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Abstract 

Background: Sarcopenia is an ageing-related muscle disease that can be prevented 

and treated with exercise, particularly resistance training. The purpose of this project 

was to explore prevalence of sarcopenia and its associations with physical function, 

physical activity, health-related quality of life (HRQoL) and nutrition in Australian 

older adults participating in exercise programs at four gyms operated by Uniting 

AgeWell, Melbourne. It also examines associations with HRQoL in older adults in 

the United States (US) participating in exercise programs at the University of Texas at El Paso. 

Methods: A total of 105 older Australian community-dwelling adults (mean ± SD 

76.9 ±	6.2 years), who were already undergoing resistance training, and 85 US 

community-dwelling adults (mean ± SD 67.7 ± 6.8 years) were assessed for 

sarcopenia components. The Melbourne analysis included appendicular lean mass 

(ALM) (assessed using dual energy X-ray absorptiometry; DEXA), muscle strength 

(assessed by handgrip strength and chair stands) and physical performance (assessed 

by gait speed, short physical performance battery [SPPB], timed up and go [TUG] 

and 400-metre walk [400mW] tests). Spearman correlations explored associations for 

sarcopenia components with self-reported function (via SARC-F), HRQoL (via 

Assessment of Quality of Life [AQoL-4D], physical activity (via Physical Activity 

Scale for Elderly [PASE]), and nutrition (via Australian Eating Survey [AES]). The 

US analysis of historical (2016) data also included DEXA’s ALM, muscle strength 

(assessed by handgrip strength) and physical performance (assessed by gait speed and 

TUG) and HRQoL (assessed by AQoL-4D) to match the Melbourne study. 

Results: Sarcopenia prevalence in the Melbourne cohort was 3.8% according to 

Foundation for the National Institutes of Health (FNIH) sarcopenia project and the 

revised European Working Group on Sarcopenia in Older People (EWGSOP2) 

definitions, and 10.5% according to EWGSOP1. Slower chair stand times were 

associated with poorer HRQoL (p = 0.043), as were TUG and 400mW (p < 0.01). 

Slower TUG and 400mW were also associated with lower physical activity (p = 0.018 

and p = 0.035, respectively). Positive associations were observed for gait speed with 

HRQoL (p = 0.001) and PASE (p = 0.048), handgrip strength with PASE (p = 0.032), 

ALM/BMI with PASE (p = 0.030) and ALM (p < 0.05) and ALM/BMI (p < 0.01) with 

protein and energy intake. Australian Recommended Food Score (ARFS) was not 



 iii 
 

 

associated with any of the sarcopenia components. Sarcopenia was only detected by the 

FNIH definition in the US sample (7.1%) and no significant associations were observed for 

sarcopenia components with HRQoL before and after the exercise intervention (all p > 0.05).  

Conclusion: Sarcopenia prevalence in older adults participating in supervised 

exercise programs was low and varied according to the definition applied. A 

universally accepted definition of sarcopenia is recommended to enable consistent 

diagnosis and implementation in clinical settings. Due to low prevalence of 

sarcopenia at baseline in the El Paso cohort, it has not significantly changed by 

exercise, however significant changes were observed in sarcopenia components. 

Strength training significantly contributed to muscle strength, mass, function, and 

HRQoL. Power/agility training only to muscle strength and function. It can be 

concluded that exercises, particularly ST, can improve sarcopenia components and 

HRQoL in community-dwelling older adults. Sarcopenia components have 

inconsistent associations with poorer HRQoL in community-dwelling older adults, 

perhaps indicating that the effects of sarcopenia on HRQoL are most pronounced in 

older age. Ensuring maintenance of adequate nutrition and non-supervised physical 

activity may enhance the benefits of supervised training for older adults. 

 

Keywords: health-related quality of life, Helsinki University Research, older 

adults, power training, resistance training, sarcopenia, strength training  
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Chapter 1: Introduction 

Skeletal muscle mass and strength decrease with age in a condition described as 

sarcopenia (Cruz-Jentoft et al., 2018; Rosenberg, 1989, 2011). It can lead to reduced 

mobility, falls, fractures and loss of independence, resulting in poor quality of life 

(QoL). If undiagnosed and untreated, it can become life-threatening (Falcon & Harris-

Love, 2017; Rosenberg, 2011; Scott et al., 2017; Tang et al., 2018). Sarcopenia was 

formally recognised as a muscle disease in the United States (US) and given an 

‘International Classification of Disease, Tenth Revision, Clinical Modification’ (ICD-10-CM) 

code in 2016 (Anker, Morley & Haehling, 2016; Falcon & Harris-Love, 2017), with 

Australia following suit on 1 July 2019. Due to its effect on health and health-related 

quality of life (HRQoL), it has been recommended that physicians screen for sarcopenia 

in both community and geriatric environments (Cruz-Jentoft et al., 2014). However, a 

barrier to this has been its lack of a universally accepted definition. Major European 

(European Working Group on Sarcopenia in Older People; EWGSOP) and US 

(Foundation for the National Institutes of Health; FNIH) definitions based on 

muscle/lean mass and performance variables differ in recommended cut-points and 

approach. Although there is no universally accepted definition for sarcopenia, low 

muscle strength, muscle mass and physical performance are key risk factors for frailty, 

falls and mortality (Landi et al., 2011, 2012, 2016; Sarodnik, Bours, Schaper, van den 

Bergh & van Geel, 2018; Skelton, Greig, Davies & Young, 1994; Suetta et al., 2019). 

Given sarcopenia has only recently received official disease status—despite the term 

being initially coined by Rosenberg in 1989—treatments, particularly pharmacological, 

are few in number. As a result, nutrition and exercise have been the mainstay treatments. 

The benefits of nutrition (particularly protein) have been reported alone and in 

conjunction with resistance training (Hanach, McCullough & Avery, 2019; Liao et al., 

2017, 2019) to prevent and treat sarcopenia (Liao et al., 2019). 

Aged-care providers regularly provide access to exercise programs for older 

residents (Australian Ageing Agenda, 2016; Hewitt, Goodall, Clemson, Henwood & 

Refshauge, 2018; Hewitt, Refshauge, Goodall, Henwood & Clemson, 2014; Uniting 

AgeWell, 2019), but there are limited data on the prevalence of sarcopenia in 

individuals participating in these programs. There are also limited studies that have 

explored associations of sarcopenia components with self-reported physical activity, 
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HRQoL and nutrition in older adults using the revised EWGSOP2 (Su, Hirayama, Han, 

Izutsu & Yuki, 2019). To the best of my knowledge, there are no studies using the new 

400-metre walk (400mW) as part of EWGSOP2. 

Due to the lack of direct comparison studies of different screening tools for 

sarcopenia in the literature, there is need to evaluate their performance in more diverse 

populations to reach a consensus on the most effective tool for use in clinical settings 

(Nawi & Yu, 2019). This project incorporates two studies using different types of 

exercise training in diverse populations. Study 1 is a new observational study of lightly 

and voluntarily physically active community-dwelling older adults that undertook gym-

based exercise training for about a year at Uniting AgeWell in Melbourne. Uniting 

AgeWell is a not-for-profit aged-care provider in Australia offering allied health and 

therapy, including rehabilitation, health promotion and maintenance programs, 

including Helsinki University Research (HUR) gyms and conventional gyms, 

specifically designed for seniors and supervised by physiotherapists or exercise 

physiologists (Uniting AgeWell, 2019). Most Uniting AgeWell’s clients (aged 65 years and 

over) access the seniors’ gym via Commonwealth home support funding, which is provided by 

the federal government for entry level services into aged care. Consequently, they pay a small 

contribution for their attendance.  However, there are also some clients who pay full fee for 

these services or their home care package pays.  None of Uniting AgeWell’s allied health 

services are registered with public Medicare insurance, thus clients are unable to claim their 

gym memberships through either the public or private health systems. The purpose of this 

cross-sectional study was to determine the prevalence and examine associations of 

sarcopenia components with self-reported function, physical activity, HRQoL and 

nutrition in older adults performing exercise training. Participants had the opportunity 

to obtain a clinical body composition scan (dual energy X-ray absorptiometry; 

DEXA), a body composition report from the bioelectrical impedance analysis (BIA) 

scale and a personalised nutritional report from the Australian Eating Survey (AES). 

These provided them with an improved understanding of their own body composition, 

muscle, fat mass, bone and nutritional health. The study does not aim to interfere with 

the current bespoke exercise prescription occurring in the gyms. However, it is 

anticipated that this project will enable the aged-care provider to standardise fitness, 

body composition and HRQoL assessments across gym sites, and enhance the quality 

of exercise services. This will support maintaining their clients’ positive outcomes, 

HRQoL and independence to perform activities of daily living (ADL), such as 
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showering, dressing or climbing stairs. The study also aims to use the research 

outcomes to raise awareness of sarcopenia and build upon existing evidence 

supporting resistance training interventions to improve health and HRQoL outcomes 

for those with, or at risk of, sarcopenia. Ongoing data collection and analysis are 

recommended, as there are few longitudinal studies in this area. 

Study 2 is an analysis of historical data from a research project conceived and 

conducted by Professor Sandor Dorgo at The University of Texas in El Paso (UTEP). 

This study was part of UTEP’s Physical Fitness in the Golden Age program among 

previously physically inactive and sedentary community-dwelling older adults in the El 

Paso region, supervised by research assistants in laboratory settings. This is an ongoing 

study, including cardiovascular exercises, muscular strength activities, balance and 

flexibility, following American College of Sports Medicine (ACSM) guidelines. A 

particular focus of this study was to test for any difference in sarcopenia prevalence or 

changes in fitness attributes in a group undergoing power training compared to a group 

undergoing standard strength training. While the strength (ST) group performed added 

cardiovascular and balance exercises, the power training (PT) group performed 

muscular power exercises, agility and mobility drills. 

The extent to which the different training types and locations of these two studies 

altered the components of sarcopenia and its association with HRQoL will be examined. 

However, direct comparison will not be made due to the variance in training methods 

and participants not being adequately matched. Both studies offer opportunities to 

research superior ways to improve the health of older adults. This will benefit the 

respective organisations, clients, practitioners and exercise therapists. They will be 

provided with evidence-based research regarding healthy ageing and established 

training programs at Uniting AgeWell, Melbourne and UTEP, El Paso. Gym users 

received feedback on their progress, but this does not specifically measure sarcopenia 

components and HRQoL. Improved sarcopenia components should reduce the incidence 

of sarcopenia, with resultant health benefits. Routine testing may identify the 

development of sarcopenia in its preliminary stages, enabling participants to discuss the 

results with their doctors and access appropriate guidance and treatment if necessary. 

This study introduced some standard strength, physical capability and body composition 

measures that have been shown to be linked with poor function and increased risk of 

sarcopenia, such as low handgrip strength, poor balance, slow gait speed, low lean mass 

and poor HRQoL.   
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Chapter 2: Literature Review 

This review is organised around five concepts that surround sarcopenia, including 

interventions to combat sarcopenia and its effects on HRQoL. These are ageing, sarcopenia, 

HRQoL, resistance training incorporating HUR, strength training and power training, and nutrition. 

2.1  Ageing 
Like most developed countries, Australia’s population is ageing due to sustained low 

fertility, resulting in proportionately fewer children, and increasing life expectancy, resulting 

in proportionately more older adults (aged 65 years and over) (Australian Bureau of Statistics, 

June 2018). In 2016, there were about 3.7 million older Australians or in other words 15% (i.e., 

one in seven Australians) was 65 years old or over. By 2056, it is expected that the older 

population will increase to 8.7 million (22%) (Australian Institute of Health and Welfare, 

2018a, 2018b). Consequently, that group is projected to surpass children in number (under 15 

years of age) by around 2034 (Australian Bureau of Statistics, June 2018). Over the next 

decade, the ‘baby boomer’ generation (born 1946–1964) will be more than 65 years old, which 

will create a substantial strain on health, aged-care and medical infrastructure in Australia 

(Australian Bureau of Statistics, June 2018). Similar growth and proportions exist in the US. 

In the US, more than 10,000 Americans turn 65 every day. With increasing life expectancy, 

there were 47.8 million older adults (> 65 years) in 2015, which is about 15% of the total 

population (US Census Bureau, 2017, May). By 2030, it is projected that there will be 74 

million older adults (Centres for Disease Control and Prevention, 2014) and by 2060, 98.2 

million (i.e., almost one in four US residents; US Census Bureau, 2017, May). 

Older adults need sufficient levels of balance, strength and power to perform ADL—

for example, stair climbing and descending (Muehlbauer, Besemer, Wehrle, Gollhofer & 

Granacher, 2012). Ageing is associated with less muscle and bone mass and more fat mass, 

affecting muscle strength and functional performance (Baumgartner, 2000). The three key 

components of body composition; bone, fat and lean mass can be used to assess the risk of 

physical disability (Chodzko-Zajko & Medicine, 2014). Chodzko-Zajko & Medicine (2014) 

report that age-related loss of bone mass may lead to a bone fracture, particularly the hip, that 

limits physical function, resulting in a loss of independence (see Figure 2.1). They argue that 

obesity can have direct and indirect pathways to physical disability. Excessive body fat is 

associated with reduced mobility and increased risk of physical disability and can result in 

chronic diseases, treatment of which can negatively affect body composition and function (e.g., 
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cancer and radiation) (Chodzko-Zajko & Medicine, 2014). Declines in lean mass are associated 

with reduction in muscle strength, power and endurance in older adults (Chodzko-Zajko & 

Medicine, 2014). People with excess body fat and insufficient muscle mass (sarcopenic 

obesity) are at the highest risk of physical disability (Chodzko-Zajko & Medicine, 2014).  

 

 
Figure 2.1. Pathway from main components of body composition to physical disability in older adults 

Reprinted from Chodzko-Zajko & Medicine (2014, p.152) 

 

Physical disability is a major concern for older adults due to loss of mobility and 

independence or inability to perform ADL (Chodzko-Zajko & Medicine, 2014). In 2014, one 

in four older US residents reported a fall, resulting in 74 deaths every day and loading the 

healthcare system with over US$31 billion in medical expenses (Centres for Disease Control 

and Prevention, 2014). Loss of independence is a major cause of poor QoL (Al Snih et al., 

2007). Successful ageing is multidimensional, including physical, functional, psychological 

and social health (Chatterjee, 2019; Phelan, Anderson, Lacroix & Larson, 2004). Exercise has 

been shown to reduce pain and joint stiffness, maintain muscle strength, prevent functional 

decline and enhance physical and mental health and HRQoL (American College of Sports 

Medicine, 2014; Bean, Vora, & Frontera, 2004; Buffart et al., 2017; Klaperski, Koch, Hewel, 

Schempp, & Müller, 2019; Ruegsegger & Booth, 2018; Warburton, Nicol, & Bredin, 2006). 

Thus, while ageing is inevitable and associated with poorer health, this gradual decline can be 

slowed by engaging in physical activity and appropriate nutrition as described below. 

2.2   Sarcopenia 
With age, bone, muscle mass and strength decrease, which if substantial is known as 

sarcopenia (Cruz-Jentoft et al., 2018; Rosenberg, 1989, 2011). Sarcopenia was originally 

defined as a loss of muscle mass with age (Rosenberg, 1989). As such, Clark and Manini (2008) 

recommended this original definition of sarcopenia (loss of muscle mass) and considered 
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dynapenia (loss of muscle strength) separately due to disassociations between muscle mass and 

strength, as loss of muscle strength and not loss of muscle mass is a better predictor of mobility 

impairments (Visser et al., 2000). Although muscle mass is important for metabolic balance, 

neuromuscular function is important for maintaining muscle strength and physical 

independence in older adults (Clark & Manini, 2010). With ageing, the decline in muscle 

strength occurs much faster than the reduction in muscle mass, leading to a deterioration in 

muscle quality (Goodpaster et al., 2006). Further, retaining or gaining muscle mass does not 

prevent age-related regression in muscle strength (Goodpaster et al., 2006). Despite this, 

sarcopenia, incorporating both a loss of mass and function, has become the recognised term 

(Rosenberg, 2011) and will be used exclusively throughout this thesis. 

Sarcopenia can lead to reduced mobility, falls, fractures and loss of independence and 

can become life-threatening if undiagnosed and untreated (Falcon & Harris-Love, 2017; 

Lindström et al., 2019; Rosenberg, 2011; Scott et al., 2017; Tang et al., 2018). According to 

EWGSOP1, sarcopenia is associated with falls (Beaudart et al., 2017; Scott et al., 2017), 

consequently hospitalisation (Beaudart et al., 2017) and the costs associated with 

hospitalisation (Antunes, Araújo, Veríssimo & Amaral, 2017). Using a sarcopenia screening 

test (Ishii’s formula based on age, calf circumference and handgrip strength), sarcopenia is a 

significant predictor of 3-year (Tang et al., 2018), or even 9.5-year all-cause mortality in 

Australian community-dwelling older women (Sim et al., 2018), and over 10 years in Italian 

community-dwelling older adults, both using EWGSOP1 criteria (Landi et al., 2016). 

It is suggested that sarcopenia be regarded as a ‘geriatric syndrome’ since it assists in 

identifying and treating this condition despite unknown causes (Cruz-Jentoft et al., 2010). 

Geriatric syndrome embraces clinical conditions in older adults that do not cover discrete disease 

categories—for example, delirium, falls, frailty and dizziness (Inouye, Studenski, Tinetti & 

Kuchel, 2007). Factors that support the concept of sarcopenia as a geriatric syndrome are its high 

prevalence in older adults; its contributors (ageing, poor diet, sedentary lifestyle, chronic diseases 

and drug treatment); and its association with poor states of health (mobility disorders, limitations 

in performing ADL, greater risk of falls, fractures, disability, independence and mortality (Cruz-

Jentoft et al., 2010). Sarcopenia is a public health problem for older adults in the US and 

significantly more likely to be associated with physical disability (Baumgartner et al., 1998; 

Janssen, Shepard, Katzmarzyk & Roubenoff, 2004). In 2000, sarcopenia cost US$18.5 billion: 

that is, 1.5% of total annual US healthcare expenditure (Janssen et al., 2004). 

Due to its effect on QoL, physicians should screen for sarcopenia in both community and 

geriatric environments (Cruz-Jentoft et al., 2014). However, a barrier to this has been the lack of 
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a universally accepted definition, despite most recent definitions using similar parameters 

including gait speed or grip strength, in conjunction with low muscle mass, but using different 

cut-off points (Morley & Malmstrom, 2014). Sarcopenia was formally recognised as a muscle 

disease in the US and given an ICD-10-CM code in 2016 (Anker et al., 2016; Falcon & Harris-

Love, 2017). Australia followed suit on 1 July 2019 (Australian Consortium for Classification 

Development, 2019), which should lead to increased awareness, diagnosis and interest in treatments. 

Examples demonstrating the increase of sarcopenia with age can differ between gender 

or within ethnic groups and be affected by lifestyle. For example, in New Mexico (US), 

sarcopenia grew from 13–24% in people under 70 years, to more than 50% in those aged over 

80 years. This growth was slightly larger in the Hispanic population (58% in men and 60% in 

women) than in non-Hispanic white populations (53% in men and 43% in women) 

(Baumgartner et al., 1998). Using similar body mass measurements among Connecticut’s 

Caucasian population, sarcopenia increased to 53% in men and 31% in women aged over 80 

years (Iannuzzi-Sucich, Prestwood & Kenny, 2002). In Mexico City, Mexico, 18% of men and 

15% of women aged over 70 were sarcopenic (Espinel-Bermúdez et al., 2017). Within Asian 

countries, sarcopenia prevalence among hospitalised older adults in western China was similar 

among men (71%) and women (65%) (Tang et al., 2018). In Taiwan, 26% of men and 19% of 

women over aged 80 years were sarcopenic (Chien, Huang & Wu, 2008). Using the recent 

EWGSOP2 definition, there was no significant difference between sarcopenia prevalence and 

gender (10.1% in men and 7.2% in women) among Japanese community-dwelling older adults 

living in a snow-covered city (Su et al., 2019). Within Europe, sarcopenia was prevalent in 

12% of Danish women aged over 70 years (Tankó, Movsesyan, Mouritzen, Christiansen & 

Svendsen, 2002). According to EWGSOP1, prevalence of sarcopenia was quite common 

among Italian octogenarians, showing an increase from 3–32% in women and from 1.2–17% 

in men (Volpato et al., 2013). Lifestyle difference can also affect sarcopenia prevalence. For 

example, a systematic review reported that according to EWGSOP1, prevalence of sarcopenia 

in older adults was up to 29% in community-dwelling settings, up to 33% in long-term care 

and 19% in acute hospital care (Cruz-Jentoft et al., 2014). 

Much research shows discrepancies between sarcopenia prevalence when using different 

criteria (Dam et al., 2014; Schaap, van Schoor, Lips & Visser, 2017). For example, sarcopenia 

prevalence greatly ranged across six definitions; two were based on low lean mass alone using 

criteria of Baumgartner and Delmonico and the other four on both low muscle mass and decreased 

muscle function (FNIH, EWGSOP, IWGS and Society or Sarcopenia, Cachexia and Wasting 

Disorders [SCWD]) in 387 community-dwelling older adults, Liège, Belgium (Beaudart et al., 
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2018). The lowest sarcopenia prevalence of 4.39% was identified according to SCWD, 10% was 

identified according to FNIH, under 15% according to EWGSOP, under 30% according to 

Baumgartner’s criteria and the highest of 32.8% according to Delmonico’s definition (Beaudart et 

al., 2018).  Beaudart et al. (2018) argue that having many operational definitions for sarcopenia can 

lead to major public health issues due to over- or underestimation of sarcopenia prevalence, thus, 

prescribing unnecessary treatment to people without sarcopenia or depriving others that need it 

most. Potentially, more people will be diagnosed with sarcopenia using EWGSOP1 than FNIH 

since the criteria for low handgrip (< 30 v. < 26 kg) are less conservative and, if gait speed is low, 

people without low handgrip strength may still be assessed as sarcopenic (Scott et al., 2017). 

Recommended FNIH cut-off points applied in this study have no gait speed assessment (Studenski 

et al., 2014). However, gait speed is important to assess physical function since it is a predictor of 

falls in older adults (Liang et al., 2014; Scott, Hayes, et al., 2014; Scott, McLaughlin, et al., 2014; 

Scott et al., 2017), disability and adverse health outcomes including severe mobility limitation and 

mortality, and can be used within the short physical performance battery (SPPB) or individually 

(Cruz-Jentoft et al., 2018). Sarcopenia definitions eliminating physical function can potentially 

eliminate people at risk of a number of negative health outcomes (Sim et al., 2018). Given older 

populations are growing in the US, sarcopenia will continue to present a major healthcare problem. 

If FNIH is largely applied in the US, prevalence of sarcopenia appears lower than according to 

EWGSOP1. Consequently, public spending on sarcopenia may be reduced in the short term. 

However, since there would be large numbers of people undiagnosed, this could lead to greater 

long-term spending on the end-effects of sarcopenia (e.g., falls and fractures). Therefore, it is 

advisable to have a universally accepted definition to provide consistency and accuracy in 

identifying sarcopenia (Beaudart et al., 2015). 

Upon diagnosis, appropriate interventions can be prescribed to address sarcopenia, leading 

to improved QoL and ability to perform ADL, such as dressing or climbing stairs. Increasing 

evidence demonstrates that therapeutic interventions can improve health and QoL outcomes for those 

with, or at risk of, sarcopenia (Waters, Baumgartner, Garry & Vellas, 2010). Exercise, particularly 

resistance training, has been proved to reduce the loss of muscle mass and strength (Fiatarone et al., 

1990; Landi, Marzetti, Martone, Bernabei & Onder, 2014; Montero-Fernandez & Serra-Rexach, 

2013; Moore et al., 2019; Vikberg et al., 2019), even in the very old (Fiatarone et al., 1990). Other 

strategies include nutritional supplements (e.g., vitamin D, creatine and protein) or anabolic 

hormones (e.g., testosterone, estrogen and growth hormone [GH] (Waters et al., 2010).  
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Most of the first-generation muscle drugs were developed to target loss of muscle mass, the 

initial characteristic of sarcopenia, however drug-induced hypertrophy is not sufficient as a treatment 

unless it also leads to improvements in muscle strength and physical function (Rooks & Roubenoff, 

2019). Clinical trials have successfully demonstrated a number of measurable changes in muscle 

mass but less successfully in increasing muscle strength and function. Over the last 10 years, many 

approaches have been explored to counter age- and muscle-related loss of physical function, 

including expansion of current drugs registered to treat other conditions and development of 

biological pathways (molecules and biologics) (Rooks & Roubenoff, 2019). However, no drug has 

yet proved safe enough to be registered for muscle wasting or sarcopenia; many mechanisms are in 

phase II development for efficacy and dose range (e.g., activin receptor antagonist, myostatin or 

activin inhibitor, selective androgen receptor modulator [SARM]) (Rooks & Roubenoff, 2019). 

A review of the neuromuscular alterations contributing to sarcopenia is beyond the 

scope of this literature review, as neuromuscular alterations are not a focus of this thesis and 

have been comprehensively reviewed recently (Larsson et al., 2018). Overall, sarcopenia as a 

muscle disease and geriatric symptom presents a serious health and public concern in older 

adults if they are at risk or not treated. 

2.3   Health-related quality of life 
A growing prevalence of older adults is a global issue and maintaining a good HRQoL 

is a high priority for the ageing population (Yen & Lin, 2018). HRQoL is a subjective metric 

covering three broad dimensions: physical/occupational function, social health/integration and 

mental health/psychological state. Conversely, non-health-related QoL comprises financial, 

economic, spiritual, political or environmental aspects (Rizzoli et al., 2013). HRQoL is also 

referred to as patient-reported outcomes, as the health report comes from the patient without 

consultation with practitioners or others (Rizzoli et al., 2013). Self-reported questionnaires can 

assess differences in HRQoL between people at a point in time (discriminative instruments) or 

longitudinal changes in HRQoL within people over time (evaluative instruments). HRQoL 

instruments can help policymakers and healthcare providers understand people’s needs, 

particularly those of older adults suffering from chronic diseases or sarcopenia, and implement 

policies and reforms accordingly (Beaudart et al., 2018; Guyatt, Feeny & Patrick, 1993; Rizzoli 

et al., 2013). 

More older American adults perceived their health as fair or poor and reported more 

physically unhealthy days compared to younger age groups in 2006–2010. However, older adults 

reported better health in 2010 compared to 2006 (Zack, 2013). Risky health behaviours (e.g., 
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smoking cigarettes) can reduce HRQoL, negatively affecting health, but protective behaviours 

(e.g., physical activity) can improve HRQoL. Therefore, interventions to avoid risky behaviour 

and promote protective behaviour may contribute to increased HRQoL (Zack, 2013). Poor 

HRQoL is associated with chronic diseases (Eton et al., 2019; Juenger et al., 2002), depression 

(Ghimire et al., 2018), disability risk (Groessl et al., 2007, 2019) and mortality in older adults 

(Brown, Thompson, Zack, Arnold & Barile, 2015; Giles, Hawthorne & Crotty, 2009; Lindström 

et al., 2019). HRQoL is significantly poorer in older adults with heart failure than it is in healthy 

older adults, with physical symptom status being the greatest predictor of HRQoL in both groups 

(Heo, Moser, Lennie, Zambroski & Chung, 2007). Heo et al. (2007) asserted that age and anxiety 

are also associated with HRQoL in older adults with heart failure. 

In meeting the challenges of the growing ageing sector, a combination of health 

preventive services and engagement in physical activity can improve HRQoL in Mexican older 

adults (Gallegos-Carrillo et al., 2019). Physical activity is beneficial for HRQoL in clinical 

populations—for example, those with non-small cell lung cancer (Granger, McDonald, 

Berney, Chao & Denehy, 2011), hypertension (Tsai et al., 2004), stroke survivors (Chen & 

Rimmer, 2011) or cancer survivors (Mishra et al., 2012). However, it is also beneficial for 

healthy older adults (Acree et al., 2006; Xu et al., 2018). Although vigorous intensity training 

is recommended, as it leads to greater physiologic improvements including decreased resting 

minute ventilation and heart rate, not all older adults are able to perform at this level (American 

College of Sports Medicine, 2014). Light intensity training may be more suitable for older adults, 

and has also been shown to improve symptoms, HRQoL and ability to perform ADL (American 

College of Sports Medicine, 2014). A recent study showed that both strength training/continuous 

aerobic training and strength training/high intensity interval aerobic training increased HRQoL. 

The strength training/high intensity interval aerobic training group was most effective in 

improving HRQoL, while a non-exercise group did not show any change after 12 weeks of 

training in middle-aged and older adults with diagnosed cardiovascular risk (Da Silva et al., 

2019). In addition, a healthy diet is associated with higher HRQoL in US and Australian older 

adults, with higher scores indicating higher compliance according to the relevant national dietary 

guidelines (Milte, Thorpe, Crawford, Ball & McNaughton, 2015; Xu et al., 2018).  The US 

cohort was assessed on an overall diet quality score based on 13 components (fatty acids, 

sodium, saturated fats, total vegetables, greens and beans, total fruit, whole fruit, whole grains, 

dairy, total protein foods, seafood and plant proteins, refined grains, and added sugars) using 

the Healthy Eating Index (HEI)-2015 (Xu et al., 2018). The Australian cohort used two 

different dietary guideline indices; the Recommended Food Score (RFS) and the 
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Mediterranean Diet Score (MDS), also based on 13 components (Milte, Thorpe, Crawford, 

Ball, & McNaughton, 2015). HRQoL is lower in subjects with sarcopenia than in those without 

sarcopenia (Beaudart et al., 2018; Go, Cha, Lee & Park, 2013; Verlaan et al., 2017). 

In addition, HRQoL is related to life events, such as relocation into aged care. 

Hospitalised older adults awaiting residential aged care have a poor HRQoL (Giles et al., 2009). 

Over one-third of patients moving from hospitals into nursing homes for the first time reported 

their health state as worse than death (AQoL ≤ 0), which was a significant predictor of mortality. 

However, higher function was a predictor of higher HRQoL in the surviving population (Giles 

et al., 2009). A recent study indicated that older adults who continue or increase physical activity 

after relocation into long-term aged care have a positive HRQoL (Yen & Lin, 2018). Based on prior 

and current research, exercise and nutrition remain important to improve HRQoL in older adults. 

2.4   Resistance training 
Exercise has therapeutic benefits including improvements in morbidity, mortality and 

physical function in older adults (Bean, Vora & Frontera, 2004). Although aerobic training is 

commonly used in clinical programs, resistance training maintains and builds muscle mass, 

improves strength and endurance, minimises symptoms and increases QoL (American College 

of Sports Medicine, 2014). There is strong evidence that resistance training can prevent/reverse 

sarcopenia (Beaudart et al., 2016; Frost, Bronson, Cronin & Newton, 2016; Liu & Latham, 

2009; Morley, 2018; Skelton, Young, Greig & Malbut, 1995; Taaffe, 2006; Tschopp, 

Sattelmayer & Hilfiker, 2011; Vikberg et al., 2019). 

Resistance training can be performed using subjects’ own body weight, standard weights 

or pneumatic equipment. Explosive resistance training can also be executed in hospitals and 

geriatric settings by using patients’ own bodies (e.g., chair rise) as resistance if free weights or 

machines are not available (Cadore & Izquierdo, 2018). Progressive resistance training (PRT) is 

commonly used to improve muscle strength (Bean et al., 2004; Englund et al., 2019; Krist, 

Dimeo, & Keil, 2013). During PRT muscles are exercised against resistance produced by 

exercise equipment (e.g., exercise machines, free weights or elastic bands), which progressively 

increase as strength increases (Krist, Dimeo & Keil, 2013). PRT twice a week over eight weeks 

appears to improve mobility and muscle strength but not QoL, which may be due to a short 

intervention conducted on nursing home residents with limited mobility, aged 77–97 years in 

Berlin, Germany (Krist, Dimeo & Keil, 2013). The recent Position Statement from the National 

Strength and Conditioning Associations supports the benefits of resistance training in 

combating age-related sarcopenia, frailty, mobility limitations, chronic disease, disability and 
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premature mortality (Fragala et al., 2019). The Position Statement provides recommendations 

for healthy older adults (Part 1, see Table 2.1) and those with special considerations for frailty, 

sarcopenia or other chronic conditions (Part 4, see Table 2.2) (Fragala et al., 2019). Both 

recommendations incorporate a combination of resistance training, power and functional 

training, 2–3 times a week, 1–3 sets of 8–12 repetitions (Fragala et al., 2019).  
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Table 2.1: 

Resistance training general recommendations for healthy older adults. † 

Program variable Recommendation † Details 
Sets 1–3 sets per exercise per muscle 

group  
1 set for beginners and older adults with frailty 
progressing to multiple sets (2–3) per exercise. 

Repetitions 8–12 or 10–15  

 

Perform 6–12 reps with variation for muscular 
strength for healthy older adults. Perform 10–15 
repetitions at a lower relative resistance for 
beginners.  

Intensity 70–85% of 1RM  

 

Begin at a resistance that is tolerated and 
progress to 70–85% of 1RM using 
periodisation. Lighter loads are recommended 
for beginners, or individuals with frailty, or 
special considerations such as cardiovascular 
disease and osteoporosis. Exercises should be 
performed in a repetition-range intensity zone 
that avoids going to failure to reduce joint 
stress. 

Exercise selection 8–10 different exercises  

 

Include major muscle groups targeted through 
multijoint movements (e.g., chest press, 
shoulder press, triceps extension, biceps curl, 
pull- down, row, lower-back extension, 
abdominal crunch/curl-up, quadriceps extension 
or leg press, leg curls, and calf raise).  

Modality Free-weight or machine-based 
exercises  

 

Beginners, frail older adults, or those with 
functional limitations benefit from machine-
based resistance training (selectorised weight or 
pneumatic resistance equipment), training with 
resistance bands, and isometric training. High 
functioning older adults gain added benefit 
from free-weight resistance training (e.g., 
barbells, dumbbells, kettlebells, and medicine 
balls).  

Frequency 2–3 days per week, per 
muscle group  

Perform on 2–3 non-consecutive days per week, 
per muscle group, may allow favourable 
adaptation, improvement, or maintenance. 

Power/explosive training 40–60% of 1RM  

 

Include power/explosive exercises where high-
velocity movements are performed during the 
concentric phase at moderate intensities (i.e., 
40–60% of 1RM) to promote muscular power, 
strength, size, and functional tasks.  

Functional movements Exercises to mimic tasks of 
daily living  

 

Healthy, high functioning older adults benefit 
from the inclusion of multijoint, complex, and 
dynamic movements, with base of support or 
body position variations.  

Adapted from Fragala et al. (2019, p. 2037). RM: repetition maximum. †General guidelines 
are provided. Resistance training programs should include variation in intensity and program 
variables. Strength exercises should be performed before endurance training during concurrent 
training sessions to optimize strength gains. 
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In addition, individuals from the Part 4 group are recommended to perform endurance 

and balance training (Fragala et al., 2019). Although low-intensity, low-volume programs are 

suitable for this group at the beginner level, progression to moderate to higher intensity programs 

(i.e., 40–60% of 1RM) is most beneficial to elicit functional improvements (Fragala et al., 2019). 

 

Table 2.2: 

Resistance training guidelines for older adults with frailty † 

Condition Modification 
Frailty Start at a lower resistance, progress more 

slowly, limit end point to volitional fatigue 
(start at 8–12 reps at 20–30% of 1RM and 
progress to 80% of 1RM).  

Mobility limitations Consider exercises in seated position.  

Mild cognitive impairment Select simple exercises. May require extra 
instruction and demonstration. 

Diabetes Monitor blood glucose before and after training. 
Consider special considerations of associated 
cardiovascular disease, nerve disease, kidney 
disease, eye disease, and orthopaedic 
limitations.  

Osteoporosis Begin at a lower intensity. 
Train balance, but exert extra care to prevent 
falls. Focus on form and technique and use 
caution with bending and twisting. 
Include postural exercises (spinal extension).  

Joint pain or limited range of motion (arthritis) Double-pinned machines may restrict ROM for 
joint pain, discomfort, and/or limited ROM. To 
allow for training through the pain-free part of 
the ROM and attain a training effect. 

Poor vision, equilibrium and balance (falling), 
low-back pain, and dropping weights 

Consider weight machines (as opposed to free 
weights).  

 
Adapted from Fragala et al. (2019, p. 2037). ROM: range of motion; RM: repetition maximum 
 

Supervised functional resistance training using functional exercises and suspension bands 

for 10 weeks preserves functional strength and improves muscle mass in Swedish older adults 

with pre-sarcopenia according to EWGSOP (Vikberg et al., 2019). Both models of resistance 

training using rubber bands/bottled water and pneumatic Keiser equipment elicited 

improvements in muscle strength and functional performance in Taiwanese community-dwelling 

older adults with a high risk of fractures after three months, with the first model being more cost-

effective and easily replicable in community settings (Chan et al., 2018). Both free weights and 
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pneumatic training (via cable) improved maximal strength, velocity and power of Canadians who 

were experienced in resistance training. However, pneumatic training may have contributed to 

reaching unique force, velocity and power adaptations during exercises with the lowest relative 

loads (Frost et al., 2016). Another eight-week study, but on tennis players in Thailand, showed 

that a combination of free weight and pneumatic resistance training (via cable) is more effective 

than free weight training alone, as it increases power endurance, peak power and capacity to 

avoid lower velocity at the end of a longer sprint for tennis players (Apanukul, Suwannathada & 

Intiraporn, 2015). PRT using pneumatic Keiser equipment at moderate intensity effectively 

reduces plasma and tissue-specific inflammation after 16 weeks of intervention, which is 

associated with lowered fatigue and enhanced physical and behavioural function in US 

postmenopausal breast cancer survivors (Serra, Ryan, Ortmeyer, Addison & Goldberg, 2018). 

HUR is another example of pneumatic resistance training. HUR was established in 1989 

following a research project undertaken at the University of Technology in Helsinki (Helsinki 

University Research Australia, 2018a). Thanks to HUR’s natural transmission method using 

pneumatic (air resistance) technology, resistance is adjusted according to the generation of force, 

irrespective of velocity of movement (Helsinki University Research Australia, 2018b). While 

many machines have a minimum resistance at a few kilograms and resistance is increased in 

2.5 kg increments, HUR machines’ minimum resistance begins at 0 kg and has stepless 

resistance adjustment with 100 g/1 kg increments (Helsinki University Research Australia, 

2018a, 2018b). HUR gym features include individualised programs designed by trained staff 

(physiotherapists/exercise physiologists) and computerised smart card and smart touch systems 

that record clients’ visits and work-outs (Helsinki Program, 2018; Helsinki University Research 

Australia, 2018b). During the workout, the smart card automatically adjusts resistance. The 

touchscreen displays repetitions, load, seat and lever arm position, and monitors heart rate. The 

system also provides instructions, goals and feedback on progress. This gives an immediate sense 

of achievement and maintains participants’ motivation. Performance monitoring reports are 

provided, and programs updated automatically (Helsinki University Research Finland, 2018c).  

In addition, HUR equipment includes range limiters and extra support, suitable for users 

of all abilities, enabling early rehabilitation (Helsinki University Research Finland, 2018b). 

Recent research showed that the Sunbeam program, including moderate-intensity PRT using 

HUR equipment and high-level balance exercises using chair or table, significantly decreased 

falls by 55% and enhanced physical performance of Australians living in long-term aged-care 

facilities (Hewitt et al., 2014, 2018). The supervised intervention involved 1–2 sessions a week 

at one hour per session for 50 hours over 25 weeks (Hewitt, Goodall, Clemson, Henwood, & 
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Refshauge, 2018). The PRT intensity was 2–3 sets of 10–15 repetitions, targeting mainly lower 

limbs, one each for the upper limbs and trunk. This was followed by a 6-month maintenance 

period (Hewitt et al., 2018). Given HUR equipment has successfully contributed to a reduction 

of falls in older populations in aged care, it can be used in the context of sarcopenia in both 

community-dwelling and residential older adults. While pneumatic machines are tailored for 

high-velocity power training and commonly used by researchers, they may be less accessible due 

to high costs and the required supporting equipment than conventional plate-loaded machines 

that are not designed for power training (Balachandran et al., 2017). Both pneumatic and plate-

loaded machines are safe and effective in increasing lower-body power and physical function in 

older adults (Balachandran et al., 2017). 

Strength and power training are varieties of resistance training. Strength is force 

produced during or while attempting a movement, and power is a product of the work 

(force x distance) executed per unit time (Metter, Conwit, Tobin & Fozard, 1997). In other 

words, strength is the ability to produce force, and power to produce force quickly. Rising 

slowly from a chair uses strength and is harder to perform than rising quickly from sitting using 

power (Norman, 2010). Power training, which uses moderate to high loads, consists of two 

phases—a fast concentric phase (muscle shortening) and a slower eccentric phase (muscle 

lengthening) (Balachandran et al., 2017)—and involves high-velocity contractions (i.e., 

contracting the muscles fast against resistance; Norman, 2010). Current training guidelines 

recommend high-velocity, low-load training, as it is associated with generating force quickly 

and improving the ability to perform ADL (Anthony & Brown, 2016).  

Over the last two decades, researchers and professionals have been aware that strength 

training increases functional performance. Yet, although research continues to demonstrate that 

power training affects function more than strength training does, this knowledge has not been 

applied extensively in exercise protocols (Norman, 2010). An older adult will more likely move 

an object of low external resistance fast (involving velocity) than an object of high external 

resistance slowly (involving force) (Sayers & Gibson, 2014). Although force is important for 

physical function, the ability to move quickly—for instance, crossing a busy road or hitting 

breaks to avoid an accident—may be more relevant (Sayers & Gibson, 2014). Only high-speed 

power training changes the external resistance (through which power was generated) to a lower 

external resistance, enhancing the velocity component of peak power and ensuring safety in older 

adults (Sayers & Gibson, 2014). Even frail community-dwelling older adults can perform a 12-

week program of structured functional power training incorporating high-velocity movement of 

upper and lower-extremity resistance exercises and low loads, implying that functional power 
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training is safe and feasible for those populations (Tan et al., 2018). Another advantage of power 

training is that it sustains lower values of blood pressure during subsequent activities that mimic 

ADL, at least in older women (Coelho-Júnior et al., 2017). Lower-extremity power training 

improves gait speed in older adults by generating ankle joint power without increasing power 

from hip and knee joints (Uematsu et al., 2018). Although strength training is effective for 

retaining and increasing muscle mass, power training can prevent age-related loss of muscle mass 

and strength (Wallerstein et al., 2012), improving QoL (Katula, Rejeski & Marsh, 2008). 

Considerable research shows that muscle power is a greater predictor of physical 

function than of muscle strength in older adults (Bean et al., 2003; Hruda, Hicks & McCartney, 

2003; Marsh, Miller, Rejeski, Hutton & Kritchevsky, 2009; Miszko et al., 2003; Reid & 

Fielding, 2012; Rice & Keogh, 2009) and muscle power declines faster than muscle strength 

(Bean et al., 2003; Izquierdo, Aguado, Gonzalez, Lopez & Häkkinen, 1999; Skelton et al., 

1994; Skelton et al., 1995; Suetta et al., 2019). A recent Dutch study indicated that while power-

based measures (leg extension press and 30-second sit-to-stand tests) began to decrease at ages 

over 50 years, less power-based measures (handgrip strength and habitual gait speed) and lean 

mass (trunk lean mass [TLM], appendicular lean mass [ALM] and ALM/height2 [ALM/h2]) 

were unchanged until after the age of 70 years (Suetta et al., 2019). The faster decline in muscle 

power than strength can be due to age-associated changes in fibre-type composition, with 

increasing prevalence of the slower type I and decreasing proportions of the powerful type II 

fibres, particularly IIX (Mannion et al., 2000; Marsh et al., 2009). It can also be attributed to a 

decline in motoneurons, which are not easily regenerated (Larsson et al., 2018). Low-dose hip 

abductor-adductor power training for eight weeks appears to be more effective than strength 

training at improving maximal neuromuscular performance, weight transfer control and medio-

lateral balance recovery in older adults (Inacio, Creath, & Rogers, 2018).   

While programs to improve strength or use strength training protocols increased power, 

resistance training programs tailored to increase power may be more effective at enhancing 

power and reducing disability (Porter, 2006). Since older adults require sufficient lower limb 

speed to safely perform functional movements, for instance, crossing a busy intersection, high-

speed power training is recommended to  increase power at lower external resistances (Sayers, 

Gibson & Mann, 2016). Although high-velocity resistance training increases strength similarly 

to traditional low-velocity resistance training, it improves peak power more (Fielding et al., 

2002). High-velocity resistance training is more effective to improve muscle power and higher-

velocity lower intensity is more effective to improve physical function than it is traditional slow 

velocity training (Reid & Fielding, 2012). Octogenarian women (80–89 years) can perform 
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explosive-type heavy-resistance training (75–80% of the one repetition maximum; 1RM), 

leading to greater neuromuscular performance (Caserotti, Aagaard, Buttrup Larsen & Puggaard, 

2008). This indicates that they can rapidly develop muscle force and may reduce fall risk more 

than those who have not trained (Caserotti et al., 2008). Even nonagenarians showed significant 

increases in lower-extremity muscle strength, ranging from 61–374%, muscle mass, and mobility 

following high-velocity resistance training over eight weeks (Fiatarone et al., 1990). In league 

with the current scientific evidence, explosive resistance training (at least combined with the 

traditional resistance training) has to be prescribed in healthy and frail older adults since it 

optimises functional capability gains, minimises risks of falls, increases muscle strength and 

power output, and stimulates muscle hypertrophy (Cadore & Izquierdo, 2018). 

A systematic review and meta-analysis reported that supervised balance and/or 

resistance training enhances balance and muscle strength/power more than unsupervised 

programs in older adults (Andre Lacroix, Hortobagyi, Beurskens, & Granacher, 2017). A 

combined balance/strength training for 12 weeks increases balance and lower extremity muscle 

power, and the gains are preserved following detraining in community-dwelling older adults 

(André Lacroix et al., 2016). A supervised group significantly improved in Romberg test, stride 

velocity, TUG and chair stand tests, compared to an unsupervised group, implying that 

supervised training is more effective than unsupervised training, and thus training at least three 

times a week, with at least two sessions supervised by trained staff, is recommended to improve 

balance and muscle strength/power (André Lacroix et al., 2016).   

Given numerous benefits of resistance training, including prevention/reversion of 

sarcopenia, particularly under supervision, and different modality types (free weights or 

machine-based exercises) for older adults, this project presents an opportunity to assess 

supervised resistance training using pneumatic HUR gym equipment and conventional 

equipment in the Melbourne study, and strength and power training in the El Paso study. 

2.5   Nutrition 
2.5.1   Protein requirements 

Sarcopenia risk increases with chronic disease, poor diet and inactivity (Victoria State 

Government, 2014). The benefits of nutrition have been reported alone or in conjunction with 

resistance training (Beaudart et al., 2016; Jäger et al., 2017). The International Society of Sports 

Nutrition’s position on protein intake is:  

(1) An acute exercise stimulus, particularly resistance exercise, and protein ingestion 

both stimulate muscle protein synthesis (MPS) and are synergistic when protein 
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consumption occurs before or after resistance exercise; (2) For building muscle mass 

and for maintaining muscle mass through a positive muscle protein balance, an overall 

daily protein intake in the range of 1.4–2.0 g protein/kg body weight/day (g/kg/d) is 

sufficient for most exercising individuals, a value that falls within the Acceptable 

Macronutrient Distribution Range published by the Institute of Medicine for protein, 

and (3) There is novel evidence that suggests higher protein intakes (>3.0 g/kg/d) may 

have positive effects on body composition in resistance-trained individuals (i.e., 

promote loss of fat mass). (Jäger et al., 2017) 

A systematic review reported that protein supplementation with resistance training may 

prevent more loss of muscle mass and leg strength than protein supplementation alone in older adults 

with a body mass index (BMI) ≥ 30 and BMI < 30 (Liao et al., 2017). According to a more recent 

systematic review to optimise muscle protein intake with resistance training, daily protein 

intake should be 1.6/g/kg/day and a maximum of 2.2 g/kg/d, which can be achieved by 

consuming three meals per day, each including ~0.53 g/kg/d protein or four meals of ~ 

0.4g/kg/d protein (Stokes, Hector, Morton, McGlory & Phillips, 2018). The recommended 

dietary allowance (RDA) for adults is 0.8 g/kg of body weight per day (Campbell, Trappe, 

Wolfe & Evans, 2001; Chernoff, 2004; National Research Council, 1989). Generally, protein 

tissue comprises 30% of whole-body protein turnover. However, the ratio reduces to 20% or 

below at the age of 70; therefore, older adults require more protein/kg body weight than 

younger adults (Chernoff, 2004). While consumption of a diet providing the current RDA 

(0.8g/kg/d) led to a loss of ALM and grip strength, 2RDA for protein (1.6g/kg/d) enhanced 

whole-body lean mass and leg power with no change to ALM or thigh muscle cross-sectional 

area in older men (Mitchell et al., 2017).  

According to the World Health Organisation (WHO), a healthy diet includes fruits, 

vegetables, legumes, nuts and whole grain, which contributes to preventing malnutrition and 

diet-related noncommunicable diseases (e.g., diabetes, heart disease, stroke, cancer). However, 

the growing consumption of processed food and urbanisation resulted in people eating more 

foods high in fats, energy and free sugars or salt/sodium and not many reach for healthy 

practices (World Health Organization, 2019).  Figure 2.2 illustrates a healthy diet for adults. 
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Figure 2.2. Healthy diet for adults 

Reprinted from World Health Organization (2019, p. 11). 
 

According to Australian dietary guidelines, a healthy balanced diet should include various 

foods from five core food groups and restricted intake of foods and drinks high in saturated fat, 

sugar and salt (Nutrition Australia, 2019). Table 2.3 presents the recommended daily intake for 

adults and older adults in Australia. While intake of vegetables and legumes for women remains at 

five serves a day, it slightly increases for men 19+ years. Fruit intake of two daily serves remains 

the same across gender for 19+ years. Intake of grains varies within gender and reduces with age 
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to three and four-and-a-half for older women and men, respectively. The intake of lean meat, fish, 

poultry and so on, increases with age for women up to two-and-a-half serves a day, but reduces to 

two-and-a-half for men aged 51+ years. The fifth group, including intake of milk, yoghurt, cheese 

and alternatives, increases for women 19–50 years and remains at four serves a day at 50+ years. 

Table 2.3: 

Recommended Daily Intake for Adults and Older Adults 

  

Vegetables 
and legumes 

Fruit Grains 
(cereal) 

Lean meat, 
fish, poultry, 
eggs, nuts, 

seeds, legumes, 
beans 

Milk, yoghurt, 
cheese & 

alternatives 

Allowance for 
additional serves 
from any food 

group 

Adults 

Women 19–50 yrs   5 2   6    2.5    2.5   0–2.5 

Women 51–50 yrs   5 2   4 2 4   0–2.5 

Men 19–50 yrs   6 2   6 3    2.5 0–3 

Men 51–50 yrs 5.5 2   6    2.5    2.5   0–2.5 

Older 
adults 

Women 70+ yrs   5 2   3 2 4   0–2.5 

Men 70+ yrs   5 2 4.5    2.5   3.5   0–2.5 

Knowledge about nutrition predicts adherence to healthy and unhealthy diet patterns 

(Taylor, Sullivan, Ellerbeck, Gajewski, & Gibbs, 2019). While adults with limited knowledge 

eat more food linked to the Western diet (red meat, processed and fried food, sugar-sweetened 

drinks), adults with good nutrition literacy are linked to prudent and Mediterranean diets 

(vegetables, nuts, olive oil) (Taylor et al., 2019). Healthy dietary patterns improve muscle 

health and ageing (Granic et al., 2019; Lee & Lee, 2019). Older Korean men with the healthy 

dietary pattern (fruits, vegetables, fish, potatoes, seaweeds, legumes, whole grains, 

mushrooms, eggs, dairy and red meat) have higher ALM than those with the unhealthy dietary 

pattern (Lee & Lee, 2019). Healthy dietary patterns, which are associated with improved 

physical function, were examined in community-dwelling octogenarians using the EWGSOP1 

definition (Granic et al., 2019). Following three years, a group with a traditional British diet 

(red meat, gravy, potatoes, vegetables and sweets/desserts) that had the highest intake of fat 

and total energy, were associated with a 2.4-fold increased risk of sarcopenia, despite good 

protein intake, as opposed to the group with a diet high in unsaturated fat spreads/oils, fibre, 

which had the highest intake of protein and starch (Granic et al., 2019). A healthy dietary 

pattern (vegetables, fruit, fish) can also improve mental health as it is correlated with lower 

Adapted from Nutrition Australia (2019). 
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levels of depressive symptoms among Australian women (but not men), whereas unhealthy 

dietary pattern (red and processed meat, hot chips, deserts, cakes and ice cream) is correlated 

with higher levels of depressive symptoms also in women (but not men) (Hart, Milte, Torres, 

Thorpe, & McNaughton, 2019). Further, healthy dietary patterns are associated with reduced 

risk of all-cause, cardiovascular disease and cancer mortality in US older adults (Reedy et al., 2014). 

A meta-analysis reported that muscle increase was observed with protein intakes of up 

1.6 g/kg/d, which is about twice the recommended guidelines according to most agencies. 

However, the daily protein intake beyond that level does not seem to contribute to increased 

muscle using resistance training (Morton et al., 2018). Protein supplements help improve 

muscle mass and strength, but this has a small effect (0.5kg and 9% respectively; Morton et 

al., 2018). Morton et al. (2018) also found that protein supplementation works better in people 

who have done resistance training for some time and can help people > 60 years, but not much. 

Following resistance training in untrained older women, protein intake of > 1.0 g/kg/d 

contributes to increased muscle mass and strength (Nabuco et al., 2019). Regardless of 

recommendations, about 40% of community-dwelling older adults fail to meet the RDA for 

total protein due to poor appetite, masticating, physical and mental disabilities that restrict 

shopping and food preparation as well as food insecurity for socioeconomic reasons (Deutz et 

al., 2014; Houston et al., 2008).  

The key anabolic element of protein is the amino acid leucine, which has been shown to 

improve muscle protein synthesis (MPS) due to stimulation of the mammalian target of rapamycin 

(mTOR) (Anthony, Anthony, Kimball, & Jefferson, 2001; Devries et al., 2018). There are two 

types of sources for protein intake: animal-based (e.g., meat, fish, whey, poultry, eggs or milk) 

and plant-based (e.g., rice, soy, wheat, legumes, beans, or nuts). Animal-based proteins are 

usually higher in lysine, leucine, and methionine than plant-based sources, which means that 

greater amounts of plant-based protein are required to similarly increase muscle hypertrophy 

as opposed to animal-based proteins (Figure 2.3) (Hackney, Trautman, Johnson, Mcgrath, & 

Stastny, 2019). 
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Figure 2.3. Leucine content evaluated in various protein sources relative to weight (w). 

Reprinted from Hackney et al. (2019). BCAA: Branched-Chain Amino Acids. 
  

Lean beef is important for older adults as it is a great source of nutrients (Hackney et al., 

2019). Hackney et al. (2019) reported that while a 3-ounce portion of lean beef, together with six 

cups of cooked brown rice and one scoop of whey protein, provide around 2.15g of leucine, ½ cup 

of almonds or soybeans contributes to only about 0.4g of leucine. Also, a 3-ounce serving of lean 

beef contributes to approximately 10% of recommended daily calories, iron, riboflavin, 37% of 

vitamin B12, 33% of zinc and 25% of niacin and other nutrients (Hackney et al., 2019). When 

weighing risks, consumption of higher amounts of animal-based protein is less risky than 

smoking, alcohol or white bread consumption (15 slices or more per week) (Hackney et al., 

2019; Sanjoaquin, Appleby, Thorogood, Mann, & Key, 2004). 

Protein intake has pro-anabolic effects on skeletal muscle function that is mediated by gut 

microbiota (Liao et al., 2019; Ni Lochlainn, Bowyer & Steves, 2018; Ticinesi et al., 2019). Liao et 

al. (2019) argued that skeletal muscle and sarcopenia are affected by gut microbiota, which are 

affected by whey protein and resistance training (see Figure 2.4). While whey protein intake alone or 

in combination with resistance training can be used to prevent and treat sarcopenia, sex hormones 

could be potential contributors for differences between men and women in skeletal muscle and 

sarcopenia (Liao et al., 2019). 



 24 
 

 

 
Figure 2.4. Whey protein and/or resistance training against age-related sarcopenia. 

Reprinted from Liao et al. (2019, p. 164). 

Another systematic review confirmed that dairy protein can be a nutritional intervention to 

increase appendicular muscle mass in middle-aged and older adults (Hanach et al., 2019).  

2.5.2  Energy requirements 

While nutrient requirements either remain the same or increase with age, energy 

requirements decline due to lower physical activity levels, reduced metabolic rates and greater 

proportions of fat to lean muscle mass, emphasising the need for nutritional foods in each food 

category. In particular, resistance training is effective in enhancing energy requirements in 

older adults (Campbell, Crim, Young & Evans, 1994). While foods high in fat, added sugar 

and alcohol are the highest in kilojoules (kJ), fruit, vegetables and legumes are lower in kJ 

(Victorian State Government, 2018). Table 2.4 depicts energy needs according to predicted 

basal metabolic rate (BMR) and physical activity level (PAL) as recommended by the National 

Research and Medical Council in Australia (2017). For example, energy requirements for a 

76 kg man, aged 51–70 years, range from 9.5 MJ (9,500 kJ) (sedentary activity) to 12.1 MJ 

(12,100 kJ) (moderate activity) and for people 70+ years, from 7.4 MJ (7,400 kJ) to 13.6 MJ 

(13,600 kJ), respectively. For a 61 kg woman, energy requirements are lower than that of men 

(i.e., at 51–70 years, 7.6–9.6 MJ (7,600–9,600 kJ) and at 70+ years, 7.1–9.1 MJ (7,100–

9,100 kJ) (National Health and Medical Research Council, 2006). 
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Table 2.4: 

Estimated Energy Requirements of Adults Using Predicted BMR x PAL 
Age 
yr 

BMI = 22.0a BMR 
MJ/day 

Physical activity level (PAL)b 
MJ/day 

BMR 
Mj/day 

Physical activity level (PAL)b 
MJ/day 

   Men Men Women Women 
 H (m) W (kg)  1.2 1.4 1.6 1.8 2.0 2.2  1.2 1.4 1.6 1.8 2.0 2.2 

19–30 1.5 49.5 - - - - - - - 5.2 6.1 7.1 8.2 9.2 10.2 11.2 
1.6 56.3 6.4 7.7 9.0 10.3 11.6 12.9 14.2 5.6 6.6 7.7 8.8 9.9 11.1 12.2 
1.7 63.6 6.9 8.3 9.7 11.0 12.4 13.8 15.2 6.0 7.2 8.4 9.6 10.8 12.0 13.2 
1.8 71.3 7.4 8.9 10.3 11.8 13.3 14.8 16.3 6.5 7.7 9.0 10.3 11.6 12.9 14.2 
1.9 79.4 7.9 9.5 11.1 12.6 14.2 15.8 17.4 7.0 8.4 9.7 11.1 12.5 13.9 15.3 
2.0 88.0 8.4 10.1 11.8 13.5 15.2 16.9 18.6 - - - - - - - 

31–50 1.5 49.5 - - - - - - - 5.2 6.3 7.3 8.4 9.4 10.4 11.5 
1.6 56.3 6.4 7.6 8.9 10.2 11.4 12.7 14.0 5.5 6.5 7.6 8.7 9.8 10.9 12.0 
1.7 63.6 6.7 8.0 9.4 10.7 12.1 13.4 14.8 5.7 6.8 8.0 9.1 10.3 11.4 12.5 
1.8 71.3 7.1 8.5 9.9 11.3 12.7 14.2 15.6 6.0 7.2 8.3 9.5 10.7 11.9 13.1 
1.9 79.4 7.5 9.0 10.4 11.9 13.4 14.9 16.4 6.2 7.5 8.7 10.0 11.2 12.5 13.7 
2.0 88.0 7.9 9.5 11.0 12.6 14.2 15.8 17.3 - - - - - - - 

51–70 1.5 49.5 - - - - - - - 4.9 6.0 6.9 7.9 8.9 9.8 10.9 
1.6 56.3 5.8 7.0 8.2 9.3 10.4 11.5 12.7 5.2 6.2 7.3 8.3 9.3 10.4 11.4 
1.7 63.6 6.1 7.3 8.6 9.8 11.1 12.3 13.6 5.4 6.5 7.6 8.7 9.8 10.7 12.0 
1.8 71.3 6.5 7.8 9.1 10.4 11.7 13.1 14.4 5.7 6.9 8.0 9.1 10.3 11.4 12.6 
1.9 79.4 6.9 8.3 9.6 11.1 12.4 13.8 15.2 6.0 7.2 8.4 9.6 10.8 12.0 13.2 
2.0 88.0 7.3 8.8 10.2 11.7 13.2 14.7 16.1 - - - - - - - 

>70 1.5 49.5  - - - - - - 4.6 5.6 6.5 7.4 8.3 9.3 10.2 
 1.6 56.3 5.2 6.3 7.3 8.3 9.4 10.4 11.5 4.9 5.9 6.9 7.8 8.8 9.8 10.8 
 1.7 63.6 5.6 6.7 7.8 8.9 10.0 11.2 12.3 5.2 6.2 7.2 8.3 9.3 10.3 11.4 
 1.8 71.3 6.0 7.1 8.3 9.5 10.7 11.9 13.1 5.5 6.6 7.7 8.7 9.8 10.9 12.0 
 1.9 79.4 6.4 7.6 8.9 10.2 11.4 12.7 14.0 5.8 6.9 8.1 9.2 10.4 11.5 12.7 
 2.0 88.0 6.8 8.1 9.5 10.8 12.2 13.5 14.9 - - - - - - - 

Adapted from National Health and Medical Research Council (2006, p. 20). BMR: basal metabolic rate; PAL: 
physical activity level. ‘a A BMI of 22.0 is approximately the midpoint of the World Health Organization 
(WHO) (1998) healthy weight range (BMI 18.5–24.9); b PAL ranges from 1.2 (bed rest) to 2.2 (very active or 
heavy occupational work). PALs of 1.75 and above are consistent with good health. PALs below 1.4 are 
incompatible with moving around freely or earning a living. PALs above 2.5 are difficult to maintain for long 
periods. The unit of energy is kilojoule (kJ) or megajoule (1 MJ = 1,000 kJ) and 4.18 kJ = 1 kilocalorie’. 

 

Shortage of energy intake rather than protein intake is linked with sarcopenia 

(according to EWGSOP2) in older Japanese patients with type 2 diabetes (Okamura et al., 

2019). One way to provide nutritional meals for older Australians can be ‘meals on wheels’, 

which meet guidelines for energy and protein, with ‘standard meals’ containing 21–39% for 

energy and 42–63% for protein and ‘energy and protein fortified meals’ containing 29–55% 

and 46–69% respectively (Arjuna et al., 2018).  

Overall, adequate nutritional levels in conjunction with physical activity, especially 

resistance training, can counteract sarcopenia. With the growing population of older adults 

globally, including Australia and the US, improved knowledge regarding nutrition and diet 

should be a public health priority and gender difference should be taken into account for muscle health.   
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2.6  Hypotheses 
This literature review demonstrated that physical activity, particularly resistance 

training and nutrition, are primary interventions to prevent/counteract sarcopenia. There are 

few studies using the revised EWGSOP2 and sarcopenia components in association with self-

perceived function, physical activity, HRQoL and nutrition in older adults, to consider 

sarcopenia prevalence and risk. The Melbourne study, conducted in March–May 2019, 

presented an opportunity to explore sarcopenia risk factors in established gyms for seniors, 

both conventional and HUR gyms, which have proven effective in reducing falls rates in older 

Australians, but have not been investigated in relation to sarcopenia. The El Paso study, as part 

of the Golden Age program for community-dwelling older adults conducted in August and December 

2016, will add to the value of the existing research regarding strength training and power training.  

The research enquiry has promoted the development of hypotheses regarding 

prevalence of sarcopenia and associations of sarcopenia components with self-reported 

measures. The Melbourne study included self-reported function, physical activity, HRQoL and 

nutrition. Since the El Paso study was conducted before the introduction of EWGSOP2, a 

sarcopenia screening tool assessing strength, assistance in walking, rising from a chair, 

climbing stairs and falls (SARC-F; see Appendix A) was not commonly used in 2016. The 

Physical Activity Scale for the Elderly (PASE; see Appendix B) was only undertaken within 

Study 1. However, assessment of QoL (AQoL-4D; see Appendix C) was conducted identically 

in both studies. The AES (see Appendix D) was only part of the Melbourne study. 
 

Study 1: Melbourne 

H1: There is a significant difference between HUR and conventional gym training for 

sarcopenia prevalence and its components in older adults lightly and voluntary 

physically active. 

H2: Components of sarcopenia are associated with poorer self-reported function in older 

adults participating in exercise programs lightly and voluntary physically active. 

H3: Components of sarcopenia are associated with lower self-reported physical activity in 

older adults participating in exercise programs lightly and voluntary physically active. 

H4: Components of sarcopenia are associated with poorer HRQoL in older adults 

participating in exercise programs lightly and voluntary physically active. 

H5: Components of sarcopenia are associated with lower self-reported nutrition in older 

adults participating in exercise programs lightly and voluntary physically active. 



 27 
 

 

Study 2: El Paso 

H1: There is a significant difference between strength and power/agility training for 

sarcopenia prevalence and its components in older adults previously inactive and 

sedentary. 

H2: Components of sarcopenia are associated with poorer HRQoL in older adults 

participating in exercise programs previously inactive and sedentary. 
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Chapter 3: Theoretical Framework 

This project refers to the diagnosis of sarcopenia according to three definitions. The 

first European definition was presented by EWGSOP in 2010 (Cruz-Jentoft et al., 2010). In 

October 2018, EWGSOP proposed a revised operational criterion and algorithm (Cruz-Jentoft 

et al., 2018). These EWGSOP definitions are referred to here as EWGSOP1 and EWGSOP2. 

The third is an American definition from the FNIH sarcopenia project, which was launched in 

2010. While Australia is likely to adopt EWGSOP1 (Zanker et al., 2019), it is important to 

assess the components of sarcopenia and their correlation with the European and American 

definitions, particularly given the involvement of the UTEP collaborators, as the FNIH definition will 

be adopted in the US. It is also worth exploring the changes between EWGSOP1 and EWGSOP2. 

The sarcopenia cut-off points according to the different definitions are presented in 

Table 3.1. According to the FNIH definition, sarcopenia is measured by low strength (assessed 

by handgrip strength) and low lean mass (calculated as ALM/BMI) (Studenski et al., 2014) as 

shown in Figure 3.1. Both EWGSOP criteria are based on low muscle strength, low 

muscle/lean mass calculated as ALM/h2 and low physical performance. According to 

EWGSOP1, sarcopenia can be detected in two ways: by low physical performance (assessed 

by low gait speed) and loss of muscle/lean mass, and/or by normal gait speed but low grip 

strength (assessed by handgrip strength) (Cruz-Jentoft et al., 2010) as presented in Figure 3.2. 

The ‘presarcopenia stage’ is identified by low muscle/lean mass; the ‘sarcopenia’ stage is 

detected by low muscle/lean mass and low muscle strength or low physical performance; and 

the ‘severe sarcopenia’ stage is specified when all three criteria are met, which are low 

muscle/lean mass, low muscle strength and low physical performance (Cruz-Jentoft et al., 2010). 

 The changes in criteria from EWGSOP1 to EWGOP2 were implemented because 

sarcopenia, as a muscle disease, can occur earlier in life. Muscle strength took the lead, as it is 

easier to assess and a better predictor of the adverse effects of sarcopenia than muscle mass 

(Cruz-Jentoft et al., 2018). EWGSOP2 recommends using the four-step pathway represented 

as Find-Assess-Confirm-Severity (F-A-C-S) as shown in Figure 3.3. The first step is to use 

SARC-F (see Appendix A), which is a cost-effective and convenient tool for sarcopenia risk 

screening to predict low muscle strength (Cruz-Jentoft et al., 2018; Malmstrom, Miller, 

Simonsick, Ferrucci & Morley, 2016; Morley & Malmstrom, 2014). If the result is negative, 

there is no sarcopenia risk and the subject should be rescreened later. However, if it is positive 

or there is clinical suspicion, muscle strength is assessed by grip strength or a chair stand. 
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Sarcopenia is probable in the presence of low muscle strength. A sarcopenia diagnosis is 

confirmed if there is also low muscle/lean mass. When low muscle strength, low lean muscle 

and low physical performance (assessed by gait speed, SPSS, timed up and go [TUG] or 

400mW) are all detected, sarcopenia is regarded as severe (Cruz-Jentoft et al., 2018) (see 

Figure 3.2). For this thesis, regardless of the SARC-F results, the resultant physical function 

tests and DEXA were performed to directly compare sarcopenia prevalence with the different 

algorithms. The presence of various operational definitions with different cut-off points 

presents a barrier in the diagnosis of sarcopenia. The development of a universally accepted 

definition would lead to clearer diagnosis of sarcopenia. 

 

Figure 3.1. FNIH algorithm for sarcopenia case finding in older individuals.  

Adapted from Studenski (2014). Presentation adapted from Cruz-Jentoft et al. (2010, p. 420). 

 

Figure 3.2. EWGSOP1 algorithm for sarcopenia case finding in older individuals. 

Adapted from Cruz-Jentoft et al. (2010, p. 420). +This algorithm can also be applied to younger 

individuals at risk.  

* Muscle mass is calculated as ALM/BMI

Older adults
(> 65 years)

Measure grip strength

Normal

No sarcopenia

Low
< 26 kg (men)

< 16 kg (women)

Measure lean mass

Low
< 0.789 (men)

< 0.512 (women)
Normal

Sarcopenia

Figure 3. FNIH for sarcopenia case finding in older individuals. Adapted from Cruz-Jentoft et al., 2010 and Studenski et al., 2014

Comorbidity and individual circumstances that may explain each finding must be considered

+ This algorithm can also be applied to younger individuals at risk

++ Muscle mass is calculated as ALM/height2

Older subject

( > 65 years)+

Measure gait speed

>  0.8 m/s

Measure grip strength

Normal

No sarcopenia

Low

< 30 kg (men)

< 20 kg (women)

≤ 0.8 m/s

Measure muscle mass

Low

< 7.25 kg/m2 (men)

< 5.67 kg/m2 (women)

Sarcopenia

Normal

No sarcopenia

Figure 1. EWGSOP suggested algorithm for sarcopenia case finding in older individuals. Adapted from Cruz-Jentoft et al., 2010. 
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Figure 3.3. EWGSOP2 algorithm for sarcopenia case finding. 

Reprinted from Cruz-Jentoft et al. (2018, p. 9).  

Table 3.1: 

Sarcopenia Cut-Off Points According to Different Definitions 
Sarcopenia 

component 
Measure 

FNIH EWGSOP1 EWGSOP2 

Men Women Men Women Men Women 

Low lean mass DEXA 
ALM/BMI 

< 0.789 

ALM/BMI 

< 0.512 

ALM/h2 

< 7.25 

kg/m2 

ALM/h2 

< 5.67 

kg/m2 

ALM/h2 

< 7.0 kg/m2 

ALM/h2 

< 6.0 kg/m2 

Low strength 

Chair stand 

(5 rises) 
- - - - 15 s 15 s 

Grip strength < 26 kg < 16 kg < 30 kg < 20 kg < 27 kg < 16 kg 

Low 

performance 

Gait speed - - < 0.8 m/s ≤ 	0.8 m/s 

SPPB - - ≤ 	8-point score ≤ 	8-point score 

TUG - - - - ≥ 	20 s 

400mW - - - - 
Non-completion or ≥ 	6 

min for completion 

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European 

Working Group on Sarcopenia in Older People; ALM: appendicular lean mass; BMI: body mass index; 

SPPB: short physical performance battery; TUG: timed up and go test; 400mW: 400-metre walk. 
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Chapter 4: Methods 

4.1   Research design 
The Melbourne study was the first phase (baseline) of a longitudinal design that used 

convenience sampling to observe participants who were undergoing exercise training under the 

supervision of exercise physiologists/physiotherapists. The initial study was designed to be one 

year in duration, with six-monthly and one-yearly follow-up data collections and analysis and 

continued data collection on a yearly basis. The purpose of this study was to explore sarcopenia 

and its components with self-reported HRQoL, function, physical activity and nutrition. Due 

to the time frame of a master’s degree, only the baseline data has been collected and analysed 

and, as a result, is cross-sectional in nature. Post-data at six and 12 months will be collected 

and analysed beyond this time frame. 

The Physical Fitness in the Golden Age program for community-dwelling older adults 

has been running for almost 10 years in El Paso, Texas, US. This study analysed historical data 

collected in 2016 before intervention (T1) and following a 16-week blocked randomised quasi-

experimental design (T2) that was employed on two different interventions: ST and PT. The 

principal supervisor was involved in the design and data collection phase for this cohort of 

participants. The purpose of the analysis conducted in this thesis was to assess sarcopenia and its 

associations with self-reported function, physical activity, HRQoL and nutrition. 

4.2   Participants 
4.2.1   Sample size and recruitment of participants 

The Melbourne study participants were older adults lightly and voluntary physically 

active in community settings. The study was conducted in Uniting AgeWell gyms. In April 

2018, it was estimated that there were about 300 users of the Forest Hill HUR gym that has 

been operating for the past two years: 100 at the Oakleigh gym, which opened in August 2017, 

and 20 at the Noble Park gym, which started in November 2017 and has the newest HUR 

equipment. The conventional gym in Hawthorn had about three hundred clients. Only the gyms 

at Forest Hill and Noble Park were attached to aged-care facilities. Thus, the recruitment for 

this study came from a pool of approximately 720 existing gym members plus those willing to 

join the gyms during the study. Using lean mass as the primary end-point and data collected 

from the previous study conducted at UTEP in a similar age group, the highest variation in lean 

mass was mean +/– 20%, which, if looking for a 10% improvement, would require n = 67 with 

alpha 0.05 and beta 0.2 (i.e., 80% power) (Power and sample size, 2018). Most groups in the 
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UTEP study were closer to a mean of +/– 10%, in which case even a 5% improvement would 

require no more than the same participant number listed above. Using GPower v. 3.1 (Power 

and sample size, 2018), 34 gym clients were required to achieve an effect size of 0.5 (i.e., a 

moderate-to-large effect). It was planned to recruit as many Uniting AgeWell gym users as 

were willing to participate; however, given the above, and allowing for attrition of up to 20% 

over six months, a minimum of 80 participants would need to be recruited. As mass was the 

slowest measure to change, this number ensured the ability to identify training-based 

adaptations in physical function. Given that there were more than 300 current clients across the 

various locations, a sufficient number of participants could be obtained to establish a moderate 

effect of training on body composition. To achieve an overall target of 80 participants, roughly 

20 participants per gym were required. 

The recruitment strategies included displaying posters (see Appendix E) in the 

respective gyms. Between February and March 2019, 114 subjects were recruited from the four 

participating gyms. The Forest Hill and Hawthorn gyms exceeded their targets (see Figure 4.1), 

reporting an overall success of 143%. All participants that were available for testing were 

included to maintain the power for the study, thus no specific adherence criteria were required. 

 

 
Figure 4.1. Estimated v. actual recruitment, Melbourne. 

The baseline data were collected in March–May 2019. During the study, nine participants 

discontinued from the HUR group but none from the conventional gym, leaving 105 to analyse. 

The study profile is presented in Figure 4.2. 
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Figure 4.2. Study profile, Melbourne. 

Discontinuation reasons included work commitments and personal and medical reasons 

(see Table 4.1). 

Table 4.1: 

Discontinuation Reasons, Melbourne 

Gym Men Women Reason 

Forest Hill - 1 
New to gym; cannot commit to research 

(work/distance to gym) 

Noble Park 

1 - 
Limited carer’s availability to bring client for 

assessments 

2 - Medical/physical condition 

 1 Personal reasons 

- 2 
New recruits to the gym (mother and her daughter 

carer); daughter’s full-time work commitment 

Oakleigh 
- 1 Work commitment 

- 1 Had a fall (outside of gym/research) 

Total 3 6  

 

The El Paso cohort included physically inactive and sedentary community-dwelling 

older adults in laboratory settings. The El Paso study was part of the Physical Fitness in the 

Golden Age program, which is an ongoing study among community-dwelling older adults in 

the El Paso region. It was anticipated to obtain a sample of 100 adults aged 60 or older, both 

Recruitment 

Allocation 
(n = 114)

HUR gyms (3)
Supervised exercise intervention by 

Exercise Physiologists/Physiotherapists
(n = 85) 

Conventional gym (1)
Supervised exercise intervention by 

Exercise Physiologists/Physiotherapists
(n = 29)

Discontinued
(Reasons: medical, physical, work commitments) 

(n = 9)

Baseline measurements

Study profile, Melbourne, last updated version

Baseline analysis 
(n = 105)

Analysed 
(n = 76)

Analysed 
(n = 29)
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male and female, without any particular gender ratio. The 100 subjects were to constitute two 

even-sized groups of 50 subjects, with one group undertaking ST and the other undertaking 

PT. This number included over-recruitment by approximately 40% to account for subject 

attrition. Previous studies from the UTEP laboratory saw 33% attrition over a 52-week 

intervention period; thus, an expected maximum 25% attrition rate was reasonable for the 

proposed 16-week intervention. The adequacy of the sample size for the planned analyses was 

assessed with a power analysis, counting for both potentially equal and unequal intervention 

and comparison group sample sizes. The power analysis was based on the assumption that there 

would be a moderately large effect size (i.e., 0.7) between groups. This assumption was based 

on previous studies in the UTEP laboratory, in which effect sizes between experimental and 

non-exercising control subjects were large (effect size = 0.9) for most fitness measures. If 

counting with equal sample sizes, for a one-tailed two-sample t-test with a moderately large 

effect size of 0.70 and 80% power with alpha 0.05, a total sample size of 52 subjects was 

calculated. If calculating with unequal sample sizes in the two groups, for a one-tailed two-

sample t-test with a moderately large effect size of 0.70 and 80% power with alpha 0.05, a total 

sample size of 60 subjects was required. The recruitment of 100 subjects (50 per group) was to 

ensure a high statistical power (> 80%) even after an unlikely 50% attrition in each group. 

The recruitment strategies from the El Paso region included: (1) visiting target 

communities and senior centres; (2) contacting up to 300 older adults from a database who had 

previously enquired about involvement in physical activity programs; (3) using partnerships 

with physicians and doctors’ practices and the local Area Agency on Ageing to distribute flyers 

and display posters; and (4) promoting through the local media. There were 135 participants 

recruited in the El Paso region, reporting an overall success rate of 135% (see Figure 4.3). 

 
Figure 4.3. Estimated v. actual recruitment, El Paso. 
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The El Paso study profile is presented in Figure 4.4. The discontinuation rate of 31% 

due to dropouts and injuries was not explored. 

Figure 4.4. Study profile, El Paso. 

4.2.2   Inclusion criteria 

The Melbourne study inclusion criteria were that the subjects had to be Uniting 

AgeWell clients who were already gym members or had just joined the gym and were living 

at home or in Uniting AgeWell residential care. All gym clients who were accepted to take part 

in the exercise training (per Uniting AgeWell guidelines and screening) were eligible to 

participate, independent of type of training, frequency or duration. The majority of Uniting 

AgeWell clients were aged 65 years and over, especially if they were entitled to funded 

services. Anyone under that age would have to pay full fee. Thus, there would not be many 

clients aged 55–65 years enrolled in Uniting AgeWell gyms in Melbourne. Young people 

would usually use mainstream services, not services designed for seniors. Ethical approval for 

this project was obtained from the Victoria University Human Research Ethics Committee 

(Project Number: 25901) on 19 December 2018. Written consent was obtained from the 

Uniting AgeWell management via a ‘Permission Letter’ on 26 September 2018. Two program 

managers acted as gatekeepers who permitted access to the research site and subjects (Creswell, 

2014). All participants signed a ‘Research Participant Consent Form’ (see Appendix F) and 

were informed about the purpose of this study via the ‘Information to Participants Involved in 

Research’ document (see Appendix G). It was also explained to participants that they could 

withdraw from the study at any time. The confidentiality and privacy of the participants were 

Recruitment 

Assessments for eligibility

Inclusion and blocked randomisation of 
untrained older adults 

(n = 135)

Allocation

STRENGTH training group
16-week supervised exercise 

intervention by research assistants

POWER training group
16-week supervised exercise 

intervention by research assistants
16-week intervention measurements (T2)

Discontinued (n = 42)
Reasons: drop-outs, injuries

Analysed (n = 56) Analysed (n = 29)
Excluded from analysis due to missing data (n = 8) 

Analysed (n = 85)

Baseline measurements (T1) 

Study profile, T1-T2, El Paso
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protected by assigning study IDs and securely storing the data. To find out more about the 

project and participation requirements, clients could ask the therapists or administrative staff 

located at the gym or contact myself or the chief investigator listed on the posters. I also visited 

the participating gyms to assist with enquiries at set times over the period of a month. Clients 

could place their completed consent forms in locked boxes located at the gym reception desk 

at each site or mail it to the chief investigator in the prepaid envelopes provided. All participants 

except three were already undergoing standard exercise programs at the four Uniting AgeWell 

sites in Forest Hill, Noble Park, Oakleigh and Hawthorn. Two new recruits joined the HUR 

gyms and one joined the conventional gym at the beginning of this study. However, two of 

them discontinued and were excluded from the analysis. Thus, only one participant was new to 

the gyms. There were only two participants living in the residential care of the Uniting AgeWell. 

In the El Paso study, one of the inclusion criteria was that the participants were 

undertaking no reported regular participation in physical activity, that is, less than 20 minutes 

of vigorous physical activity three days a week (less than 60 minutes of total exercise a week). 

Trained research assistants contacted applicants by phone and requested a personal meeting. 

During this meeting, details on the intervention were shared and a written informed consent 

was collected. The 135 participants who reported undertaking less than 60 minutes of vigorous 

exercise a week, the information on which was obtained via an exercise history survey and had 

gained a medical release/written approval from their healthcare provider indicating a level of 

physical health, were accepted to participate in the exercise program. The participants were 

randomly assigned into one of two groups: ST or PT. Considering the older adult population 

statistics in El Paso, the majority of the subjects was predicted to be older adults of Hispanic 

ethnicity; however, any ethnic background was accepted. Individuals with existing chronic 

conditions or physical limitations, such as diabetes, asthma or osteoarthritis, were included in 

the study with the approval of their healthcare provider. All testing was conducted at the Fitness 

Research Facility operated by the Department of Kinesiology at UTEP and in a similarly 

equipped recreation centre managed by the El Paso Parks and Recreation Department, Texas. 

4.2.3   Sites and training protocol 

Within the Melbourne study, the participating facilities were the Uniting AgeWell 

centres at Forest Hill, Oakleigh, Noble Park and Hawthorn. The first three operated HUR gyms 

and the fourth a conventional gym, providing exercise physiology programs. Based on ongoing 

research, HUR equipment, which was developed in Finland in 1989, uses innovative pneumatic 

technology and computerised smart card and smart touch systems that record clients’ visits and 

work-outs (Helsinki University Research Australia, 2018a, 2018b). The conventional gym 
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offered exercise training programs using equipment such as treadmills, exercise bikes, 

dumbbells, TheraBands and foam mats, with strength and functional assessments as part of 

‘standard care’ exercise training programs. Participants followed their own personal exercise 

programs as developed by the exercise physiologists or physiotherapists. The training duration 

was usually one hour, and the frequency varied depending on individual programs (generally 

once or twice per week). Programs ranged 2–3 sets with 8–20 repetitions. The Forest Hill and 

Oakleigh gyms included HUR Active Line equipment, such as pulleys, leg presses, hip 

abduction/adduction machines, leg flexion/extension machines, chest presses, rhomboid 

machines, trunk flexion/extension machines and iBalance and NuStep machines. Noble Park, 

which is the most recently opened facility, had the Premium Line equipment, including an 

ab/back roller and optimal rhomb (see Figure 4.5). 

 
Figure 4.5. HUR gym in Noble Park. 

The gym in Hawthorn used standard equipment, including dumbbells, barbells, 

kettlebells, TheraBands, steps, medicine balls, treadmills, exercise bikes, an elliptical cross 

trainer and a cable weight machine (see Figure 4.6). 
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Figure 4.6. Conventional gym in Hawthorn. 

 

Apart from gym sessions, participants could take part in regular exercise groups. Tai 

chi and Pilates were offered at all sites except Noble Park. Forest Hill ran physio-based 

exercises. Oakleigh ran small exercise groups (using dumbbells, TheraBands and wearable 

weights) and an osteoporosis group. Noble Park ran a balance group (using rails, rocker boards 

and obstacles), strength groups (using hand weights, pulleys and rails) and individual exercises 

(using treadmills and recumbent bikes). Hawthorn ran sessions for strength conditioning 

(including medicine balls, the farmer’s carry, ladder drills and jumps) and osteoporosis groups. 

These extra activities were not measured in this study but could potentially affect participants’ 

physical performances. 

Within the El Paso study, during the 16-week intervention, both ST and PT participants 

engaged in two 90-minute supervised exercise sessions weekly incorporating aerobic training, 

balance drills, and flexibility training following American College of Sports Medicine (ACSM) 

guidelines for older adult training. In addition to these training components, the ST group also 

performed strength training following ACSM recommendations, while the PT group performed 

power, agility, and mobility exercises instead. ST involved standard machine and free-weight 

training movements, such as squats, lunges, step ups, bench press, shoulder press, and 

dumbbell rows. PT exercises included medicine ball throws, bodyweight plyometrics, battle 

rope and hammer slams, as well as fast speed movements, including speed take-offs, agility 

ladder and the prowler sled push (see Table 4.2). These power exercises seemed to be fairly 

intense for subjects of that age group. Figure 4.7 illustrates ST and PT exercises performed 

during the intervention. 
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Figure 4.7. Illustration of strength training (left) and power/agility training (right) exercises 

during the intervention. 
 

Both groups engaged in two 90-minute exercise sessions weekly for 16 weeks. The 

total training volume was equalised between the groups and research assistants supervised in 

1:1 or 1:2 ratios to ensure proper training technique and to accommodate subjects’ physical 

limitations. All subjects were tested before and after the 16-week program on strength, power, 

balance, speed and agility and underwent DEXA for body composition. 

Table 4.2: 

Strength and Power Training Groups, El Paso 

ST group PT group 
Focus: Exercise program following the 

ACSM recommendations 
Focus: Exercise program with additional 

power and agility training 
Warm-up 5 min Warm-up 5 min 

Two strength exercises 5 min Two power exercises 5 min 

Cardiovascular activity 5 min Cardiovascular activity 5 min 

Two strength exercises 5 min Two strength exercises 5 min 

Cardiovascular activity 5 min Two agility exercises 5 min 

Two strength exercises 5 min Two strength exercises 5 min 

Two balance exercises 10 min Two balance exercises 10 min 

Two strength exercises 5 min Two strength exercises 5 min 

One balance exercise 5 min One balance exercise 5 min 

Cardiovascular activity 10 min Three agility exercises 10 min 

Two strength exercises 5 min Two strength exercises 5 min 

Cardiovascular activity 15 min Cardiovascular activity 15 min 

Flexibility training 10 min Flexibility training 10 min 

Total 90 min  90 min 
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4.3  Measures 
The Melbourne participants’ demographic, exercise and gym data were obtained from 

the Uniting AgeWell system. For this study component, participants were assessed using 

standardised tests related to: (1) sarcopenia risk, (2) physical performance, (3) HRQoL and (4) 

nutrition. To that aim, they completed physical performance and body composition 

assessments as well as four surveys at baseline. 

4.3.1   Diagnosis of sarcopenia 

Both studies applied the FNIH, EWGSOP1 and EWGSOP2 criteria. Sarcopenia cut-off 

points according to different definitions have been presented in Table 3.1. Lean mass, muscle 

strength and physical performance were measured in all subjects. Assessments, including 

handgrip strength, gait speed, SPPB, TUG and 400mW, were chosen because they assess 

known risk factors of sarcopenia and have been shown to be well correlated with overall 

function, ADL and longevity; they are also simple and used in most current definitions of 

sarcopenia (Brennan-Olsen et al., 2019; Cruz-Jentoft et al., 2010, 2018; Studenski et al., 2014). 

Table 4.3 presents the assessments used in the Melbourne study. 
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Table 4.3: 

Physical Performance and Body Composition Assessments, Melbourne 
Component Test Equipment Trials Completion 

time 

Upper-body 

strength 

Handgrip strength  Handgrip 

dynamometer 

One practice then two 

trials for both dominant 

and non-dominant hands; 

highest strength of three 

was used for scoring 

5 min 

 

Lower-body 

strength 

Chair stand  

(sit-to-stand) 

Chair, stopwatch Five chair rises 5 min 

Balance Standing balance   Side-to-side, semi-

tandem, tandem 

5 min 

 

Mobility Four-metre gait 

speed  

Stopwatch, 

measuring tape 

Walking four metres; 

one practice then two 

trials at normal speed; 

the fastest time of three 

was used for scoring 

5 min 

 

Agility TUG Chair, cone Stand from a chair, 

walk three metres at 

normal speed, turn 

around, walk back to 

the chair and sit down; 

one practice then two 

trials; fastest time of 

three was used for 

scoring 

5 min 

 

Cardiovascular 

fitness 

400mW Stopwatch, measuring 

tape, 20 m walking 

space  

Walk a course of 10 

metres 40 times as fast 

as possible, allowing 

for two rest stops; one 

trial 

10 min 

Body composition BIA  BIA scale  7 min (incl. 

preparation) 

Body composition DEXA scan DEXA machine 

(mobile DEXA bus) 

 8 min (incl. 

preparation) 

Total  50 min 
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Key dates for assessments were displayed via posters (see Appendix H) and physical 

fitness tests were arranged with participants individually. For consistency across gyms and 

participants, all assessments were performed according to a research manual created 

specifically for this study, which could be easily adopted and used for ongoing data collection. An 

example of a TUG assessment/scoring sheet from the research manual is presented in Appendix I. 

The El Paso subjects’ physical fitness was assessed using a functional testing battery 

developed specifically for older adults (Reed-Jones, Dorgo, Hitchings & Bader, 2012) and the 

SPPB, which includes a chair rise, stair climb and balance, grip strength and walking speed 

measures. Muscular power and agility were assessed by laboratory tests (force plate data) (Rikli 

& Jones, 1999). Fitness tests included static and dynamic strength, power, balance, speed, 

agility and aerobic fitness measures (see Table 4.4). The applied tests have been validated 

(Rikli & Jones, 1999) and frequently used as functional fitness assessments for older adults. If 

more than one attempt was administered, the best attempt was analysed. 

Table 4.4: 

Assessments, El Paso 

Component Test Equipment 

Upper-body strength Handgrip strength Handgrip dynamometer 

Upper-body muscular endurance 30 second arm curl Dumbbell, chair, stopwatch 

Lower-body strength Isometric back-leg strength Back-leg dynamometer 

Lower-body muscular 

endurance 

30-second chair stand Chair, stopwatch 

Upper-body power Medicine ball chest pass throw Medicine ball, measuring tape 

Lower-body power Vertical jump rate of force Portable force platform 

Agility TUG (2.4 metre course) Chair, cone 

Mobility 

 

Ramp walk 40-foot incline ramp 

Obstacle course Cones, hurdles, steps, 

stopwatch 

Speed walk (flat ground and uphill 

maximum walking speed) 

Stopwatch, measuring tape 

Balance Standing balance - 

Cardiovascular fitness Six-minute walk (normal speed) Stopwatch, measuring tape 

Reaction time Ruler drop Ruler 
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4.3.1.1  Appendicular lean mass 

A whole-body scan was performed using DEXA. The Melbourne study used Hologic 

Horizon A (MeasureUp, Melbourne, see Figure 4.8) and El Paso Lunar DPX-NT (GE Lunar 

Corp., Madison, WI, US). Within the Melbourne study, a mobile ‘DEXA bus’ was organised 

to visit the three gyms with the most participants, which were Forest Hill, Noble Park and 

Hawthorn. Participants from Oakleigh drove to their preferred DEXA location or taxi transport 

was organised for them. 

 
Figure 4.8. Mobile DEXA bus (left: outside view; right: inside view). 

Reprinted from MeasureUp (2016a). 

DEXA is a non-invasive (fully clothed) and quick (four-minute) medical scan that 

obtains measures of muscle, bone and fat mass. The scan involves exposure to a very small 

amount of radiation as documented (see Appendix J). As part of everyday living, everyone is 

exposed to naturally occurring background radiation and receives a dose of about two 

millisieverts (mSv) each year. The effective dose from this study is about 0.01 mSv. At this 

dose level, no harmful effects of radiation have been demonstrated, as any effect is too small 

to measure, so the risk was believed to be minimal.  

As part of the DEXA booking process, apart from individual arrangements with 

participants, I completed participants’ registrations via the MeasureUp online system. Upon 

booking, participants received an automated email including booking details and information 

e.g., what to know before the scan, can I exercise or eat/drink before the test, or how much 

radiation does the scan expose me to). For maximum accuracy, participants were advised to 

wear clothing without metal (i.e., no under wire bras, zippers). If they had metal implants or 

other metal devices, they were allowed to have the scan, however the scanner might have 

slightly higher bone density readings as interpreting the metal as bone. Exercising, eating and 

drinking were allowed as per normal, but to track progress through follow-up scans, for 

reliability scan conditions would need to be roughly the same; about the same time of day, 



 44 
 

 

similar food and fluid intake and training intensity, duration and timing (MeasureUp, 2016b). 

The booking confirmation also stated that DEXA radiation dose was equivalent to the radiation 

from a domestic flight from Sydney to Brisbane, which is very little, referring to the 

MeasureUp website for more details (MeasureUp, 2016c). Participants who did not have an 

email address were advised about the scan conditions on the day of testing, and thus had to 

remove metal things or clothing just before the scan. Since catering was provided during 

DEXA testing, participants were allowed to have a drink and fruit, but advised to come back 

for a larger meal afterwards.  

ALM was defined as the sum of lean soft-tissue mass from both the arms and legs 

(Baumgartner et al., 1998). Relative ALM was obtained by normalising ALM to BMI 

according to FNIH and by normalising ALM to height2 according to EWGSOP1 and 

EWGSOP2, as muscle mass is strongly correlated with height (Baumgartner et al., 1998; 

Heymsfield et al., 1990). Absolute and normalised parameters were reported in both studies, 

as age-related changes in lean mass and body size may affect loss of muscle mass with age 

(Suetta et al., 2019).  

In addition, the participants’ body composition was assessed using a BIA scale (Tanita 

dual frequency body composition analyser, model: TIDC360S, Wedderburn, Melbourne). The 

BIA scale is presented in Figure4.9 and its specifications in Appendix K. 

 
Figure 4.9. BIA scale, Melbourne. 

 According to the research manual, BIA scale was not allowed for pregnant women and 

people with pacemakers since the electrical signal may interfere with its operation (Tanita, 

2018). For participants’ health sake, individuals with heart valves were also not allowed to use 

the scale. People with non-electronic implants (e.g., hip replacement) could use the scale, 

however any metallic implants in the body could affect the body fat readings. However, they 

would be able to track changes over time (Tanita Australia, 2019). Subjects were asked to step 
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on the scale in bare feet with arms away from the body for about a minute. Once the reading 

was complete, a slip with results was printed out automatically. Then the subject was allowed 

to step off the scale.  

Using a BIA scale is standard gym practice; however, depending on the quality of the 

BIA device, there can be limitations in lean and fat mass measurements. As BIA scales do not 

involve radiation and are the most cost-effective, they will continue to be used in the gyms in 

future. DEXA results were correlated with BIA measurements to provide confidence in the 

accuracy of the BIA device. To maximise the numbers for analysis, and due to the very high 

correlations between DEXA and BIA variables, eight missing DEXA variables were 

substituted with the value calculated by the linear equation from the straight-line fit of the data. 

Other than bone mass, the R-values were over 0.9. Given the R-value for ALM was 0.938 (i.e., 

the R2 was 0.8799), thus 88% of the variance of total lean mass can be attributed to the 

predicted muscle mass; PMM obtained from BIA), this was a reasonable and fairly accurate 

replacement. Figure 4.10 shows the correlations between the DEXA and BIA variables. 
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Figure 4.10. Correlations between DEXA and BIA variables. 

BMC = bone mineral content; FFM = fat free mass (PMM+BONEM); FATM = fat mass; 

PMM = predicted muscle mass; FATP = fat percentage; ALM/h2 = appendicular lean mass 

normalised for height2; BONEM = bone mass. Vertical axe represents DEXA and horizonal 

BIA variables. 
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4.3.1.2   Muscle strength 

Handgrip strength was measured as recommended by all three definitions. In 

accordance with the revised EWGSOP2, the chair-stand test was also performed as part of the 

SPPB. 

Handgrip strength (kg): Handgrip strength was assessed as the static grip strength 

measured with a handgrip dynamometer. The Melbourne study used Jamar Plus+ (SI 

Instruments, Adelaide), which is illustrated in Figure 4.11. Its specifications are presented in 

Appendix L. The El Paso study used Hydraulic Hand Dynamometer ER HIRes (Product: 12-

0246; SN:64202460, see Appendix L). The handgrip dynamometer was used in a seated 

position, with the forearm resting on the arm rest and the elbow at 90 degrees. The handgrip of 

the dominant hand was recorded. Participants performed one practice and two trials for each 

hand (dominant and non-dominant) by squeezing as hard as possible. The best of six trials was 

analysed (Roberts et al., 2011). 

 
Figure 4.11. Handgrip dynamometer, Melbourne. 

Chair stand (s): This test assessed leg strength and included one practice and one trial. 

Participants were asked to stand up from a chair and sit down as quickly as possible five times 

without stopping, with their arms folded across their chest or abdomen (see Figure 4.12). The 

practice was a single chair stand without a stopwatch. If the subject was not able to perform the 

single chair stand without using the arms, then repeated chair stands were not performed. Time was 

measured via a sports stopwatch (cat. no. XC027, Jaycar, Melbourne, Australia; see Appendix M). 
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Figure 4.12. Chair-stand test, Melbourne. 

4.3.1.3   Physical performance 

The Melbourne sample’s physical performance was assessed by gait speed, SPPB, TUG 

and 400mW tests. To match the tests related to the sarcopenia components with the Melbourne 

study, only handgrip strength, gait speed and TUG were used for analysis in the El Paso study. 

4.3.1.3.1   Gait speed (m/s) 

The purpose of this test was to assess mobility. Within the Melbourne study, gait speed 

was assessed from a four-metre walk that was the middle four metres of a six-metre course 

performed at the participants’ normal speed as part of the SPPB. The participants performed 

the test three times: one practice followed by two trials (see Figure 4.13). El Paso’s gait speed 

was assessed from a six-minute walk that was performed at the participants’ normal speed on 

a treadmill using a stopwatch (Accusplit Model Name: Pro Survivor 601X 3V.1). 

 
                                                               

 
 

 

 

 

 

Figure 4.13. Four-metre gait speed test, Melbourne. 

4.3.1.3.2   Short physical performance battery 

The SPPB involved three standing balance stances with different foot positions: side-

by-side, semi-tandem and tandem; measurement of normal gait speed as detailed above; and 

the chair-stand test (see Figure 4.14). The tests were conducted one after the other (unless the 

participant requested a short rest) and each component was scored a maximum of four points, 

so the highest total score was 12. A SPPB score 0–6 implies low performance, 7–9 intermediate 
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performance and 10–12 high performance (Cruz-Jentoft et al., 2010). SPPB scores ≤ 6 are 

associated with a higher rate of falls (Veronese et al., 2014) and ≤ 10 with decreased mobility 

(Vasunilashorn et al., 2009). Patients with a poor SPSS score (0–4) at hospital discharge have 

a higher risk of re-hospitalisation (Volpato et al., 2010). An SPPB score below 10 is predictive 

of all-cause mortality (Cesari et al., 2008; Pavasini et al., 2016). 

 
Figure 4.14. Short physical performance battery tests, Melbourne. 

Reprinted from Riskowski, Hagedorn, Dufour & Hannan (2012). 

4.3.1.3.3   Timed up and go (s) 

This test assessed mobility, balance and agility. The Melbourne study’s TUG measured 

the time it took a subject to stand up from a chair, walk across the three-metre course at their 

normal speed, turn around the cone, return to the chair and sit down, with one practice trial 

followed by two recorded trials (Bloch, Jønsson & Kristensen, 2017) (see Figure 4.15). The 

best of three trials was considered for analysis. The El Paso study’s TUG was performed on an 

eight-foot (approx. 2.4-metre) course. 
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Figure 4.15. Timed up and go test, Melbourne. 

4.3.1.3.4   400-metre walk 

The purpose of this test was to assess mobility and cardiovascular fitness. The course 

is normally to walk 20 metres 20 times as fast as possible. However, due to limited space in 

the gyms, participants walked 10 metres 40 times, doing a total of 20 rounds back and forth 

(see Figure 4.16). The test was only performed once and was the final test performed on any given day. 

 
 
 
 

 

 

 

Figure 4.16. 400-metre walk test, Melbourne. 
 

4.3.2   Anthropometrics 

Within the Melbourne study, height (Charder HM200P, Charder Electronic Coltd, 

Tachung City, Taiwan) was measured with footwear, headwear and heavy items of clothing 

removed. Weight was measured as the sum of total fat mass, total lean and bone mineral content 

(BMC) derived from DEXA. For the El Paso study, the SECA 213 stadiometer (SECA, 2017a) 

and SECA 803 electronic scales were used (SECA, 2017b). BMI was calculated as weight 

(kg) / height2 (m). 

4.3.3   Self-reported measures 

Within the Melbourne study, in addition to physical and body composition assessments, 

participants were asked to complete four surveys: SARC-F (see Appendix A), PASE (see 

Appendix B), AQoL-4D (see Appendix C) and AES (see Appendix D). Table 4.5 summarises 
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all four surveys. Permission to use these validated surveys was obtained. To match surveys 

with the Melbourne study, the El Paso study used the identical AQoL-4D in 2016. 

Table 4.5: 

Surveys, Melbourne 
No. Survey Instrument Items Purpose Country of 

origin 

Completion 

time 

1. Sarcopenia screening 
tool assessing 
strength, assistance in 
walking, rising from 
a chair, climbing 
stairs and falls   

SARC-F 
 

5 To predict sarcopenia risk 
for poor functional 
outcomes 

US 3 min 

2. Physical Activity 
Scale for the Elderly 

PASE 10 To assess physical activity 
status 

US 15 min 

3. Assessment of 
Quality of Life 

AQoL-4D 12 To obtain data on HRQoL: 
independent living, mental 
health, relationships and 
senses 

Australia, 
Monash 
University 

7 min 

4. Australian Eating 
Survey 

AES for 
adults 

15 To assess nutritional 
adequacy of dietary intake 
tailored to age, gender and 
life stage  

Australia, 
University 
of 
Newcastle  

25 min 

Total      50 min 

4.3.3.1  Self-reported function (via SARC-F) 

To measure self-reported function in the Melbourne sample, participants were asked to 

complete a SARC-F survey including five components: strength, assistance in waking, rise 

from a chair, stair climb and falls (Malmstrom et al., 2016; Malmstrom & Morley, 2013; 

Morley & Malmstrom, 2014). SARC-F was associated with QoL, hospitalisation, use of 

emergency care and four-year mortality in community-dwelling older Taiwanese populations 

(Wu et al., 2016). When compared to the FNIH definition, the validity of SARC-F was limited 

(Rolland et al., 2017). SARC-F could predict adverse outcomes in the future with comparable 

power to EWGSOP1, International Working Group on Sarcopenia and Asian Working Group 

for Sarcopenia (Woo, Leung & Morley, 2014). SARC-F may detect severe sarcopenia cases 

and has been proposed by EWGSOP2 to identify sarcopenia risk before performing actual 

measurements on clinical suspicion (Cruz-Jentoft et al., 2018). SARC-F scale scores range from 

0 to 10 (0–2 for each component, with 0 being the best and 10 being the worst) and subjects who 

scored four or higher were assessed as being at risk of sarcopenia (Malmstrom & Morley, 2013). 
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4.3.3.2   Self-reported physical activity (via PASE) 

Within the Melbourne study, physical activity status over the past week was assessed 

via the PASE, including activities such as walking and light, moderate or strenuous sport 

(Washburn, et al., 1993). Total PASE scores were calculated by multiplying the amount of time 

spent on each activity by respective weights and adding up all activities (Washburn et al., 

1993). The PASE score does not have any cut-off or refer to a specific state (e.g., active vs 

non-active), but the means vary by age, gender (Loland, 2002; Washburn, Smith, Jette, & 

Janney, 1993), health status (Martin et al., 1999; Svege, Kolle, & Risberg, 2012) and in 

sarcopenic vs non-sarcopenic populations (Curcio et al., 2017; Verlaan et al., 2017). The PASE 

score is curvilinearly related to muscle mass and strength and may identify older populations 

at higher risk of sarcopenia (Curcio at al., 2017). 

4.3.3.3   Self-reported health-related quality of life (via AQoL-4D) 

The decline of QoL has been widely proven in older adults, although much of the past 

research has been done using generic QoL instruments to assess HRQoL, especially the 36-

item Short Form Survey (SF-36) (Da Silva et al., 2019; Go et al., 2013; Krist et al., 2013). 

Sarcopenia is associated with poorer HRQoL for the domain of physical function using the SF-

36 and EuroQo1-5 dimension (EQ-5D) instruments (Go et al., 2013). The recent Sarcopenia 

and QoL (SarQoL®) seems to be the first questionnaire on HRQoL that was specifically 

designed and validated for sarcopenia, showing good correlations with some domains of the 

SF-36 and EQ-5D (Beaudart et al., 2017; Beaudart et al., 2018). Associations between the 

components of sarcopenia and HRQoL using the AQoL-4D are unknown. To obtain 

psychometric data on HRQoL, participants in the Melbourne and El Paso studies were asked 

to complete a 12-item AQoL-4D assessing four dimensions: independent living (self-care, 

household tasks and mobility), mental health (sleeping, worrying and pain), relationships 

(friendships, isolation and family role) and senses (seeing, hearing and communication) over 

the past week. A utility score was used in this study (Assessment of Quality of Life, 2014). 

The AQoL-4D utility score with negative utilities represents health states worse than death; 

zero represents death, while one indicates full health (Hawthorne, Korn & Richardson, 2013). 

4.3.3.4   Self-reported nutrition (via AES) 

Nutrition is an important part of muscle mass and function (Cooper & Sayer, 2017; 

Fujita & Volpi, 2004; Millward, 2012; Robinson et al., 2017; Yanai, 2015). Therefore, the 

Melbourne sample’s participants were also asked to complete the AES for adults, comparing 

food and nutrient intake with nutrition targets in the past three to six months (the University of 
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Newcastle Australia, 2018). The ARFS is 73 points, which is the sum of the scores from eight 

group categories: vegetables, fruit, protein foods (meat/flesh), protein foods (meat/flesh 

alternatives), grains, breads, cereals, dairy, water and extras (see Table 4.3). A higher ARFS 

score implies healthier eating patterns and dietary intake that is of higher nutritional quality 

(the University of Newcastle, 2016) (see Table 3.1). The ARFS has been validated for children 

(Burrows et al., 2014; Collins et al., 2015; Marshall et al., 2012) and adults (Collins et al., 

2015); however, this is its first use in a potentially sarcopenic population. Since poor protein 

and energy intake is linked to sarcopenia (Liao et al., 2017, 2019; Okamura et al., 2019), this 

study specifically analysed protein and energy intake obtained from AES. AES guidelines are 

presented in Appendix N. 

Survey score ratings are summarised in Table 4.6. Upon completion of the surveys, 

participants were provided with individual reports regarding DEXA (see Appendix O), BIA 

(see Appendix P) and AES (see Appendix Q), as well as a DEXA fact sheet (see Appendix R) 

and instructions to MeasureUp’s online results platform to view DEXA results. 

Table 4.6: 

Survey Score Ratings, Melbourne 

SARC-F PASE AQoL-4D AES 

Total score: 10 
≥4 sarcopenia risk  
 

Total score: open 

 
 
 
 
 
 
 
 

Total utility score: 1 

-0.04-1.0 where 
negative utilities 
represents health 
states worse than 
death, 0 represents 
death, while 1 
indicates full health 

Total ARFS: 73 
1. Vegetables: 21 
2. Fruit: 12 
3. Protein foods: 

meat/flesh:7 
4. Protein foods: meat, 

alternatives: 6 
5. Grains, breads, 

cereals: 12 
6. Dairy: 11 
7. Water: 1 
8. Extras: 2 

Total score rating  
<33:    needs work 
33-38: getting there 
39-46: excellent  
47+:    outstanding 

Adapted from Malmstrom & Morley (2013); Curcio, Liguori, Cellulare, Sasso, Della-Morte, Gargiulo … 

Abete (2017); Hawthorne, Korn & Richardson (2013); University of Newcastle (2016). 
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In the context of the Melbourne study, the first three surveys were completed on paper 

on the same days as DEXA testing and followed up later via email or phone (see Table 4.7). 

AES was offered online as well as hard copy since some older participants had no email and/or 

were unfamiliar with computers, which I subsequently transposed online. 

Table 4.7: 

Completion of Surveys in the Various Formats, Melbourne 

No. Survey Paper Online Phone Total 

1. SARC-F 97 5 3 105 

2. PASE 96 5 0 101 

3. AQoL-4D 97 4 1 102 

4. AES for adults 34 53 3 90 

4.4   Statistical analysis 
The level of significance was set at p-value < 0.05 at 95% confidence intervals. Data is 

presented as mean (SD) or frequency (%) unless otherwise specified. All analyses were 

performed in IBM SPSS Statistics for Mac, version 25 (IBM Corp., Armonk, NY, US) using 

five steps: 

1. Descriptive statistics were performed on continuous variables and frequency 

analyses on nominal data. 

2. Chi-square tests were used to test for differences between HUR and conventional 

gym training for sarcopenia prevalence according to the FNIH, EWGSOP1 and 

EWGSOP2 definitions. 

3. Continuous data was assessed for normality and non-parametric tests were used as 

appropriate. Spearman correlations explored associations for survey scores (SARC-F, 

AQoL-4D utility score, PASE score and AES protein and energy intake) and ARFS 

with sarcopenia components (muscle strength, lean mass and physical 

performance). The Spearman coefficient was interpreted as weak (0.1–0.3), 

moderate (0.4–0.5) and strong (0.6–0.9). 

4. Independent sample t-tests were applied to compare sarcopenia components and 

nutritional survey scores between the HUR and conventional gyms. 

SARC-F: sarcopenia screening tool assessing strength, assistance in walking, rising from a chair, 

climbing stairs and falls; PASE: Physical Activity Scale for the Elderly; AQoL-4D: Assessment of 

Quality of Life; AES: Australian Eating Survey. 
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5. One-way between-groups analysis of variance (ANOVA) was conducted to explore 

the effect of years trained at the gym and weekly gym visits on sarcopenia 

components. 

Given that the El Paso study had post-data available, in addition to descriptive statistics, 

frequency analyses and Spearman correlations, it incorporated the following analyses: 

1. McNemar (dichotomous data) was performed to test for significant differences 

between sarcopenia prevalence at pretest (T1) and after 16 weeks of training (T2). 

2. Paired-sample t-tests were conducted to evaluate the effect of training on sarcopenia 

components (muscle strength, lean mass and physical performance) and HRQoL 

for the whole sample. 

3. Repeated measures of ANOVA were used to assess the effect of two interventions 

(ST and PT) on sarcopenia components and HRQoL. 
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Chapter 5: Results 

5.1   Baseline characteristics 
This section explores the extent to which the different training types and locations of 

these two studies affect prevalence of sarcopenia and its components and the association with 

HRQoL. It should be noted that there were differences in pretest characteristics, training 

methods, training duration/frequency and outcome measures between studies. Study 1 

examined an older population in Melbourne in which the baseline data were collected for 

participants that had undergone strength/resistance training at three HUR gyms and one 

conventional gym for about a year (M = 1.04, SD = 0.51), visiting the gyms about once a week 

(M = 1.03; SD = 0.48). The El Paso sample was exercise naïve and commenced a program in 

which exercise was specifically prescribed, with two training sessions per week. One group 

performed strength training following ACSM guidelines and another group specifically 

focused on power training. 

Descriptive characteristics for 105 Australian adults aged 61–83 years who participated 

in HUR and conventional gyms, and for 85 US adults aged 59–89 years are shown in Table 

5.1. Independent sample t-tests were performed to compare baseline characteristics between 

Melbourne and El Paso sites. Demographically, the Melbourne sample was larger (n = 105) 

than the El Paso sample (n = 85). The Melbourne cohort was significantly older than its El 

Paso counterpart. Both studies had more women participating than men (i.e., 69% in 

Melbourne and 59% in El Paso). Chi-square tests showed that proportions of women were not 

significantly different between sites. While the Australian cohort had English/Australian and 

non-English/Australian ethnicity groups, the US cohort comprised Caucasian and Hispanic 

groups. The results showed that the proportions of English/Australian and Caucasian groups 

were significantly different. Non-significantly, there were more English/Australians in 

Melbourne compared to Caucasians in El Paso. No significant difference was observed in 

proportion between the HUR gym and ST groups. However, there was a non-significant trend 

for HUR gyms to be higher in participant numbers than the ST group. 

Anthropometrically, the UTEP cohort was significantly taller than the Uniting AgeWell 

cohort, but there was no significant difference in weight between sites. However, non-

significantly, the El Paso sample was heavier than the Melbourne sample. There were also no 

significant differences in BMI between sites (see Table 5.1). In the Melbourne sample, 1.9% 

were underweight (BMI	 ≥ 	18.5–24.9), 31.4% normal weight (BMI ≥ 	18.5), 34% overweight 
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(BMI	 ≥ 	25–29.9), and 32.4% obese (BMI ≥ 	30%). In the El Paso cohort, 23.5% were normal 

weight, 38.8% overweight and 37.6% obese. While there were no significant differences in 

total lean mass, ALM or ALM/BMI between sites, El Paso participants had significantly higher 

total fat mass, total fat % and BMC than Melbourne participants. However, ALM normalised 

for height2 was also higher in that group than in the Melbourne group. Regarding physical 

assessment, the UTEP cohort scored significantly higher handgrip strength than the Uniting 

AgeWell cohort. In addition, at baseline, UTEP participants had significantly faster gait speed 

than the Melbourne cohort that had trained for about a year on average. 
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Table 5.1: 

Difference in Baseline Characteristics between Melbourne (n = 105) and El Paso (n = 85) 

Baseline characteristics 
Melbourne 
(n = 105) 

El Paso 
(n = 85) 

P-value for 
difference* 

Demographics 

Age (yr), mean (ST) 76.89 (6.19) 67.69 (6.78) < 0.001 

Women (%) 69 59 0.163** 

Ethnicity (%) 

English/Australian (Melbourne) 

Caucasian (El Paso) 

81 59 0.003** 

Training 
HUR gym (Melbourne)  

Strength training group (El Paso) (%) 
72 66 0.378** 

Anthropometric  

measurements 

Height (cm), mean (ST) 163.21 (8.79) 166.78 (9.99) 0.011 

Weight (kg), mean (ST) 75.55 (17.17) 80.28 (19.60) 0.078 

BMI (kg/m2), mean (ST) 28.32 (5.91) 28.71 (5.66) 0.644 

DEXA 

Total lean mass (kg), mean (SD) 46.69 (10.11) 44.22 (11.75) 0.121 

Total fat mass (kg), mean (SD) 26.77 (10.71) 31.55 (11.55) 0.004 

Total fat (%), mean (SD) 34.70 (8.24) 41.27 (9.59) < 0.001 

Total BMC (kg/cm2), mean (SD) 2.10 (0.46) 2.69 (0.58) < 0.001 

Lean mass ALM (kg), mean (SD) 18.82 (4.81) 18.91 (5.38) 0.909 

   FNIH ALM/BMI (kg/m2), mean (SD) 0.67 (0.16) 0.67 (0.19) 0.892 

   EWGSOP1 & 2 ALM/h2 (kg/m2), mean (SD) 6.99 (1.30) 11.22 (2.66) < 0.001 

Muscle strength  
Handgrip strength (kg), mean (SD) 25.90 (8.30) 31.2 (13.2) 0.001 

Chair stand (s), mean (SD) 10.03 (3.83) - - 

Physical  

performance 

Gait speed (m/s), mean (SD)  1.31 (0.25) 1.47 (0.36) 0.001 

TUG (s), mean (SD) 

Melbourne: 3-metre course 

El Paso: 2.4-metre (8 ft) course 

8.62 (3.72) 4.92 (1.46) < 0.001 

SPPB (score) median (IQR) 12.00 (6) - - 

400mW (min), mean (SD) 5.51 (1.71) - - 

Survey 

AQoL-4D (score; n = 102), mean (SD) 0.69 (0.22) 0.82 (0.16)  < 0.001 

SARC-F (score; n = 105), mean (SD) 1.71 (1.86) - - 

PASE (score; n = 101), mean (SD) 128.87 (58.97) - - 

AES-ARFS protein (g; n = 99), mean 
(SD) 

101.77 (35.71) - - 

AES-ARFS energy (kJ; n = 99), mean 
(SD) 

9249.62 (2898.10) - - 

AES-ARFS total (score; n = 99), mean 
(SD) 

35.33 (8.96) - - 
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5.2   Sarcopenia prevalence 
Sarcopenia was diagnosed according to FNIH, EWGSOP1 and EWGSOP2 using the 

same cut-off points for both studies. However, SARC-F was not recorded in the El Paso study. 

Both studies reported a low prevalence of sarcopenia. Chi-square tests showed no significant 

difference in sarcopenia prevalence according to FNIH (p = 0.319) and EWGSOP2 sarcopenia 

probable (p = 0.217) between sites. Sarcopenia prevalence of the Melbourne sample according 

to FNIH, EWGSOP1 and EWGSOP2 is presented in Figure 5.1. The highest prevalence of 

10.5% was recorded according to EWGSOP1. There were 23 people identified as 

presarcopenic and none had severe sarcopenia. Both EWGSOP2 (sarcopenia confirmed) and 

FNIH diagnosed sarcopenia were observed in 3.8% of the sample. Within EWGSOP2, the 

SARC-F survey identified 14 participants at risk of sarcopenia. Based on low muscle strength, 

18% of participants were sarcopenia probable. However, less than 4% of participants had low 

muscle strength and low lean mass (confirmed sarcopenia), and less than 3% of participants 

had all of low muscle strength (assessed by handgrip strength), low lean mass (assessed by 

ALM/h2) and low physical performance (assessed by gait speed) (severe sarcopenia). Only one 

new participant joined the gym at the commencement of the research and did not have 

sarcopenia according to the three definitions. All other participants had been training for about 

a year, on average. 

HUR: Helsinki University Research; ST: strength training, BMI: body mass index; BMC: bone mineral 

content; ALM: appendicular lean mass, SPPB: short physical performance battery; TUG: timed up and 

go test; FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European 

Working Group on Sarcopenia in Older People; AQoL-4D: Assessment of Quality of Life; SARC-F: 

sarcopenia screening tool assessing strength, assistance in walking, rising from a chair, climbing stairs 

and falls; PASE: Physical Activity Scale for the Elderly; AES: Australian Eating Survey; ARFS: 

Australian Recommended Food Score (obtained from the AES). * All analyses are independent sample 

t-tests except **chi-square tests; p < 0.05 are in green text. 
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Figure 5.1. Sarcopenia prevalence according to different definitions, Melbourne (n = 105). 

All data are frequency (%) or counts (n). FNIH: Foundation for the National Institutes of Health 

sarcopenia project; EWGSOP: European Working Group on Sarcopenia in Older People; 

SARC-F: sarcopenia screening tool assessing strength, assistance in walking, rising from a 

chair, climbing stairs and falls.  

While subjective SARC-F predicted that 14 individuals had increased risk of sarcopenia, 

the three objective definitions identified lower numbers with sarcopenia (see Table 5.2). SARC-F 

predicted one case of sarcopenia according to FNIH and EWGSOP1, four cases of sarcopenia 

probable but none were EWGSOP2 sarcopenia confirmed or severe according to EWGSOP2. 

No person had sarcopenia according to all definitions—FNIH, EWGSOP1 and EWGSOP2—

but some were identified by two of the three definitions. 

Table 5.2: 

Overlap of Sarcopenia Prediction and Detection across Different Definitions, Melbourne 

  

FNIH 
sarcopenia 

 
(4) 

EWGSOP1 
pre-

sarcopenia 
(23) 

EWGSOP1 
 sarcopenia 

 
(11) 

EWGSOP2 
sarcopenia 
probable 

(19) 

EWGSOP2 
sarcopenia 
confirmed 

(4) 

EWGSOP2 
sarcopenia 

severe 
(3) 

SARC-F (14) 1 2 1 4 0 0 
FNIH  
sarcopenia (4) - 0 1 4 0 0 

EWGSOP1  
presarcopenia (23) 0 - 11 0 1 1 

EWGSOP1  
sarcopenia (11) 1 11 - 5 4 3 
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Chi-square tests (see Table 5.3) indicated a significant association between FNIH and 

EWGSOP2 sarcopenia probable, and EWGSOP2 sarcopenia confirmed. No significant 

association was observed between FNIH and EWGSOP1. EWGSOP1 was significantly 

associated with all EWGSOP2 stages (i.e., EWGSOP2 sarcopenia probable, confirmed and 

severe). Despite its proposed role as an initial screening tool, there was no significant 

association between SARC-F and any of the sarcopenia definitions. 

Table 5.3: 

Associations between Different Sarcopenia Definitions (n = 105), Melbourne 

Definition 1.  2.  3.  4.  5.  6.  

1. FNIH - 0.333 0.484 < 0.001** 0.024* 0.727 

2. EWGSOP1 0.333 - 0.662 0.013* < 0.001** < 0.001** 

3. SARC-F 0.484 0.662 -  0.274 0.424 0.491 

4. EWGSOP2      
sarcopenia probable < 0.001** 0.013* 0.274 -  < 0.001** < 0.001** 

5. EWGSOP2 sarcopenia 
confirmed 0.024* < 0.001** 0.424 < 0.001** -  < 0.001** 

6. EWGSOP2 sarcopenia 
severe .0727 < 0.001** 0.491 < 0.001** < 0.001** -  

Chi-square tests (see Tables 5.4–5.6) revealed no significant differences between age 

groups, gender or ethnicity for sarcopenia prevalence. There were no cases of sarcopenia in the 

lowest age group (60–69 years) except for SARC-F (1%). Sarcopenia began to be detected in 

the 70–79 age group and was prevalent in subjects aged 80–83 years, according to all 

definitions (see Table 5.4). 

All data are counts (n). FNIH: Foundation for the National Institutes of Health sarcopenia project; 

EWGSOP: European Working Group on Sarcopenia in Older People; SARC-F: sarcopenia screening 

tool assessing strength, assistance in walking, rising from a chair, climbing stairs and falls. 

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European 

Working Group on Sarcopenia in Older People; SARC-F: sarcopenia screening tool assessing 

strength, assistance in walking, rising from a chair, climbing stairs and falls. All analyses are chi-

square tests; ** p < 0.01 (2-tailed); * p < 0.05 (2-tailed) are in green text. 
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Table 5.4: 

Difference in Prevalence of Sarcopenia According to Different Definitions for Older Adults 

by Age Groups (n = 105), Melbourne 

Definition 60–69 
(n = 12) 

70–79 
(n = 54) 

80–83 
(n = 39) 

P-value for 
difference* 

FNIH, n (%) 0 (0%) 2 (1.9%) 2 (1.9%) 0.718 

EWGSOP1, n (%) 0 (0%) 5 (4.8%) 6 (5.7%) 0.288 

SARC-F, n (%) 1 (1%) 4 (3.8%) 9 (8.6%) 0.078 

EWGSOP2 sarcopenia probable, n (%) 0 (0%) 11 (10.5%) 8 (7.6%) 0.224 

EWGSOP2 sarcopenia confirmed, n (%) 0 (0%) 2 (1.9%) 2 (1.9%) 0.718 

EWGSOP2 sarcopenia severe, n (%) 0 (0%) 1 (1.0%) 2 (1.9%) 0.529 

Non-significantly, more women had sarcopenia than men, regardless of the definitions 

(all p > 0.05; see Table 5.5). 

Table 5.5: 

Difference in Prevalence of Sarcopenia According to Different Definitions for Older Adults 

by Gender (n = 105), Melbourne 

Definition Men 

(n = 33) 

Women 

    (n = 72) 

P-value for 

difference* 

FNIH, n (%) 1 (1.0%) 3 (2.9%) 0.778 

EWGSOP1, n (%) 3 (2.9%) 8 (7.6%) 0.754 

SARC-F, n (%) 6 (5.7%) 8 (7.6%) 0.322 

EWGSOP2 sarcopenia probable, n (%) 5 (4.8%) 14 (13.3%) 0.596 

EWGSOP2 sarcopenia confirmed, n (%) 1 (1.0%) 3 (2.9%) 0.778 

EWGSOP2 sarcopenia severe, n (%) 1 (1.0%) 2 (1.9%) 0.943 

Ethnicity included two groups: English/Australians and non-English Australians (see 

Table 5.6). The non-English Australian group comprised Asians (n = 8), Europeans (n = 8), 

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European 

Working Group on Sarcopenia in Older People; SARC-F: sarcopenia screening tool assessing strength, 

assistance in walking, rising from a chair, climbing stairs and falls. *All analyses are chi-square tests. 

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European 

Working Group on Sarcopenia in Older People; SARC-F: sarcopenia screening tool assessing strength, 

assistance in walking, rising from a chair, climbing stairs and falls. *All analyses are chi-square tests. 
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South Africans (n = 3), Latin Americans (n = 1) and New Zealanders (n = 1). There was a non-

significant trend for English/Australians to be more sarcopenic than non-English/Australians 

according to SARC-F and EWGSOP2 sarcopenia probable, but not for FNIH and EWGSOP2 

sarcopenia confirmed where sarcopenia prevalence was the same. 

Table 5.6: 

Difference in Prevalence of Sarcopenia According to Different Definitions for Older Adults 

by Ethnicity (n = 105), Melbourne 

Definition English/ 

Australian 

(n = 85) 

Non-English/ 

Australian 

(n = 20) 

P-value for 

difference* 

FNIH, n (%) 2 (1.9%) 2 (1.9%) 0.108 

EWGSOP1, n (%) 7 (6.7%) 4 (3.8%) 0.122 

SARC-F, n (%) 11 (10.5%) 3 (2.9%) 0.807 

EWGSOP2 sarcopenia probable, n (%) 16 (15.2%) 3 (2.9%) 0.689 

EWGSOP2 sarcopenia confirmed, n (%) 2 (1.9%) 2 (1.9%) 0.108 

EWGSOP2 sarcopenia severe, n (%) 2 (1.9%) 1 (1.0%) 0.523 

In the El Paso sample, the prevalence of sarcopenia at baseline (T1) was 7.1% according 

to FNIH, but no participant had sarcopenia based on EWGSOP1 or EWGSOP2 (see Figure 

5.2). Sarcopenia was not detected with EWGSOP1 or EWGSOP2 on the basis of an absence 

of low lean mass. However, 11.8% of the sample had sarcopenia probable according to 

EWGSOP2. Following 16 weeks of training (T2), the prevalence of FNIH sarcopenia and 

EWGSOP2 sarcopenia probable was 4.7% and 5.9% (reductions of 44% and 50%, 

respectively). 

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European 

Working Group on Sarcopenia in Older People; SARC-F: sarcopenia screening tool assessing strength, 

assistance in walking, rising from a chair, climbing stairs and falls. *All analyses are chi-square tests. 
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Figure 5.2. Sarcopenia prevalence at pre- and post-test according to different definitions, El Paso (n = 85). 

All data frequency (%) or counts (n). FNIH: Foundation for the National Institutes of Health 

sarcopenia project; EWGSOP: European Working Group on Sarcopenia in Older People, T1: 

pretest; T2: post-test. 

 

The same six participants at the pretest stage and the same four participants after the 

intervention, which were confirmed with sarcopenia according to FNIH, were also detected 

within EWGSOP2 sarcopenia probable. McNemar’s test showed no significant change in the 

proportion of participants detected with sarcopenia according to FNIH (see Table 5.7) or with 

sarcopenia probable according to EWGSOP2, when compared with the proportion prior to the 

intervention (p = 0.500; see Table 5.8). 

Table 5.7: 

Difference in Change in Prevalence of Sarcopenia According to FNIH for Older Adults, El Paso (n = 85) 

Definition FNIH sarcopenia (T2) P-value for change* 

FNIH sarcopenia (T1) No sarcopenia Sarcopenia 0.500 
No sarcopenia 79 0  
Sarcopenia 2 4  

 

According to EWGSOP2, non-significantly, six subjects with sarcopenia probable at 

the pretest stage tested non-sarcopenic post-test, and four remained with sarcopenia probable. 

However, one subject with no sarcopenia probable at the pretest stage was detected with 

sarcopenia probable post-test (p = 0.125; see Table 5.8). 
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Table 5.8: 

Difference in Change in Prevalence of Sarcopenia According to EWGSOP2 Sarcopenia 

Probable for Older Adults, El Paso (n = 85) 

Definition EWGSOP2 sarcopenia probable (T2) P-value for change* 
EWGSOP2 
sarcopenia probable (T1) No sarcopenia Sarcopenia 0.125 

No sarcopenia 74 1  
Sarcopenia 6 4  

Before the intervention, chi-square tests revealed significant differences between age 

groups for sarcopenia (see Table 5.9). Sarcopenia prevalence increased with age according to 

FNIH. A similar trend occurred within EWGSOP2 sarcopenia probable; however, the 

prevalence remained the same in the 70–79 and 80–89 age groups. 

Table 5.9: 

Difference in Prevalence of Sarcopenia According to Different Definitions for Older Adults 

by Age Groups at Pretest, El Paso (n = 85) 

Definition 60–69 
(n = 53) 

70–79 
(n = 24) 

80–89 
(n = 8) 

P-value for 
difference* 

FNIH, n (%) 1 2 3 < 0.001 

EWGSOP2 probable, n (%) 2 4 4 < 0.001 

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European Working 
Group on Sarcopenia in Older People; SARC-F: sarcopenia screening tool assessing strength, assistance 
in walking, rising from a chair, climbing stairs and falls. *All analyses are chi-square tests; p < 0.01 are 
in green text. 

 
No significant difference was observed between men and women (both p > 0.05; see 

Table 5.10). However, non-significantly, there were more women than men presenting with 

sarcopenia (according to FNIH) or sarcopenia probable (according to EWGSOP2). 

 

  

EWGSOP: European Working Group on Sarcopenia in Older People. *All analyses are McNemar’s tests. 
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Table 5.10: 

Difference in Prevalence of Sarcopenia According to Different Definitions for Older Adults 

by Gender at Pretest (n = 85), El Paso 

Definition Men 

(n = 35) 

 

Women 

(n = 50) 

P-value for 
difference* 

 
FNIH, n (%) 2 (2.4%) 4 (4.7%) 0.686 

EWGSOP2 probable, n (%) 4 (4.7%) 6 (7.1%) 0.936 

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European Working 
Group on Sarcopenia in Older People; SARC-F: sarcopenia screening tool assessing strength, 
assistance in walking, rising from a chair, climbing stairs and falls. *All analyses are chi-square tests. 

 

Also, non-significantly, sarcopenia was more common in Hispanics than in Caucasians, 

according to both definitions (both p > 0.05; see Table 5.11). One participant was African-American.  

Table 5.11: 

Difference in Prevalence of Sarcopenia According to Different Definitions for Older Adults 

by Ethnicity at Pretest (n = 85), El Paso 

Definition 

 

Caucasians 

(n = 50) 

 

Hispanics 

(n = 34) 

P-value for 
difference* 

FNIH, n (%) 1 (1.2%) 5 (5.9%) 0.800 

EWGSOP2 probable, n (%) 4 (4.7%) 6 (7.1%) 0.377 

5.3   Sarcopenia components 
Sarcopenia components of low muscle strength, low lean mass, and low physical 

performance were examined. In the Melbourne sample, while FNIH identified 9% of 

participants with low handgrip strength and 43% low lean mass (ALM/BMI), EWGSOP1 and 

EWGSOP2, detected 32% and 11% of participants having low handgrip strength; and 22% and 

32% had low lean mass (ALM/h2), respectively. Only 3% had low gait speed by both 

sarcopenia definitions (see Figure 5.3). In addition, based on the revised EWGSOP2, 10% had 

low chair stand and low SPPB. Poor TUG performance was observed in 2% and poor 400mW 

performance in 36% of the sample. 
 

 

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European 

Working Group on Sarcopenia in Older People; SARC-F: sarcopenia screening tool assessing strength, 

assistance in walking, rising from a chair, climbing stairs and falls. *All analyses are chi-square tests. 
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Figure 5.3. Low sarcopenia components according to different definitions at baseline, Melbourne. 

All data are frequency (%) or counts (n); FNIH: Foundation for the National Institutes of Health 

sarcopenia project; EWGSOP: European Working Group on Sarcopenia in Older People TUG: 

timed up and ago test; 400mW: 400-metre walk test. 

 

In the El Paso sample at baseline (T1), according to FNIH, 12% of participants had low 

handgrip strength and 31% had low lean mass (ALM/BMI). For EWGSOP1 and EWGSOP2, 

18% and 12% had low handgrip strength, respectively, but none had low lean mass (ALM/h2), 

and only 6% had low gait speed by both EWGSOP definitions (see Figure 5.4). 
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Figure 5.4. Low sarcopenia components according to different definitions at baseline, El Paso. 

 

When comparing sarcopenia components at baseline between sites, chi-square tests 

revealed no significant difference in low handgrip strength (p = 0.466) and lean mass 

(p = 0.082) between sites according to FNIH (all p > 0.05). However, according to EWGSOP1, 

the Melbourne cohort showed significantly higher proportions of low muscle strength 

(p = 0.021) and mass (p < 0.001) compared to the El Paso sample, which had no low lean mass 

at all. Based on EWGSOP2, both samples were not significantly different for muscle strength 

(p = 0.943). Again, the Melbourne sample shows significantly less low lean mass (p < 0.001) 

than the El Paso sample. No significant difference was observed in low gait speed proportions 

according to EWGSOP1 and EWGSOP2 (both p = 0.302) and in poor TUG performance 

according to EWGSOP2 (p = 0.201). The same HRQoL assessment was performed via AQoL-

4D for both samples. The El Paso sample at baseline had significantly higher HRQoL than the 

Melbourne sample (p < 0.001). 

Paired-samples t-tests (see Table 5.12) were conducted for the El Paso cohort to 

evaluate the impact of the 16-week intervention as a whole (without examining ST and PT 
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groups separately) on sarcopenia components. Handgrip strength significantly increased from 

baseline (T1) to follow-up (T2). There was also a significant increase in ALM, and this trend 

was maintained when ALM was normalised for BMI and height2. BMI significantly decreased 

post-test. Among physical performance variables, participants scored significantly higher on 

gait speed and lower on TUG, indicating that their gait speed and TUG were faster after the 

intervention. 

Table 5.12: 

Difference in Sarcopenia Components and HRQoL between Pre- and Post-Test for the Whole 

Sample, El Paso (n = 85) 

Component Paired difference 

(T2–T1) 

P-value for  

difference* 

Handgrip (kg) 3.71 (9.53) 0.001 

ALM (kg) 0.67 (1.73) 0.001 

BMI (kg/m2) –0.22 (0.91) 0.026 

ALM/BMI (kg/m2) 0.03 (0.05) < 0.001 

ALM/h2 (kg/m2) 0.38 (0.97) 0.001 

Gait speed (m/s) 0.14 (0.16) < 0.001 

TUG (s) –0.37 (0.57) < 0.001 

AQoL-4D (score) 0.03 (0.12) 0.025 

Following 16-weeks of both ST and PT, the prevalence of low muscle strength, low 

lean mass and low physical performance reduced according to the three definitions in the El 

Paso sample (see Figure 5.4). According to FNIH, EWGSOP1 and EWGSOP2, low handgrip 

strength reduced by 50%. Low lean mass was only prevalent according to FNIH, which 

decreased by 15%. Low gait speed, which is a component of EWGSOP1 and EWGSOP2, 

reduced by 80%. No poor TUG performance, as part of EWGSOP2, was recorded either at pre- 

or post-test. McNemar’s test showed a significant change in the proportion of subjects with 

low handgrip strength according to EWGSOP1, when compared with the proportion prior to 

the intervention (p = 0.039). Eight subjects no longer had low handgrip strength and seven 

remained low after training. No significant change in the proportion of participants with low 

handgrip strength was observed according to FNIH and EWGSOP2 (p = 0.125). Non-

All data are mean (SD). T1: pretest; T2: post-test; ALM: appendicular lean mass, BMI: body mass 

index; SPPB: short physical performance battery; TUG: timed up and go test; AQoL-4D: Assessment 

of Quality of Life; * All analyses are paired-samples t-tests; p < 0.05 are in green text. 
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significantly, according to FNIH and EWGSOP2, six participants no longer had low handgrip 

strength and four remained low after 16 weeks of training. According to both EWGSOP1 and 

EWGSOP2, non-significantly, one participant was observed to have lost strength and scored 

low on handgrip strength post-test. Further, there was no significant change in the proportion 

of participants with low lean mass according to FNIH (p = 0.289). Non-significantly, six 

participants no longer had low lean mass, 20 remained low after the intervention, and two 

became low on lean mass after training. There was a similar non-significant trend in gait speed 

according to EWGSOP1 and EWGSOP2 (p = 0.289). Non-significantly, four individuals 

improved and no longer tested as low on gait speed, and one remained low, at post-test. 

The prevalence of normal weight increased by 10%, overweight decreased by 9%, but 

obesity increased by 3% (see Figure 5.5). McNemar’s test showed no significant change in the 

proportion of obese participants v. non-obese participants, when compared with the proportion 

prior to the intervention (p = 1.00). Non-significantly, one obese participant was no longer 

obese and 31 remained obese after 16 weeks of training. However, one subject who was not 

obese at pretest was recorded as obese at post-test. 

 
Figure 5.5 Prevalence of overweight and obesity at pre- and post-test, El Paso. 

BMI: body mass index; normal weight: BMI ≥ 	18; overweight: BMI	 ≥ 25–29.9; obese: 

BMI	 ≥ 30%. All data are counts (n) and frequency (%). 
 

Independent sample t-tests were used to test differences for sarcopenia components, 

self-reported function, physical activity, HRQoL and nutrition between sarcopenic and non-

sarcopenic subjects according to the three definitions. Since sarcopenia in El Paso was only 

detected with FNIH, comparison between sites was only made according to FNIH (see Table 

5.13). In Melbourne, both muscle strength components (handgrip strength and chair stand) 
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were significantly lower in sarcopenic subjects compared to non-sarcopenic subjects. Lean 

mass, physical performance (gait speed, SPPB, TUG and 400mW), years trained, weekly gym 

visits and self-reported measures, were not significantly different between sarcopenic and non-

sarcopenic subjects (all p > 0.05). In El Paso, handgrip strength was also significantly better in 

non-sarcopenic participants than in sarcopenic participants. ALM and ALM/h2 were not 

significantly different between sarcopenic and non-sarcopenic participants (both p > 0.05). 

However, sarcopenic subjects had a significantly higher BMI and lower ALM/BMI than non-

sarcopenic subjects. Regarding physical performance, non-sarcopenic subjects had 

significantly faster gait speed, but there was no significant difference in TUG between 

sarcopenic and non-sarcopenic participants.  



 72 
 

 

Table 5.13: 

Difference in Sarcopenia Components, Self-Reported Function, Physical Activity, HRQoL and 

Nutrition between Non-Sarcopenic and Sarcopenic Subjects according to FNIH, Melbourne 
FNIH Melbourne El Paso 

Component Non-sarcopenic 
subjects 

Sarcopenic 
subjects 

P-value for 
difference* 

Non-sarcopenic 
subjects 

Sarcopenic 
subjects 

P-value for 
difference* 

n = 101 n = 4  n = 79 n = 6  
Handgrip (kg), 
mean (SD) 

26.31 (8.12) 16.05 (5.97) 0.014 32.33 (12.89) 16.17 (5.42) 0.03 

Chair stand (s), 
mean (SD) 

10.18 (3.74) 6.21 (4.71) 0.042 - - - 

ALM (kg),  
mean (SD) 

18.90 (4.83) 16.82 (4.47) 0.400 19.16 (5.40) 15.62 (4.08) 0.121 

BMI (kg/m2),  
mean (SD) 

28.24 (5.90) 30.21 (6.74) 0.517 28.31 (5.25) 33.97 (8.56) 0.017 

ALM/BMI (kg/m2), 
mean (SD) 

0.68 (0.16) 0.56 (0.14) 0.140 0.69 (0.19) 0.47 (0.10) 0.002 

ALM/h2 (kg/m2),  
mean (SD) 

6.99 (1.30) 6.96 (1.35) 0.969 11.33 (2.68) 9.84 (2.19) 0.190 

Gait speed (m/s),  
mean (SD) 

1.32 (0.25) 1.14 (0.30) 0.161 1.51 (0.33) 0.86 (0.21) <0.001 

SPPB (score),  
median (IQR) 

12.00 (1) 12.00 (4) 0.706 - - - 

TUG (s),  
mean (SD) 

8.47 (3.34) 12.40 (9.41) 0.465 4.71 (0.90) 7.76 (3.59) 0.092 

400mW (min),  
mean (SD) 

5.64 (1.55) 2.22 (2.56) 0.075 - - - 

Years trained (yrs), 
mean (SD) 

1.36 (0.61) 1.03 (0.69) 0.281 - - - 

Weekly visits 
(days/week), mean (SD) 

1.04 (0.51) 1.05 (0.29) 0.974 - - - 

SARC-F (score),  
mean (SD) 

1.68 (1.83) 2.50 (2.65) 0.391 - - - 

  n = 97 n = 4     
PASE (score),  
mean (SD) 

127.97 (57.29) 150.86 (101.17) 0.683 - - - 

  n = 98 n = 4     
AQoL-4D (score), 
mean (SD) 

0.69 (0.22) 0.72 (0.22) 0.782 0.83 (0.14) 0.66 (0.35) 0.277 

  n = 86 n = 4     
AES protein (g),  
mean (SD) 

101.46 (34.78) 108.40 (59.04) 0.706 - - - 

AES energy (kj),  
mean (SD) 

9227.45 (2769.82) 9726.25 (5610.95) 0.739 - - - 

AES-ARFS (score), 
mean (SD) 

35.19 (8.81) 38.50 (13.03) 0.473 - - - 
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According to EWGSOP1 (see Table 5.14), handgrip strength was also significantly 

lower in sarcopenic participants than in non-sarcopenic participants. However, there was no 

significant difference in chair stand (p = 0.316). ALM and BMI were significantly lower in 

sarcopenic subjects than in non-sarcopenic subjects. This trend remained when ALM was 

normalised for height2 but not for BMI (p = 0.146). Similar to FNIH, no significant difference 

was observed in physical performance, years trained, weekly gym visits and self-reported 

measures between sarcopenic and non-sarcopenic subjects (all p > 0.05). 

  

HRQoL: health-related quality of life; ALM: appendicular lean mass; BMI: body mass index; SPPB: 

short physical performance battery; TUG: timed up and go test; 400-metre walk test; SARC-F: 

sarcopenia screening tool assessing strength, assistance in walking, rising from a chair, climbing stairs 

and falls; PASE: Physical Activity Scale for the Elderly; AQoL-4D: Assessment of Quality of Life; 

AES: Australian Eating Survey; ARFS: Australian Recommended Food Score. *All analyses are 

independent sample t-tests; p < 0.05 are in green text. 
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Table 5.14: 

Difference in Sarcopenia Components, Self-Reported Function, Physical Activity, HRQoL and 

Nutrition between Non-Sarcopenic and Sarcopenic Subjects According to EWGSOP1, Melbourne 

EWGSOP1 Melbourne  

Component Non-sarcopenic subjects Sarcopenic subjects P-value for difference* 

n = 101 n = 4   

Handgrip (kg), mean (SD) 26.89 (8.09) 17.66 (4.18) 0.012 

Chair stand (s), mean (SD) 9.90 (3.81) 11.13 (4.01) 0.316 

ALM (kg), mean (SD) 19.35 (4.72) 14.31 (2.96) < 0.001 

BMI (kg/m2), mean (SD) 28.87 (5.95) 23.61 (2.47) <0.001 

ALM/BMI (kg/m2), mean (SD) 0.68 (0.16) 0.61 (0.12) 0.146 

ALM/h2 (kg/m2), mean (SD) 7.13 (1.28) 5.76 (0.72) < 0.001 

Gait speed (m/s), mean (SD) 1.32 (0.25) 1.24 (0.22) 0.295 

SPPB (score), median (IQR) 12.00 (1) 11.00 (2) 0.781 

TUG (s), mean (SD) 8.66 (3.89) 8.31 (1.61) 0.774 

400mW (min), mean (SD) 5.45 (1.76) 6.07 (1.24) 0.260 

Years trained (yrs), mean (SD) 1.33 (0.62) 1.49 (0.53) 0.413 

Weekly visits (days/week), mean (SD) 1.05 (0.50) 1.01 (0.49) 0.820 

SARC-F (score), mean (SD) 1.68 (1.83) 1.83 (2.19) 0.593 

  n = 97 n = 4   

PASE (score), mean (SD) 130.76 (58.76) 113.47 (61.32) 0.361 

  n = 98 n = 4   

AQoL-4D (score), mean (SD) 0.69 (0.21) 0.69 (0.28) 0.956 

  n = 86 n = 4   

AES protein (g), mean (SD) 103.68 (35.92) 86.41 (31.47) 0.150 

AES energy (kj), mean (SD) 9392.13 (2916.33) 8109.60 (2603.36) 0.189 

AES-ARFS (score), mean (SD) 35.45 (9.21) 34.40 (6.96) 0.729 

According to EWGSOP2 (see Table 5.15), again handgrip strength was lower in 

sarcopenic individuals than in non-sarcopenic subjects, but there were no significant 

differences in chair stand time (p = 0.059). However, there was a significant moderate, negative 

association with gait speed and moderate, positive with TUG and ALM/BMI, and a strong, 

negative association with SPSS and positive with 400mW (see Table 5.16). ALM and BMI 

HRQoL: health-related quality of life; ALM: appendicular lean mass; BMI: body mass index; SPPB: 

short physical performance battery; TUG: timed up and go test; 400-metre walk test; SARC-F: 

sarcopenia screening tool assessing strength, assistance in walking, rising from a chair, climbing stairs 

and falls; PASE: Physical Activity Scale for the Elderly; AQoL-4D: Assessment of Quality of Life; 

AES: Australian Eating Survey; ARFS: Australian Recommended Food Score. *All analyses are 

independent sample t-tests; p < 0.05 are in green text. 
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were significantly lower in sarcopenic individuals. Again, this trend remained when ALM was 

adjusted for height2 but not for BMI (p = 0.388). Similar to FNIH and EWGSOP1, physical 

performance and self-reported measures showed no significant difference between sarcopenic 

and non-sarcopenic individuals (all p > 0.05). 
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Table 5.15: 

Difference in Sarcopenia Components, Self-Reported Function, Physical Activity, HRQoL and 

Nutrition between Non-Sarcopenic and Sarcopenic Subjects According to EWGSOP2, Melbourne 

EWGSOP2 Melbourne  

Component Non-sarcopenic subjects Sarcopenic subjects P-value for difference* 
n = 101 n = 4   

Handgrip (kg), mean (SD) 26.37 (8.08) 14.45 (2.91) 0.040 
Chair stand (s), mean (SD) 9.89 (3.72) 13.58 (5.56) 0.059 
ALM (kg), mean (SD) 19.02 (4.78) 13.73 (2.35) 0.030 
BMI (kg/m2), mean (SD) 28.54 (5.91) 22.68 (1.36) < 0.001 
ALM/BMI (kg/m2), mean (SD) 0.68 (0.16) 0.61 (0.12) 0.388 
ALM/h2 (kg/m2), mean (SD) 7.04 (1.29) 5.68 (0.59) 0.040 
Gait speed (m/s), mean (SD) 1.31 (0.25) 1.22 (0.24) 0.443 
SPPB (score), median (IQR) 12.00 (1) 10.50 (3) 0.291 
TUG (s), mean (SD) 8.61 (3.78) 8.83 (1.80) 0.910 
400mW (min), mean (SD) 5.48 (1.72) 6.35 (1.46) 0.324 
Years trained (yrs), mean (SD) 1.34 (0.62) 1.69 (0.26) 0.067 

Weekly visits (days/week), mean (SD) 1.04 (0.50) 1.15 (0.68) 0.662 

SARC-F (score), mean (SD) 1.71 (1.89) 1.75 (0.96) 0.969 
  n = 97 n = 4   
PASE (score), mean (SD) 128.29 (58.25) 142.96 (84.02) 0.628 
  n = 98 n = 4   
AQoL-4D (score), mean (SD) 0.69 (0.22) 0.71 (0.13) 0.885 
  n = 86 n = 4   
AES protein (g), mean (SD) 101.51 (36.28) 109.19 (8.70) 0.716 
AES energy (kj), mean (SD) 9253.69 (2948.03) 9131.67 (163.27) 0.712 
AES-ARFS (score), mean (SD) 35.34 (9.11) 35.00 (3) 0.948 

Spearman correlations explored associations among sarcopenia components between 

sites. Within the Uniting AgeWell gyms, there was a significant weak, negative association 

between the strength variables (handgrip strength and chair-stand time), indicating that almost 

5% of the variance in handgrip strength was explained by chair stand performance (see Table 

5.16). Handgrip showed a significant weak, positive association with gait speed, implying that 

HRQoL: health-related quality of life; ALM: appendicular lean mass; BMI: body mass index; SPPB: 

short physical performance battery; TUG: timed up and go test; 400-metre walk test; SARC-F: 

sarcopenia screening tool assessing strength, assistance in walking, rising from a chair, climbing stairs 

and falls; PASE: Physical Activity Scale for the Elderly; AQoL-4D: Assessment of Quality of Life; 

AES: Australian Eating Survey; ARFS: Australian Recommended Food Score. *All analyses are 

independent sample t-tests; p < 0.05 are in green text. 
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handgrip accounted for almost 6% of the variance in gait speed. However, handgrip was not 

significantly correlated with the remaining physical performance measures (i.e., TUG, SPPB 

or 400mW—all p > 0.05). In addition, there was a significant moderate, positive association 

between handgrip and ALM, indicating that almost 30% of the variance in handgrip strength 

was explained by ALM. These associations were maintained when ALM was normalised to 

BMI and height2, implying that handgrip accounted for almost 26% and 17% of the variance 

in ALM/BMI and ALM/h2, respectively. Further, the chair stand had a significant moderate, 

positive relationship with ALM/BMI, indicating that almost 5% of the variance in chair-stand 

time was explained by ALM/BMI, but not with ALM or ALM/h2 (both p > 0.05). Also, 

ALM/BMI had a significant weak, positive association with ALM/h2. Chair stand had a 

significant moderate, negative association with gait speed, implying that chair-stand time 

accounted for almost 21% of the variance in gait speed. It also had a moderate, positive 

association with TUG, indicating that almost 22% of the variance in chair-stand time was 

explained by TUG. 

Additionally, there was a significant strong, negative association with SPPB and 

positive with 400mW, implying that chair-stand time accounted for almost 31% of the variance 

in SPPB and 400mW. Gait speed was significantly associated with all physical performance 

variables (all p < 0.05). Gait speed had a significant strong, positive correlation with SPPB 

score, indicating that nearly 38% of the variance in gait speed was explained by SPPB score 

and a strong negative correlation with TUG and 400mW, indicating that gait speed accounted 

for nearly 54% and 37% of the variance in TUG and 400mW, respectively. There was also a 

significant negative, strong relationship between SPPB and TUG, implying that almost 42% of 

the variance in SPPB was explained by TUG, and negative, moderate correlation with 400mW, 

indicating that almost 29% of the variance in SPBB was explained by 400mW. In addition, a 

strong positive correlation was observed between TUG and 400mW, implying that TUG 

accounted for nearly 26% of the variance in 400mW. 
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Table 5.16: 

Associations for Self-Reported Function, Physical Activity, HRQoL and Nutrition with 

Sarcopenia Components, Melbourne 

Component 
Muscle strength Lean mass Physical performance 

Handgrip 
(kg) 

Chair stand 
(s) 

 ALM 
(kg) 

ALM/BMI 
(kg/m2) 

ALM/h2 

(kg/m2) 
Gait speed 

(m/s) 
SPPB 
(score) 

TUG 
(s) 

400mW 
(min) 

SARC-F  
(score) 

Spearman 
coefficient –0.004 0.227* 0.194* 0.143 0.17 –0.427** –0.507** 0.487** 0.368** 

p 0.967 0.02 0.047 0.144 0.083 < 0.001 < 0.001 < 0.001 < 0.001 
n 105 105 105 105 105 105 105 105 105 

PASE  
(score) 

Spearman 
coefficient 0.214* –0.153 0.022 0.216* –0.045 0.197* 0.319** –0.235* –0.210* 

p 0.032 0.126 0.824 0.03 0.655 0.048 0.001 0.018 0.035 
n 101 101 101 101 101 101 101 101 101 

AQoL-4D 
(score) 

Spearman 
coefficient 0.029 –0.201* 0.149 0.141 0.113 0.337** 0.308** –0.396** –0.272** 

p 0.774 0.043 0.136 0.156 0.257 0.001 0.002 < 0.001 0.006 
n 102 102 102 102 102 102 102 102 102 

AES 
protein  
(g) 

Spearman 
coefficient 0.123 0.037 0.232* 0.320** 0.179 0.171 –0.014 –0.002 –0.101 

p 0.25 0.726 0.028 0.002 0.091 0.107 0.899 0.984 0.343 
n 90 90 90 90 90 90 90 90 90 

AES 
energy  
(kJ) 

Spearman 
coefficient 0.168 0.03 0.250* 0.414** 0.197 0.112 –0.024 0.009 –0.029 

p 0.114 0.776 0.017 < 0.001 0.063 0.295 0.825 0.93 0.785 
n 90 90 90 90 90 90 90 90 90 

AES-
ARFS 
(score) 

Spearman 
Coefficient –0.083 –0.062 0.086 0.115 0.109 –0.006 –0.035 –0.045 –0.102 

p 0.436 0.559 0.42 0.28 0.305 0.958 0.743 0.67 0.34 
n 90 90 90 90 90 90 90 90 90 

Handgrip  
(kg) 

Spearman 
coefficient 1 –0.217* 0.545** 0.508** 0.416** 0.247* 0.178 –0.159 –0.187 

p - 0.026 < 0.001 < 0.001 < 0.001 0.011 0.07 0.106 0.056 
n 105 105 105 105 105 105 105 105 105 

Chair 
stand  
(s) 

Spearman 
coefficient –0.217* 1 0.028 –0.222* 0.019 –0.453** –0.553** 0.469** 0.554** 

p 0.026 - 0.779 0.023 0.847 < 0.001 < 0.001 < 0.001 < 0.001 
n 105 105 105 105 105 105 105 105 105 

ALM  
(kg) 

Spearman 
coefficient 0.545** 0.028 1 0.568** 0.922** 0.013 –0.157 0.12 0.046 

p 0 0.779 - < 0.001 < 0.001 0.895 0.109 0.221 0.64 
n 105 105 105 105 105 105 105 105 105 

ALM/BMI 
(kg/m2) 

Spearman 
coefficient 0.508** –0.222* 0.568** 1 0.316** 0.282** 0.043 –0.116 –0.146 

p < 0.001 0.023 < 0.001 - 0.001 0.004 0.665 0.24 0.136 
n 105 105 105 105 105 105 105 105 105 

ALM/H2 
(kg/m2) 

Spearman 
Coefficient 0.416** 0.019 0.922** 0.316** 1 –0.022 –0.117 0.124 0.023 

p < 0.001 0.847 < 0.001 0.001 - 0.82 0.233 0.209 0.819 
n 105 105 105 105 105 105 105 105 105 

Gait speed  
(m/s) 

Spearman 
coefficient 0.247* –0.453** 0.013 0.282** –0.022 1 0.620** –0.815** –0.606** 

p 0.011 < 0.001 0.895 0.004 0.82 - < 0.001 < 0.001 < 0.001 
n 105 105 105 105 105 105 105 105 105 

SPPB 
(score) 

Spearman 
coefficient 0.178 –0.553** –0.157 0.043 –0.117 0.620** 1 –0.648** –0.541** 

p 0.07 < 0.001 0.109 0.665 0.233 < 0.001 - < 0.001 < 0.001 
n 105 105 105 105 105 105 105 105 105 

TUG  
(s) 

Spearman 
Coefficient –0.159 0.469** 0.12 –0.116 0.124 –0.815** –0.648** 1 0.640** 

p 0.106 < 0.001 0.221 0.24 0.209 < 0.001 < 0.001 - < 0.001 
n 105 105 105 105 105 105 105 105 105 

400mW  
(min) 

Spearman 
coefficient –0.187 0.554** 0.046 –0.146 0.023 –0.606** –0.541** 0.640** 1 

p 0.056 < 0.001 0.64 0.136 0.819 < 0.001 < 0.001 < 0.001 - 
n 105 105 105 105 105 105 105 105 105 
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Component 
Muscle strength Lean mass Physical performance 

Handgrip 
(kg) 

Chair stand 
(s) 

 ALM 
(kg) 

ALM/BMI 
(kg/m2) 

ALM/h2 

(kg/m2) 
Gait speed 

(m/s) 
SPPB 
(score) 

TUG 
(s) 

400mW 
(min) 

Years 
trained 
(yrs) 

Spearman 
coefficient –0.056 0.276** 0.052 –0.068 0.039 –0.172 –0.058 0.189 0.307** 

p 0.57 0.004 0.599 0.491 0.693 0.079 0.555 0.054 0.001 
n 105 105 105 105 105 105 105 105 105 

 Weekly 
  visits  
  (days/week) 

Spearman 
coefficient –0.016 0.101 –0.034 –0.074 –0.036 –0.047 –0.214* 0.017 –0.012 

p 0.874 0.305 0.728 0.453 0.719 0.632 0.029 0.866 0.907 
n 105 105 105 105 105 105 105 105 105 

Within El Paso sample, Spearman correlations (see Table 5.17), which examined 

associations among sarcopenia components before the intervention, showed a significant 

strong association between handgrip and ALM. These associations were maintained when 

ALM was normalised to either BMI or height2. There was also a significant moderate, positive 

association for handgrip with gait speed and a negative weak association with TUG. Further, 

gait speed had a weak, positive correlation with ALM and ALM/h2. It also had a positive 

moderate association with ALM/BMI. There was a negative moderate correlation between gait 

speed and TUG and a negative weak correlation between TUG and ALM/BMI. 

  

HRQoL: health-related quality of life; ALM: appendicular lean mass; BMI: body mass index; SPPB: 

short physical performance battery; TUG: timed up and go test; 400mw: 400-metre walk test; SARC-

F: sarcopenia screening tool assessing strength, assistance in walking, rising from a chair, climbing 

stairs and falls; PASE: Physical Activity Scale for the Elderly; AQoL-4D: Assessment of Quality of 

Life; AES: Australian Eating Survey; ARFS: Australian Recommended Food Score. All analyses are 

Spearman correlations. ** p < 0.01 (2-tailed); * p < 0.05 (2-tailed) are in green text. 
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Table 5.17: 

Associations for Self-Reported HRQoL with Sarcopenia Components at Pretest, El Paso 

Component 
Muscle strength Lean mass Physical performance 

Handgrip 
(kg) 

ALM 
(kg) 

ALM/BMI 
(kg/m2) 

ALM/h2 
(kg/m2) 

Gait speed 
(m/s) 

TUG 
(s) 

AQoL-4D 
(score) 

Spearman coefficient –0.028 –0.110 –0.001 –0.117 0.067 0.047 

p 0.799 0.315 0.994 0.288 0.540 0.670 

n 85 85 85 85 85 85 
Handgrip 
(kg) 

Spearman coefficient 1.000 0.798** 0.616** 0.778** 0.433** –0.314** 

p - < 0.001 < 0.001 < 0.001 < 0.001 0.003 

n 85 85 85 85 85 85 
ALM 
(kg) 

Spearman coefficient 0.798** 1.000 0.773** 0.988** 0.386** –0.140 

p .000 - < 0.001 < 0.001 < 0.001 0.200 

n 85 85 85 85 85 85 

ALM/BMI 
(kg/m2) 

Spearman coefficient 0.616** 0.773** 1.000 0.739** 0.584** –0.313** 

p < 0.001 < 0.001 - < 0.001 < 0.001 0.004 

n 85 85 85 85 85 85 

ALM/H2 
(kg/m2) 

Spearman coefficient 0.778** 0.988** 0.739** 1.000 0.371** –0.159 

p < 0.001 < 0.001 < 0.001 - < 0.001 0.146 

n 85 85 85 85 85 85 
Gait speed 
(m/s) 

Spearman coefficient 0.433** 0.386** 0.584** 0.371** 1.000 –0.544** 

p < 0.001 < 0.001 < 0.001 < 0.001 - <0.001 

n 85 85 85 85 85 85 
TUG 
(s) 

Spearman coefficient –0.314** –0.140 –0.313** –0.159 –0.544** 1.000 

p 0.003 0.200 0.004 0.146 < 0.001 - 

n 85 85 85 85 85 85 

Changes in sarcopenia components and HRQoL were calculated to assess the impact 

of 16 weeks of training. Spearman correlations (see Table 5.18) generally revealed no 

associations between changes in individual sarcopenia components (all p > 0.05) except for 

associations between ALM and their normalised forms to BMI and height2. 

  

HRQoL: health-related quality of life; ALM: appendicular lean mass; BMI: body mass index; TUG: 

timed up and go test; AQoL-4D: Assessment of Quality of Life; All analyses are Spearman correlations. 

** p < 0.01 (2-tailed); * p < 0.05 (2-tailed) are in green text. 
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Table 5.18: 

Associations for Change in Self-Reported HRQoL with Change in Sarcopenia Components 

between Pre- and Post-Test, El Paso 

Component 
Muscle strength Lean mass Physical performance 

Handgrip 
(kg) 

ALM 
(kg) 

ALM/BMI 
(kg/m2) 

ALM/h2 
(kg/m2) 

Gait speed 
(m/s) 

TUG 
(s) 

AQoL-4D 
(score) 

Spearman coefficient 0.004 0.094 0.035 0.088 0.057 –0.106 

p 0.974 0.394 0.748 0.422 0.604 0.334 

n 85 85 85 85 85 85 
Handgrip 
(kg) 

Spearman coefficient 1.000 0.148 0.130 0.145 0.144 0.061 

p - 0.177 0.234 0.186 0.188 0.581 

n 85 85 85 85 85 85 
ALM 
(kg) 

Spearman coefficient 0.148 1.000 0.878** 0.996** 0.029 0.066 

p 0.177 - < 0.001 < 0.001 0.790 0.550 

n 85 85 85 85 85 85 
ALM/BMI 
(kg/m2) 

Spearman coefficient 0.130 .878** 1.000 0.872** 0.059 0.063 

p 0.234 < 0.001 - < 0.001 0.593 0.569 

n 85 85 85 85 85 85 
ALM/h2 
(kg/m2) 

Spearman coefficient 0.145 0.996** 0.872** 1.000 0.036 0.080 

p 0.186 < 0.001 < 0.001 - 0.741 0.466 

n 85 85 85 85 85 85 
Gait speed 
(m/s) 

Spearman coefficient 0.144 0.029 0.059 0.036 1.000 –0.134 

p 0.188 0.790 0.593 0.741 - 0.223 

n 85 85 85 85 85 85 
TUG 
(s) 

Spearman coefficient 0.061 0.066 0.063 0.080 –0.134 1.000 

p 0.581 0.550 0.569 0.466 0.223 - 

n 85 85 85 85 85 85 

Both studies had the same two hypotheses depending on the gym or training type. In 

addition, the Melbourne study examined associations for sarcopenia components with self-

reported function, physical activity, and nutrition.  

 

H1 (Melbourne): There is a significant difference between HUR and conventional gym 

training for sarcopenia prevalence and its components. 

Chi-square tests (see Table 5.19) showed no significant difference between HUR and 

conventional gym groups for sarcopenia prevalence, according to FNIH, EWGSOP1, SARC-F, 

EWGSOP2 probable, confirmed or severe (all p > 0.05). 

HRQoL: health-related quality of life; ALM: appendicular lean mass; BMI: body mass index; TUG: 

timed up and go test; AQoL-4D: Assessment of Quality of Life; All analyses are Spearman correlations. 

** p < 0.01 (2-tailed); * p < 0.05 (2-tailed) are in green text. 



 82 
 

 

Table 5.19: 

Prevalence of Sarcopenia According to Different Definitions for Older Adults Participating 

in HUR and Conventional Gym Training, Melbourne (n = 105) 

Definition HUR 
(n = 76) 

Conventional 
(n = 29) 

P-value for  
difference* 

FNIH, n (%) 3 (3.9%) 1 (3.4%) 0.905 

EWGSOP1, n (%) 7 (9.2%) 4 (13.8%) 0.493 

SARC-F, n (%) 13 (17.1%) 1 (3.4%) 0.066 

EWGSOP2 probable, n (%) 13 (17.1%) 6 (20.7%) 0.670 

EWGSOP2 confirmed, n (%) 3 (3.9%) 1 (3.4%) 0.905 

EWGSOP2 severe, n (%) 2 (2.6%) 1 (3.4%) 0.822 

Regarding sarcopenia components, independent sample t-tests (see Table 5.20) showed 

no significant difference in any muscle strength component (handgrip and chair stand) between 

HUR and conventional gym groups (all p > 0.05). Concerning lean mass components, ALM/h2 

(used in EWGSOP1 and EWGSOP2 definitions) was significantly higher among HUR than 

among conventional gym participants. The HUR group had significantly higher BMI, 

indicating that it was more overweight (BMI ≥ 	25) compared to the conventional group. 

However, there was no significant difference in ALM or ALM/BMI between groups (all 

p > 0.05). Among physical performance components, participants at the conventional gym had 

faster gait speed (m/s) and TUG time (s). No significant difference was observed in SPPB or 

400mW between groups (both p > 0.05). 

  

FNIH: Foundation for the National Institutes of Health sarcopenia project; EWGSOP: European Working 

Group on Sarcopenia in Older People; SARC-F: sarcopenia screening tool assessing strength, assistance in 

walking, rising from a chair, climbing stairs and falls. *All analyses are chi-square tests. 
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Table 5.20: 

Comparison of Self-Reported Function, Physical Activity, HRQoL, Nutrition and Sarcopenia 

Components between HUR and Conventional Gym Training, Melbourne (n = 105) 

Component HUR 
(n = 76) 

Conventional 
(n = 29) 

P-value for 
difference* 

SARC-F (score) 1.95 (2.05) 1.10 (1.05) 0.007 

PASE (score) 131.30 (63.86) 122.34 (44.08) 0.422 

AQoL-4D (score) 0.67 (0.22) 0.75 (0.20) 0.116 

AES protein (g), mean (SD) 107.24 (38.13) 89.64 (26.41) 0.030 

AES energy (kJ), mean (SD) 9656.81 (2906.45) 8348.00 (2716.05) 0.047 

ARFS (score), mean (SD) 35.32 (9.56) 35.36 (7.63) 0.987 

Handgrip (kg), mean (SD) 26.03 (8.48) 25.64 (7.78) 0.830 

Chair stand (s), mean (SD) 10.42 (3.97) 9.03 (3.29) 0.097 

ALM (kg), mean (SD) 19.33 (4.86) 17.48 (4.49) 0.077 

BMI (kg/m2), mean (SD) 29.24 (6.28) 25.90 (3.93) 0.002 

ALM/BMI (kg/m2), mean (SD) 0.67 (0.16) 0.68 (0.14) 0.937 

ALM/h2 (kg/m2), mean (SD) 7.17 (1.33) 6.52 (1.09) 0.021 

Gait speed (m/s), mean (SD) 1.28 (0.27) 1.38 (0.19) 0.034 

SPPB (score), median (IQR) 11.50 (2) 12.00 (1) 0.076 

TUG (s), mean (SD) 9.07 (4.25) 7.45 (1.06) 0.003 

400mW (s), mean (SD) 5.56 (1.89) 5.39 (1.14) 0.649 

Years trained (yrs), mean (SD) 1.31 (0.63) 1.45 (0.58) 0.302 

Weekly visits (days/week), mean (SD) 1.05 (0.51) 1.03 (0.48) 0.857 

In addition, chi-square tests showed that proportions of men and women were not 

significantly different between groups (p = 0.600). Independent sample t-tests (see Table 5.20) 

also revealed that HUR gym participants were not significantly different from the conventional 

gym participants, either by years trained or weekly visits (both p > 0.05). On average, 

participants trained at both gyms for over a year, visiting the gyms about once a week. The 

analysis revealed that chair stand and 400mW had a significant weak, positive association with 

SARC-F: sarcopenia screening tool assessing strength, assistance in walking, rising from a chair, 

climbing stairs and falls; PASE: Physical Activity Scale for the Elderly; AQoL-4D: Assessment of 

Quality of Life; AES: Australian Eating Survey; ARFS: Australian Recommended Food Score. * All 

analyses are independent sample t-tests; ALM: appendicular lean mass, BMI: body mass index; SPPB: 

short physical performance battery; TUG: timed up and go test; 400mW: 400-metre walk test. * All 

analyses are independent sample t-tests; p < 0.05 are in green text. 
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years trained, indicating that almost 8% and 9% in the variance in years trained was associated 

with chair stand and 400mW, respectively. There was also a significant weak, negative 

correlation between weekly gym visits and SPPB. To explain the negative trend, one-way 

between-groups ANOVA test was conducted to explore the impact of years trained at the gym 

and weekly gym visits on sarcopenia components (see Table 5.21). The results show no 

significant difference in years trained at the gym or weekly gym visits for the three age groups 

(all p > 0.05). However, there was a non-significant trend for participants in the 70–79 age 

group to have trained the longest (i.e., nearly 1.5 years and for participants in the oldest age 

group 80–83 to have attended the gym most—slightly more than once a week compared to 

other age groups). 

Table 5.21: 

Difference between Three Age Groups by Years Trained and Weekly Gym Visits, Melbourne (n = 105) 

Training frequency 60–69 
(n = 12) 

70–79 
(n = 54) 

80–83 
(n = 39) 

P-value for 
difference* 

Years trained (yrs) 1.09 (0.69) 1.41 (0.57) 1.35 (0.64) 0.261 

Weekly visits (days/week) 1.04 (0.36) 0.97 (0.43) 1.14 (0.61) 0.309 

 

H1 (El Paso): There is a significant difference between strength training and power 

training for sarcopenia prevalence and its components in older adults. 

Due to the low prevalence of sarcopenia pretest, only changes in its components between ST 

and PT were explored when comparing pretest with post-test. Repeated measures ANOVA (see 

Table 5.22) showed no significant change in difference for sarcopenia components between ST 

and PT over time (all p > 0.05). While the ST group saw significant improvement in muscle 

strength, mass (absolute and normalised components) and function (all p < 0.05), the PT group 

also recorded a significant improvement in muscle strength and function (all p < 0.05) but not 

lean mass over time (p > 0.05).  

  

All data are mean (SD). *All analyses are one-way between-groups ANOVA. 
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Table 5.22: 

Sarcopenia Components and HRQoL of the Strength Training and Power/Agility Training 

Groups at Pre- and Post-Test, El Paso (n = 85) 

 

To observe the change for sarcopenia components between training groups, 

independent samples t-tests were conducted (see Table 5.23). ALM/BMI approached 

significance (p = 0.051), indicating that the ST group had an increase in ALM/BMI (used in 

FNIH) relative to the PT group. There was a non-significant trend for ST participants to have 

higher ALM, BMI and ALM/h2 than PT participants. Non-significantly, while the ST group 

performed better in handgrip strength, the PT group had a faster gait speed and TUG. 

  

All data are mean (SD).ST: strength training; PT: power/agility training; ALM: appendicular lean mass, 

BMI: body mass index; TUG: timed up and go test; AQoL-4D: Assessment of Quality of Life 

Significantly different from pretest. *Significantly different from pretest (in green text). All analyses 

are repeated measures ANOVA. 

Component 
ST (n = 56) PT (n = 29) 

Pretest Post-test Pretest Post-test 

Handgrip (kg) 33.48 (14.39) 37.66 (17.72) * 26.76 (9.07) 29.55 (9.43) * 

ALM (kg) 19.42 (5.45) 20.31 (5.97) * 17.91 (5.18) 18.15 (4.96) 

BMI (kg/m2) 29.24 (6.36) 28.91 (6.00) * 27.68 (3.90) 27.68 (3.86) 

ALM/BMI (kg/m2) 0.68 (0.20) 0.71 (0.20) * 0.65 (0.18) 0.66 (0.18) 

ALM/h2 (kg/m2) 11.46 (2.71) 11.96 (2.93) * 10.77 (2.55) 10.92 (2.42) 

Gait speed (m/s) 1.49 (0.36) 1.62 (0.30) * 1.42 (0.37) 1.58 (0.35) * 

TUG (s) 4.76 (1.15) 4.43 (0.91) * 5.23 (1.91) 4.79 (1.95) * 

AQoL-4D (score) 0.81 (0.17) 0.86 (0.11) * 0.83 (0.15) 0.84 (0.14) 
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Table 5.23: 

Difference in Change in Sarcopenia Components and HRQoL between Strength Training and 

Power/Agility Training between Pre- and Post-Test, El Paso (n = 85) 

Component ST 
(n = 56) 

PT 
(n = 29) 

P-value for 
difference* 

Handgrip (kg) 4.18 (11.31) 2.79 (4.45) 0.528 

ALM (kg) 0.89 (1.98) 0.24 (1.00) 0.100 

BMI (kg/m2) –0.34 (0.97) –0.01 (0.73) 0.111 

ALM/BMI (kg/m2) 0.03 (0.06) 0.01 (0.04) 0.051 

ALM/h2 (kg/m2) 0.50 (1.10) 0.15 (0.61) 0.119 

Gait speed (m/s) 0.13 (0.15) 0.16 (0.17) 0.381 

TUG (s) –0.33 (0.60) –0.44 (0.51) 0.422 

AQoL-4D (score) 0.04 (0.12) 0.00 (0.11) 0.140 

 

Apart from sarcopenia components, this study also analysed effects of the intervention 

on body composition and other fitness measures in the El Paso cohort. Repeated measures 

ANOVA (see Table 5.24). showed that following 16 weeks of training, both groups had 

significant improvements in strength (both right and left hand separately), muscular endurance 

(30-second arm curl and chair-stand tests), gait speed (flat ground walking speed), upper-body 

power (standing and seated medicine ball throws) and aerobic endurance (six-minute walk). 

Only the PT group showed significant improvement on lower-body power (vertical jump), 

while only the ST group improved significantly on the back-leg strength (dynamometer) test. 

The ST group also demonstrated significant improvements in bone mineral density (BMD) 

after training, while total lean mass increased for both ST and PT groups. No significant fitness 

improvement differences were observed between the groups for any measures (all p > 0.05). 

  

All data are mean (SD). ST: strength training; PT: power/agility training; ALM: appendicular lean mass, 

BMI: body mass index; TUG: timed up and go test; AQoL-4D: Assessment of Quality of Life. * All 

analyses are independent sample t-tests. 
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Table 5.24: 

Fitness and DEXA Measurements of the Strength Training and Power/Agility Training 

Groups at Pre- and Post-Test, El Paso (n = 85) 

Component 
  

ST PT 

Pretest Post-test Pretest Post-test 

Left leg balance (points) 6.09 (1.48) 6.36 (1.12) 6.00 (1.36) 6.14 (1.03) 

Right leg balance (points) 6.12 (1.59) 6.45 (1.06) 5.69 (1.58) 5.93 (1.41) 

Two-leg vert. jump (inch) 9.43 (3.47) 9.83 (3.66) 8.06 (3.43) 8.61 (3.62) * 

One-leg vert. jump (inch) 5.27 (2.85) 6.10 (2.82) 4.88 (2.63) 5.36 (2.83) 

Seated m. ball throw (cm) 313.68 (60.95) 328.95 (56.33) * 298.48 (53.24) 309.07 (57.4) * 

Stand m. ball throw (cm) 471.95 (111.95) 508.87 (126.91) * 422.76 (112.51) 443.10 (116.06) * 

Speed walk (sec) 8.40 (1.95) 7.64 (1.68) * 9.74 (3.60) 8.60 (2.74) * 

Handgrip left (kg) 29.45 (11.65) 33.07 (13.91) * 24.48 (9.34) 26.41 (8.37) * 

Handgrip right (kg) 32.51 (15.26) 36.31 (18.33) * 25.17 (8.37) 28.45 (9.01) * 

Back-leg strength (kg) 109.18 (51.85) 117.11 (50.46) * 88.21 (40.81) 92.38 (37.06) 

30-sec chair stand (reps) 16.57 (6.00) 19.21 (6.17) * 14.62 (6.28) 17.66 (6.98) * 

30-sec arm curl (reps) 23.77 (4.89) 27.05 (4.64) * 22.66 (4.56) 26.17 (5.18) * 

6-min walk (miles) 0.33 (0.08) 0.36 (0.07) * 0.32 (0.08) 0.35 (0.08) * 

Ruler drop (inch) 8.28 (2.12) 8.08 (1.88) 9.44 (3.53) 8.92 (1.66) 

BMD (g/cm²) 1.22 (0.15) 1.23 (0.15) * 1.19 (0.12) 1.20 (0.13) 

Total lean mass (kg) 45.62 (12.37) 46.38 (12.75) * 41.51 (10.10) 42.03 (10.39) * 

H2 (Melbourne): Components of sarcopenia are associated with poorer HRQoL in older 

adults participating in exercise programs. 

Spearman correlations (see Table 5.16) revealed a significant weak, negative association 

between chair stand and HRQoL, indicating that nearly 5% of the variance in chair stand was 

explained by HRQoL. No significant relationship was observed between handgrip and HRQoL 

(p = 0.774). There was a weak, positive correlation for gait speed and SPPB with HRQoL, 

indicating that almost 11% and 9% of the variance in gait speed and SPPB were explained by 

HRQoL, respectively. A significant moderate, negative association occurred between TUG and 

HRQoL, implying that nearly 16% of the variance in TUG was explained by HRQoL. There was 

All data are mean (SD). ST: strength training; PT: power/agility training; BMD: bone mineral density* 

Significantly different from pretest (in green text). All analyses are repeated measures ANOVA. 
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also a significant weak, negative association for 400mW with HRQoL, indicating that almost 7% 

of the variance in 400mW was explained by HRQoL. None of the lean mass variables were 

associated with HRQoL (all p > 0.05). Independent sample t-tests (see Table 5.20) showed no 

significant differences for HRQoL between the groups (p > 0.05). Although the findings did 

not reach statistical significance, the conventional group scored higher in HRQoL than the 

HUR group (p = 0.116). 

H2 (El Paso): Components of sarcopenia are associated with poorer HRQoL in older 

adults participating in exercise programs. 

Spearman correlations (see Table 5.18) revealed no significant association for the 

change in sarcopenia components with the change in HRQoL when comparing pretest with 

post-test. HRQoL significantly increased in the ST group compared to pretest, but not in the 

PT group (see Table 5.22). 

H3 (Melbourne): Components of sarcopenia are associated with poorer self-reported 

function in older adults participating in exercise programs. 

Regarding strength variables, Spearman correlations (see Table 5.16) showed a 

significant weak, positive correlation between chair stand and SARC-F, indicating that almost 

5% of the variance in chair-stand performance was explained by SARC-F score. However, there 

was no significant association between handgrip and SARC-F (p = 0.967). In terms of lean mass 

variables, there was a significant weak, positive correlation between ALM and SARC-F, 

suggesting that almost 10% of the variance in ALM was explained by SARC-F score. However, 

these associations became non-significant when ALM was normalised to either BMI or height2 

(both p > 0.05). Among physical performance variables, there was a significant moderate, 

negative correlation for gait speed and SPPB with SARC-F, indicating that 18% and 26% of the 

variance in gait speed and SPPB, respectively, were explained by SARC-F score. A moderate, 

positive correlation was observed for TUG and 400mW with SARC-F, indicating that nearly 

24% and 14% of the variance in TUG and 400mW, respectively, were explained by SARC-F score. 

Independent sample t-tests (see Table 5.20) revealed that the conventional group scored significantly 

lower on SARC-F, implying a better self-reported physical function than the HUR gym group. 

H4 (Melbourne): Components of sarcopenia are associated with lower self-reported 

physical activity in older adults participating in exercise programs. 

Spearman correlations (see Table 5.16) revealed PASE had a significant weak, positive 

association with handgrip, indicating nearly 4% of the variance in handgrip was explained by PASE 

score. However, there was no significant relationship between PASE and chair stand (p = 0.126). A 
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significant association was observed for ALM/BMI with PASE, implying that nearly 5% of the 

variance in ALM/BMI was explained by PASE score. However, there was no significant association 

for ALM or its normalised form for height with PASE (both p > 0.05). Further, gait speed had a 

significant weak, positive association with PASE, indicating that nearly 4% of the variance in gait 

speed was explained by PASE score. There was also a significant, weak positive correlation between 

SPPB and PASE, suggesting that almost 10% of the variance in SPPB was explained by PASE score. 

A weak negative relationship was observed between TUG and PASE, which means nearly 6% of the 

variance in TUG was explained by PASE score; 400mW had a significant weak, negative association 

with PASE, implying that almost 4% of the variance in 400mW was explained by PASE score. Independent 

sample t-tests (see Table 5.20) showed no significant differences for PASE between the groups (p > 0.05). 

H5 (Melbourne): Components of sarcopenia are associated with self-reported nutrition 

in older adults participating in exercise programs. 

Within the AES survey, protein intake, energy intake and ARFS were explored. Spearman 

correlations (see Table 5.16) showed a significant weak, positive association for ALM and 

ALM/BMI with protein intake, implying that nearly 5% and 10% of the variance in ALM and 

ALM/BMI were explained by protein intake, respectively. However, the correlation lost its 

significance when ALM was normalised to height2 (p = 0.179). A similar trend was observed for 

energy intake. There was a significant weak, positive association between ALM and energy intake, 

suggesting that almost 6% of the variance in ALM was explained by energy intake, and a moderate 

association between ALM/BMI and energy intake, implying that nearly 17% of the variance in 

ALM/BMI was explained by energy intake. However, the association lost its significance when 

ALM was normalised to height2 (p = 0.197). ARFS was not associated with any of the sarcopenia 

components (all p > 0.05). Independent sample t-tests (see Table 5.20) revealed that HUR group 

had significantly higher self-reported protein and energy intakes compared to the conventional 

group. However, no significant difference was observed in ARFS between groups (p > 0.05). 
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Chapter 6: Discussion 

This project assessed prevalence of sarcopenia in community-dwelling older adults 

participating in exercise programs using three current operational definitions. In addition to 

associations for sarcopenia components with HRQoL, the Melbourne study explored 

associations with self-reported function, physical activity and nutrition. The observed 

prevalence of sarcopenia in older adults participating in supervised exercise programs was 

lower than that reported in the general community (7.9% and 31.9% according to FNIH and 

EWGSOP) (Schaap, van Schoor, Lips, & Visser, 2017), aged care (31.4% and 32.5%) (Zeng 

et al., 2018) or hospitals (24% and 36%) (Volpato, Bianchi, & Landi, 2018) and also varied 

according to definition (Beaudart et al., 2018; Schaap et al., 2017). The Melbourne and El Paso 

cohorts were community-dwelling older adults independent enough to travel to the gyms where the 

studies were conducted; thus, it is unsurprising that sarcopenia prevalence was low in both groups.  

The low prevalence of sarcopenia (ranging from 3.8–10.5%) is potentially also 

influenced by the fact that the Melbourne group was an exercising population, consistent with 

the idea that resistance training can prevent/reverse sarcopenia (Beaudart et al., 2016; Frost et 

al., 2016; Liu & Latham, 2009; Morley, 2018; Skelton et al., 1995; Taaffe, 2006; Tschopp et 

al., 2011; Vikberg et al., 2019). While the Melbourne cohort, which were lightly and voluntary 

physically active, underwent resistance training for one hour once a week for about a year on 

average in community-dwelling settings, the El Paso group was inactive and sedentary before 

they were assigned to ST and PT groups for two 90-minute sessions for 16 weeks in laboratory 

settings. The El Paso group was fit to begin with, yet they sarcopenia prevalence slightly 

differed from the Melbourne group. Although the Melbourne cohort was significantly older, 

they reported a lower prevalence of sarcopenia (3.8%) than the El Paso group (7.1%) according 

to FNIH. This may be due to the fact that El Paso participants were significantly taller and non-

significantly heavier than Melbourne participants at baseline, which could affect lean mass 

(ALM/BMI). Conversely, sarcopenia probable (based on muscle strength) according to 

EWGSOP2 was more prevalent in the Melbourne group (18.1%) than the El Paso group 

(11.8%), which may be explained by the fact that El Paso subjects had significantly better 

handgrip strength, thus lower sarcopenia probable than among Melbourne subjects at baseline 

(see Table 5.1).  

The Melbourne study showed that no participant was confirmed with sarcopenia 

according to all definitions. As such, if the definitions are grouped together, prevalence could 
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be as high as 20% (18.4%), suggesting sarcopenia may be common, even among people 

undertaking exercise training. This highlights the importance of early identification and clinical 

monitoring to avoid the dire consequences of sarcopenia, regardless of the diagnosis definition 

used. Given that there were no significant differences between HUR and conventional gyms 

for sarcopenia prevalence, it can be inferred that exercise training at both types of gyms 

operated by Uniting AgeWell may be equally effective in influencing sarcopenia prevalence 

(and/or sarcopenia components). 

The Melbourne study finding supports prior literature indicating that sarcopenia 

prevalence is lower when using the FNIH compared to EWGSOP definitions (Dam et al., 2014; 

Schaap et al., 2017). Potentially, more people will be diagnosed with sarcopenia using 

EWGSOP1 than FNIH since the criteria for low handgrip (< 30 v. < 26 kg in men and similar 

difference in women) are less conservative and, if gait speed is low, people without low 

handgrip strength may still be assessed as sarcopenic (Scott et al., 2017). Conversely, the El 

Paso study showed a higher prevalence of sarcopenia according to FNIH, since no participant 

fulfilled the criteria for low lean mass (ALM/h2) according to EWGSOP1 and EWGSOP2. 

Training contributed to a non-significant reduction of sarcopenia by 44% and 50% according 

to FNIH and EWGSOP2 sarcopenia probable, respectively. The non-significance is likely due 

to the overall low numbers with sarcopenia in the first place (~10%), as clearly, reductions in 

sarcopenia prevalence of 50% would be highly clinically significant. Variations in sarcopenia 

prevalence depending on the applied diagnostic criteria could lead to negative public health 

outcomes—over- or underestimation of the sarcopenia prevalence could affect therapeutic or 

preventative interventions by increasing risk of treating a patient without sarcopenia and 

depriving a patient with sarcopenia of necessary treatment (Beaudart et al., 2015). Failure to 

treat a person because of undiagnosed sarcopenia would be more serious than referring a patient 

without sarcopenia for treatment given the primary treatment strategies involve exercise and/or 

nutrition. A universally accepted consensus on sarcopenia is necessary for consistent diagnosis 

and implementation in clinical settings (Beaudart et al., 2015). 

Currently, few studies have explored the prevalence of sarcopenia according to 

EWGSOP2 owing to its recent publication (Locquet, Beaudart, Petermans, Reginster & 

Bruyère, 2019; Su et al., 2019). Due to changes to the algorithm from EWGSOP1 (see Figure 

3.2) and lower cut-off points (Cruz-Jentoft et al., 2018), sarcopenia prevalence in the 

Melbourne sample was lower for EWGSOP2 than for EWGSOP1, which supports recent 

findings that the use of EWGSOP2 will potentially underestimate sarcopenia prevalence 

compared to EWGSOP1 (Locquet et al., 2019). Consequently, public spending on sarcopenia 
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would be greater if EWGSOP1 guidelines are followed. The consensus from the ANZSSFR 

recommends to continue working with EWGSOP1 in Australia and New Zealand (Zanker et 

al., 2019), at least until Australia has its own data-verified cut-points. This approach was 

supported further when the initial screening tool SARC-F in EWGSOP2 was unable to 

reliably predict sarcopenia cases if the complete algorithm was followed, meaning many 

cases would fail to be identified clinically if EWGSOP2 was adopted. 

Since EWGSOP2 offers many measurement options for each sarcopenia component, 

discrepancies in prevalence estimates depending on the option applied are expected. Phu et al. 

(2019) demonstrated that sarcopenia prevalence varied depending on EWGSOP2 measures, 

stating that highest prevalence was reported when using chair stand for muscle strength and 

lowest when using TUG for physical performance). In the Melbourne study, muscle strength 

was assessed by handgrip strength. However, sarcopenia prevalence would be lower if it was 

assessed by chair stand, as poor chair-stand performance was less common than poor handgrip 

strength in the Melbourne cohort. Gait speed was used to assess physical performance. If TUG 

had been used, sarcopenia prevalence would be lower. However, if 400mW was assessed, it 

would be higher due to highest proportions of poor 400mW performance across the sample. 

This demonstrates the inconsistency of sarcopenia prevalence assessment, even within the 

same definition. 

The current data showed that people who trained for a longer period performed worse in 

chair stand and 400mW, and those who visited gyms more often performed worse in SPPB, which 

appears counter to expectations There was a non-significant trend for participants in the 70–79 age 

group to have trained the longest and for participants in the oldest age group 80–83 to have attended 

the gym most compared to other age groups. Possible factors affecting results for 80–83-year-olds 

could be the prescription of more regular gym sessions for those perceived to be in greater need. 

Thus, for health reasons, or because they find the gym a more accessible exercise option offering 

social interaction (Boulton-Lewis, Buys, Lewis, Vine & Dendle, 2019), pleasure (Phoenix & Orr, 

2014) or promoting exercise and safety to people with chronic diseases and health conditions 

(American College of Sports Medicine, 2014), older people may visit the gym more often. 

Both studies support the concept that sarcopenia increases with age (Rosenberg, 1989, 

2011) and while muscles can continue to adapt to exercise training, loss of mass and/or function 

cannot be prevented entirely. In the Melbourne cohort, sarcopenia was not observed in the 

youngest age group (60–69-year-olds) but was present in 70–79-year-olds. This was similar 

across FNIH and EWGSOP2 sarcopenia probable. However, in the El Paso cohort, sarcopenia 

was recorded in the youngest age group and increased in 70–79-year-olds according to both 
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definitions. Due to low sarcopenia prevalence in both studies, components of sarcopenia 

(muscle strength, mass and physical performance) were analysed. Both Melbourne and El Paso 

studies had low proportions of low handgrip strength (under 12%) but high proportions (over 

30%) of low lean mass (ALM/BMI) according to FNIH. Less than 6% participants had low 

gait speed and poor TUG performance, implying that most participants did short distance walk 

and TUG with ease, which were conducted at normal speed. However, over 30% Melbourne 

participants had poor 400mW performance (which was performed as fast as possible), 

suggesting that even for older adults attending gym programs, cardiovascular fitness can be 

challenging. The results indicate that assessing sarcopenia components are important, as low 

muscle strength, mass and physical performance are essential risk factors for frailty, falls and 

mortality (Hars et al., 2016; Landi et al., 2011, 2012, 2016; Sarodnik et al., 2018; Skelton et 

al., 1994; Suetta et al., 2019). A current study using data from the WHO from China, Mexico, 

Ghana, India, Russia and South Africa showed that low handgrip strength and gait speed and 

the combination of both are associated with higher functional disability levels in older adults. This 

indicates that these tests can potentially assess negative health outcomes (Brennan-Olsen et al., 2019). 

Melbourne’s conventional training group had significantly faster gait speed and TUG 

than HUR gym participants. This may be attributable to differences in the exercise programs; the 

conventional gym includes dynamic exercises (e.g., using medicine balls and jumping), which 

may be more effective for improving mobility than training with resistance equipment. Similarly, 

the El Paso PT group used more dynamic activities (medicine ball chest pass throw and vertical 

jump) than the ST group. Although there were no significant differences between the groups, 

while the ST group performed better for upper-body strength (handgrip), the PT group was better 

for lower-leg function (gait speed and TUG). Past research shows that exercises should be 

dynamic rather than static, targeting major muscle groups applying both concentric 

(lifting/pushing) and eccentric (slow lowering) movements and prioritising lower-extremity 

muscle groups (knee/hip extensors, knee flexors, dorsi- and plantarflexors) since they are 

important for balance, mobility and falls prevention (Taaffe, 2006). Current training guidelines 

recommend high-velocity training, as it is associated with generating force quickly and improving 

the ability to perform ADL (American College of Sports Medicine, 2014; Anthony & Brown, 2016). 

Although not significantly different, both dynamic and isometric resistance training using 

TheraBands for 16 weeks improved physical function and reduced knee joint pain of patients 

with knee osteoarthritis compared to a control group (Topp, Woolley, Hornyak III, Khuder & 

Kahaleh, 2002). In addition, dynamic exercises involving jumping led to increased muscle 

strength and balance in older adults following four weeks of training (Park, Cho & Lee, 2012). 
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When using high-speed power training including muscle power (walking speed, counter 

movement jump and ball throw) and functional tests (chair stand and TUG tests) over 12 weeks, 

older women in the experiment group significantly increased dynamic and isometric strength 

performance, muscle power and physical function as opposed to a control group. This implies 

that high-speed power training may be a more effective strategy for maintaining functional 

independence and QoL (Pereira et al., 2012). This suggests that adding extra power exercises, including 

jumping and medicine ball throws, can elicit more improvements in lower-extremity function. 

In the El Paso study, while the ST group significantly improved in muscle strength, 

mass (absolute and normalised values) and function, the PT group also significantly improved 

in muscle strength and function, but not in lean mass components in community-dwelling older 

adults. Strength and power training can benefit muscle mass and function (Balachandran et 

al., 2017; Bean et al., 2003, 2004; Cadore & Izquierdo, 2018; Caserotti et al., 2008; Chan 

et al., 2018; Fiatarone et al., 1990; Liu & Latham, 2009; Sayers et al., 2016; Tschopp et al., 

2011; Wallerstein et al., 2012). However, power training did not significantly contribute to 

increased lean mass over time. This could be due to the more dynamic nature of power 

training, in which less force is applied at higher velocities (with peak power occurring at 

approximately one-third of peak isometric force). Muscle mass gains are associated with 

high-force contractions, and are more likely to occur in strength training involving high-

weight, slower concentric contactions. Thus, it is likely that the strength training increased 

lean mass in the 16 weeks of training, but the power training did not. However, both 

exercises would have been able to increase muscle power, albeit over differing velocities. 

This is important, as extensive research demonstrates that muscle power is a greater predictor 

of physical function than muscle strength in older adults (Bean et al., 2003; Hruda et al., 2003; 

Marsh et al., 2009; Miszko et al., 2003; Reid & Fielding, 2012; Rice & Keogh, 2009) and 

declines faster than muscle strength with age (Bean et al., 2003; Chodzko-Zajko et al., 2009; 

Izquierdo et al., 1999; Skelton et al., 1994; Skelton et al., 1995; Suetta et al., 2019). The El 

Paso study did not identify any significant difference between ST and PT groups for 

components of sarcopenia following the intervention, implying that both strength and 

power/agility training contributed to improved sarcopenia components.  

Due to low sarcopenia prevalence in community-dwelling older adults in Melbourne 

and El Paso, it can be inferred that resistance training using HUR and conventional gyms 

operated by Uniting AgeWell, and strength and power/agility training offered at the University 

of Texas at El Paso, may be an effective intervention for the prevention of sarcopenia. Since 

strength training significantly contributed to muscle strength, mass, function and HRQoL, and 
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power/agility training only to muscle strength and function in older adults, it can be concluded 

that strength training was more effective than power/agility training. However, due to missing 

post-data in the Melbourne study, effects of resistance training on sarcopenia and its 

components over time could not be assessed. Even with 6-month post data available, it would 

not be advisable to judge whether resistance training is more effective than strength or 

power/agility training since the duration of intervention, intensity and frequency varied 

between these two studies.  

Apart from sarcopenia components, this study also analysed effects of the intervention 

on other body composition and fitness measures in community-dwelling older adults in the El 

Paso region. Strength training alone improved power, speed, endurance and agility measures. 

Similarly, power/agility training delivered strength and muscular endurance improvements. One 

key difference was observed in the lower body, as strength training elicited greater back-leg 

strength improvement, whereas power training elicited greater vertical jump improvement. These 

overall findings support systematic reviews, indicating that strength training improves muscle 

strength and function, and power training improves power and function in older adults. However, 

recommendations on most effective strength and power training to specifically prevent 

sarcopenia are needed (Ayvat, Kilinc & Kirdi, 2017; Seguin & Nelson, 2003). 

Limited studies have explored associations of sarcopenia components according to 

EWGSOP2 with self-reported function (via SARC-F), physical activity (via PASE), HRQoL 

(via AQoL-4D) and nutrition (via AES) in older adults (Su et al., 2019). Melbourne study 

findings show that although SARC-F was not significantly associated with sarcopenia 

prevalence according to different definitions, it was significantly associated with sarcopenia 

components including muscle strength (chair stand but not handgrip), lean mass (ALM) and 

physical performance (gait speed, SPPB, TUG and 400mW). SARC-F was designed to screen 

for sarcopenia (Malmstrom et al., 2016; Malmstrom & Morley, 2013; Morley & Malmstrom, 

2014; Rolland et al., 2017; Woo et al., 2014; Wu et al., 2016). While SARC-F may detect 

severe cases (Cruz-Jentoft et al., 2018), in this study, SARC-F predicted one case for FNIH 

and EWGSOP1, four cases in EWGSOP2 sarcopenia probable but none with EWGSOP1 

sarcopenia severe or EWGSOP2 sarcopenia confirmed or severe. SARC-F was not 

significantly associated with handgrip strength. Handgrip strength has functional importance 

in ADL, such as opening containers, lifting weights, using tools or holding handrails when 

ascending stairs (Skelton et al., 1994). Thus, a lack of association may be considered surprising. 

Further, handgrip strength is a key component of all three definitions and has also been 

correlated with a number of performance measures, including the TUG test (Pratama & Setiati, 
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2018) and knee extension (Bohannon, Magasi, Bubela, Wang & Gershon, 2012). Handgrip 

strength is also significantly associated with BMD in older women (Marin, Pedrosa, Moreira-

Pfrimer, Matsudo & Lazaretti-Castro, 2010). Since muscle function is affected by poor 

nutrition, handgrip strength has also become a marker of nutritional status (Chilima & Ismail, 

2001; Heimbürger, Qureshi, Blaner, Berglund & Stenvinkel, 2000; Norman, Stobäus, 

Gonzalez, Schulzke & Pirlich, 2011) and an outcome predictor for nutritional interventions 

(Norman et al., 2011). Handgrip strength is easily measured in clinical settings. Thus, given 

the lack of association, perhaps SARC-F and handgrip strength combined would identify the 

majority of those at risk more easily and quickly and be readily implemented, although further 

work would be needed to demonstrate this. 

Past research shows that higher PASE scores, indicative of greater physical activity, are 

associated with sarcopenia (Basile et al., 2014; Curcio et al., 2017; Kenny, Dawson, 

Kleppinger, Iannuzzi-Sucich & Judge, 2003; Verlaan et al., 2017). Rizzoli et al. (2013) found 

that associations between self-reported and performance-based measures range from small to 

medium, with gait speed and chair stand among the most responsive performance-based 

measures. In the Melbourne sample, all three components of sarcopenia (muscle strength, mass 

and physical performance) were significantly associated with lower self-reported physical 

activity via PASE. In this study, PASE score between Melbourne sarcopenic and non-

sarcopenic participants according to FNIH, EWGSOP1 and EWGSOP2 were not significantly 

different (all p > 0.05), which is inconsistent with prior literature that reported p < 0.001 

between the groups (Curcio et al., 2017; Verlaan et al., 2017). According to EWGSOP1, this 

study’s PASE score at baseline for sarcopenic (M: 130.76, SD: 58.76) and non-sarcopenic (M: 

113.47, SD: 61.32) was higher than that reported for Italian community-dwelling older adults 

(sarcopenic M: 40.2, SD: 89.1; non-sarcopenic M: 92, SD: 52.4) (Curcio et al., 2017) but lower 

than a United Kingdom cohort (sarcopenic: M: 148, SD: 73.3; non-sarcopenic M: 193, SD: 

73.6) (Verlaan et al., 2017). The mean Melbourne sample score (M: 128.8; SD: 58.97) was 

higher than reported for US (M: 102.9), Malaysian (M: 94.96) or Turkish community-dwelling 

older adults (M: 121.79, SD: 54.71) (Ayvat et al., 2017; Ismail et al., 2015; Washburn et al., 1993). 

The relatively low PASE score of the Melbourne cohort may indicate that participants 

substitute general activity with their supervised gym time. Those who attend gyms should be 

encouraged to not view it as their only form of exercise, but ensure it is an addition to their 

regular physical activity. A recent study showed that of 103 Australians aged 50–92 years, 11% 

mentioned irregular activities (e.g., gardening and walking), another 11% purposeful exercise 

(e.g., gym and water aerobics) and 8% regular exercise (e.g., golf and tennis) (Boulton-Lewis 
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et al., 2019). Boulton-Lewis et al. (2019) argued that lack of awareness of exercise benefits 

and barriers are not new. With increasing prevalence of older adults, these issues need to be 

addressed and strategies promoted to increase physical activity in this population. One of the 

new approaches could be ‘senior exercise parks’ (Levinger et al., 2018; Sales, Polman, Hill & 

Levinger, 2017). The first outdoor exercise park trial, including a supervised 18-week exercise 

program using the purpose-built senior exercise park, led to improved muscle strength, balance 

and physical function in 62 older Melbournians, with high attendance and retention rates (Sales 

et al., 2017; Sales, Polman, Hill, Karaharju-Huisman & Levinger, 2015). Levinger et al. (2018) 

suggested that senior exercise parks could be implemented outdoors and indoors in public 

places in Australia. They may be free of charge, providing health, wellbeing and connection 

with nature, also offering group exercise classes to increase physical activity in that sector. 

Group exercise classes also offer social support and enhance exercise training and adherence 

(American College of Sports Medicine, 2014). 

Regarding HRQoL, no significant difference was observed between Melbourne gyms, 

although non-significantly, the conventional gym scored higher in HRQoL than the HUR gym 

(p = 0.116). In the El Paso group, there were no significant differences in change for HRQoL 

between training groups, although HRQoL significantly improved in the ST group but not in 

the PT group compared to pretest. High HRQoL suggests that it was a high-functioning sample 

even before the intervention, and the intervention significantly contributed to an increase in 

HRQoL. This supports prior findings that improved function is related to and can be a predictor 

of HRQoL (Giles et al., 2009; Xu et al., 2018). A recent systematic analysis reported that 

although exercise is recommended for treatment of sarcopenia, consensus about the most 

effective approach remains missing (Moore et al., 2019). The El Paso results suggest that 

both strength and power training are suitable to improve muscle strength and function over time, 

but ST is more suitable to improve lean mass (ALM, BMI, ALM/BMI and ALM/h2) and HRQoL.  

In the Melbourne study, strength (chair stand) and all physical performance components 

(gait speed, SPPB, TUG and 400-metre walk), but not lean mass components, were 

significantly associated with poorer HRQoL. This supports prior literature that poorer HRQoL 

(using SarQoL) appears to be more related to muscle function than to muscle mass (Beaudart 

et al., 2018), demonstrating the importance of maintaining muscle function for healthy ageing. 

The Melbourne group scored significantly lower in HRQoL (M: 0.69, SD: 0.22) than the El 

Paso group (M: 0.82, SD: 0.16) at baseline. According to Australian population norms for 

HRQoL (using AQoL), most Australians (47%) had high HRQoL characterised by the highest 

AQoL decile (0.91–1.00) and monotonic decline with age (Hawthorne et al., 2013). HRQoL in 
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the Melbourne sample using AQoL-4D was lower to that reported for the US cohort using EQ-

5D (sarcopenic M: 0.79, SD: 0.16; non-sarcopenic M: 0.94, SD: 0.09) (Verlaan et al., 2017). 

HRQoL in Melbourne and El Paso groups was not significantly different between sarcopenic 

and non-sarcopenic subjects (all p > 0.05), which is not consistent with prior literature showing 

that non-sarcopenic-individuals scored significantly higher in HRQoL than sarcopenic 

individuals (p < 0.001) (Beaudart et al., 2018; Verlaan et al., 2017). Again, the overall low 

percentage of sarcopenia (thus, higher functionality) may be a contributor to that finding. 

Protein and energy intake are linked with sarcopenia (Fujita & Volpi, 2004; Millward, 

2012; Robinson et al., 2017, 2018; Verlaan et al., 2017; Yanai, 2015). There is a strong 

correlation between muscle mass and nutritional status in this population (Landi et al., 2011). 

In the Melbourne study, lean mass components were significantly associated with lower self-

reported protein and energy intake at baseline. The total score for the ARFS is 73 (Collins et 

al., 2015; the University of Newcastle, 2016), but in the current study, the average score was 

35.33, indicating that participants are not achieving the right nutritional balance in their food 

intake. The HUR group also had significantly higher BMI, along with higher protein and 

energy intakes compared to the conventional group. Obesity is associated with poorer physical 

performance and mobility in older adults (Chang et al., 2015; De Stefano et al., 2015; Huang 

et al., 2019). Westerterp (2019) argued that a weight-loss program should incorporate reduced 

energy intake through diet rather than just exercise-induced energy expenditure. Balance 

between exercise and nutrition is important, as diet should not compromise any weight-loss 

benefit from the exercise program. It is possible that the HUR group is not obtaining as great a 

benefit from engaging in exercise as they could be if they were met protein intake guidelines.  

It is very well established, at least in younger individuals, that ingesting high-quality 

protein with training augments the beneficial effects (Antonio et al., 2015; Cribb, Williams, 

Carey & Hayes, 2006; Cribb, Williams, Stathis, Carey & Hayes, 2007). However, older 

individuals require higher amounts of protein to increase protein synthesis at the same levels 

as a younger individual (Chernoff, 2004; Moore et al., 2014; Morton et al., 2018; Paddon-Jones 

et al., 2015), and the RDA is based on not becoming deficient, rather than being an optimal 

dose. Based on a recent meta-analysis, muscle mass increase required protein intakes of up to 

1.6 g/kg/day and was more effective in resistance-trained people but less effective in people 

over 60 years (Morton et al., 2018). As most participants in this study had engaged in resistance 

training for some time, it is likely that insufficient protein was being ingested. Thus, regular 

protein supplementation, particularly when training, may help improve their muscle health. In 

the El Paso sample, following 16 weeks of training, no significant difference was observed 
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between obese and non-obese participants. Given the above, education on nutrition and regular 

physical activity, in addition to existing gym-based exercises, should be promoted at both sites. 

Sarcopenia and muscle health are still unfamiliar concepts given that sarcopenia was 

only recognised as a muscle disease and given an ICD-10-CM-code in the US in September 

2016 and in Australia in July 2019 (Anker et al., 2016; Falcon & Harris-Love, 2017; 

ICD10Data.com, 2018; Van Ancum et al., 2019). The Melbourne cohort is now more educated 

about sarcopenia, as one of the study’s objectives was to raise awareness of the condition and 

improve muscle health. The El Paso study, as part of the Physical Fitness in the Golden Age 

program conducted in 2016, aimed to promote exercise among community-dwelling older 

adults in the El Paso region; thus, the group may not be aware of these concepts. Van Ancum et 

al. (2019) argued that despite ignorance, Dutch community-dwelling older adults acknowledged 

the importance of muscle health and readiness to treat and prevent sarcopenia, which shows 

potential benefits of educational initiatives to raise awareness. 

Past research shows inconsistent recommendations for resting and fasting prior to DEXA 

and BIA testing. Exercise (resistance training, cycling) and intake of fluid/food as per normal are 

associated with changes in body composition via DEXA in well-trained adults (Nana, Slater, 

Hopkins, & Burke, 2013). Nana et al. (2013) suggest that to minimise biological and technical 

“noises” regarding DEXA scan, people should fast and rest before testing. However, effect of 

food and drink on older adults shows the opposite. Body composition on older adults was 

measured in fasting state and one hour after breakfast (500 ml of orange juice and one 50 g bread 

roll with butter) (Vilaça, Ferriolli, Lima, Paula, & Moriguti, 2009). The intake of fluid and food 

by older adults prior to tests do not alter the results of the parameters of body composition 

measured with BIA and DEXA (Vilaça et al., 2009). Vilaça et al. (2009) argue that although 

weight and BMI slightly but significantly change, they are clinically insignificant. A more recent 

study using BIA shows that the consumption of an electrolyte drink, high‐fat and high‐

carbohydrate meals significantly increase the percentage body fat and fat mass (Androutsos, 

Gerasimidis, Karanikolou, Reilly, & Edwards, 2015). However, despite small significant 

changes in body composition, they are clinically insignificant (Androutsos et al., 2015). Both 

studies suggest that rigid fasting is not required for this population (Androutsos et al., 2015; 

Vilaça et al., 2009). 

 In this study, exercise, eating and drinking was allowed as per normal prior to a DEXA 

scan (MeasureUp, 2016b). Particularly, older adults tend to not tolerate prolonged fasting well, 

which may also result in deficient calorie intake on the testing day (Vilaça et al., 2009). 

Participants in this study were scheduled for BIA and DEXA from 8.30am until 4.30pm. If 
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fasting was required, it might negatively affect their health, body composition, physical 

performance and general wellbeing on that day. Since catering was provided, subjects could have 

some fruit and drink (water/juice) if needed before testing, however they were advised to come 

back for a larger meal after measurements. The chance of technical errors was reduced by 

rigorous standardisation of subject positioning on the electrodes of the BIA scale (Vilaça et al., 

2009). BIA scale was positioned on hard flooring. Participants stood on the BIA scale in bare 

feet with arms away from the body as advised by Tanita sales representative. DEXA operators 

performed a rigorous protocol of removing metal from clothing (zippers, buckles) and subject 

positioning (MeasureUp, 2016b). For maximum reliability, follow-up DEXA scans should be 

performed on the same time of day, with similar food and fluid intake and training regime 

(MeasureUp, 2016b).  

Past research shows that significant differences were observed in whole‐body DEXA 

results between Hologic and GE Lunar systems (Shepherd et al., 2012; Siglinsky, Binkley & 

Krueger, 2018). While both machines Lunar DPX and Hologic QDR show similar results for 

lean and fat mass, bone mineral content is 17% higher for the Lunar DPX (Horber, Thomi, 

Casez, Fonteille, & Jaeger, 1992). When using Hologic QDR, drinking water (median 0.83 l) 

does not alter fat and bone mass, however it significantly increases lean mass at lunch and 

dinner. Light breakfast with fluid intake (below 500 m) has no significant effect on body 

composition.  Weight increases were observed at lunch and dinner and decreases in the time 

between them DPX (Horber et al., 1992). Consequently, Horber et al. (1992) advise to use the 

same DEXA machine and consider hydration and food intake at follow-up scans. Based on this 

evidence, two different DEXA machines used for the Melbourne and El Paso cohorts (Lunar 

and Hologic, respectively), as well as exercise and food/drink intake prior to testing, could 

significantly affect the whole-body DEXA results of these two studies.  

The strength of this projects is comparison of two studies that include community-

dwelling older adults of various ethnic groups. Both studies underwent DEXA for body 

composition and the same instrument on HRQoL (AQoL-4D). Another strength is that 

sarcopenia was assessed using three major operational definitions (FNIH, EWGSOP and EWGSOP2). 

The Melbourne study followed the 4-step pathways (F-A-C-S) according to EWGSOP2 and explored 

chair stand in addition to handgrip strength and TUG and 400mW in addition to gait speed and SPPB.   
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Chapter 7: Conclusions 

7.1   Overview 
Sarcopenia prevalence in older adults participating in supervised exercise programs 

was low and varied according to definition applied. A universally accepted definition of 

sarcopenia is recommended to enable consistent diagnosis and implementation in clinical 

settings. El Paso study participants were fit to begin with, hence they had high HRQoL. Due 

to low prevalence of sarcopenia at baseline in the El Paso cohort, it has not significantly 

changed by exercise, however significant changes were observed in sarcopenia components. 

Strength training significantly contributed to muscle strength, lean mass, function and HRQoL, 

but power/agility training only to muscle strength and function in older adults. In can be 

concluded that exercises, particularly ST, can improve sarcopenia components and HRQoL in 

community-dwelling older adults. Sarcopenia components have inconsistent associations with 

poorer HRQoL in community-dwelling older adults, perhaps indicating that the effects of 

sarcopenia on HRQoL are most pronounced in older age. Ensuring maintenance of adequate nutrition 

and non-supervised physical activity may enhance the benefits of supervised training for older adults. 

7.2   Limitations and future direction 
Both studies have several limitations. The two studies were carried out in Australia and 

the US, which are Western first-world countries that have better access to resources, food and 

diet than third world countries, thus results may not be meaningful for the overall global 

population. Another limitation is unequal sample sizes in both studies. Due to the cross-

sectional design and convenience of the Melbourne sample, the population is unrepresentative 

and has potentially unbalanced groups at HUR and conventional gyms. The 400mW course is 

normally a 20-metre course repeated 20 times. However, due to limited gym space, participants 

walked a 10-metre course 40 times. In the El Paso group, gait speed was assessed from a six-

minute walk performed at normal speed on a treadmill, but ideally, it should be done on a 

normal walking surface. The surveys are subject to recall bias and some participants may have 

had difficulty understanding questions. Cruz-Jentoft et al. (2018) recently acknowledged a 

reporting error regarding their published ALM/h2 cut-off point for women, which is 

< 5.5 kg/m2 not < 6.0 kg/m2 according to EWGSOP2. Since the authors’ corrigendum came to 

my attention after completing all analyses for this thesis, sarcopenia according to the original 

EWGSOP2 article will be reanalysed for publication purposes. In any case, that oversight does 

not alter the major conclusions from the thesis, as no cases were identified in El Paso with 
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EWGSOP1 (and the EWGSOP2 value is lower) and the change has no bearing on EWGSOP1. 

Thus, the only effect may be a slightly lower prevalence in Melbourne females with 

EWGSOP2, and values were already relatively low. There are significant differences in whole‐

body DEXA results between Hologic and GE Lunar systems (Shepherd et al., 2012; Siglinsky, 

Binkley & Krueger, 2018). However, since there is no gold standard for DEXA scanners in 

relation to sarcopenia, this limitation is unavoidable. Consequently, standards of accuracy for 

DEXA systems should be implemented to ensure consistency in measurements. For accuracy 

reasons, any post-testing using DEXA should be performed on the same machine. Although 

participants were asked to remove metallic items, textiles can affect DEXA-derived body 

composition and BMD results (Siglinsky et al., 2018). Even small amounts of reflective 

material could amend mass measurements by approximately 25% of the least significant 

change. Thus, clothes made of dense textiles, such as wool and denim, or made with reflective 

material and metallic thread, should be avoided during DEXA scans (Siglinsky et al., 2018). 

Practitioners could use strategies incorporating nutritional supplements and exercises, 

particularly protein supplementation and resistance training, to prevent loss of muscle mass 

and muscle strength. Providers of gyms for seniors could incorporate assessment of HRQoL 

into their professional practice to improve the health and wellbeing of clients. The research 

abstract regarding the Melbourne study has been recently accepted for a conference to be held 

in Sydney on 22–23 November 2019. Some El Paso findings have been already presented at 

conferences in the US and New Zealand (see Appendix S). The Melbourne study also 

incorporated 6- and 12-month post-tests, which will enable investigation of effects of training 

over time. Further, an ongoing study is recommended to better understand the onset and 

outcomes of sarcopenia using resistance training. Both Melbourne and El Paso studies could 

target nutrition to optimise participants’ nutritional intake. Future design could include a 

control group. It could also control physical activity, monitor external physical activities and 

regulate/monitor nutrition. In addition, future research should explore if educational activities 

improve knowledge about sarcopenia and promote awareness of muscle health, and if this 

contributes to prevention of sarcopenia and decreases the burden on the healthcare system. Due 

to the lack of agreement with respect to the diagnostic variables and how these are 

operationalised, future studies should focus on assessing sarcopenia components (muscle 

strength, lean mass and physical performance), HRQoL and nutrition to improve health 

outcomes in older adults. Importantly, work should focus on analysing which variables have 

the most clinical relevance to promote their use in any universally adopted definition.  
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Appendix A. SARC-F 

 

 

 

 
About you 
Date of birth: _____/_____/______   Gender: Male  �     Female � 
      DD      MM      YYYY 
 

SARC-F Screen for Sarcopenia 
 
SARC-F is a rapid diagnostic test for sarcopenia (a loss of muscle mass and 
strength). It has five components: strength, assistance with walking, rise from a 
chair, climb stairs, and falls. (Note: 10 pounds equals 4.5 kg). The following five 
questions will only take 1–2 minutes to complete. Thank you. 
  
Please tick where appropriate. 
_____________________________________________________________________ 
 

1. How much difficulty do you have in lifting and carrying 10 pounds? 

None �  Some � A lot or unable � 
 

2. How much difficulty do you have walking across the room? 

None � Some � A lot, use aids, or unable � 
 

3. How much difficulty do you have transferring from a chair or bed?  

None � Some � A lot or unable without help � 
 

4. How much difficulty do you have climbing a flight of 10 stairs?  

None � Some � A lot or unable � 
 

5. How many times have you fallen in the past year? 

None � 1–3 falls � 4 or more falls � 
 

Thank you for your time completing this survey! 

Note. Reprinted from “SARC-F: a symptom score to predict persons with sarcopenia at risk 
for poor functional outcomes,” by T. K. Malmstrom, D. K. Miller, E. M.Simonsick,  L. Ferrucci, 
& J. E. Morley, 2016, Journal of cachexia, sarcopenia and muscle, 7(1), 531. 
https://doi.org/10.1002/jcsm.12048. Reprinted with permission.  
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Appendix B. PASE 

 

 
 

          1 of 6 

 

About you 
Date of birth: _____/_____/______   Gender: Male  �     Female � 
      DD      MM      YYYY 
 

Physical Activity Scale for the Elderly (PASE) 

PASE assesses physical activity among older adults. It has three sections: 
leisure time activity, household activity, and work-related activity (Note: 
Question 10b: 50 pounds equals 23 kg). The following 10 questions will take 
about 10 min to complete. Thank you.  
 
Please tick or write an answer where appropriate. 

Leisure time activity 

1.  Over the past 7 days, how often did you participate in sitting activities, 
such as reading, watching TV or doing handcrafts? 

[0.] NEVER (go to Question 2) 

                      [1.] SELDOM (1–2 DAYS)  

                          [2.] SOMETIMES (3–4 DAYS)  

                          [3.] OFTEN (5–7 DAYS)  

1.a  What were these activities?  

________________________________________________________________ 

1.b  On average, how many hours did you engage in these sitting 
activities? 

                     [1.] Less than 1 hour 

                           [2.] 1 but less than 2 hours 

                         [3.] 2–4 hours 

                            [4.] more than 4 hours 
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Appendix C. AQoL-4D 

 

  1 of 3 

 

About you 
Date of birth: _____/_____/______   Gender: Male  �     Female � 
     DD      MM      YYYY 
 

Assessment of Quality of Life (AQoL-4D) 
  
This Assessment of Quality of Life measures health-related quality of life. AQoL-4D 
has four dimensions: independent living, mental health, relationships, and senses. The 
following 12 questions will take about two minutes to complete. Thank you.  

Tick the box that best describes your situation as it has been over the past week. 

Q1 Do you need any help looking after yourself? (For example: dressing, 
bathing, eating)   
q I need no help at all. 
q Occasionally I need some help with personal care tasks. 
q I need help with the more difficult personal care tasks. 
q I need daily help with most or all personal care tasks.  

Q2 When doing household tasks: (For example: cooking, cleaning the house, 
washing) 
q I need no help at all. 
q Occasionally I need some help with household tasks. 
q I need help with the more difficult household tasks. 
q I need daily help with most or all household tasks.  

Q3 Thinking about how easily you can get around your home and community: 
q I get around my home and community by myself without any difficulty. 
q I find it difficult to get around my home and community by myself. 
q I cannot get around the community by myself, but I can get around my home 

with some difficulty. 
q I cannot get around either the community or my home by myself.  

Q4 Because of your health, your relationships (for example: with your friends, 
partner or parents) generally: 
q Are very close and warm. 
q Are sometimes close and warm. 
q Are seldom close and warm. 
q I have no close and warm relationships. 
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Appendix D. AES 
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Appendix E. Recruitment Poster 

 
 

 
 
 
 

 

Your Muscles 
Matter
Help support research to 
improve muscle health

Victoria University is 
seeking participants for a 
research project with Uniting AgeWell, 
aimed at investigating sarcopenia risk 
among exercise training clients.
Who can participate?
Anyone already doing strength training with Uniting AgeWell, or 
planning to start, can take part in the study.

What is involved?
Complete a series of surveys, fitness assessments and free body 
composition tests.

Why get involved?
Enjoy the benefits of better health and movement to help you 
age well and contribute to enhanced treatment options for 
people with sarcopenia.

To find out more about the project and participation requirements, ask Uniting 
AgeWell therapists or admin staff or contact the Victoria University researchers:  
Chief Investigator Professor Alan Hayes on 0401 692 118 or  
Student Researcher Ewelina Akehurst on 0406 786 051.

Sarcopenia is a loss 
of muscle mass and 
strength with age, 
affects older adults and 
can lead to disability, 
falls, fractures and loss 
of independence.
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Appendix F. Consent Form 

 

 
 

 

 

CONSENT FORM FOR PARTICIPANTS  
INVOLVED IN RESEARCH 
 
 

Title    Evaluation of sarcopenia risk factors through exercise training 

Short Title   Your Muscles Matter  
Project Number  25901 

Project Sponsor  Victoria University 

Chief Investigator   Prof. Alan Hayes (Victoria University) 

Student Researcher  Ewelina Akehurst (Victoria University) 

 Associate Investigators  Dr David Scott (Monash University) 
   Prof. Sandor Dorgo (The University of Texas at El Paso, USA) 
 
 Location  Uniting AgeWell Allied Health and Therapy Centres at Forest Hill, 

Oakleigh, Noble Park, and Hawthorn (Melbourne, Australia)  
Research Purpose To evaluate the changes in sarcopenia risk factors (muscle mass, 

strength, and function) as well as Quality of Life among older adults 
over time while undertaking exercise training.   

 

 
INFORMATION TO PARTICIPANTS 
 
We would like to invite you to be a part of a study into “Evaluation of sarcopenia risk 
factors through exercise training” (Project no. 25901).  

Victoria University is collaborating with Uniting AgeWell on this research project, which aims 
to evaluate the changes in sarcopenia risk factors (muscle mass, strength, and function) as 
well as Quality of Life (QoL) among older adults over time while undertaking exercise 
training. Improved sarcopenia risk factors should reduce the incidence of sarcopenia, with 
the resultant health benefits.  

You are eligible to participate in this research, because you are currently undertaking or 
approved to undertake the exercise training programs at Uniting AgeWell gyms. If you 
provide consent, you will be measured at study commencement, six months, and 12 months 
to assess muscle mass, muscle strength, physical function, and QoL. You will be undergoing 
similar physical testing to what you would be doing now as part of Uniting AgeWell normal 
exercise training. There is some risk for cardiovascular events including a heart attack during 
fitness assessments such as those used in this study (e.g. 400-meter walk). In case of a 
cardiovascular event, an ambulance will be called. This research study involves exposure 
to a very small amount of radiation. As part of everyday living, everyone is exposed to 
naturally occurring background radiation and receives a dose of about 2 millisieverts (mSv) 
each year. The effective dose from this study is about 0.01 mSv. At this dose level, no 
harmful effects of radiation have been demonstrated as any effect is too small to measure. 
The risk is believed to be minimal.  

You may not gain anything from participating. However, you will have the opportunity to 
access clinical body composition scans (DEXA) at no cost (usual cost of $200–$300). You 
will benefit from an improved understanding of your own body composition, muscle, bone 
and nutritional health, which will help you maintain independence to perform daily activities. 
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Appendix G. Information to Participants 

 

 
 

V.1/2013            1 of 7 
 

 
 

 
INFORMATION TO PARTICIPANTS  
INVOLVED IN RESEARCH 
 
 

Title    Evaluation of sarcopenia risk factors through exercise training 

Short Title   Your Muscles Matter  
Project Number  25901 

Project Sponsor  Victoria University 

Chief Investigator   Prof. Alan Hayes (Victoria University) 

Student Researcher  Ewelina Akehurst (Victoria University) 
 Associate Investigators  Dr David Scott (Monash University) 
   Prof. Sandor Dorgo (The University of Texas at El Paso, USA) 
 
 Location  Uniting AgeWell Allied Health and Therapy Centres at Forest Hill, 

Oakleigh, Noble Park, and Hawthorn (Melbourne, Australia)  
Research Purpose To evaluate the changes in sarcopenia risk factors (muscle mass, 

strength, and function) as well as Quality of Life among older adults 
over time while undertaking exercise training.   

 

 
 
 
You are invited to participate 
 
You are invited to participate in a research project entitled “Evaluation of sarcopenia risk 
factors through exercise training” (Project no. 25901). 
 
This project is being conducted by a Student Researcher Ewelina Akehurst as part of a 
Masters study at Victoria University under the supervision of Prof. Alan Hayes from Institute 
for Health and Sport.  
 
You are eligible to participate in this research, because you are currently undertaking or 
approved to undertake the exercise training programs at Uniting AgeWell gyms. Your 
involvement will contribute to our research. Your participation is voluntary and non-
participation does not in any way alter your involvement with Uniting AgeWell programs or 
access to resources. 

Please read this Information to participants involved in research in full before deciding 
whether or not to participate in this research. The Consent form for participants involved 
in research must be completed and placed in the locked box located at the gym reception 
desk or mailed back in the pre-paid envelope provided. 

It is entirely your choice whether you would like to participate, and you can withdraw from 
the project at any time. There are no costs associated with participating in this research 
project (other than standard gym fees), nor will you be paid. While we would greatly value 
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Appendix H. Key Dates Poster 

 

Your Muscles 
Matter

Key dates for participants

Collect your survey pack from 
Uniting AgeWell admin.

Please complete and return to 
staff, or via return mail, by: 

………………………………......................

Participants will be booked 
in for assessments on these 
days:

………………………………......................

………………………………......................

………………………………......................

A specialist clinical bus will be 
located at this site to conduct 
the DEXA scans on:

………………………………......................

………………………………......................

………………………………......................

SurveysSurveys Physical assessments Body composition 
assessments
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Appendix I. TUG Assessment/Scoring Sheet 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

3.3 Timed Up & Go (TUG) 
 

Figure 10. TUG 

 
 
 
 
 
 
 
 
 

 
 
 

Purpose:   to assess mobility and balance 
Walking speed:  normal 

 

 
 

 
 
 
 
 
 

 
 
 
 
 

Equipment 
1. Tape measure (3 m) 

2. Coloured tape to identify start (A) and finish lines (B). 

3. Stable chair with armrests 

4. Cone 

5. Stopwatch 

6. Clipboard and pen 

7. TUG assessment/scoring sheet 
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Appendix J. Physisist Report 

 
 

 

Page 1 of 3 

Victoria Earl 
Consultant Medical Physicist 
BSci (Hons), MMedPhys 
Approved medical physicist in 
diagnostic radiology and nuclear 
medicine for the purposes of the 
Code1 
 

Tel. No.: 0404 813 283 

Email: vjearl78@gmail.com  

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
Dear Victoria University Human Research Ethics Committee 
 
Re: HREC No.: 25901 (Amendment) 

Title: Evaluation of sarcopenia risk factors through exercise training 
 Principal Investigator: Prof. Alan Hayes 
 
Participant Information  
Age: ≥60 years Gender: male and female 
Life expectancy: >5 years No. at Victoria University: >80 
Duration of participation in research 
Average Transit Time: 12 months 
Maximum Transit Time: 12 months 
 
The Radiation Team, Victorian Department of Health and Human Services (DHHS) stipulates compliance 
with the Code of Practice for the Exposure of Humans to Ionizing Radiation for Research Purposes1 and the 
DHHS guidance on risk statements2. For projects in which the research participant receives an exposure to 
ionising radiation beyond that considered normal care of the condition being treated, the Code requires an 
independent dose assessment be undertaken by a medical physicist. 
 
This study is investigating the changes in sarcopenia risk factors as well as quality of life among older adults 
over time while undertaking exercise training. This report is for the amended protocol which has removed the 
peripheral quantitative computed tomography (pQCT) scans from the schedule of assessments and has 
limited the Dual Energy X-ray Absorptiometry (DEXA) scan assessments to one imaging site. The initial 
Medical Physics report for this project was issued on the 25th September 2018.   
 
The project requires that the volunteer participants undergo the following imaging that may involve ionising 
radiation exposure: 
 

• DEXA scan of the whole body for the assessment of body composition at baseline, six months and 
12 months. 

 
The imaging involves radiation exposure that is not standard care for these participants.  The DEXA scan will 
be undertaken using a Hologic Horizon A on the Measure Up mobile DEXA bus. The Hologic Horizon A 
incorporates a fan beam with switched-pulse dual energy of 100 kVp and 140 kVp and GADOX scintillator 
detectors. 
 
The estimated effective dose3-4 for a whole body DEXA scan on the Hologic Horizon A is approximately 
0.004 millisieverts (mSv). The total effective dose received by each participant for imaging that is not part of 
their standard care will be approximately 0.01 mSv. 

16th November 2018 
 2018  

Victoria University Human Research Ethics Committee 
Victoria University 
PO Box 14428 
Melbourne VIC 8001 
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Appendix K. Tanita Dual Frequency Body Composition 

Analyser DC-360S 
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Appendix L. Jamar Plus+ Digital Handgrip Dynamometer 

 

 
Information Technology Solutions 

 
 

Ideal for routine screening of grip 
strength and initial and ongoing 
evaluation of clients with hand 
trauma and dysfunction. Sturdy alu-
minum body construction with 
scratch resistant UV coating. The 
readout displays isometric grip force 
from 0- 200 lbs. (90 kg.). The unit's 
easy-to-read LCD display can be set 
to display pounds or kilograms. The 
dynamometer also features digital 
load cell technology, Rapid Exchange 
Testing with audible signals, and 
automatically calculates the Average, 
Standard Deviation, and Coefficient 
of Variation. Two minute auto-off fea-
ture helps conserve battery power. 
Battery low life indicator. Requires 
two AAA batteries included. Comes in 
a sturdy carrying case.  
 
 

Hand  dynamomete rs  

Routine screening and evaluation 

of grip strength measurement…. 

 

P i nch  gauge 

Accurate and repeatable pinch 

strength readings…. 

 

Manual  musc le  tes ter  

Objective, reproducible & reliable 

muscle strength measurement…. 

 

Inc l inometer   

Determine range of motion as 

referenced from the body's natural 

position…. 

 

Sp i rometer   

Incentive exerciser for respiratory 

problems…. 

 

Dext er i t y  tes ts  

Test dexterity and coordination of 

finger tip dexterity & visual motor 

coordination…. 

 

Measurement  tape  

Accurate and repeatable measure-

ment…. 

S I  Inst ruments—test  equipment  for  

Occupational Health and Safety 
 

        www.s i - inst ruments .com 

        Emai l :  info@si- inst ruments .com 

 GPO Box 1530 ,  Adela ide ,  SA,  5001    Phone:  +61  (0 )  8  8352  5511 

 256  South Road,  H i l ton ,  SA 5033  AUSTR ALI A  Fax:  +61  (0 )  8  8352  6011 

 SI Instruments Pty Ltd 

Jamar® Plus+ Digital Hand Dynamometer 
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Appendix M. Sports Stopwatch XCO270 
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Appendix N. AES Guidelines 

 

© University of Newcastle 2016 

The Australian Eating Surveys: 
Food Frequency Questionnaires for                    

Pre-schoolers, Children, Adolescents and Adults 
 

Guidance on Food and Nutrition 

Intake Output 

 

 

 

 

 

 

  

 

 

 

A partnership between researchers at The University of Newcastle and Newcastle Innovation. 
 

Enquiries and Technical Support 

Email: EatingSurvey@newcastle.edu.au  
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Appendix O. DEXA Report 

<Last name, First name>                 <Age: 84> 
<DOB>

 

 
 

MeasureUp
Level 1, 115 Pitt Street 

Telephone:  (02) 8821 7111 Fax:  (02) 8821 7112E-Mail:  info@measureup.com.au

Sydney, NSW 2000

Name: ALLEN, FRANCES

Age: 84DOB: 22 April 1935

Sex: Female

DXA Results Summary:
Region Area BMC BMD

(cm²) (g) (g/cm²)
L Arm 177.97 102.11 0.574
R Arm 173.23 89.97 0.519
L Ribs 95.89 46.25 0.482
R Ribs 80.89 41.24 0.510

T Spine 116.80 97.13 0.832
L Spine 43.41 54.56 1.257
Pelvis 154.29 159.10 1.031

L Leg 291.61 248.12 0.851
R Leg 287.67 242.59 0.843
Subtotal 1421.77 1081.05 0.760
Head 199.28 382.90 1.921

Total 1621.05 1463.95 0.903

TBAR1390

Scan Information:
Scan Date: 17 May 2019 ID:  A0517190B
Scan Type: a Whole Body
Analysis: 17 May 2019 10:38 Version 13.6.0.2
Model: Horizon A (S/N 201027)
Comment:

Image not for diagnostic use
327 x 150

T-score vs. White Female. Source:2012 BMDCS/NHANES. Z-score vs. White Female. 
Source:2012 BMDCS/NHANES.
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Appendix P. BIA Report 

 
<Gym location First name 
Last name> 
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Appendix Q. AES Report 

      <First name Last name> 
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Appendix R. DEXA Fact Sheet 
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Appendix S. Refereed Abstract Publications 

Table S.1: 
Refereed Abstract Publications 

Title Authors Refereed abstract 
publication 

Journal 

Associations of 
sarcopenia and its 
components with self-
reported health-related 
quality of life, physical 
activity, and nutrition in 
older adults performing 
exercise training 

1. Ewelina Akehurst: 
Research student, Victoria 
University 

2. David Scott: Fellow in the 
School of Clinical 
Sciences, Monash 
University 

3. Juan Peña Rodriguez: 
Honours student, the 
National University of 
Colombia, Colombia 

4. Carol Alonso Gonzalez, 
Honours student, the 
National University of 
Colombia, Colombia 

5. Jasmaine Murphy, 
Honours student, Victoria 
University 

6. Sandor Dorgo: Professor, 
the University of Texas at 
El Paso, TX 

7. Alan Hayes: Professor, 
Victoria University 

Abstract accepted 
September 6, 2019 for 
the Australian and New 
Zealand Society for 
Sarcopenia and Frailty 
Research (ANZSSFR) 
2019 Annual Meeting to 
be held on 22–23 
November 2019, Hilton 
Sydney, NSW 
 

Australasian 
Journal on Ageing 

Comparison of exercise 
program modalities on 
their impact on fitness 
and body composition 
scores in older adults 

1. Sandor Dorgo: Associate 
Professor, the University 
of Texas at El Paso, TX 

2. Ewelina Akehurst: 
Research student, Victoria 
University  

3. David Scott: Fellow in the 
School of Clinical 
Sciences, Monash 
University  

4. Alan Hayes: Professor, 
Victoria University 

Poster presentation at the 
National Strength and 
Conditioning 
Association’s (NSCA) 
41st Annual Meeting, 
July 12-14, 2018, 
Indianapolis, IN, US 

Journal of Strength 
and Conditioning 
Research 

Comparison of Strength 
and Power Training on 
Muscular Fitness and 
Body Composition in 
Older Adults 

1. Alan Hayes: Professor, 
Victoria University 

2. Ewelina Akehurst: 
Research student, Victoria 
University 

3. David Scott: Fellow in the 
School of Clinical 
Sciences, Monash 
University 

4. Sandor Dorgo: Associate 
Professor, the University 
of Texas at El Paso, TX 

Poster presentation at the 
Australian and New 
Zealand Society for 
Sarcopenia and Frailty 
Research 3rd Annual 
Meeting, November 23-
25, 2018, Dunedin, NZ 

Australian Journal 
on Ageing 

 
 




