point of view with
Weakness and Exhaustion being the frailty components most associated with the immune

profile.
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Intervention design: modulation of exercise on general health indicators
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11.1 Abstract

Many people experience ageing-related losses in different physical functioning
domains, resulting in a physical frail status. The aim of this study was to analyse the effects of
two different 24-weeks class chair-based exercise protocols on frailty, disability and salivary
steroids hormones in frail older women. A sample of older women was divided into three
groups: the control non-exercising group (CGpe, N = 17), muscle-strength (CSE, n=18) and
multimodal (CME, n =24) exercise groups. Supervised exercise programs consisted of 50
minutes’ chair-based group classes, carried out 3 times a week. CME participants performed
a progressive resistance exercise-circuit using walking and body height resistance exercises.
The muscle-strength resistance exercises with elastic-bands followed a bi-set protocol. The
controls did not change their usual lifestyle. Results: Frailty, disability and hormone outcomes
were analyzed before and after the intervention. Both exercise groups diminished the frailty
status, showing significant time (p = 0.003) and time versus treatment interactions (p=0.000).
A small increase in CME between baseline and 12-weeks for Testosterone concentrations
(p=0.009) were observed. D-hydroepiandrosterone increase after 24 weeks (p=0.01) in CME.
Both exercises programs decreased negative scores in several domains of disability,
especially fear of falling that showed a significant effect of time (p=0.01), and time versus
intervention (p=0.03). Conclusion: Both chair-exercise programs were effective in stimulating
positive changes in physical health and simultaneously, satisfactory responses in sex steroids
hormones. The control group did show a negative trend towards increased frailty status and
decreased levels of anabolic hormones. These results support the importance of an active

lifestyle in very old frail women.

Key-words: Muscle-strength, Multimodal, physical exercise, Frail-Older adults, Sex steroids
hormones, Functional disability
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11.2 Introduction

Nowadays, the recently coined concept of physical Frailty (PF) is understood to be a
decreased resistance to stressors and an increased risk for adverse health outcomes as well
as to modulate the risk of several types of physical, mental and hormonal disorders (Bernabei
et al., 2014). A sedentary lifestyle also proves to be a powerful condition linked to the frail
condition. Progressive neuromuscular changes in old people, such as the decrease in type Il
fibres and increase in type | contributing to a reduction of physical activity levels, added
numbers of falls and modulated negative changes in the endocrine system (Chen et al., 2007).
Compared to men, women experience more intense alterations in their endocrine function with

ageing, especially in menopause (Copeland, Chu, & Tremblay, 2004).

Recent findings provided some evidence that changes in sex steroids hormones such
as Cortisol (CORT), Testosterone (TT) and D-hydroepiandrosterone (DHEA) may be involved
in the vulnerability observed in frail older women (Holanda et al., 2012).However, some studies
suggest that regular exercise can stimulate hormones expression in older adults (Walsh &
Oliver, 2016). While high levels of stress can determine physical impairment, moderate stress
with a mild increase in CORT levels may have a positive effect on coping and physical fitness
performance (Mura et al., 2014). TT is an essential hormone for women, with physiological
actions mediated via estradiol throughout the body (Davis & Wahlin-Jacobsen, 2015). Low TT
levels have been associated with a higher risk of anemia, poor performance on cognitive tests
and sarcopenia (Mitchell et al., 2012). DHEA is a hormone that shows a reduction (10% to
20%) from peak levels reached in early adulthood to old age and is implicated in the
disturbance of the musculoskeletal system, neurotransmitters receptors, immune system
functions and androgenic activity (Labrie, 2010). Values of TT to CORT ratio correlated
significantly with individual increases obtained in one repetition maximal strength test in older
women after 24-weeks exercise participation (Hakkinen et al., 2002). However, the literature
describes that involvement of salivary hormones is not clear in their response to regular
exercise in this specific population, despite advanced research in exercise related to hormone
response (Walsh & Oliver, 2016).

Resistance elastic-bands appear to be an equitable alternative to traditional strength
training devices, with reduced risk of injury and adjust the exercise intensity based on the rate
of perceived exertion (Colado & Triplett, 2008). This method has demonstrated the efficacy in
improving muscle strength, a better anti-inflammatory balance and an increase in cognitive
status in older people (Chupel et al., 2017). At the same time, improvements in maximal
oxygen uptake after multimodal exercise programs in frail individuals were reported in several
studies, as well as gains in gait speed, dynamic balance, reaction time and the time spent in
the stand position. (Theou et al., 2011).
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However, the effect of strength or multimodal chair-exercises on the modulation of
different physical functioning domains (hormonal, behavioural and disability) still needs to be
explored. Therefore, the aim of this study was to analyse the effects of two different class
groups of chair multimodal and muscle-strengthening exercises with elastic bands on
indicators of frailty status, functional disability and sex steroids hormones in institutionalized
pre-frail and frail women. Based on previous findings, we hypothesized that both 28-weeks of
exercises programs would be able to decrease disability, reverse frailty status and

simultaneously increase the levels of sex steroids hormones.

11.3 Methods
Participants or their legal tutors signed an informed consent term. This study was
approved by the Ethics and Human Subjects Review Board of the University of Coimbra,

respecting the guidelines for human research of the Helsinki declaration.

11.3.1 Participants’ selection

Participants were institutionalized-dwelling women living in centres of health and social
support (CHS) in the city of Coimbra, Portugal, aged 75 years and above, with drug therapy
updated and clinically stable. Not completing the dynamic balance test in 30 seconds, an
involvement in other exercise programs, use of medications that significantly impaired
attention, individuals classified with morbid obesity, medical diagnosed cardiometabolic,
respiratory and musculoskeletal dysfunctions, the presence of severe mental, hearing and

vision impairment or involvement in hormone therapy were the main exclusion criteria.

11.3.2 Sample size and allocation

Sample size estimation was performed by comparison of frail outcomes based on
previous studies (de Labra, Guimaraes-Pinheiro, Maseda, Lorenzo, & Millan-Calenti, 2015).
Assuming a minimum power of .80 as realistically expected, the sample size was 19
participants per group. Further supposing a dropout rate of 30% (Picorelli, Pereira, Pereira,
Felicio, & Sherrington, 2014), the sample was increased to 28 per group, allocated into three
groups. The final sample analyzed consisted of 59 participants: non-exercising control group
(CGpe, n =17), chair elastic-band muscle strength (CSE, n=18) and chair multimodal exercises
(CME, n =24) programmes. The allocation to treatment followed the Consolidated Standards
of Reporting Trials (CONSORT).
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11.3.3 Assessments

The data collection was done in the morning period (09:00 to 11:30 am). The quality of
data assessment was made and reported for each physical markers through internal
consistency reliability scores (ICR). The Cronbach’s alpha (C-a) or Cohen's kappa coefficient

(k) were reported for rate scales.

11.3.4 Physical Frailty

The Fried of PF protocol was used (Fried et al., 2001). Shrinking was assessed by self-
report of unintentional weight loss of four kilograms or more in the last six months; Self-
reported exhaustion was evaluated by concordance of two questions (7 and 20) of the CES-D
depression scale; Weakness, was analyzed using the handgrip strength test, adjusted for
gender and body mass index (ICR = .88); Slowness, was measured by the 4.6 meters walking
test, adjusted for gender and height (ICR = .80); levels of PA were assessed by the
International Questionnaire short form (ICR = .78). The prevalence of PF was calculated to

generate a PF total score.

11.3.5 Sex steroids hormones

Saliva samples to measure CORT, DHEA and TT levels, were collected by passive
drool always at the same time in the morning (between 10:00h to 11:30h) to minimize circadian
effects. Individuals salivated without any orofacial movement into high-quality polypropylene
vials to avoid problems with analytic retention or the introduction of contaminants that could
interfere with the immunoassays. The tubes containing the saliva samples were then frozen (-
20°C), until the day of the analysis, when they were defrosted and centrifuged in order to obtain
a clear sample. The levels of hormones were determined by competitive enzyme-linked
immunosorbent assay (ELISA), according to the manufacturer instructions [Salimetrics, United
Kingdom]. The following values for CORT (<0.007 ug/dL, r = .91), TT (1 pg/mL, r = .96) and
DHEA (5 pg/mL, r =.86) were reported by the manufacturer, in terms of sensitivity and their

respective correlation with serum samples.
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11.3.6 Functional disability

The Katz Index of Independent daily life activities (ADL, o = .81) were used to rank
adequacy of performance in the biosocial functions and a summary classifying people as
dependent or independent (Wallace & Shelkey, 2007). Fear of falling was measured through
the Falls Efficacy Scale (FES, o = .88) (Melo, 2009). Static balance was assessed through the
Tandem Stance Balance test (TSB, ICR = .76), consisting of the participant maintaining the
standing position with eyes opened and one foot in front of the opposite foot for 30 seconds
(Cho, Scarpace, & Alexander, 2004).

11.3.7 Clinical health status

The Mini Nutritional Assessment (MNA, k = .74) was used to evaluate nutritional status,
classified as predetermined state of malnutrition (< 17 points), malnutrition risk (17 to 23.5
points) and adequate nutritional status of > 23.5 points (Loureiro, 2008). The Charlson
Comorbidity Index (CCI, ICR = .94) was used to classify comorbid conditions based on the
register of each individual (Charlson, Szatrowski, Peterson, & Gold, 1994). Medication use
(MU) was assessed through medical record over one year for each participant. To reduce
potential confounding effects, all the participants were encouraged to maintain unchanged

diets, drugs treatment, and routines across the 24-weeks of the intervention.

11.3.8 Biosocial and anthropometric

Information about chronological age was collected. Body mass was determined using
a portable scale (Seca®, model 770, Germany) with a precision of 0.1 kilograms (ICR = .89).
Stature was determined using a portable stadiometer (Seca Body meter®, model 208,
Germany) with a precision of 0.1 centimetres (ICR = .87). Body mass index (BMI) was
calculated according the formula [BMI = weight/height’]. The standardized procedures were
followed (Lohman, Roche, & Martorell, 1988).

11.3.9 Intervention programmes

The chair-based exercise programmes were conducted by exercise specialists. The
guidelines for integrated exercise periodization to non-active older adults were respected. For
safe reasons, in both exercises programs intensity was indirectly calculated using the
Karvonen’s formula to predict target heart rate (HR), with HR,.x being calculated using a

specific formula for older populations [HRax= 207 beats per minute (bpm) - 0.7 x chronological

agel.
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The participants of the exercise programs were monitored using heart rate monitors
Polar, RCX5® model (Guderian, Johnson, & Mathiowetz, 2013). The interventions were
offered for 24-weeks, totalling 74 exercise sessions, with two-three sessions per week on
nonconsecutive days (separated by 48 hours). The percentage of exercise frequency was
calculated individually through the total sum of class participation entries recorded in a
checklist. A total of 74 (100%) sessions were offered and the values of engagement in different
moments were reported as a percentage. Based on previous reports, an adherence to the
exercise program up to 65% was established as a minimum for each participant to be included
in the final data analysis. The CG, did not participate in any physical exercise intervention but
was encouraged to maintain their normal routine, which included a monthly agenda of artistic

and cultural activities.

11.3.10 Chair multimodal exercises (CME)

The CME program was performed with a determined number of exercises (7-9),
repetitions (8-16), sets (2-4), the rhythm of execution (1:2) and active rest in the sit position
between sets (20-30) seconds and passive rest between circuits (60-120 seconds). Each
session was conducted using a functional circuit training protocol. During the first 12 weeks,
the body weight exercises executed in the set and reach position were used. In the last 12
weeks, the increase of exercise intensity was induced by the inclusion of more difficult and
complex exercises and challenge sequences, increasing walking time and placed obstacles
during the walking route (cones, floor markers, arcs) to work handedness, changes in direction,
balance and coordination. A low to moderate intensity effort around 50-75% of HR.x values
was attained. Additionally, intensity was measured through the modified BORG PES, that
consists of an arbitrary scale ranging from 0 to 10 points with reference to the quality of effort:
(0) nothing at all; (1) very weak; (2) weak; (3) moderate; (4) somewhat strong; (5-6) strong; (7-
9) very strong; (10) very, very strong (almost maximal). Each exercise session was divided
into three parts: 5 minutes of warm-up exercises for general body mobilization (PSE = 1-3,
HRmax = 50-55%); 35 minutes of body weight exercises aimed to improve walking proficiency
in a sitting and standing position (PSE 3-5, HRnax = 56-85%) and finally 5 minutes of cool
down (PSE 1-2, HRpmax = 45-50%).
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11.3.11 Chair muscle-strength exercises (CSE)

To create progressive CSE training, exercises were performed with a determined
number of exercises (8-10), sets (2-3); repetitions (10-15), a cadence of repetitions execution
in 2 seconds concentric and 3 seconds eccentric (2:3) and a passive rest in the sit position
between sets (30-45 seconds), following a bi-set protocol method. The first three levels of the
Thera Band® System were used. Level one (yellow colour) elastic-bands were used during the
first 12 weeks. In the remaining 12 weeks, the increase in the exercise intensity was introduced
by changing to the elastic-bands level 2 and 3 (red and green colour). Intensity was measured
through the OMINI PES, that comprises a subjective effort scale ranging from 0 to 10 points,
with identical intervals and with reference to the quality of effort: (0) extremely easy; (1-2) easy;
(3-5) somewhat easy, (6-7) somewhat-hard; (8) hard; (9-10) extremely-hard (Robertson et al.,
2003). The goal was to keep the intensity of the exercise activities between 1 to 6 in PES
levels. It was expected that the relationship with the real effort would be 55-80% of maximum
heart-rate. The session was divided into three parts: 5 minutes of warm-up (PSE 1 to 3, HRax
= 45-55%), 35 minutes of muscle-strength elastic-band exercises in PSE 4 to 6 (HRax = 56-
75%) and finally, 5 minutes of cool-down (PSE 1 to 2, HRax = 45-50%).

11.3.12 Data analysis

Descriptive data were presented as mean (z) standard deviation or frequencies. The
normality of continuous variables was assessed with Shapiro-Wilk tests. In the baseline
scores, comparisons between groups were analyzed by one-way ANOVA. Repeated
measures ANOVA was used to analyse the effect of time and time versus (vs) group
interactions for PF total score, disability and hormonal changes over time, followed by
Bonferroni post hoc test. The magnitude of global effect size (ES) was calculated in the
exercise-modulation treatment. For continuous variables, ES were computed using eta-
squared (r?). Magnitude of ES = n? > 0.01 corresponds to a small effect, > > 0.06 to a medium
effect and n? > 0.14 to a large effect (Cooper & Hedges, 1994). McNemar tests were used to
compare categorical variables (PF components) between the three time-points intervention
treatment following Cochrane's Q posthoc test. The ES for PF components reported was
Cramer’s Phi coefficient. In case of interpretability, Phi > 0.1 corresponds to a small effect, Phi
> 0.3, medium effect and Phi > 0.5 to a large effect (Alfred P. Rovai, Jason D. Baker, 2012).
We used the IBM SPSS Statistics package 24.0 and in R 3.3.1 software’s for all statistical

procedures. The level of significance adopted was p-value = .05.
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11.4 Results

From the 119 participants initially screened, 35 (29.4%) subjects were excluded.
Initially, 28 older adults who met the inclusion criteria were simple randomly assigned to each
group. In the follow-up phase, 27 subjects withdrew their willingness to participate before or
immediately after the beginning of the study and 3 participants were excluded from analyses
due to low exercise adherence. None of the drop-outs left the intervention because of injuries
or adverse responses to the intervention. A total of 59 participants were analyzed at the
completion of the 24 weeks’ study. According to Table 11.1, there were no significant
differences between all groups for their baseline characteristics at the beginning of the study
(p>0.05).

Table 11.1 Characteristics of total sample, experimental and control groups at baseline.

Total sample Chair-multimodal Chair muscle Control group non
strength
(n=59) exercises (n=24) exercise (n=17)
exercises (n=18)

M+SD M+SD MSD MSD
Chronological age (years) 81.47+7.84 79.92+7.93 84+4.79 80.93+10.1
Stature (centimeters) 1.56+0.31 1.52+0.06 1.64+0.54 1.52+0.08
Body mass (Kilograms) 65.25+14.15 62.44+9.82 65.03+17.76 69.99+4.89
Body mass index (kg-m™) 27.91+6.56 26.98+3.97 27.02+9.09 30.45+6.06
Charlson comorbidity index (score) 7.93+2.1 7.58+1.86 7.78+1.99 7.67+2.53
Medication use, per day (unit) 3.82+0.97 3.71+0.86 4.06+1.11 3.73+0.96
Mini-mental state exam (score) 20+5.57 21.4245.1 19.28+5.53 21+5.5
Mini nutritional assessment (score) 23.98+2.63 23.33 £2.68 24.53+2.32 24.37+2.83
Frailty syndrome total score (score) 2.37+1.42 2.14+1.49 2.39+1.46 2.28+1.19

Notes: ** p<0.01; * p<0.05; M(SD) = mean (standard deviation). The p-values correspond to comparisons between the three groups and
were computed with one-way ANOVA one-way.

11.4.1 Sex steroids hormones

As we see in Table 11.2, there were no effects of time or time vs treatment on cortisol
and TT levels during the intervention (p>0.05), despite post-hoc analysis with Bonferroni
correction showing a small increase in CME between baseline and 14 weeks for TT
concentration (p=0.009). Taken the above results together, we saw that no significant effect of
time and time versus (vs) treatment were observed for cortisol and testosterone/cortisol ratio
during the interventions (p>0.05). Despite no effect of time alone on changes in DHEA levels,
a significant time vs treatment effect with large effect size was observed in this parameter
(FIdf:3.564, 98.005] = 6.009, p=0.000, 1°=.179) and Post-hoc comparisons showed increase
in CME after 24 weeks (p=0.01), and decrease in CG,. after the same period (p=0.01).
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Table 11.2 Comparison of salivary sex steroids hormones markers between baseline, 14 and 28 weeks of
exercise intervention moment.

Groups Baseline 12 weeks 24 weeks Interaction F p ?12 Practical
MtSD MtSD MtSD effects test value Effect relevance
size
Cortisol
CME 0.23+0.10 0.260.09 0.36+0.64 Time 2.069 .131 .037 small effect
CSE 0.23+0.13 0.26+0.11 0.21+0.12 TxG 1203  .344 .043 small effect
CGne 0.25+0.13 0.26x0.14 0.27+0.17

Testosterone levels

CME 55.62+25.75 63.02+24.86 67.49237.43 Time 509 750 009  small effect
CSE 61.49+23.64 63.15£24.46 70.58+42.07 TG 1940 136 066  small effect
CGne 53.93£27.11 50.66+19.04 52.68+28.34

DHEA levels

CME 27.53£29.13 37.96£33.96 47.69+54.53 Time 1528 .000  .027  small effect
CSE 39.60+32.63 49.59+42.99 49.26+35.23 TG 6.009 .036 179 m:fc:gtm
CGne 46.99+44.14 38.14£30.99 29.71£14.25

TT to COR ratio

CME 0.0061+0.0059 0.0045+0.0018 0.0081+0.0121 Time 1.122 .330 .023 small effect
CSE 0.0036+0.0025 0.0046+0.0029 0.0064+0.0132 TxG 1.233 .302 .050 small effect
CGne 0.0054+0.0030 0.0051+0.0023 0.0055+0.0024

Notes: ** p<0.01; * p<0.05; 5° = Eta Square effect size (> 0.02 = small effect, > 0.13 = medium effect and > 0.26 = large effect; M(SD) = mean (standard deviation).
The p-values correspond to comparisons between the three groups and were computed with following Bonferroni post-hoc test, respectively. TxG = time versus
group; TT = testosterone; COR = Cortisol; DHEA = D-hydroepiandrosterone

11.4.2 Physical Frailty and disability

The PF total score showed significant time (F[df: 1.43; 78.75]=7.385, p = 0.003) and
time vs treatment interactions (F[df. 2.86; 78.75]=6.765, p=0.000) changes with a medium and
large ES, respectively (n?=.118 and 1°=.197). No significant differences of time and time vs
intervention were observed on Katz of ADL over 24 weeks (p>.05). However, the post-hoc
comparison showed differences observed after 12 weeks between CME and CSE (Cl: -2.367,
-0.022 and ClI: -2.463, -0.037, respectively, p<.05), as reported in Table 11.3. On the other
side, significant effect of time (F[df =1.7, 93.9] = 20.268, p<.01), and time vs intervention
(F[df=3.4, 93.9]2.830, p=.03), were observed after 28-weeks on FES, with a large and medium
ES, respectively (1°=.270 and n? =.093). There were no significant time vs treatment
interactions in TSB for the three groups, despite changes over time presenting a medium effect
on this parameter (F[df: 1.612; 88.684]=7.609, p = 0.003, 1°=.115) and Post-hoc analysis
showed that differences between CME and CG,. were only found after 28 weeks of
intervention time (p = 0.047) (Table 11.3).
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Table 11.3 Comparison of frailty status (total score) and functional disability outcomes between baseline, 14 and

28 weeks of experimental design.

2

Baseline 14 weeks 28 weeks Interaction F P n Practical
Groups variables
MtSD MtSD MtSD effects test value Effect size relevance

Physical frailty total
score
CME 2.24+1.49 1.13+£1.12 1.04£1.16 Time 7.385 .003 118 medium effect
CSE 2.39+1.46 2.06+1.11 1.56+0.86 TxG 6.765 .000 197 large effect
CGne 2.87+1.19 3.241.32 3.27+1.33
Katz index of IADL
CME 0.88+1.51 0.75+1.15 1.25+1.78 Time .289 .750 .005 small effect
CSE 1.54+1.29 1.94+1.82 1.11£1.49 TxG 1.787 136 .061 medium effect
CGne 1.73+£1.87 1.93+1.71 1.87+1.64
Falls efficacy scale
CME 59.08+26.66  24.63+16.87 32.08+5.43 Time 20.268 .000 .270 large effect
CSE 38.17+21.31 23.28+13.84 18.11£16.3 TxG 2.830 .036 .093 medium effect
CGne 45.73+28.73 38.8+19.96 39.67+20.87
Tandem balance
CME 2.38+6.02 6.63+9.24 10.3+11.65 Time 7.609 .002 122 medium effect
CSE 2.83+6.91 5.646.57 8.4616.47 TxG 2.078 104 .070 medium effect
CGne 3.36+4.91 2.54+1.93 3.31+4.36

Notes: Values of significance (p<0.05) are highlighted in bold; #° = Eta Square effect size (> 0.02 = small effect, > 0.13 = medium effect and > 0.26 = large effect;
M(SD) = mean (standard deviation). The p-values correspond to comparisons between the three groups and were computed with following Bonferroni post-hoc test,

respectively.

11.4.3 Physical Frailty independent components

Significant positive variations with a large effect size were showed on low levels of PA
(CSE, p = <0.001 and CME, p = 0.004). The post-hoc comparison showed differences

observed after 12 weeks for both exercise interventions (p>0.01). Moderate and statistical

significant changes in PF of decrease slowness were observed only for the CME (p = 0.016;

Phi.s = 0.35). Trends in decrease incidence of weakness with moderate effect size were also

found for the CME participants (p = 0.58; Phi,s = 0.30). No significant changes in the frailty

independent components of controls were found, however, a tendency to increase incidence

of slowness with small effect size was found (p=0.08, Phies = 0.21)
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11.4.4 Perceived exertion and adherence

The final minimum, maximum and mean of HR achieved at the end by the CME group
was 65.75 (x9.96), 97.56 (£12.40) and 77.27 (x8.21) bpm, respectively. This was equivalent
to 57% to 70% of the predicted HRz.x. The final mean of PES ranged from moderate
(3.14+0.98) to somewhat strong (4.92+1.01). For the CSE, the minimum, maximum and mean
of HR achieved at the end was 69.08 (+14.77), 96.24 (+14.13) and 84.48 (x11.52) bpm. This
corresponded to 48% to 74% of the predicted HRax. The final mean of PES oscillated from
“to somewhat easy” (3.98+1.99) to “somewhat strong” (6,02+2.22), according to the
participants self-perception. Regarding exercise engagement, the CSE participants attended
an average of 58 sessions (72% of attendance), out of 74 sessions offered in total. In the CME,

the participants had 72% of adherence, corresponding to 54 sessions attended.

11.5 Discussion

The main findings of the present study indicated that both CME and CSE had similar
effects in decreasing the incidence of low physical activity levels and slowness both
independent components of PFS, resulting in a decrease of the PFS total score and disability.
Moreover, we revealed that the effect of any exercise-treatment, when compared to the CG,,,
was more beneficial for all variables to maintain an appropriate balance through steroids
hormones concentrations since DHEA levels decreased in the CG,. and a slight increase of
TT and DHEA levels occurred in CME over time. Corroborating with literature review, the

participants’ adherence to the exercise interventions was considered satisfactory.

A high index of comorbidity, polypharmacy, low cognitive profile and high sedentary
behaviour were expected characteristics within all the groups since these health markers are
closely associated with the frail condition (Farhat et al., 2012). In general, the two chair-
exercise protocols were effective in promoting improvements in some physical functioning
indicators, corroborating findings from previous studies (Anthony et al., 2013). A decrease in
fear of falling can be explained by the increased proficiency in the balance test. Possible
explanations for this result could be that in the present study, both CME and CSE use different
systems of progressive muscle-strength exercises, stimulating type Il fibers, which assist in
the motor skills such as quickness, fast-decision make (time-reaction) and even, empowering

the proprioception mechanisms (Ishigaki, Ramos, Carvalho, & Lunardi, 2014).
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An interesting finding was the ability of both chair-exercises programs to demonstrate
a positive modulation of PF-independent components, reversing the PF status. It was clear
that they contributed to increase the levels of PA in their daily living, even if they were classified
as octogenarian participants. The most solid explanation for these results is the exercise
periodization methodology used for the design of both exercise programs, that included several
strategies to develop physical fitness in an integrated way and also, decreasing the sitting time
and substantially increasing the time spent in the standing position (Strohacker, Fazzino,
Breslin, & Xu, 2015). This seems to have reflected positively on the autonomy for the
performance of daily life activities that depend on moderate to high PA levels. Another
characteristic that differentiates this study from similar ones is the large total time of the
intervention, which may also help to explain the positive results obtained, since the current
literature review shows that exercise programs with a longer period (= 5months), performed 3
times per week, for 30—45 minutes per session, largely had superior results than other exercise

programs (Theou et al., 2011).

In the present study, the potential mechanisms for exercise-induced increases in DHEA
levels (reviewed by Heaney et al., 2013) could be explained by an increased secretion rate by
the adrenal cortex as a result of adrenocorticotropic hormone stimulation, produced by the
anterior pituitary gland. However, hormonal responses in older adults differing between sexes,
it appears that women are more sensitive to exercise-induced hormonal modulation (Heaney,
Carroll, & Phillips, 2014). This study seems to be in accordance with Heaney and colleagues
(2013) suggestions, which encourages the maintenance of chronic exercise (specially muscle-
strength routines) to induce the increase in DHEA levels, particularly in older frail adults who

experience psychobiological chronic stress (Corazza et al., 2013).

Additionally, increase in DHEA with a simultaneously slight increase in TT levels,
showed the effectiveness of exercise as a co-adjuvant therapy to promoting benefits in the
musculoskeletal, immune and nervous system in frail older adults since age-related decline in
DHEA may play an important role in several degenerative dysfunctions observed in older
people (Arlt & Hewison, 2004). Small increases in TT concentrations obtained by the CME
participants seem to have promoted muscle strength and endurance in our sample. However,
higher increases were reported in other studies, but in these, most of the participants were
middle-aged and older men (Hayes et al., 2015). In our study sample, several factors such as
age-related hormonal decline, changes in body composition (especially decline of muscle
mass) and low mineral density and disturbance in the neuroendocrine system have been
shown as concurrent factors in blunting the response to exercise in older females (Copeland
et al., 2002).
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On the other hand, the response observed for COR and the TT/CORT ratio,
corroborates numerous previous studies, although changes in COR levels and consequently
variations in the ratios are more perceptible in studies involving acute exercise (Heaney et al.,
2014), which was not the case of our study. However, an increase of CORT would be expected
if both exercise programs had predominantly continuous aerobic exercise routine, since this
type of exercise program does not only promote an increase in CORT secretion by the adrenal
gland (Mura et al., 2014), but it can also promote an increase in adrenal gland volume itself
(Kjaer, 1998).

In frail older adults, for example, a slight increase in COR levels at non-pathological
levels may bring benefits to improve neuroendocrine functions (Sudheimer D. et al., 2014). In
general, it appears that older women retain the ability to stimulate an increase in circulating
levels of some anabolic hormones via exercise modulation (Copeland et al., 2004) which to a
small extent also occurred in our study. Nevertheless, our study sample displays some
particular characteristics. Firstly, the frail individuals appeared to have lower hormonal
concentrations when compared to non-frail (Wu, Lin, Liu, Tsai, & Shiesh, 2010). The other
important condition is multi-comorbidity and subsequently polypharmacy-use. Statins, for
example, are a commonly prescribed medicine to reduce cardiovascular disease risk in older
adult patients. However, recent studies show that this pharmacological substance attenuates
increases in cardiorespiratory fithness and skeletal muscle mitochondrial content when
combined with exercise training in overweight or obese patients, promoting strong side-
blinding effects (Mikus et al., 2013). Statins could also affect TT and DHEA production, since

cholesterol is a precursor to these hormones, blunting the exercise effects.

In conclusion, both exercise treatments used in this study produced similar and
significant benefits in order to diminish the physical frail condition, decreased negative
perceptions of functional disability domains and also, stimulated satisfactory hormonal
responses. in frail older women. Future interventions should attempt to included samples of

institutionalized frail-older men since that would allow generalization for both genders.
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121 Abstract

Background: Physically frail individuals experience a quicker immunosenescence
effect when compared to healthy older individuals. Physical frailty (PF) is characterized by a
low physical fitness and exercise has been identified as a coadjutant therapy able to promote
a better inflammatory environment and increase physical fitness. Objective: To analyse the
effects of 24-weeks of two different exercise protocols on functional fithess and immune profile
in institutionalized pre-frail and frail women. Methods: A sample of older frail individuals (n =
59, 81+7.84 years) participated in the study and were divided into three groups: chair-based
muscle-strength exercises (CSE, n=18), chair-based multimodal exercise (CME, n =24) and a
control non-exercise group (CG,e, n = 17). Both exercise programs consisted of 45 minutes of
supervised classes without music, carried out 3 times a week. Multimodal participants
performed a progressive circuit-training protocol using static-dynamic balance, walking and
body height muscle-resistance exercises. The muscle-strength resistance training with elastic-
band exercises following a compound set protocol. The controls did not change their usual
lifestyle. The Fried Physical Frailty protocol was used to identify pre-frail and frail groups. Data
for anti and pro- inflammatory makers and physical fitness tests were analysed pre and post-
interventions. Results: After interventions, a significant effect of time and time by group for IgA
and time by group for IL-10 levels were found (p > 0.05). Within-group analysis showed a
significant moderate decrease in the IL-10 to TNF-a ratio for MME and an increase in controls
(p > 0.05). A substantial improvement in physical fitness in both exercise groups was also
found. Conclusion: Both chair-based exercise programs were effective in stimulating positive
changes in physical fitness and simultaneous satisfactory responses in immune profile. The
controls showed a negative trend towards a decreased physical fithess and slight decreased
levels of anti-inflammatory profiles. The evidence regarding the use of systematic and
moderate long-term physical exercise as co-adjuvant therapy in promoting better balance on

the pro- and anti-inflammatory environment was the most promising results of this study.

KEY-WORDS: Older frail adults, exercise, physical fithess, upper respiratory tract infections,
cytokines, immune system
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12.2 Introduction

Older frail-adults have a greater intrinsic vulnerability to biological and environmental
stressors, increasing the risk for physical decline and adverse health-related characteristics,
such as disability and comorbidity when compared to non-frail older-adults (Clegg et al. 2013).
Sedentary life styles, chronic stress, vascular, inflammatory, nutritional and metabolic factors
have also been shown to have immuno-suppressive effects and to accelerate
immunosenescence (Gruver, Hudson, and Sempowski 2007). In older frail individuals, this
process occurs more rapidly, leading older people to early hospitalization and death (Collerton
et al. 2012). During ageing, there is a decrease in salivary immunoglobulin-A (IgA) secretion,
an important ant-bacterial protein involved in the mechanism of defence against pathogens
that penetrate the mucosal epithelium, which is also linked to higher URTI incidence
(Papacosta and Nassis 2011). Immune function is less impaired in highly conditioned versus
non-active older adults (Walsh and Oliver 2016). Immunosenescence is also a part of the aging
process and is associated with an increased risk for autoimmune disorders, tumours, infectious

disease and inflammatory deregulation (Minciullo et al. 2016).

Recent findings have implicated the inflammatory pathway in increased severity of
muscle damage as mechanisms to develop severe physical disorders and fast muscle decline
in older frail-subjects (Lu et al. 2016). Very few studies have looked at the effect of regular
moderate exercise on salivary makers such as Lys and IgA and none have looked at interferon
gamma (IFN-y) salivary levels in the older participants (Liberman et al. 2017). Peripheral blood
concentrations of inflammatory pathway markers, specifically interleukins (IL), will also interact
in anti- and pro-inflammatory processes triggered by aging, and affect physical status in older
adults (Lu et al. 2016). Some makers, such as IL-18, IL-6, IL-10, IFN-y, Tumour necrosis factor
alpha (TNF-a), and C-reactive protein (CRP) are important immune markers involved in this
process, and some recent studies have shown that hormonal modulation caused by exercise

can help maintain the balance within the immune system (Walsh et al. 2011).

Exercise can be a significant factor in ameliorating the deleterious effects of chronic
biological and psychological stress, and may positively affect, to different extents, many
immune parameters (Kohut and Senchina 2004). However, the type, intensity, duration and
frequency of exercise that should be performed in order to effectively improve immune
response in very old persons needs to be defined more clearly (Liberman et al. 2017). A review
of the literature found that regular exercise has a positive impact on immune status in frail
individuals, especially on TNF-a (Theou et al. 2011). Several studies have showed the
potential exercise effect on the TNF-a/IL-10 ratio in promoting an pro-anti-inflammatory

enviorment/balance in humans (Chupel et al. 2017).
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Multimodal exercise programmes seem to be particularly effective in improving general
physical fithess, while there is little evidence to date that muscle strength exercises can help
achieve the same improvements in frail older adults (Liu, 2017). However, as in the case of
the present study, the muscle-strengthening elastic-band exercise system has been offered
as a successful method to promote significant beneficial effects on cognition status, physical
fitness and immune profile (Chupel et al. 2017). Thus, the aim of this study was to analyse
the effect of 24-weeks of two different chair-based group classes exercise protocols on

functional fitness and immune profile in institutionalized pre-frail and frail older women.

12.3 Methods

This study consisted of three arms, with controlled trial chair-exercise based
interventions, that included a subset of the participants of the previous published study protocol
(Teixeira et al. 2016). Participants or their legal tutors signed an informed consent term. This
study was approved by the Ethics and Human Subjects Review Board of the University of

Coimbra, respecting the guidelines for human research of the Helsinki declaration.

12.3.1 Participants recruitment and allocation

Participants were institutionalized-dwelling pre-frail and frail women living in centres of
health and social support in the city of Coimbra, Portugal, aged 75 years and above, with
updated medical therapy and who were clinically stable. Not completing the dynamic balance
test in 30 seconds, involvement in other exercise programs, use of medications that
significantly impaired attention, individuals classified with morbid obesity, who were medical
diagnosed with cardiometabolic, respiratory and musculoskeletal dysfunctions, the presence
of mental, hearing and vision impairment or involvement in hormone therapy were exclusion

criteria.

12.3.2 Sample size calculation and allocation

The sample size was 19 participants per group (power = 0.80), taking into account the
comparison of frailty outcomes between treatments in previous studies (de Labra et al. 2015).
Further anticipating a dropout rate of 30% (Picorelli et al. 2014), the sample was increased to
28 per group, allocated into three arms. The final sample analysed consisted of 59 participants:
a non-exercising control group (CGye, n = 17), elastic-band muscle strength (CSE, n=18) and

multimodal exercises (CME, n =22) programmes.
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12.3.3 Assessment procedures

All the tests were applied by an independent assistant who established contact with the
participants without reference to the exercise program. The instructor of the exercise sessions
did not take part in the data collection procedures. Precaution was taken to avoid interaction
of exercise programs between individuals of the two groups by staggering the classes’
schedules. The quality of data assessment was made and reported for each of the physical

markers through internal consistency reliability scores (ICR).

12.3.4 Physical Frailty (PF)

The Fried PF protocol was used (Fried et al. 2001). Shrinking was assessed by self-
report of unintentional weight loss of four kilograms or more in the last six months; Self-
reported exhaustion was evaluated by concordance of two questions (7 and 20) of the Center
for Epidemiology-Depression (CES-D) scale; Weakness was analyzed using the handgrip
strength test, adjusted for gender and body mass index (ICR = .88); Slowness was measured
by the 4.6 meters walking test, adjusted for gender and height (ICR = .80); levels of PA were
assessed by the International Questionnaire short form (ICR = .78). The prevalence of PF was

calculated to generate a PF total score.

12.3.5 Immune and biochemical makers’ determination

The sample collection of saliva and blood was done in the morning (between 10:00h —
12:00h). Saliva samples were collected by a passive drool technique, that consisted of allowing
the subjects’ saliva to collect on the floor of the mouth, then to lean forward and dribble into an
high quality polypropylene tube for three minutes. Prior to the saliva collection, the participants
were asked to rinse their mouth with water to remove food residues 10 minutes before sample
collection. The sample volumes were determined by weighing the collection tubes before and
after the saliva collection and the samples were then stored at —20°C until determination of the
saliva markers. Salivary concentrations of IL-1$ and IL-6 were were analyzed by competitive
ELISA kits according to the manufacturer instructions [Salimetrics®, UK]. Blood samples were
collected by venepuncture by a registered nurse, and were allocated into serum and KEDTA
tubes. Determination of blood counts was done immediately after blood collection, using an

automated haematology analyser (Coulter AcT Diff, Beckman Coulter, USA).
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The remaining blood samples were centrifuged, serum and plasma aliquoted into
several Eppendorf tubes and kept frozen at -80°C until further use. The plasma levels of pro-
and anti- inflammatory cytokines, such as TNF-a, IFN-y and IL-10 were analyzed by ELISA
[Invitrogen®, CA] according to the manufacturer instructions. Serum CRP was determined

using the Horiba Medical Pentra C200 [Kyoto, Japan].

12.3.6 Functional Fitness

The Senior Fitness Test battery developed by Rikli and Jones (2013) was used. i)
Lower body strength was determined with the ‘30 second’s chair-and-stand test’ (30s-CS),
measuring the number of total full chair-stands that can be completed in 30 seconds with the
arms folded across the chest; ii) Upper body strength was assessed with the ‘30 seconds arm-
curl test’ (30s-AC) that measures the total number of bicep curls that can be completed in 30
seconds, seated in a chair and holding a hand weight of 5 Ibs (2.27 kg) for women. vi) Aerobic
resistance was measured through the “2-minutes step test” (2m-ST), that consisted of the
number of full steps the subject completed in two minutes performing a stationary gait, with
one hand resting on the wall and raising each knee to a midway point between the kneecap
and iliac crest. For all the Functional Fitness (FF) tests the best score of the two trials

performed was used for final scoring purposes (Rikli,& Jones, 2013).

12.3.7 Health status

The Mini Nutritional Assessment (MNA, k = .74) was used to evaluate the nutritional
status categorized as: a predetermined state of malnutrition (< 17 points), malnutrition risk (17
to 23.5 points) and adequate nutritional status of > 23.5 points (Loureiro 2008). The Charlson
Comorbidity Index (CClI, ICR = .94) was used to classify comorbid conditions based on the
medical register of each individual (Charlson et al. 1994). Systolic and diastolic blood pressure
were recorded using a digital device of OMRON model M1 Plus [HEM-4011C-E]® (Viera and
Hinderliter 2007). Medication use (MU) was assessed through medical records over one year
for each participant. To reduce potential confounding effects, all participants were encouraged
to maintain unchanged diets, drugs treatment, and routines across the 24-weeks of the

intervention.
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12.3.8 Biosocial and anthropometric assessment

Information about chronological age was collected. Body mass was determined using
a portable scale (Seca®, model 770, Germany) with a precision of 0.1 kilograms (ICR = .89).
Stature was determined using a portable stadiometer (Seca Body meter®, model 208,
Germany) with a precision of 0.1 centimetres (ICR = .87). Body mass index (BMI) was
calculated according the formula [BMI = weight/stature®]. Standardized procedures were
followed (Lohman, Roche, and Martorell 1988)

12.3.9 Intervention programmes

The chair-based exercise programmes were conducted by exercise specialists. For
safety reasons, in both exercise programmes intensity was indirectly calculated using the
Karvonen’s formula to predict target heart rate (HR), with HR,.x being calculated using a
specific formula for older populations [HRax= 207 beats per minute (bpm) - 0.7 x chronological
age] and was monitored using heart rate monitors Polar, RCX5® model (Guderian, Johnson,
and Mathiowetz 2013). The classes were offered for 24-weeks, totalling 74 exercise sessions,
with two-three sessions per week on non-consecutive days (separated by 48 hours). The
percentage of exercise frequency was calculated individually through the total sum of class
participation entries recorded in a checklist. A total of 74 (100%) sessions were offered and
the values of engagement in different moments were reported as percentages. Based on
previous reports, an adherence to the exercise program up to 65% was established as a
minimum for each participant to be included in the final data analysis. The CG, group did not
participate in any physical exercise intervention but was encouraged to maintain their normal

routine, which included a monthly agenda of artistic and cultural activities.

12.3.10 Multimodal exercises (CME)

The chair CME program was performed with a determined number of exercises (7-9),
repetitions (8-16), sets (2-4), the rhythm of execution (1:2) and active rest in a seated position
between sets (20-30 seconds) with passive rest between circuits (60-120 seconds). Each
session was conducted using a functional circuit training protocol. During the first 12 weeks,
the body weight exercises executed in the seat and reach position were used. In the last 12
weeks, the increase of exercise intensity was induced by the inclusion of more difficult and
complex exercises and challenge sequences, increasing walking time and placing obstacles
along the walking route (cones, floor markers, arcs) to work handedness, changes in direction,
static/dynamic balance and coordination. A low to moderate intensity effort around 50-75% of

HRax Values was attained. Additionally, intensity was measured through the modified BORG

336 Chapter 12



PES, that consists of an arbitrary scale ranging from 0 to 10 points with reference to the quality
of effort: (0) nothing at all; (1) very weak; (2) weak; (3) moderate; (4) somewhat strong; (5-6)
strong; (7-9) very strong; (10) very, very strong (almost maximal). Each exercise session was
divided into three parts: 5 minutes of warm-up exercises for general body mobilization (PSE =
1-3, HRnax = 50-55%); 35 minutes of body weight exercises aimed to improve walking
proficiency in a sitting and standing position (PSE 3-5, HRyax = 56-85%) and finally 5 minutes
of cooling down (PSE 1-2, HRyax = 45-50%).

12.3.11 Muscle-strength exercises (CSE)

To create a progressive chair MSE program, exercises were performed with a
determined number of exercises (8-10), sets (2-3); repetitions (10-15), a cadence of repetitions
execution in 2 seconds concentric and 3 seconds eccentric (2:3) and a passive rest in the
seated position between sets (30-45 seconds), following a bi-set protocol method. The first
three levels of the Thera Band® System were used. Level one (yellow colour) elastic-bands
were used during the first 12 weeks. In the remaining 12 weeks, the increase in the exercise
intensity was introduced by changing to the elastic-bands level 2 and 3 (red and green colour
respectively). Intensity was measured through the OMINI PES, that comprises a subjective
effort scale ranging from 0 to 10 points, with identical intervals and with reference to the quality
of effort: (0) extremely easy; (1-2) easy; (3-5) somewhat easy, (6-7) somewhat-hard; (8) hard;
(9-10) extremely-hard (Robertson et al. 2003). The goal was to keep the intensity of the
exercise activities between 1 to 6 in PES levels. It was expected that the relationship with the
real effort would be 55-80% of maximum heart-rate. The session was divided into three parts:
5 minutes of warm-up (PSE 1 to 3, HRnax = 45-55%), 35 minutes of muscle-strength elastic-
band exercises in PSE 4 to 6 (HRmax = 56-75%) and finally, 5 minutes of cooling-down (PSE 1
to 2, HRmax = 45-50%).

12.3.12 Data analysis

Descriptive data were presented as mean (and standard deviations) or frequencies. In
the baseline scores, comparisons between groups were analyzed by one-way ANOVA.
Repeated measures ANOVA was used to analyse the effect of time and time by group
interactions on the frailty total score, functional fithess and immune profile changes over time,
followed by Bonferroni post hoc tests, reporting the confidence interval (Cl:95%) for the

statistically significant results.
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Since there was no normality distribution for the TNF-a/IL-10 ratio the pre- and post-
interventions comparisons were made using the Kruskall-Wallis test. The percent of change
after the interventions was also calculated ([post value/pre value]-1). The magnitude of the
global effect size (ES) was calculated by exercise-modulation treatment. For continuous
variables, ES were computed using Cohen’s (d). The effect size was considered trivial (d <
.20), small (.21 < d <.50), moderate (.51 < d <.79) and large (d > .80) (Batterham and Hopkins
2006). The IBM SPSS Statistics package 24.0 and in R 3.3.1 software’s for all statistical

procedures were used. The level of significance adopted was p-value = .05.

12.4 Results

From the 119 potential participants initially recruited, a total of 29% were excluded for
not meeting inclusion criteria and declining to participate in the study spontaneously. In the
follow-up phase 6 participants of CME training, 10 of CSE and 9 of CG,. withdrew their
willingness to participate before or immediately after the beginning of the study for various
reasons. A total of 24 drop-outs was registered during the intervention period because of low
exercise engagement, injuries or adverse responses to the intervention. In total, 59 older
women participants were examined at completion of the 24 weeks’ study. Characteristics of
experimental and control groups at baseline are presented in Table 12.1. The statistical

analysis showed that no significant differences between the three groups were found (p>0.05).

Table 12.1 Total sample, exercising and control groups characteristics of at baseline.

Variables Total Sample Chair Chair Elastic-band Control group
multimodal muscle strength non-exercise
exercises (n=24) exercises (n=18) (n=19)
M+SD M+SD M+SD M+SD
Chronological age (years) 81.62 +7.91 80.14+8.19 81.00+4.79 80.93+10.01
Stature (centimeters) 1.51+0.07 1.52+0.61 1.51+0.08 1.51+0.80
Body mass (Kilograms) 64.86+14.06 63.2418.5 62.03+17.76 64.99+14.89
Body mass index (kg-m™) 28.1945.71 26.53+3.65 28.35+7.16 28.44+6.06
Charlson comorbidity index 7.9312.13 7.55+1.92 7.78+1.98 8.67+2.53
Medication use, per day (unit) 6.75+2.34 7.05+1.98 6.95+3.05 6.30+£0.95
Systolic Blood pressure 126.09+17.24 124.05+15.01 1131.22+19.37 122,93+17.39
Diastolic Blood pressure 64.85+11.08 64.86+8.07 67.67+13.99 65.87+10.60
Mini nutritional assessment 23.94+2.66 23.18+2.75 24.52+2.32 24.36+2.83

Notes: ** p<0.01; * p<0.05; m(sd) = mean (standard deviation). The p-values correspond to comparisons between the three groups and
were computed with one-way ANOVA one-way or Kruskal-Wallis, depending the assumption (normality) of variable.
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12.4.1 Immune markers

Table 12.2 shows the inflammatory markers changes after the 24 weeks’ intervention

programs. The results showed that a significant effect of time [F (2,44) = 6.681; p = 0.014)]

and time by group for IgA changes over the interventions [F (1,44) = 4.661; p = 0.015)].

Bonferroni corrections applied post hoc showed a moderate decrease in IgA levels in MSE
group (ES = 0.68, A%

unchanged over time (p>0.05).

-26; p<0.01, CI95%: 0.08 to 0.313), while the others remained

Table 12.2 Comparison of immune profile biochemical makers between baseline and 24 weeks of intervention

moments.

Groups Baseline 28 weeks Interaction F p Cohens’d Practical A%

M£SD M+SD effects test value effect size relevance
IgA (ug/mL)
CME 263.34+203.99 155.16+92.13 Time 6.581  0.014 0.68 Moderate -26
CSE 221.53+134.26 234.77+123.90 Time x Group ~ 4.661  0.015 0.10 Trivial +42
CGne 257.61+172.57 196.92+90.73 0.15 Trivial -1
Lysozyme (ug/mL)
CME 1.42+1.38 1.04+0.84 Time 0.041  0.840 0.33 Small -36
CSE 2.97+2.38 2.10+1.41 Timex Group ~ 0.313  0.734 0.44 Small -18
CGne 2.89+3.62 2.59+2.03 0.29 Small -10
IL-6 (pg/mL)
CME 20.43+15.50 17.99+10.85 Time 0.048  0.827 0.19 Trivial -09
CSE 23.89 +18.18 25.01+14.95 Time x Group ~ 0.685  0.509 0.06 Trivial + 31
CGne 19.15+15.46 20.81+13.80 0.11 Trivial +22
IL-1B (pg/mL)
CME 77.9+61.34 67.16+56.27 Time 1.402  0.246 0.23 Small -130
CSE 76.79+69.55 82.81+55.72 Time x Group ~ 0.643  0.553 0.09 Trivial +83
CGne 73.86+50.23 91.23+62.37 0.31 Small +88
IL-10 (pg/mL)
CME 13.91+£11.09 18.38+12.46 Time 2.769  0.103 0.39 Small +62
CSE 17.63 +11.28 21.55+10.29 Time x Group ~ 4.514  0.016 0.36 Small +46
CGne 14.89+11.03 13.52+10.96 0.12 Trivial -03
CRP (pg/mL)
CME 4.94v5.77 4.16+3.64 Time 0.690  0.410 0.16 Trivial -48
CSE 2.91+3.33 2.95+2.87 Time x Group 1789  0.179 0.01 Trivial +24
CGne 3.19+£3.73 5.83+3.08 0.52 Moderate +73
IFN«y (pg/mL)
CME 3.48+4.17 4.48+5.49 Time 6.117  0.018 0.26 Small +86
CSE 5.04+3.55 6.11+4.61 Time x Group ~ 0.010  0.990 0.25 Small +60
CGne 4.58+5.83 4.82v4.23 0.04 Trivial +91
TNF-a (pg/mL)
CME 112.55+65.73 122.41+64.12 Time 3.280 0.077 0.15 Trivial +24
CSE 140.23+59.81 153.98+56.22 Time x Group ~ 0.003  0.997 0.23 Trivial +18
CGne 118.11+78.23 131.65+70.22 0.18 Trivial +39
TNF-a/IL-10 ratio*
CME 9.30+7.76 6.46v8.98 Time - 0.011 0.33 Small -43
CSE 11.62 +9.42 8.98+4.82 Time x Group 0.068 0.35 Small -30
CGne 8.27 +7.85 14.40£20.04 0.021 0.40 Small +74

Notes: Cohens’ d = trivial (d < .20), small (.21 < d <.50), moderate (.51 < d <.79) and large (d > .80) effect size; M(SD) = mean (standard deviation); A% = Delta change percentage; The p-
values correspond to comparisons between the two groups and were computed by repeated measure’s ANOVA for within comparisons, following Bonferroni post-hoc test; TNF-o/IL-10 ratio
statistical analysis was made using univariate analysis following within-group Wilcoxon-signed rank test; CME = Chair multimodal exercises; CSE = Chair Elastic-band muscle strength exercises;
CGne = Control group non-exercise.
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No effects of time or time by group were observed for Lys levels (p>0.05). Analysing
the results of Table 12.2, we found that effects of time or time by group were observed for
changes in IL-6 and IL-18 (p>0.05), despite only a small decrease in the CME group (ES =
0.23, A% = - 130) and a small increase in the GC,, group (ES = 0.31, A% = + 88)in IL-1p
levels. Significant interactions were observed for time by group in IL-10 levels [F (2,45) = 4.514;
p=0.01], where concentrations increased in MME (ES = 0.39; A% = + 62; p = 0.023; CI95%: -
0.247 to -0.019) and CSE (ES = 0.36; A% = + 46; p = 0.029; C195%: -241 to -013) groups.
However, no significant change was observed in controls (p = 0.147). No effect of time or time
by group were observed for TNF-a levels (p>0.05), despite a trend for changes over time
shown [F (1,41) = 3.280, p=0.07].

There was an effect of time for IFN-y changes [F (1, 42) = 6.117, p=0.01)], but no
significant interactions with group (p>0.05). No differences were observed for time and time by
group interaction in CRP levels (p>0.05). Despite a trend for these to be increased in the CG,,
group (p = 0.06). Regarding TNF-o/IL-10 ratio, univariate analysis showed no significant
differences between groups at baseline and after 24 weeks (p > 0.05). However, within-group
analysis using Wilcoxon-signed rank test showed a significant moderate decrease in this ratio
for CME (z = -2.551; p = 0.01; ES = 0.33; A% = -43), and an increase in controls (z = -2.312,
p =0.02; ES = 0.40; A% = +74).

12.4.2 Physical Fitness

Analysing the physical fithess parameters after the 24-weeks intervention programmes,
the results showed that there was only an effect of time on CSR-M [F (1; 52) = 5.259, p=0.02],
but no interactions with group. (Table 12.3) Both CME and CSE group showed increased score
with large effect size (ES = 0.40; A% =-12 and ES = 0.49; A% = -16, respectively). A significant
effect of time on 30s-AC was shown [F(1;52) = 16.045, p < 0.01). Post hoc analysis showed a
decrease in both CME and CSE on 30s-AC with a large and moderate effect-size, respectively
(ES=1.05; A% =+51;p=0.000and ES =0.60; A% =+ 42; p = 0.021). There was a significant
effect of time [F (1;52) = 22.675, p < 0.01) and time by group interactions [F (2;52) = 5.556; p
= 0.006)] on the 30s-CS test, and Bonferroni analysis showed an increase for MSE after

exercise intervention (p < 0.01).
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Table 12.3 Comparison of physical-functional status outcomes between baseline and 24 weeks of intervention.

Baseline 28 weeks Interaction F P Cohens’ d Practical A%
MzSD MzSD effects test value effect size relevance

Chair Seat and Reach
(centimeters)
CME 28.25+10.59 23.79+11.61 Time 05.25 0.026 0.40 small -12
CSE 27.53+11.83 22.56+07.80 TxG 00.63 0.850 0.53 moderate -16
CGne 24.25+11.27 22.00+£10.01 0.12 Trivial -08
30-seconds arm curl
(reps per time)
CME 9.09+2.99 12.59+3.45 Time 16.04 0.000 1.05 Large + 51
CSE 11.565.63 14.17+3.42 TxG 00.79  0.456 0.60 Moderate +42
CGne 8.67+4.54 9.20+3.49 0.37 small +18
Chair-seated and
stand (reps per time)
CME 9.14+3.10 12.36+3.12 Time 22.67 0.000 1.03 Large +37
CSE 7.44+3.18 11.94+2.75 TxG 05.56 0.006 1.51 Large + 82
CGne 6.93+2.81 8.01+3.31 0.19 Trivial +44
Two-minutes step
(reps per time)
CME 39.82+11.83 49.14+14.68 Time 21.43 0.000 0.83 Large +35
CSE 29.61+15.63 44.56+12.90 TxG 08.77 0.001 1.04 Large + 51
CGne 27.92+12.01 24.20+10.54 0.33 small - 06

Notes: Cohens’ d = trivial (d < .20), small (.21 < d <.50), moderate (.51 < d <.79) and large (d > .80) effect size; M(SD) = mean (standard deviation); Delta
change percentage; The p-values correspond to comparisons between the two groups and were computed by repeated measure’s ANOVA for within
comparisons, following Bonferroni post-hoc test; CME = Chair multimodal exercises; CSE = Chair Elastic-band muscle strength exercises; CGne = Control
group non-exercise; TxG = time versus group.

Both CSE and CME demonstrated a large magnitude of effect after interventions (ES
=1.05, A% = +37 and ES = 1.51; A% = 82, respectively). A significant effect of time [F (1;52)
= 21.739, p < 0.01] and time by group [F(2;52) = 8.474, p < 0.01] on the 2M-ST was shown
after the intervention program. Post hoc analysis showed an increase in both CME and CSE
on the 2M-ST (p < 0.01), with moderate (ES = 0.70, A% = +30) and large effects (ES = 1.04;

A% = +51), respectively. The CGne remained unchanged over time (p>0.05).

12.4.3 Exercise effort and engagement

The final scores of minimum, maximum and mean HR achieved at the end by the CME
group was 65.75 (x9.96), 97.56 (£12.40) and 77.27 (+£8.21) bpm, respectively. This
corresponded to 57% to 70% of the predicted HRz.x. The final mean of PES ranged from
moderate (3.14+0.98) to somewhat strong (4.92+1.01). For the CSE group, the scores of HR
achieved at the end were 69.08 (+14.77), 96.24 (£14.13) and 84.48 (+11.52) bpm. This
corresponded to 48% to 74% of the predicted HR,.x. The final mean of PES oscillated from
somewhat easy (3.98+1.99) to somewhat strong (6,02+2.22), according to the participants self-
perception. Regarding adherence, the CSE participants attended an average of 58 sessions
(78% of attendance), out of 74 sessions offered in total. In the CME, the participants had a

72% adherence, corresponding to 54 sessions attended.
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12.5 Discussion

The goals of this study were to assess the impact of two different structured exercise
programmes, CSE and CME, in older frail women on immune profile and physical fithess. The
assumption was that including regular exercise as a co-adjuvant therapy would be effective for
reducing chronic inflammation, since this population suffers, more prominently age-effects,
which tend to accelerate the immunosenescence process. The main results of this study were
that both CSE and CME programmes could increase physical fitness and also simultaneously
increase anti-inflammatory cytokine concentrations to promote a better inflammatory balance
in institutionalized older frail women after 24 weeks of systematic exercise. However, CSE and
CME programs promoted a different response for some of the analysed variables, even though
the participants of the study had a similar intensity of effort and similar values in adherence to

the exercise programmes.

12.5.1 Immune Makers

It is generally understood that immune function declines with age, and, compared with
young people, older people are less resistant to pathogenic microorganisms (Senchina DS1;
Kohut ML. 2007). In the case of frail individuals, the susceptibility to increased episodes of the
upper respiratory tract infector (URTI) appears to be greater (Compté et al. 2013). Several
exercise intervention have examined markers of mucosal immunity, including salivary
antimicrobial proteins, such as IgA (Allgrove et al. 2008; Shibuya et al. 2015; Silva et al. 2009).
However, results showed a slight conflict in the interpretation of results, especially in short-
term programs (up to 12 weeks) (Senchina DS1; Kohut ML. 2007).

In the results of Akimoto and colleagues, regular moderate exercise seemed to
enhance mucosal immune function (salivary IgA) in elderly subjects after 12-weeks of
combined training (Akimoto et al. 2003). But, this study reveals another important question in
the comparison with our results, although the exercise program used shows some similarity
with the CME used in this study, his sample had a younger age group living in the community
and for this reason the authors may have observed better results. In the other study which
aimed to investigate the effects of aerobic conditioning in a very similar population, salivary
IgA concentration was unchanged, suggesting that alterations in salivary IgA levels in
response to exercise may also be related to age (Martins et al. 2009). In another recent study,
no change was observed in IgA after 28 weeks of Yoga, however, a trend towards an moderate
increase in both IgA (ES = 0.20, A%= 26) and Lysozyme (ES = 0.48, A% = 87) secretion rates
were found, while in the control group a trend towards a decrease in the IgA secretion rate was
found (Marques et al., 2017).
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In our study, unlike these studies cited above, there was a trend to reduced IgA, except
for the CSE group, which is in line with the results of the previous studies using strength training
(Neves et al. 2009). Unlike data on IgA, there is little data available regarding the changes in
salivary Lys concentrations with acute or chronic exercise in this type of population. A recent
study described that salivary Lys secretion increased after moderate intensity exercise and
increased further after high intensity exercise, which implies that Lys levels may be related
with exercise intensity (Papacosta and Nassis 2011). Despite the lack of research involving
modulating effects of exercise on Lys, the studies showed that Lys and IgA and others salivary
markers, such as a-amylase, seem to demonstrated a similar behaviour during and after
physical exercise, because they share the same control and activation that is regulated by the
autonomic nervous system (Allgrove et al. 2008). The subjacent mechanisms involving the
inflammation process is one such potential pathophysiological change which may be closely
linked with the physical frailty condition (Soysal et al. 2016). However, it is consensual that
chronic subclinical inflammation contributes to impaired physical functioning in older adults
(Brinkley et al. 2009).

The concept of a beneficial ‘anti-inflammatory exercise-effects’ in older populations
who participate in regular programs seems to justify the possible beneficial increase that
occurred in IL-10 in both CSE and CME programs, while in the CG,, a slight decrease ocurred,
taking into account the magnitude of effect size. TNF-a and IL-6 are important pro-
inflammatory markers and have previously been found to be elevated in cases of frail
individuals in comparison to healthy age-matched controls (Hubbard et al. 2009). In the present
study, the increase in IL-10 levels may partly justify the behaviour of inflammatory markers
observed, since this marker promotes the reduction of TNF-q, IL-1B, and IL-6 mRNA levels of
in skeletal muscle of older adults (Nicklas and Brinkley 2009). In similar research with obese
frail older patients, a combined exercise program (strength plus muscular resistance training)
led to a significant decrease in IL-6 and TNF-a mRNA expression, despite having no effect on
weight loss (Lambert et al. 2008). In another intervention study, significant decreases in TNFa
mMRNA and protein expression were reported after 12-weeks of resistance training in frail older

men and women (Lambert et al. 2008).

Our results showed, after 24-weeks of systematic exercise, a slight reduction in
inflammatory IL-6 and IL-13 concentrations in the CME participants, while in the controls a
trend for an increase in levels of these markers was seen. Changes in TNF-a levels appear to
be inconclusive, but when analysing the TNF-a to IL-10 ratio, a decrease of this ratio was
observed which could be seen as the effect of exercise on the inflammatory balance, an
immune physiological phenomenon recently observed by our research group in a study with a

very similar population (Matheus U. Chupel et al. 2017). The mechanism explaining this
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balance is associated with the attenuated-effect triggered by IL-10 on TNF-a receptors
expression, stimulating release of their extracellular domains into the systemic circulation.
Additionally, IL-10 also downregulates cell-mediated immune responses and cytotoxic
inflammatory responses, the imbalance in these cytokines appearing to be associated with
coronary heart disease (Kumari et al. 2018). Similar to TNF-a, several cross-sectional studies
have associated high levels of CRP to abnormal cardiovascular risk and stroke. Results from
these studies are consistent in showing that low general physical function (gait speed, muscle
mass, muscle strength and self-reported functional ability) are associated with high

inflammatory marker concentrations (Nicklas and Brinkley 2009).

Therefore, low concentrations of these inflammatory markers are essential for the
maintenance of better neuromuscular performance. In this study, the results showed no
significant alterations in CRP levels, although the CGne did show a trend for a moderate
increase (ES =0.47; A% = 87) which could indicate that exercise was able to prevent further
CRP increase with time/aged. However, in two other similar studies conducted with
postmenopausal women, between14 and 20 weeks of aerobic exercise intervention decreased
CRP by 15% and 25%, respectively (Greine 2001; Giannopoulou et al. 2005).

Comparable to the present study, the exercise-mediated effect on the increase of anti-
inflammatory makers (IL-10 and IFN-y) was the plausible explanation given for these results.
Similar to the increase in IL-10, the concurrent small increase of IFN-y in both the MME and
MSE exercise groups (and unchanged in the controls) seems to be beneficial, since this
biomarker is considered as an anti-inflammatory cytokine in low concentrations. it is secreted
by Th1 cells and has an essential role in maintaining immune function by preserving the
Th1/Th2 balance that is usually altered towards a more Th2 cytokine secretion profile with age
(Gage et al., 2004). Regular moderate exercise (as was the case in this study) and not intense
exercise, has beneficial effects on health by way of increasing satisfactory plasma IFN-y levels

(Vijayaraghava et al., 2014).

12.5.2 Physical Fitness status

Analysing the physical fithess data, we observed that the large and beneficial
improvements achieved by the exercise groups were quite similar after the 24-week
programmes, despite the fact that the design characteristics of CSE and CME exercise
programs were quite specific and different. According to the American College of Sport
Medicine (ACSM), multimodal exercises are categorized as a group class where the instructor
uses aerobic exercises interspersed with endurance, strength, balance and other types of

exercises (De La Cabra et al., 2015).
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The main purposes of multimodal exercise program is to encourage older people to
work on muscle strength and endurance, integrating other physical fithess domains, such as
time reaction, gait performance, static balance and improved stability in dynamic balance
(Baker et al., 2007). Although ACSM classifies the evidence level of multimodal as C or
moderate (on a scale ranging from A to D) (Antunes et al., 2006), most current studies have
demonstrated a general health benefit of multimodal exercise in older patients with physical
and cognitive frailty conditions when compared to other programs or controls, especially in
increasing cognitive functions, decreasing falls incidence and improving physical fithess
related to daily tasks autonomy (Lopez et al., 2017). The most probable explanation for the
results similarities between the CME and CSE groups, was the progressive increase in
difficulty (effort) of the muscle resistance body weight exercise components over time (i.e. chair
muscle up and seat to chair muscle up and stand), which demonstrated beneficial effects on

muscle strength after 24 weeks.

A complete and comprehensive review indicated that longer-term (intervention time
over 16 weeks) MME interventions with shorter-duration sessions (30 to 45 minutes) might be
a better option for this population, especially for the prevention of adverse health
consequences (Theou et al., 2011). In this sense, the results of our study are in agreement
with the current literature. Unlike the CME programs, the CSE programs are classified as
evidence level A (strong), and its benefits are also well researched and scientifically proven.
Current evidence indicates that supervised and controlled trials of CSE represent an effective
intervention in physical frailty treatment (Lopez et al., 2017). Unlike the traditional MSE
program, which opts for the use of free weights and machines, our program used a workout
with gradual increases in elastic bands resistances. Recent studies have demonstrated the
effectiveness of exercise interventions with elastic bands in improving muscle strength and

functional capacity in older adults (José & Del Corso, 2016).

In addition to the fundamental characteristics such as ergonomics, practicality, and
gradual control of the effort (Andersen et al., 2010), some studies with older participants have
proven that some physiological adaptations (including changes in immunological parameters)
inherent to the traditional strength exercises, can also be achieved using the gradual system
of elastics bands (Chupel et al., 2017; Colado e Triplett, 2008). One other hypothesis, that
could explain the substantial physical fithess improvements in this sample refers to the gains
most evident in older people with low levels of physical functioning, as was the case in this

sample.
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The control group, as expected, did not shown any improvements in these study
variables, on the contrary a decreased performance in almost all of the physical fithess tests
used in this study was seen, emphasizing the importance of being and staying active across
the life span. Lack of exercise/physical activity is a well-known risk factor for the loss of

independence of older adults.

12.5.3 Limitations

Despite the interesting results, this study presented some limitations. Firstly, we must
interpret the results carefully, since the degree of multi-comorbidity and the use of drugs may
influence the variation of biochemical markers. In our study sample, for example, there was a
high prevalence of hypertension (78%), dyslipidemia and metabolic syndrome (64%), heart
failure (37%), rheumatic or connective tissue disease (48%) and diagnosed mental disorders,
such as depression, anxiety and chronic stress (28%). Some of these diseases are treated
with beta-blockers that may have interfered with autonomous nervous system functioning (49);
Statins, the commonly prescribed drug to reduce cardiovascular disease risk has been linked
to skeletal muscle myopathy and attenuates increases in cardiorespiratory fitness and skeletal

muscle mitochondrial content when combined with exercise (50).

The pragmatic treatment for rheumatic disorders included medication for pain and
inflammation (methotrexate and leflunomide) or biologic drugs (infliximab, adalimumab,
etanercept, golimumab and certolizumab), and while improving pain, mood disorders, and
fatigue, these drugs also act as inhibitors of IL-6 and TNF-a (49). Secondly, we opted for a
naturalistic controlled trial, due to the very poor physical-functional condition of the sample,
that would have made moving to an exercise center unlikely. However, it is essential to mention
that participants of this study started the exercise programmes under the same conditions.
Another interesting question is that unlike some studies, this one choose to also discuss the
results taking into account the size of the effect of the changes, which may reveal clinically or

biologically relevant effects for all the variables in question.

12.6 Conclusion

Our study described important evidence regarding the use of systematic and moderate
long-term physical exercise as co-adjuvant therapy in achieving a better balance/environment
between the pro- and anti-inflammatory environment. Also, these findings revealed the
expected capability of multimodal or elastic-band strength exercise programmes to
substantially increase physical fithess in the older frail women that can substantially promote
independence. The chair-based exercise method in groups used does not appear to have

negatively influenced the results.

346 Chapter 12



12.7 References

1.

Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet
[Internet]. 2013 Mar 2 [cited 2014 Jul 14];381(9868):752—62. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23395245

Gruver AL, Hudson LL, Sempowski GD. Immunosenescence of ageing. The Journal of
pathology [Internet]. 2007 Jan [cited 2014 Dec 26];211(2):144-56. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1931833&tool=pmcentrez&r

endertype=abstract

Collerton J, Martin-Ruiz C, Davies K, Hilkens CM, Isaacs J, Kolenda C, et al. Frailty and
the role of inflammation, immunosenescence and cellular ageing in the very old: Cross-
sectional findings from the Newcastle 85+ Study. Mechanisms of Ageing and
Development [Internet]. 2012 Jun [cited 2017 Mar 13];133(6):456—66. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0047637412000991

Papacosta E, Nassis GP. Saliva as a tool for monitoring steroid, peptide and immune
markers in sport and exercise science. Journal of science and medicine in sport/ Sports
Medicine Australia [Internet]. 2011 Sep [cited 2014 Dec 29];14(5):424—-34. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/21474377

Walsh NP, Oliver SJ. Exercise, immune function and respiratory infection: An update
on the influence of training and environmental stress. Immunology and cell biology
[Internet]. 2016 Feb 13 [cited 2017 Jan 21];94(2):132-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26563736

Minciullo PL, Catalano A, Mandraffino G, Casciaro M, Crucitti A, Maltese G, et al.
Inflammaging and Anti-Inflammaging: The Role of Cytokines in Extreme Longevity
[Internet]. Vol. 64, Archivum Immunologiae et Therapiae Experimentalis. 2016 [cited
2018 Jan 23]. p. 111-26. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26658771

LuY, Tze Ying Tan C, Nyunt MSZ, Hei Mok EW, Camous X, Kared H, et al. Inflammatory
and immune markers associated with physical frailty syndrome: findings from Singapore
longitudinal aging studies. Oncotarget [Internet]. 2016 May 16 [cited 2017 Jul
17];7(20):28783-28795. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27119508

Liberman K, Forti LN, Beyer I, Bautmans I. The effects of exercise on muscle strength,
body composition, physical functioning and the inflammatory profile of older adults: A

systematic review. Current Opinion in Clinical Nutrition and Metabolic Care [Internet].

Physical Frailty, their correlates and exercise-effect on biopsychological parameters 347



10.

11.

12.

13.

14.

15.

16.

348

2017 Jan [cited 2018 Apr 29];20(1):30-53. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27755209

Walsh NP, Gleeson MM, Shephard RJ, Jeffrey MG, Woods A, Bishop NC, et al. Part
one : Immune function and exercise. Exercise immunology review [Internet]. 2011 Jan
[cited 2015 Oct 28];17:6-63. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21446352

Kohut ML, Senchina DS. Reversing age-associated immunosenescence via exercise.
Exercise Immunology Review [Internet]. 2004 Jan [cited 2015 Nov 6];10:6—41. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/15633584

Theou O, Stathokostas L, Roland KP, Jakobi JM, Patterson C, Vandervoort AA, et al.
The effectiveness of exercise interventions for the management of frailty: a systematic
review. Journal of aging research [Internet]. 2011;2011:569194. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3092602&tool=pmcentrez&r

endertype=abstract

Chupel MU, Direito F, Furtado GE, Minuzzi LG, Pedrosa FM, Colado JC, et al. Strength
training decreases inflammation and increases cognition and physical fitness in older
women with cognitive impairment. Frontiers in Physiology [Internet]. 2017 Jun 12 [cited
2017 Jun 12];8(JUN):377. Available from:
http://journal.frontiersin.org/article/10.3389/fphys.2017.00377/full

Chupel MU, Direito F, Furtado GE, Minuzzi LG, Pedrosa FM, Colado JC, et al. Strength
training decreases inflammation and increases cognition and physical fitness in older

women with cognitive impairment. Frontiers in Physiology. 2017;8(JUN).

Teixeira AM, Ferreira JP, Hogervorst E, Braga MF, Bandelow S, Rama L, et al. Study
Protocol on Hormonal Mediation of Exercise on Cognition, Stress and Immunity (PRO-
HMECSI): Effects of Different Exercise Programmes in Institutionalized Elders.
Frontiers in Public Health [Internet]. 2016 Jun 27 [cited 2016 Aug 18];4:133. Available
from: http://journal.frontiersin.org/Article/10.3389/fpubh.2016.00133/abstract

de Labra C, Guimaraes-Pinheiro C, Maseda A, Lorenzo T, Millan-Calenti JC. Effects of
physical exercise interventions in frail older adults: a systematic review of randomized
controlled trials. BMC geriatrics [Internet]. 2015 [cited 2016 Jun 30];15:154. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/26626157

Picorelli AMA, Pereira LSM, Pereira DS, Felicio D, Sherrington C. Adherence to

exercise programs for older people is influenced by program characteristics and

Chapter 12



17.

18.

19.

20.

21.

22.

23.

24.

personal factors: a systematic review. Journal of physiotherapy [Internet]. 2014 Sep
[cited 2015 Nov 14]1;60(3):151-6. Available from:
http://www.sciencedirect.com/science/article/pii/S1836955314000800

Fried LP, Tangen CM, Walston J, Newman a B, Hirsch C, Gottdiener J, et al. Frailty in
older adults: evidence for a phenotype. The journals of gerontology Series A, Biological
sciences and medical sciences [Internet]. 2001 Mar;56(3):M146-56. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11253156

Rikli, R.; Jones C. Senior Fitness Test Manual-2nd Edition [Internet]. Champaign, IL:
Human Kinetics; 2013 [cited 2015 Nov 23]. Available from:
http://www.humankinetics.com/products/all-products/senior-fithess-test-manual-2nd-

edition

Loureiro M. Validagdo do Mini -Nutricional Assessement Em Idosos [Internet]. 2008
[cited 2017 Aug 11]. Available from: https://estudogeral.sib.uc.pt/handle/10316/10439

Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity
index. Journal of clinical epidemiology [Internet]. 1994 Nov [cited 2014 Nov
10];47(11):1245-51. Available from: http://www.ncbi.nim.nih.gov/pubmed/7722560

Viera AJ, Hinderliter AL. Validation of the HEM-780REL with easy wrap cuff for self-
measurement of blood pressure according to the European Society of Hypertension

International Protocol. Blood pressure monitoring [Internet]. 2007 [cited 2016 Aug
23];12(5):335-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17969368

Lohman TG, Roche AF, Martorell R. Anthropometric standardization reference manual.
Vol. 24, Medicine & Science in Sports & Exercise. 1988. 177 p.

Guderian B, Johnson A, Mathiowetz V. Impact of Exercise Frequency on Hand Strength
of the Elderly. Physical & Occupational Therapy in Geriatrics [Internet]. 2013;31(3):268—
79. Available from:
https://search.ebscohost.com/login.aspx?direct=true&db=rzh&AN=2012228225&site=

ehost-live

Robertson RJ, Goss FL, Rutkowski J, Lenz B, Dixon C, Timmer J, et al. Concurrent
validation of the OMNI perceived exertion scale for resistance exercise. Medicine and
science in sports and exercise [Internet]. 2003 Feb [cited 2015 Jan 6];35(2):333—41.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/12569225

Physical Frailty, their correlates and exercise-effect on biopsychological parameters 349



25.

26.

27.

28.

29.

30.

31.

350

Batterham AM, Hopkins WG. About Magnitudes. International Journal of Sports
Physiology and Performance [Internet]. 2006 [cited 2015 Nov 19];1(1):50-7. Available
from: https://books.google.com/books?hl=pt-PT&Ir=&id=gkalygTMXNEC&pgis=1

Senchina DS1; Kohut ML. Immunological outcomes of exercise in older adults. Clinical
interventions in aging [Internet]. 2007 Jan [cited 2015 Nov 27];2(1):3—16. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2684080&tool=pmcentrez&r

endertype=abstract

Compté N, Zouaoui Boudjeltia K, Vanhaeverbeek M, De Breucker S, Tassignon J,
Trelcat A, et al. Frailty in Old Age Is Associated with Decreased Interleukin-12/23
Production in Response to Toll-Like Receptor Ligation. Fitzgerald-Bocarsly P, editor.
PLoS ONE [Internet]. 2013 Jun 5 [cited 2017 Mar 13];8(6):e65325. Available from:
http://dx.plos.org/10.1371/journal.pone.0065325

Allgrove JE, Gomes E, Hough J, Gleeson M. Effects of exercise intensity on salivary
antimicrobial proteins and markers of stress in active men. Journal of sports sciences
[Internet]. 2008 Apr [cited 2015 Nov 8];26(6):653-61. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18344136

Shibuya T, Kaburagi T, Nagai R, Oshiro S. The effects of moderate exercise on
secretory IgA production in mice depends on dietary carbohydrate intake. Journal of
clinical biochemistry and nutrition [Internet]. 2015 Jul [cited 2015 Nov 28];57(1):44-9.
Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4512897 &tool=pmcentrez&r

endertype=abstract

Silva RP Da, Natali AJ, Paula SO De, Locatelli J, Marins JCB. Salivary immunoglobulin
A (s-IgA) and exercise: relevance of its control in athletes and methodological
implications. Rev Bras Med Esporte [Internet]. 2009 [cited 2017 Aug 13];15(6):459-66.
Available from: http://www.scielo.br/pdf/rbme/v15n6/a12v15n6.pdf

Akimoto T, Kumai Y, Akama T, Hayashi E, Murakami H, Soma R, et al. Effects of 12
months of exercise training on salivary secretory IgA levels in elderly subjects. British
journal of sports medicine [Internet]. 2003 Feb [cited 2015 Apr 23];37(1):76-9. Available
from:

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1724582&tool=pmcentrez&r

endertype=abstract

Chapter 12



32.

33.

34.

35.

36.

37.

38.

39.

Martins RA, Cunha MR, Neves AP, Martins M, Teixeira-Verissimo M, Teixeira AM.
Effects of aerobic conditioning on salivary IgA and plasma IgA, IgG and IgM in older
men and women. International journal of sports medicine [Internet]. 2009 Dec [cited
2015 Nov 27];30(12):906-12. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19941250

Neves S da C, Lima RM, Simbées HG, Marques MC, Reis VM, de Oliveira RJ.
Resistance exercise sessions do not provoke acute immunosuppression in older
women. Journal of Strength and Conditioning Research [Internet]. 2009;23(1):259-65.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19130647

Soysal P, Stubbs B, Lucato P, Luchini C, Solmi M, Peluso R, et al. Inflammation and
frailty in the elderly: A systematic review and meta-analysis. Ageing Research Reviews
[Internet]. 2016 Nov [cited 2016 Dec 9];31:1-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27592340

Brinkley TE, Leng X, Miller ME, Kitzman DW, Pahor M, Berry MJ, et al. Chronic
inflammation is associated with low physical function in older adults across multiple
comorbidities. The journals of gerontology Series A, Biological sciences and medical
sciences [Internet]. 2009 Apr [cited 2016 Nov 29];64(4):455-61. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19196644

Hubbard RE, O’Mahony MS, Savva GM, Calver BL, Woodhouse KW. Inflammation and
frailty measures in older people. Journal of Cellular and Molecular Medicine [Internet].
2009 Sep [cited 2017 Mar 13];13(9 B):3103-9. Available from:
http://doi.wiley.com/10.1111/j.1582-4934.2009.00733.x

Nicklas BJ, Brinkley TE. Exercise training as a treatment for chronic inflammation in the
elderly. Exercise and sport sciences reviews [Internet]. 2009 Oct [cited 2017 Jan
20];37(4):165-70. Available from: http://www.ncbi.nIm.nih.gov/pubmed/19955865

Lambert CP, Wright NR, Finck BN, Villareal DT. Exercise but not diet-induced weight
loss decreases skeletal muscle inflammatory gene expression in frail obese elderly
persons. Journal of Applied Physiology [Internet]. 2008 Aug [cited 2018 Jun
19];105(2):473-8. Available from: http://www.ncbi.nIm.nih.gov/pubmed/18535122

Kumari R, Kumar S, Ahmad MK, Singh R, Pradhan A, Chandra S, et al. TNF-a/IL-10
ratio: An independent predictor for coronary artery disease in North Indian population.
Diabetes and Metabolic Syndrome: Clinical Research and Reviews [Internet]. 2018 May
[cited 2018 Jun 19];12(3):221-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28988596

Physical Frailty, their correlates and exercise-effect on biopsychological parameters 351



40.

41.

42.

43.

44,

45.

46.

47.

352

GREIWE JS. Resistance exercise decreases skeletal muscle tumor necrosis factor
alpha in frail elderly humans. The FASEB Journal [Internet]. 2001 Sep [cited 2018 Jun
20];15(2):475-82. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11033992

Giannopoulou |, Fernhall B, Carhart R, Weinstock RS, Baynard T, Figueroa A, et al.
Effects of diet and/or exercise on the adipocytokine and inflammatory cytokine levels of
postmenopausal women with type 2 diabetes. Metabolism: Clinical and Experimental
[Internet]. 2005 Jul [cited 2018 Jun 20];54(7):866—75. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15988694

Vijayaraghava A, Radhika K. Alteration of Interferon Gamma (IFN-gamma) in Human
Plasma with Graded Physical Activity. Journal of clinical and diagnostic research : JCDR
[Internet]. 2014 Jun [cited 2018 Jun 20];8(6):BC05-7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25120968

Baker MK, Atlantis E, Fiatarone Singh MA. Multi-modal exercise programs for older
adults [Internet]. Vol. 36, Age and Ageing. 2007 [cited 2016 Jul 27]. p. 375-81. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/17537741

Antunes HKM, Santos RF, Cassilhas R, Santos RVT, Bueno OF a., Mello MT De.
Exercicio fisico e fungdo cognitiva: uma revisdo. Revista Brasileira de Medicina do
Esporte [Internet]. 2006 Apr;12(2):108-14. Available from:
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1517-
86922006000200011&Ing=pt&nrm=iso&ting=pt

Lopez P, Pinto RS, Radaelli R, Rech A, Grazioli R, Izquierdo M, et al. Benefits of
resistance training in physically frail elderly: a systematic review. Aging Clinical and
Experimental Research [Internet]. 2017 Nov 29 [cited 2018 Apr 29];1-11. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/29188577

José A, Dal Corso S. Inpatient rehabilitation improves functional capacity, peripheral
muscle strength and quality of life in patients with community-acquired pneumonia: A
randomised trial. Journal of Physiotherapy [Internet]. 2016 Apr [cited 2017 Jul
23];62(2):96-102. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26996093

Andersen LL, Andersen CH, Mortensen OS, Poulsen OM, Bjornlund IBT, Zebis MK.
Muscle Activation and Perceived Loading During Rehabilitation Exercises: Comparison
of Dumbbells and Elastic Resistance. Physical Therapy [Internet]. 2010 Apr 1 [cited
2018 Jan 31];90(4):538-49. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20133444

Chapter 12



48.

49.

50.

Colado JC, Triplett NT. Effects of a short-term resistance program using elastic bands
versus weight machines for sedentary middle-aged women. Journal of strength and
conditioning research / National Strength & Conditioning Association [Internet]. 2008
Sep [cited 2017 Jul 23];22(5):1441-8. Available from:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=0012427
8-200809000-00009

Gage JR, Fonarow G, Hamilton M, Widawski M, Martinez-Maza O, Vredevoe DL. Beta
blocker and angiotensin-converting enzyme inhibitor therapy is associated with
decreased Th1/Th2 cytokine ratios and inflammatory cytokine production in patients
with chronic heart failure. NeurolmmunoModulation [Internet]. 2004 [cited 2018 Jun
21];11(3):173-80. Available from: http://www.ncbi.nIm.nih.gov/pubmed/15067208

Mikus CR, Boyle LJ, Borengasser SJ, Oberlin DJ, Naples SP, Fletcher J, et al.
Simvastatin impairs exercise training adaptations. Journal of the American College of
Cardiology [Internet]. 2013 Aug 20 [cited 2016 Mar 8];62(8):709-14. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3745788&tool=pmcentrez&r

endertype=abstract

Physical Frailty, their correlates and exercise-effect on biopsychological parameters 353






CHAPTER 13 (STUDY 11):

EFFECTS OF MULTIMODAL AND MUSCLE-STRENGTH CHAIR-
EXERCISE PROGRAMMES ON PSYCHOLOGICAL WELL-BEING
AND SALIVARY STRESS HORMONES IN PRE-FRAIL AND FRAIL
OLDER WOMEN

Authors:

Guilherme Eustaquio Furtado
Matheus Uba Chupel

Eef Hogervorst

Ana Maria Teixeira

José Pedro Ferreira

Date of last submission for publication: August, 2018.

Physical Frailty, their correlates and exercise-effect on biopsychological parameters 355






13.1 Abstract

Background: In recent years, the role of different types of physical exercise
programmes in improving the overall factors of global health, such as immune profile,
functional fitness status, psychological well-being has been highlighted together with its
positive mediation effect on stress hormones. Goals: Thus, the aim of this study was to
analyse the effects of 24-weeks of two different exercise protocols on functional fitness and
stress hormone levels in institutionalized pre-frail and frail women. Methods: A sample of older
frail individuals (n = 59, 81+7.84 years) participated in the study and were divided into three
groups: chair-based muscle-strength exercises (MSE, n=18), chair-based multimodal exercise
(MME, n =24) and a control non-exercise group (CG, n = 17). Both exercise programs
consisted of 45 minutes of supervised classes without music, carried out 3 times a week. The
multimodal exercise group performed a progressive circuit-training protocol using static-
dynamic balance, walking and body height muscle-resistance exercises. The muscle-strength
resistance training with elastic-band exercises followed a compound set protocol. The controls
did not change their usual lifestyle. The Fried Physical Frailty protocol was used to identify
older-frail participants. Data for functional fithess, stress hormones and mucosal immune
makers were analysed pre and post- interventions. Results: After interventions, a significant
effect of exercise in time versus group for IgA levels (p>0.05) was found. A substantial
improvement in psychological well-being and functional fithess in both exercise groups was
also found while the controls had a substantial decrease (p > 0.05). Overall, the multimodal
exercise group presented better improvements for all variables. Conclusion: Present results
clearly evidence a positive effect of exercise in improving individual feeling, preventing a
psychological and physical frail status. The slight variation seen in the stress hormones also
indicated a beneficial mediation of exercise, with the different types of exercise showing
satisfactory results. Further studies involving the same markers should be performed, in order

to prove their real adaptation to this makers of the chronic exercise.

Key-words: Older-frail adults, psychological well-being, cortisol, alpha-amylase.
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13.2 Introduction

Muscle strength, gait speed, low cardiorespiratory capacity and levels of physical
inactivity characterizes a central partner of Physical Frailty (PF), a current concept that
designates a frail state in older individuals associated with poor physical-performance (Fried
et al. 2001). However, recently studies have revealed that other geriatric outcomes, such as
psychological domains have a significant association with PF status (Freitag and Schmidt
2016). The term psychological frailty is relatively new and encompasses cognitive, mood, and
motivational components (Andrew, Fisk, and Rockwood 2012). The concept is intended to
consider brain changes that occur beyond normal aging, but not necessarily inclusive of
disease, that result in decreased cognitive or mood resilience in the presence of modest
stressors, and may eventually lead to negative health outcomes in a manner parallel to

physical frailty, an entity well known to clinicians (Fitten 2015).

In oldest age, losses of social, mental and physical status are expected to have an
intrinsic relationship that is maintained across the life (Clegg and Trust 2011). Levels of
negative mood and feelings appear to increase faster in the elderly-frail when compared to
non-frail subjects (Lohman, Dumenci, and Mezuk 2016). Stress is often recognized as a latent
variable in studies involving older populations and it plays a crucial role in late-life depression
(Jeon and Dunkle 2009). Stress is well-defined as a state in which an organism's internal
controlling homeostasis is disturbed by real or perceived tasks in its situational demands
(Souza-Talarico et al. 2009). It refers to a cognitive-affective response involving appraisal of
threat and increased physiological arousal. However, feelings of stress have a proven
relationship with other emotional states such as, anxiety, self-esteem and well-being (Steptoe,
Deaton, and Stone 2015). Psychosocial and biological stress do not always trigger similar
responses, however both have closeness and affect the physical performance (Takai et al.
2004).

Some physiological systems have a close involvement with changes in the biological
and psychological stress response (van Stegeren, Wolf, and Kindt 2008). The survival and
well-being of all species requires appropriate physiological responses to environmental and
homeostatic challenges (Urs Markus Nater et al. 2006). The hypothalamic—pituitary—adrenal
(HPA) axis and the autonomic nervous system (ANS), especially the sympathetic nervous
system (SNS) are the systems that provide the most immediate response to stressor exposure
(U. M. Nater and Rohleder 2009). Variations in these two systems have been related to several
(psycho) pathologies (Urs Markus Nater et al. 2006). The biochemical makers of Alpha-
Amylase (a-amylase) and Cortisol (COR) are the biochemical makers involved in the
regulation and homeostasis of the both HPA and SNS systems as well as in the regulation of

the mucosal immune system (U. M. Nater and Rohleder 2009).
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Both a-amylase and COR has been shown can be sensitive in detecting changes
related to adaptive responses to stress and can be (non-invasively) detected in saliva (Bosch
et al. 2011), It was recently found that the salivary a-amylase/COR ratio could be used as
marker to evaluate dysregulations in the stress systems (Ali and Pruessner 2012). In addition,
-amylase also play an important role in the immune response, integrating the defence
mechanism against pathogens trying to enter through the oral mucosa by preventing their

adherence and penetration of the mucosal epithelium (van Stegeren, Wolf, and Kindt 2008).

Exercise in general triggers a series of changes in the body regulated by the ANS (Fu
and Levine 2013). Several studies have revealed that a-amylase levels increase under
conditions of physical and psychobiological stress (Rashkova et al. 2012). Unlike a-amylase,
CORT has been well studied over many years and there are several studies that relate its
increased levels to exercise practice, but the results of these evidences may not be
generalized, especially because the studies showed diversity in the outcomes and approaches
(Corazza et al. 2013). Additionally, little evidence on the chronic exercise-effect studies relating
to a-amylase and CORT concentrations in frail-older adults has been found, with most exercise

studies focusing in adults or athletes (Schipper, Silletti, and Vingerhoeds 2007).

A few studies aimed at testing the modulatory effect of exercise on stress hormones
have reported a simultaneously positive improvement on health psychological outcomes in
older subjects experiencing chronic exercise (de Labra et al. 2015). Recent studies have also
demonstrated the effectiveness of both aerobic and strength exercise with elastic bands in
improving physical fitness, and reversing the physical frailty and improve some psychological
correlates of frailty in older adults (Theou et al. 2011). The types of exercise program and the
approaches used can establish the level in exercise involvement and the results attained,
especially in populations with special needs conditions, as is the case in this study. Thus, the
purpose of this study was to analyse the effects of 24-weeks of two different chair-based circuit
exercise protocols on changes in psychological well-being, frailty status and biochemical

stress markers in institutionalized pre-frail and frail women.

13.3 Methods
13.3.1 Initial procedures and ethics

The legal tutors, directors of social and health care support centres and all subjects,
were required to give full statement consent, where the confidentiality was also assured. This
research was approved by the Multidisciplinary Research Ethical Committee of the University
of Coimbra; comprehending the Portuguese Statement on ethics in human studies and

conforming to the guidelines of the Helsinki Declaration (Petrini 2014).
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This study consisted of a naturalistic controlled trial chair-exercise based intervention.
The first phase included the recruitment and assessment of the participants before
interventions. The second phase involved 24-weeks of two types of exercise-based

interventions and phase three comprised the final assessment of the participants.

13.3.2 Participants characterisation and recruitment

Participants were institutionalized-dwelling women living in the city of Coimbra,
Portugal, that were living in three different SHC with similar characteristics. Participants who
were taking medications including aspirin and statins maintained unaltered posology during
the study. All participants were provided with similar diets, in terms of caloric intake and
nutrients, controlled by a local nutritionist and clinical staff. The diet was preserved unaltered

across the intervention time.

13.3.3 Criteria of sample selection

The inclusion conditions for the older participants were: participants had to be aged
over 65 years; medication therapy needed to be controlled and updated; if the participant had
a clinical condition or severe comorbidity, it had to be stable and enable participation in
exercise classes as decided by local medical staff. The exclusion criteria were: withdrawing or
not completing the 8-foot-up and go test in the maximum time of 30 seconds, since scores
above this value indicate severe physical conditions in institutionalized older adults (Furtado,
Patricio, Loureiro, Teixeira, & Ferreira, 2017); involvement in other structured PE program;
presence of severe cardiopathy, uncontrolled hypertension or asthmatic bronchitis,
musculoskeletal dysfunctions (i.e. osteoarthritis, recent fractures), mental disorder, hearing
and vision impairment, morbid obesity or the use of medications that significantly impair

attention.

13.3.4 Sample calculation and allocation

The sample size (SS) estimation was performed by comparison of physical fithess
outcomes between pre- and post PE intervention (de Labra et al. 2015). For different
combinations of power and effect size (ES), the SS was computed with G*Power 3.1.9.2, with
paired samples t-Student tests (Faul et al. 2007). The SS was seen to range between 5 and
44. Previous publications have reported high ES for frailty total score, up to 0.5 (large effect).
Assuming a minimum power of 0.80 as acceptable and that we may realistically but

conservatively expect the ES to be at least 0.3 (medium ES), the SS of the study was 19 per
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group. Further assuming a dropout rate of 25 to 35% (Picorelli et al. 2014), the SS increases
to 28 per group, to a total of n = 84 participants. To guarantee an initial equal distribution [1:1]
and the non-influence of the researchers in the assignment of the groups, participants were
allocated into 3 groups: a chair based exercise (CBE) elastic-band muscle strength group
(CSE, n=23), a CBE aerobic improved walking group (CAE, n =24) and a control non-
exercising group (CGpe, n = 15). The allocation to treatment was randomized according to
CONSORT statement extension for controlled trials and was used this study (Des Jarlais,
Lyles, and Crepaz 2004).

13.3.5 Masking effect

All the tests were applied by an independent assistant who established contact with the
participants without reference to the exercise program. The instructor of the exercise sessions
did not take part in the data collection procedures. Precaution was taken to avoid interaction

of CEB programs between individuals of the two groups by staggering the classes schedule.

13.3.6 Measurements

All dimensions’ measures were done by the same expert technicians in all participants,
to diminish differences in data collection procedures. The data quality was done in the pilot
study and reported for each physical-functional fitness and anthropometric markers through
scores of internal consistency reliability (ICR). In the psychometric rate scales the Cronbach’s

alpha (C-a) or Cohen's kappa coefficient (k) were reported.

13.3.7 General health status

The Charlson Comorbidity Index (CCl) is a method of predicting mortality by classifying
or weighting comorbid conditions based on the registry of each individual comorbidity. This
score can be combined with age and gender to form a single index. CCl was validated by
medical records over one year for each participant. (Charlson et al. 1994). Medication use
(MU) was assessed through question number six (6) of the Mini Nutritional Assessment (MNA)
scale, that asks the participants how many prescription drugs they take per day. CCl and MU
was validated by medical record over one year for each participant. Medications for all the
study participants did not change during the intervention program. The MNA was used to
evaluate the nutritional status and comprised 18 questions for a maximal score of 30 points,
and classifies older subjects as well-nourished, malnutrition risk, or malnourished (k = .74)
(Loureiro 2008).
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13.3.8 Biosocial and anthropometric evaluation

Information about chronological age was collected. The standardized procedures
described by Lohan and colleagues (Chumlea, W., Baumgartner and Baumgartner 1989) for
anthropometric measures were followed. Body mass was determined using a portable scale
(Seca®, model 770, Germany) with a precision of 0.1 kilograms (IC = .89). Stature was
determined using a portable stadiometer (Seca Body meter®, model 208, Germany) with a
precision of 0.1 centimetres (IC = .87). Body mass index (BMI) was calculated according the

formula [BMI = weight/stature?].

13.3.9 Physical Frailty assessment

Assessment of physical frailty was evaluated according to the five criteria of the Fried
frailty phenotype index (Fried et al. 2001). Shrinking was assessed by self-report of
unintentional weight loss of four kilograms or more in the last six months, validated by medical
records over one year for each participant; Self-reported exhaustion was evaluated by
concordance of two questions (7 and 20) of the Center of Epidemiologic Studies for Depression
(CES-D) scale (Gongalves et al. 2014); Weakness, was analyzed using the handgrip strength
test, adjusted for gender and BMI (Syddall et al. 2003); Slowness, as measured by the 4.6
meters walking test, adjusted for gender and height (ICR = .80) (Newman et al. 2003); low
levels of PA were assessed by the International PA Questionnaire short form (ICR = .78)
(Pitanga et al. 2012; Guessous et al. 2014). The prevalence of this criteria was calculated to

generate a FS combined score.

13.3.10 Psychological well-being screen
The psychological tests described below were chosen because they had been
validated in the Portuguese population and characterize the main psychological domains

described in the concept of Psychological frailty as defined previously (Fitten 2015).

i) Cognitive status: The Mini-Mental State Examination (MMSE) was used to assess
cognitive state (Cr-a. = 0.71) The MMSE assesses five areas of cognitive function: orientation,
immediate recall, attention and calculation, delayed recall, and language. The maximum
MMSE score is 30 points, and a score below 24 points is considered abnormal and used for

dementia and cognitive impairment screening (Macuco et al. 2012).

362 Chapter 13



ii) Mood states: Depression was assessed using the Center for Epidemiologic Studies
for Depression (CES-D) scale reflecting major facets of this state (Cr-a = 0.89). The 20-items
are given on a four-point Likert scale, with scores between 0 and 60 in which the highest scores
correlate with more depressive symptoms for the last week (Gongalves et al. 2014). The
Perceived Stress Scale (PSS) assesses the perception of stressful experiences. Seven out of
the 14-items are considered negative and seven as positive. Final scores can vary from 14 to

70 points, a higher score indicating greater feelings of stress (Taylor 2015).

iii) Self-perception: The Rosenberg Self-esteem Scale (RSES) analyses global self-
worth (Cr-a. = 0.85). The sum of all 10-item scores gives results between 10 and 40 points,
where higher values represent higher levels of self-esteem (McKay, Boduszek, and Harvey
2014). The General Self-Efficacy Scale (GSES) was used to assess optimistic self-beliefs
related to efficacy to cope with a variety of difficult demands in life (Cr-a. = 0.75). Responses
sum up to a composite score with a range from 10 to 40 points, where higher values represent
higher levels of GSES (Edward McAuley et al. 2005). The Attitudes to Aging Questionnaire
(AAQ) was used to assess attitudes toward the ageing process as a personal experience from
the perspective of older people (Cr-a = 0.67). The AAQ contains 24 items and total scores
range from 8 to 40 points. The higher the score the more positive the attitude towards one's

own ageing process (Low, Molzahn, and Donald Schopflocher 2013).

iv) Emotional well-being: The Satisfaction With Life Scale (SWLS) measures global
cognitive judgments of satisfaction with one's life (Cr-a = 0.89). The 5-item scale results in
scores between one to 35 points, with higher values representing higher levels of life’s
satisfaction (McKay, Boduszek, and Harvey 2014). The Happiness Face Scale (HFS)
consisted of a graphical scheme where for each face is assigned one letter, in which the letter
A (seven points) is considered the maximum and the letter G, the minimum of one point (Cr-a
= 0.78). The participant has to identify with one of the faces, depending on his/her state of
happiness (Andrews and Withey 1976).

13.3.11 Stress hormones assessment

Saliva samples to measure salivary COR, IgA, Lys and a-amylase levels, were
collected by passive drool always at the same time in the morning (between 10:00h to 11:30h)
to minimize circadian effects. Individuals salivated without any orofacial movement into high
quality polypropylene vials to avoid problems with analyte retention or the introduction of
contaminants that could interfere with the immunoassays. The tubes containing the saliva
samples were then frozen (-20°C), until the day of analysis. defrosted and centrifuged in order

to obtain a clear sample. Cortisol concentrations were determined by competitive enzyme
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linked immunosorbent assay (ELISA) [Salimetrics, USA], according to the manufacturer
instructions (Miller et al. 2013). Alpha-amylase activity was determined by enzyme kinetic
enzymatic assay (Salimetrics, USA) according to the manufacturer instructions. The reference
values (RV) and serum saliva-correlation (r) for salivary CORT (RV = <0.007 ug/dL, r = .91)
and a-amylase (RV = 0.4 U/mL, r =.86) were reported by the manufacturer, in terms of

sensitivity and their respective correlation with serum samples.

13.3.12 Characterization of chair-exercise protocols and adherence

The CBE programmes were conducted by exercise specialists, and consisted of
structured and progressive exercises performed with a chair for support guarantying the
individual's security and stability during the session, respecting individual limitations without
discouraging individuals to reach beyond their limits (Anthony et al. 2013) Additionally, both
CME and CSE respected the guidelines of integrated exercise periodization and ACSM guides
of prescription exercise for non-active older adults (Strohacker et al. 2015; Nelson et al. 2007).
The two types of CBE programs were offered for 28-weeks, with two-three sessions per week
on nonconsecutive days (separated by at least 48 hours). The percentage of exercise
frequency was calculated individually through the total sum of participation and entries were
recorded in a checklist. When a participant had two consecutive absences, she was contacted
to return to the group classes. An adherence to the exercise program between of 65% - 75%
(Picorelli et al. 2014), was established as minimum for each participant to be included in the

study results analysis.

13.3.13 Chair multimodal exercises (CME)

In order to establish a progressive endurance training program aimed to improve the
walking capability, specific exercises were performed with a determined number of exercises
(7-10), repetitions (6-10), sets (2-3), cadence of execution (1:2) and rest between sets (45-60
seconds), following a circuit training protocol. Intensity was indirectly calculated using the
Karvonen’'s formula to predict target heart rate (HR), with HRax being calculated using a
specific formula for older population [HRmax= 207 (beats per minute, bpm) - 0.7 x chronological
age] (Guderian, Johnson, and Mathiowetz 2013) and was monitored using heart rate monitors
(Polar, RCX5®) randomly distributed among participants. A low to moderate intensity effort
around 50-75% of maximum heart rate zone (HRz.x) values was attained as recommended
by the ACSM (Nelson et al. 2007). Additionally, intensity was measured through the modified
BORG scale of perceived exertion (PSE), that consists of an arbitrary scale ranging from 0 to

10 points, with identical intervals and with reference to the quality of effort: (0) nothing at all;
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(1) very weak; (2) weak; (3) moderate; (4) somewhat strong; (5-6) strong; (7-9) very strong;
(10) very, very strong (almost maximal). Each session was divided into three parts: 10 minutes
of warm-up and body mobilization (PSE = 1-3, HRz.x = 50-55% ); 40 minutes of elastic-band
exercises (PSE 3-4, HRz,.x = 56-70%) and finally 10 minutes of stretching exercises targeted
to encourage cool-down (PSE 1-2, HRzmax = 45-50%).

13.3.14 Chair elastic-band muscle-strength exercises (CSE)

To create progressive strength training, specific exercises were performed with a
determined number of exercises (4-8), sets (2-3), repetitions (12-15), cadence of execution
(2:2) and rest between sets (30-45 seconds), following a circuit training protocol. The first three
levels of the Thera Band system (Thera Band®, Akron, Ohio, US) were used. Intensity was
measured through the OMINI PSE, that consists of an arbitrary scale ranging from 0 to 10
points, with identical intervals and with reference to the quality of effort: (0) extremely easy; (1-
2) easy; (3-5) somewhat easy, (6-7) somewhat-hard; (8) hard; (9-10) extremely-hard
(Robertson et al. 2003). The goal was to keep the intensity of the exercise activities between
1to 6 in PES levels. It was expected that the relationship with the real effort would be 55-80%
of maximum heart-rate (Garber et al. 2011). For safety reasons, the participants of CSE were
using heart rate monitors. The session was divided into three parts: 10 minutes of warm-up
exercises for general body mobilization (PSE 1 to 3, HRzmax = 45-55%), 40 minutes of strength
elastic-band exercises in PSE 4 to 7 (HRzmnax = 56-75%) and finally, 10 minutes of cool-down
stage, through easy-walking and static flexibility exercises for "breath” control, PSE 1 to 2
(HRZmax = 45-550%). During 24-weeks the CG,, did not participate in any exercise protocols
intervention. The participants were encouraged to maintain their usual life style, within the
monthly agenda of the CSHS which comprised several sociocultural activities and external

tours.

13.3.15 Data analysis

Descriptive data were presented as mean (and standard deviations) or frequencies. In
the baseline scores, comparisons between groups were analysed by one-way ANOVA.
Repeated measures ANOVA was used to analyse the effect of time and time by group
interactions on the frailty total score, functional fitness, psychological well-being and stress
hormone changes over time, followed by Bonferroni post hoc tests, reporting the confidence
interval (Cl95%) for the statistically significant results. The percent of change after the

interventions was calculated ([post value/pre value]-1).
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The magnitude of the global effect size (ES) was calculated by exercise-modulation
treatment. For continuous variables, ES were computed using Cohen’s (d). The effect size was
considered trivial (d < .20), small (.21 < d <.50), moderate (.51 < d <.79) and large (d > .80)
(Batterham and Hopkins 2006). The IBM SPSS Statistics package 24.0 for all statistical

procedures were used. The level of significance adopted was p-value = .05.

13.4 Results

Characteristics of experimental and control groups at baseline are presented in Table
13.1. The analysis of statistical comparisons shows that no significant differences between the
three groups were found (p>0.05). In terms of adherence, the CSE participants attended an
average of 58 sessions (78% of attendance), out of 74 sessions offered in total. In the CME,
the participants had 72% of adherence, corresponding to 54 sessions attended. From the 119
potential participants initially recruited, a total of 29% were excluded for not meeting inclusion
criteria and declining to participate in the study spontaneously. In the follow-up phase, 4
participants of CME, 2 of CSE and 12 of CG,, withdrew their willingness to participate before
or immediately after the beginning of the study for various personal reasons. A total of 3 drop-
outs were registered during the intervention period because of low exercise engagement,
injuries (not related to the exercise program) or adverse responses to the intervention. In total,
57 older women participants were examined at completion of the 24 weeks’ study. No
differences regarding any variables of sample characteristics were found among the 2 exercise

and controls groups who completed the trials (p > 0.05).

Table 13.1 Characteristics of total sample, exercise and control groups at baseline.

Total sample Chair multimodal Chair muscle strength Control group non-

(n=57) exercises (n=24) exercises (n=18) exercise (n=15)

MzSD MzSD MzSD MzSD
Chronological age (years) 83.93 £10.10 79.92+7.83 81.15+4.89 80.93 £10.10
Stature (centimeters) 151.47+0.30 152.13+0.06 153.89+0.51 152.67+0.08
Body mass (Kilograms) 66.01+£13.91 63.44+9.82 65.03+16.80 64.99+14.89
Body mass index (kg-m™?) 28.04+6.84 26.98+3.97 27.03+8.67 27.45+6.06
Charlson comorbidity index 8.05+2.53 7.58+3.97 7.65+£1.93 7.67+2.53
Medication use, per day (unit) 6.75+2.34 7.05+1.98 6.95+3.05 6.30+£0.95
Mini nutritional assessment 25.03+2.60 23.33+2.68 24.58+2.37 24.37+2.83
Physical Frailty index 2.02+1.32 2.35+1.42 2.38+1.72 2.37+x1.19

Notes: ** p<0.01; * p<0.05; M(SD) = mean (standard deviation). The p-values correspond to comparisons between the three
groups and were computed with one-way ANOVA one-way or Kruskal-Wallis
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The baseline comparisons show that no significant differences exist in the salivary
hormones and physical fithess variables before to start the interventions (p > 0.05). Table 13.2
shows the salivary stress hormones biomarkers changes after the 24 weeks’ intervention
programs. No effect of time or time versus group was observed in the COR levels, however, a
moderate ES in the CME group (ES = 0.51, A% = +104%) and a large increased in the controls
(ES =1.13, A% = +102%) were observed. Significant value of time treatment was observed in
salivary a-amylase [F(1.53) = 0.48; (p<0.01)] with a trend to significant differences in the time
versus group [F(2.53) = 0.25; (p=0.052)].

Table 13.2 Salivary stress hormones and functional fithess comparisons between pre- and post- intervention and
control group (non-exercise) after 24-weeks.

Salivary stress Baseline 24 weeks Interaction F P Cohens’d  Practical A%
hormones
M+SD M+SD effects test value effect size relevance

Cortisol (ug/mL)

CME 0.21+0.11 0.44+0.65 0.51 moderate  +104
Time 9.11 0.147

CSE 0.22+0.13 0.20+0.14 0.14 small +5
TxG 1.60 0.057

CGne 0.23+0.14 0.46+0.25 1.13 large +102

Alpha-amylase (U/mL)

CME 68.06+126.34 57.28+71.08 0.10 small -16
Time 0.48 0.009

CSE 43.57+86.35 50.54+100.13 0.07 trivial +16
TxG 1.43 0.052

CGne 38.65+29.17 51.7+70.57 0.48 small +33

Notes: Cohens’ d = trivial (d < .20), small (.21 < d <.50), moderate (.51 < d <.79) and large (d > .80) effect size; M(SD) = mean (standard deviation); Delta
change percentage; The p-values correspond to comparisons between the two groups and were computed by repeated measure’s ANOVA for within
comparisons, following Bonferroni post-hoc test; CME = Chair multimodal exercises; CSE = Chair Elastic-band muscle strength exercises; CGne = Control

group non-exercise

Table 13.3 shows the results for the functional fithess tests. The baseline comparisons

show that no significant differences exist in the physical fitness variables before the start the
intervention (p > 0.05). Statistical differences in the time versus groups after intervention
[F(2.53) = 0.25; (p=0.000)] in the HGT test was found. Bonferroni corrections applied post hoc
indicating a statistical significant small increase in the CME (ES = 0.30, A% = +16%; p<0.01,
Cl:95% =-5.10 to -1.38), a large addition in the CSE (ES = 0.90, A% = +24%; p<0.01, Cl:95%
= 1.39 to 5.01) and a moderate decreased in the GCne (ES = 0.69, A% = -22%; p<0.01,
Cl:95% = 1.38 to 6.08). Significant effect of time in the 4.6 walking test was found [F(1.53) =
12.96; p = 0.001)]. Post hoc tests indicated that significant moderate decrease on time of
execution in the CME (ES = 0.62, A% = -23%; p<0.01, Cl:95% = 0.228 to 4.75) and CSE (ES
= 0.69, A% =-22%; p<0.01, Cl:95% = 2.09 to -0.22) was found.
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Table 13.3 Functional fithess comparisons between pre- and post- exercise and control group after 24-weeks.

Physical Fitness Baseli