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ABSTRACT

Although maintaining an optimal level of muscle quality in older persons is
necessary to prevent falls and disability, there has been limited research on muscle
quality across age and gender groups. The associations of muscle quality, muscle
strength, and muscle mass also remain less explored. Purpose: This study examined the
muscle quality differences (arm and leg) between healthy young and elderly adults across
gender groups. This study also examined the associations of muscle quality, muscle
strength, and muscle mass in young and elderly adults, respectively. Methods: Seventy-
one total subjects were recruited for this study within age groups 20-29 years old (20
females and 20 males) and 60-80 years old (18 females and 13 males). All participants
completed anthropometric measures, dual-energy x-ray absorptiometry, pulse wave
velocity, handgrip strength and leg strength tests, gait speed, and sit to stand test. Results:
Young male adults had a greater leg muscle quality index (leg MQI) than did elderly
male adults (21.8 Nm/kg vs. 16.3 Nm/kg, p = 0.001). Similarly, young female adults had
a greater leg MQI than did old female adults (21.3 Nm/kg and 15.6 Nm/kg, p<0.001). For
arm muscle quality index (arm MQI), there was a gender difference in young adults (p =
0.001), but not for the elderly adults. Among elderly adults, there was a positive
association between leg MQI and isometric leg strength (r = 0.79, p<0.001). Notably,
there was a negative association between leg MQI and leg lean mass (r = -0.70, p<0.001)
and between arm MQI and arm lean mass (r = -0.58, p = 0.001). In young adults, there
was also a positive association between arm MQI and handgrip strength (r = 0.53,
p<0.001) and between leg MQI and isometric leg strength (r = 0.81, p<0.001). There was

no association between muscle quality and muscle mass in young adults. Conclusion:
i



Young adults had a greater leg muscle quality than did elderly adults in both men and
women. Leg muscle quality is positively associated with leg muscle strength in both
young and elderly adults but is inversely associated with leg muscle mass in the elderly

adults.
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CHAPTER 1
INTRODUCTION

Age-related reduction in muscle mass (sarcopenia) and strength (dynapenia) is
associated with muscle weakness and physical disability (Clark & Manini, 2010).
Maintaining an optimal level of muscle mass and muscle strength is necessary to prevent
falls and disability throughout a lifetime. Approximately 5-13% of adults (aged 70 or
more) and 11-50% of adults (aged 80 or more) suffer from sarcopenia (Haehling et al.,
2010, Morley, 2012). The prevalence of sarcopenia has been shown to vary greatly from
3.3% when using a muscle mass index in a combination of handgrip strength to 24.8%
when including measures of gait speed, fat mass, and falls (Clynes et al., 2015).

Sarcopenia is associated with heart disease (Kim et al., 2015), various types of
cancer (Villaseor et al., 2012), diabetes (Kim et al., 2014), and all-cause mortality (Chang
& Lin, 2016). Risk factors for sarcopenia may include environmental factors, chronic
diseases, and changes in hormone levels (Fielding, 2011; Ilich, 2016). Furthermore,
components of sarcopenia may include cachexia, frailty, obesity (Cruz-Jentoft et al.,
2010), and osteoporosis (Binkley et al., 2013) individually or in combinations.

The definition of sarcopenia remains in dispute worldwide. Recently, sarcopenia
was defined as the combination of low muscle mass, low muscle strength, and/or low
physical performance. The European Working Group on Sarcopenia in Older People
(EWGSOP) and the Foundation for the National Institutes of Health (FNIH) have defined
sarcopenia using the combination of low muscle mass and low muscle strength (Cruz-
Jentoft, et al., 2010; Studenski et al., 2014). The International Working Group on

Sarcopenia (IWGS) and the Society of Sarcopenia, Cachexia and Wasting Disorders
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(SCWD) have defined sarcopenia using the combination of low muscle mass and low
physical performance (Fielding et al., 2011; Morley et al., 2011). However, the validity
and cross-validity of these cut points to define sarcopenia remain less clear. Other
studies used pulse wave analysis and demonstrated that this noninvasive method is
appropriate for evaluating sarcopenia (Fahs et al., 2010). Recently, several investigators
have begun to focus more on measures of muscle quality and muscle function (Yamada et
al., 2016; McGregor et al., 2014; Akin et al., 2015) rather than muscle mass alone. These
measures, however, may require more expensive equipment and timely procedures.
Sarcopenia has most commonly been defined as a loss of muscle mass with aging.
Whether muscle mass is the most appropriate measurement to reflect adverse health
outcomes of muscle decline and aging remains less clear. Baumgartner et al. (1998) and
Janssen et al. (2004) had defined sarcopenia using low lean mass in relation to disability.
However, several studies have shown no association between skeletal muscle mass and
physical functioning (Visser et al., 2000). According to the Health, Aging, and Body
Composition Study, low lean mass is not associated with mortality, whereas muscle
strength is positively associated with mortality in the elderly persons (Newman et al.,
2006). Thus, defining sarcopenia using lean muscle mass alone remains controversial.
Some investigators have also shown a significant association between muscle strength
(i.e., handgrip or leg extension strength) and mortality (Lauretani et al., 1985), but elderly
persons have a greater amount of adipose tissues in the muscles compared with young
adults (Addison et al., 2014). Therefore, the combination of low lean mass and muscle
strength is also not appropriate to define sarcopenia. Muscle quality, an indicator of

muscle strength, is a better measure for sarcopenia (Barbat-Artigas et al., 2012).
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However, there has been limited research on muscle quality across age and gender
groups. The associations of muscle quality, muscle strength, and muscle mass also
remain less explored. Therefore, the primary aim of this study was to examine mean
difference for muscle quality across gender and age categories. The associations of
muscle quality, muscle mass, and muscle strength were also assessed in young and
elderly adults, respectively. The secondary aim of this study was to investigate gender
and age differences in PWV, muscle mass, muscle strength, and body composition.

I hypothesize that males will have a greater muscle quality as compared with
females across young and elderly persons; young healthy adults will have a higher
muscle quality compared with elderly adults in both males and females. I hypothesize
that there will be a significant and positive association between measures of muscle
quality, muscle mass, and muscle strength in young and elderly adults. Lastly, I
hypothesize that young adults will have greater muscle mass and muscle strength and a

slower PWV compared with elderly adults in both men and women.



CHAPTER 2
REVIEW OF LITERATURE
Sarcopenia

Sarcopenia has been clinically defined in multiple ways. However, before
developing a definition, the following questions must be answered. What is sarcopenia?
What parameters define sarcopenia? What variables reflect these parameters? What are
the best methods for measuring these variables? What are the cutoff points? And how
might sarcopenia relate to other health outcomes? (Cruz-Jentoft, 2010).

Sarcopenia has typically been defined as the age-associated loss of skeletal
muscle mass. However, evidence has shown that low muscle mass is poorly associated
with function and disability. Therefore, some investigators have added a low muscle
function or a muscle strength measure in addition to low muscle mass to define
sarcopenia (Fielding et al., 2011; Cruz-Jentoft, 2010). If skeletal muscle mass is to be
used to define sarcopenia, it is important to determine the cut points for low muscle mass
associated with disability (Studenski et al., 2014).

It may also be important to determine the stages of sarcopenia and how it should
be termed. Common terms to describe sarcopenia have included disease, disorder, and
condition. ‘Disease’ is a definite morbid process with characteristic symptoms, ‘disorder’
describes an abnormality of function, and ‘condition’ is a state or mode or being
(Koenigsberg, 1989). Bijlsma et al. (2013) consider using the severity, development and
pathophysiological process to determine which term to use and therefore define
sarcopenia as a disease due to the detrimental outcomes associated with it. Baumgartner

et al. (1998) first proposed sarcopenia using relative skeletal muscle mass (appendicular
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skeletal muscle mass adjusted for height squared, kg/m?) more than 2 SDs below the sex-
specific means of a reference population (men <7.26 kg/m?, women <5.45 kg/m?).

Group Definitions.

The European Working Group on Sarcopenia in Older People (EWGSOP) defined
sarcopenia as a skeletal muscle mass index less than 7.26 kg/m? for males and less than
5.5 kg/m? for females. In addition, handgrip strength less than 30 kg for males and less
than 20 kg for females and/or a gait speed less than 0.8m/s would categorize an
individual as sarcopenic (Cruz-Jentoft, 2010). International Working Group on
Sarcopenia (IWGS) diagnoses sarcopenia using measures of appendicular fat-free mass
and physical performance. The IWGS defined sarcopenia as a gate speed less than 1.0
m/s and an appendicular skeletal muscle mass adjusted for height (aLM/Ht?) <7.23 kg/m?
for males and <5.67 kg/m? for females (Fielding, 2011). Foundation for the National
Institutes of Health and Sarcopenia Project (FNIH) classified sarcopenia as a handgrip
strength <26 kg for men and <16 kg for women as well as an appendicular lean body
mass adjusted for BMI (aLM/BMI) <0.789 for males and <0.512 for females (Studenski,
2014). Furthermore, Binkley and colleagues (2013) clarified sarcopenia as a dysmobility
syndrome. Individuals were diagnosed with the syndrome if they fell within three or more
of the following categories: (1) skeletal mass index of <7.26 kg/m? in men and <5.45
kg/m? in women; (2) handgrip strength of <30 kg in men and <20 kg in women; (3) gait
speed less than 1.0m/s; (4) leg lean mass to fat mass ratio of >0.39 in men and >0.67 in
women; (5) T-score of <-2.5 and a fall in the last year (Clynes et al., 2015).

A study used various definitions of sarcopenia to determine its prevalence within

the sample of 298 individuals aged 70-82 years old. The prevalence of sarcopenia was
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3.3% using the cut points defined by EWGSOP, 8.3% according to IWGS standards, and
2.0% with the FNIH cut points. Using cut points established by Binkley and colleges
(2013), about 24.8% of individuals had dysmobility syndrome. When determining the
association between falls and fractures within the last year with a diagnosis of sarcopenia,
only the IWGS cut points for sarcopenia are adequate for determining whether
individuals are at risk for adverse musculoskeletal events (Clynes et al., 2015). Therefore,
if sarcopenia is defined as an individual's increasing frailty and a decrease in physical
performance, then future definitions of sarcopenia should reflect risks for such events as
falls and fracture. In the same study by Clynes et al. (2015), the prevalence of sarcopenia
increased with age only when defined by EWGSOP, IWGS, and dysmobility syndrome.
Therefore, future definitions of sarcopenia should consider factors that reflect the
increase in an age given that sarcopenia is known as an age-related condition.
Causes and Potential Components of Sarcopenia

While sarcopenia is related to aging, the causes of sarcopenia, in part and apart
from aging, may include sedentary, altered endocrine function, chronic disease,
inflammation, insulin resistance and nutritional deficiencies (Fielding, 2011). Further
underlying these causes, mechanisms such as protein synthesis, proteolysis,
neuromuscular integrity and muscle fat content may contribute to the onset and
progression of sarcopenia. In the process of aging, a decline in anabolic hormones such as
growth hormone and insulin-like growth factor, as well as declines of estrogen and
testosterone are noted in both males and females. These declines may contribute
significantly towards the onset of various diseases and ultimately in the decline of

function (Ilich, 2016). In addition, components of sarcopenia may include cachexia,
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frailty, sarcopenic obesity (Cruz-Jentoft et al., 2010), and osteoporosis (Binkley et al.,
2013).

Cachexia.

Loss of skeletal muscle occurs in various ways. When due to aging it is typically
referred to as sarcopenia, when due to inactivity it is referred to as atrophy, and when due
to the disease it is referred to as cachexia (Evans, 2010). Cachexia does not have a
universally established definition but is commonly described as severe wasting
accompanying disease states. These may include but are not limited to cancer,
immunodeficiency disease, infections, rheumatoid arthritis, congestive cardiomyopathy,
and Crohn’s disease. Individuals with cachexia may lose equal amounts of fat and fat-free
mass with the fat-free mass mainly coming from skeletal muscle (Thomas, 2007).
However, cachexia may also still be present without the loss of fat mass (Evans et al.,
2008). While cachexia and sarcopenia both lead to a decrease in muscle mass, sarcopenia
alone does not lead to decreased appetite or greater decrease of fat mass as seen
commonly in Cachexia. Also, differing from sarcopenia, cachexia is highly associated
with increased cytokines and inflammatory disease (Thomas, 2007).

Frailty.

Frailty largely influences various age-associated diseases. However, its definition
and relationship to sarcopenia lack consensus. Development of frailty may be due to
inflammatory processes, hormonal changes, and body composition, which are also seen
in cachexia and sarcopenia. Furthermore, frailty may be defined as “a geriatric syndrome
of decreased reserve and resistance to stressors, resulting from cumulative declines across

multiple physiologic systems, causing vulnerability to adverse health outcomes including
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falls, hospitalization, institutionalization and mortality” (Bauer, 2008). Frailty may be
regarded as comprising of psychological and sociological components rather than a
physical component alone (Bauer, 2008). Both sarcopenia and frailty have various
clinical definitions causing prevalence rates to vary greatly depending on which methods
and cutoff points are used. In a study by Reijnierse et al. (2016), the aim was to determine
the presence of sarcopenia and frailty within a clinically relevant geriatric outpatient
population. The prevalence of frailty was greater than the prevalence of sarcopenia even
when using different definitions and cutoff points. When frailty was defined using
physical criteria (weight loss, exhaustion, physical inactivity, absolute walk times, and
handgrip strength) (Fried et al., 2001), there was more concordance with sarcopenia than
when defined using measures of mobility, activities of daily living and incontinence, and
cognitive impairment (Rockwood et al., 1999 ). In conclusion, while sarcopenia and
frailty both have physical components, they are two separate conditions and therefore
should be assessed separately.

Sarcopenic Obesity.

Sarcopenic obesity occurs when lean body mass is lost, but fat mass is preserved
or increased (Cruz-Jentoft, 2010). The combination of both conditions has been thought
to increase the risk for poor health outcomes compared to either condition alone (Scott et
al., 2016). However, a lack of consensus on both definitions limits future research and
ability to determine concordance. Newman et al. (2003) found that when classifications
of sarcopenia contained measures of height and fat mass, there was a stronger association
with lower extremity function limitations. Specifically, in women and overweight or

obese individuals, this study confirms that fat mass should be considered when
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determining the prevalence of sarcopenia. According to Chang et al. (2015), persons with
sarcopenia or obesity had poor lower extremity physical performance than those without
either condition. In the existence of both sarcopenia and obesity, they found a synergistic
impact on performance and therefore higher risk for functional impairment. On the other
hand, Dufour et al. (2013) found that the combination of low lean mass with high-fat
mass may not result in additional risk from either alone. It has been shown that BMI is
not correlated with knee extension strength suggesting that BMI is not an appropriate
measurement of mass when determining functional ability (Yamada et al., 2016).Within
older subjects, the fat mass may be a stronger predictor of health outcomes than skeletal
muscle mass suggesting cutoff points for muscle indices should include measures of
adiposity (Heymsfield et al., 2015). In addition, obesity and strength measures better
estimate risk for adverse health outcomes than joint obesity and muscle mass. It is
controversial that fat mass may have a protective effect against mortality in older
individuals; however, when combined with low muscle strength, the risk of mortality
may increase (Stenholm et al., 2008)

Research, while using different methods to define them, has consistently found
mobility limitations in sarcopenic individuals as well as in individuals with increased fat
mass. This suggests that both conditions should be considered when defining each
individually and it may be important to determine a sarcopenic scale for increased risk

when other conditions are included.



Osteoporosis.

Osteoporosis is an age-related decline in the quantity and quality of bone, which
is similar adverse health outcomes as sarcopenia (Binkley et al., 2013). The origination of
the term of osteoporosis began in the 1940’s until the mid-1990 for the medical
community to determine a medical definition of osteoporosis (Bijlsma et al., 2012). In
1994, after the use of dual-energy x-ray absorptiometry (DXA) became more popular in
use, the World Health Organization (WHO) defined osteoporosis as a bone density by a
T-score of <-2.5. A T-score of -1 or more was defined as normal bone density (World
Health Organization, 1994). These cutoff points were established based on sensitivity and
specificity to determine the occurrence of fractures. However, a distinct clinical outcome
parameter to define sarcopenia lacks consensus and therefore causes a delay in
establishing diagnostic criteria (Bijlsma et al., 2012). In a sample of 70-80-year-old
home-dwelling women, Patil et al. (2013) found that osteopenia (as defined by WHO)
was more prevalent (36 %) than sarcopenia (0.9 % defined by EWGSOP and 2.7 %
defined by IWGS). The low prevalence rates of sarcopenia are due to the inaccurate
definition of sarcopenia.

Verschueren et al. (2013) found that in a sample of men with a mean age of 59.6,
the prevalence of sarcopenia was 11.6% using the relative appendicular skeletal muscle
mass (RASM) cut points (<7.26 kg/m?) plus low muscle function. Appendicular lean
mass, RASM, and fat mass were all positively associated with bone mineral density
(BMD). Men with sarcopenia were more likely to have osteoporosis than those with an
RASM of >7.26kg/m?. This is consistent with a study using the same criteria (with the

addition of females with an RASM of >5.45kg/m?) by He et al. (2016) where subjects
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with sarcopenia were twice as likely to have osteoporosis compared to those considered
non-sarcopenic. Within a four-year longitudinal study on 538 non-sarcopenic women
over the age of 75 years, Kim et al. (2015) showed that a greater BMD had a protective
effect against handgrip strength decline and reduced walking speed. These studies may
suggest a causal relationship between muscle mass and BMD which leads to potential
interventions to determine if maintenance of muscle mass may prevent osteoporosis.
However, in the attempt to define sarcopenia, it should be determined whether the
relationship is reflected in measures of functionality.

In consensus with Vershueren et al. (2013), He et al. (2016) found a positive
association between BMD and lean mass and a negative association between BMD and
fat mass. Furthermore, muscle function assessed by handgrip strength was also
significantly associated with BMD at all skeletal sites. This study included subjects of
both genders, aged 18 to 97 and of three diverse races (He et al., 2016). Another issue
arises with the awareness and attention of sarcopenia within the medical community. As
shown through the number of hits in MEDLINE databases, sarcopenia only has a fraction
of the attention in literature as compared to the term osteoporosis (Bijlsma et al., 2012).

Osteosarcopenic Obesity.

Ilich et al. (2016) outlined a new syndrome, osteosarcopenic obesity, as a triad of
bone, muscle, and adipose tissue impairment. Ilich et al. (2014) compared functionalities
(handgrip strength, normal/brisk walking speed, and single leg stance) in 250
postmenopausal women after categorizing them within various combinations of
sarcopenia, osteoporosis, and obesity. Persons diagnosed in the osteosarcopenic obese

group indicated poorer functionality than any other group (osteopenic obesity and
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sarcopenic obesity). Definitions of sarcopenia are beginning to factor in measures of
functionality to reflect the various components associated with sarcopenia as well as real
life scenarios. Both fat mass and bone density have been shown to contribute to
functional capabilities (Chang et al., 2015; Newman et al., 2003: He et al., 2016) and
therefore measures of such should be considered within the spectrum of sarcopenia.
Environmental Influences

While sarcopenia has been regarded as a condition that occurs with aging, it is
also understood that its pathology may include various mechanisms. Within the
multifactorial underlies of sarcopenia, there may exist preventable outcomes. However, it
is necessary to determine the pathway of which these factors influence sarcopenia. Zeng
et al. (2016) found that factors such as nutrition, physical activity (PA), exercise, alcohol,
and tobacco may influence muscle strength and performance. Within a group of 1008
men and women in Taiwan, sarcopenia was significantly related to poor nutrition status
using the Mini-Nutrition Assessment. In the same population, the females who were
sarcopenia had higher cigarette smoking rates, but no significant difference in habitual
alcohol consumption (Liu et al., 2014). In summary, the role and potentially synergistic
effects of lifestyle factors must be considered when defining sarcopenia.
Prevalence of Sarcopenia

According to EWGSOP, sarcopenia affects more the 50 million people worldwide
(Cruz-Jentoft et al., 2016). For those aged 60-70 years old, it is estimated that 5-13% are
sarcopenic which then increases to 11-50% for individuals aged 80 and older (Haehling
et al., 2010). However, the prevalence is dependent upon the definition and cutoff points

used and given that various definitions are in current use, which is difficult to compare
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data and determine exact prevalence of sarcopenia. Therefore, it important to come to a
consensual definition that will allow unity diagnoses and lead to further abilities to
determine interventions.

Rates of sarcopenia may also differ depending on the inclusion of other
components. In subjects who are overweight or obese (using BMI measurements), the
prevalence of sarcopenia varies between definitions and gender. When using the lowest
20" percentile of residuals for LM and adjusting for height and fat mass, the prevalence
of sarcopenia within the overweight (15.4% in males and 21.7% in women) and obese
(11.5% for in men and 21% in women) groups were greater than when using aLM/ht? to
define sarcopenia. Both criteria resulted in significantly different prevalence rates
between genders (Newman et al., 2003).

Methods of Measure

With the definition of sarcopenia still in disagreement, studies up to date have
used various measurements, combinations of measures, and methods to create cut off
points for sarcopenia. The measurement methods to define sarcopenia are summarized in

Table 1.
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Table 1: Measurement Methods of Sarcopenia.

Measurement Sub-Measurements Methods
Anthropometry Circumference, height Scale, tape measure
(HT), weight (WT)
Arterial stiffness Pulse wave velocity SphygmoCor XCEL
(PWYV), pulse wave
analysis (PWA), blood System
pressure (BP), central
blood pressure (CBP),
augmentation index (Al)
Body Composition Fat mass (FM), fat-free Bioelectrical impedance
mass (FFM), bone mineral | analysis (BIA),
density (BMD) computerized tomography
(CT), dual-energy X-ray
absorptiometry (DEXA),
magnetic resonance
imaging (MRI)
Incidents Fall frequency, fall Survey
likelihood
Muscular Single-multiple repetition | Isokinetic, isotonic or
Strength/Power max, hand strength, isometric performances;
isokinetic torque hand dynamometer
Muscle Quality Muscle size, fiber type, Muscle biopsy
contractile characteristics,
muscular aerobic capacity,
intramuscular adipose
tissue, muscle fibrosis,
motor units,
neuromuscular adaptation,
Performance Time Gait speed (GS), stand up
and go tests (TUG), chair
sit-to-stand test (SST)

14




Sarcopenia as it Relates to Mortality

In a meta-analysis by Chang and Lin (2016), ten studies were evaluated for the
association between sarcopenia and mortality rates. After following an average of 4.2
years (N = 3,797), the sarcopenic group had 1.9 times the risk for mortality than did the
non-sarcopenic group. According to Landi et al. (2013), about 21.8% of subjects (aged
80-85 years) were sarcopenia using the EWGSOP criteria. After following an average of
7 years, about 67.4% of the sarcopenic subjects had died compared to only 41.4% of
those who were not considered sarcopenic. According to the British Regional Heart
Study (Atkins et al., 2014), both sarcopenia and obesity were associated with all-cause
mortality and CVD mortality while subjects who had both conditions were at greatest risk
for all-cause mortality. Increased CVD mortality may be explained by increased
inflammation. However, when FM and FFM (using BIA) measurements adjusted for
height were used to define sarcopenia, the difference between risk outcomes between the
sarcopenic, obese, and sarcopenic obesity groups was no longer significant (Atkins et al.,
2014). While previous studies confirm the effectiveness of using anthropometric
measures of muscle over BIA measures (Stephen et al., 2009; Wannamethee et al., 2007),
there is less research examining the relationship of mortality rates and sarcopenia when
defined by muscle quality. Also, measures of FM and FFM can be more accurately
measures through methods such as a DXA rather than BIA which can be influenced
greatly by hydration levels.

Independent of disease and body weight, the mortality rate is associated with
muscle strength in healthy men aged 45-68 (Rantanen et al., 2000). After a follow-up of

30 years, handgrip strength had a linear and inverse relationship with mortality rates with
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minimal effect by BMI. On the other hand, when BMI was split into tertiles, increased
handgrip strength was still found to have an effect on decreasing mortality risk (Rantanen
et al., 2000). In another study with participants aged 70-79 years old (Newman et al.,
2006), knee extension strength and handgrip strength were independent predictors of
mortality, but not for lower lean mass as accessed via DXA (Newman et al., 2006).
Frailty has also been shown to be a predictor of mortality; as frailty index increases, the
mortality rates also increase (Tang et al., 2013).
Sarcopenia and Disease

Studies up to date have frequently focused on the association between diseases
and frailty. Frailty has already been addressed as a component of sarcopenia allowing
researchers to begin to understand the relationship between various disease states and
sarcopenia. The presence of a cardiometabolic disorder increases an individual’s frailty
index and continues to increase with the addition of more cardiometabolic disorders. This
suggests that the combination of cardiometabolic disorders as well as other health deficits
have a synergistic effect upon frailty (Tang et al., 2013). In this section, various diseases
that are related to aging will be examined as well as their correlation to sarcopenia and
frailty.

Heart Disease.

Heart disease is the number one cause of death in the United States (AHA, 2017).
In 2014, about 10.9% of adults were predicted to have a type of heart disease. For adults
aged 65-74, the percentage increased to 24.6 and then to 35% for those older than 75
years. In the same survey with adults aged 65-74 years, the prevalence of hypertension,

CHD, and stroke were 54.6%, 15.4%, and 5.4% (CDC, 2014). In a sample of Japanese,
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non-sarcopenic women aged 75 and older, persons with a history of heart disease and
hyperlipidemia resulted in a significantly greater risk of skeletal muscle index
(mass/height?) decline, making them appropriate predictors of sarcopenia when defined
by EWGSOP (Kim et al., 2015). In a study of men aged 60-79 years, Atkins et al. (2014)
found that sarcopenia and sarcopenic obesity were not significantly associated with
greater risk of CHD events or CVD events after adjustment for lifestyle factors.
However, this study only used measures of mid-arm muscle circumference and,
alternatively, BIA to determine FM and FFM to define sarcopenia. It may be possible that
measures of mass are not suitable for determining risk for heart disease.

Cancer.

In 2014 it was estimated that about 19.8% of adults aged 65-74 years had cancer
of any type. For adults aged 75 or greater, the prevalence increased to 28% (CDC, 2014).
Sarcopenia may serve as a useful independent prognostic predictor of surgical outcomes
(Jogleker, 2014). However, research on cancer surgery should focus on measures of
sarcopenia that reflect muscle function rather than muscle mass alone (Vildan, 2015).
Sarcopenia is common in Non-Small Cell Lung Cancer (NSCLC). Using skeletal muscle
mass measures, the prevalence of sarcopenia is present in all BMI categories (Baracos et
al., 2010). However cross-sectional measurements of the psoas muscle measured by CT
did not correlate significantly with poorer survival rates from NSCLC. The median
survival rate of non-sarcopenic patients was 14 months, and sarcopenic patients were 12
months (p = 0.22) (Phillips et al., 2016). In a study by Srdic et al. (2016) subjects
included 100 Caucasian patients with NSCLC stage IIIB or IV. Sarcopenia was

determined using CT to measure lumbar skeletal muscle index (total muscle cross-
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sectional area at L3 divided by height squared). Time to tumor progression was not
significantly different between patients with and without sarcopenia. In a study of 471
breast cancer patients, 75 were classified as sarcopenia (two SD below young healthy
adult mean of aLM/ht?). After a mean follow-up of 9.2 years, sarcopenia was
independently associated with all-cause mortality and women with sarcopenia had a
greater risk of breast cancer-specific mortality. However this association was not
significant (Villasenor et al., 2012). Muscle mass seems to be a common method in
current research examining the association of cancer and sarcopenia. The association of
cancer with sarcopenia using measurements of muscle quality, strength, and function are
less known and should be further investigated. Associations with various types of cancer
should also be examined.

Diabetes.

As of 2012, it was estimated that about 9.3% of the population had diabetes and
the prevalence increases to 25.9% in old people ages 65 or more (CDC.gov, 2012). In a
study of Korean patients, those with diabetes mellitus had a threefold increase in risk for
sarcopenia (Kim et al., 2010). Kim et al. (2014) found that the muscle quality in adults
(aged 65 years or older), calculated as the total skeletal mass divided by weight, was
significantly lower in both male and female subjects with diabetes. Type II diabetic
patients had about a two to fourfold greater risk of low muscle mass compared with non-
diabetic patients adjusted for age, BMI, and current smokers. Older males with Type II
diabetes showed an accelerated decline in leg lean mass compared to their
normoglycemic counterparts (Leenders et al., 2013). Within the same study, the diabetic

group also had decreased appendicular skeletal mass, leg extension strength and
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decreased performance as measured in slower sit-to-stand test times). Various studies
have observed decreases in handgrip strength (Sayer et al., 2007), gait speed (Volpato et
al., 2012), and quadriceps power (Kalyani et al., 2013) in elder individuals with diabetes.
However, Ohara et al. (2014) found that antidyslipidemic drug and antidiabetic drug were
both significantly associated with lower handgrip strength in a sample of middle- age to
older participants, which indicates an importance of controlling for medications for
confounding factors. Sarcopenia has been shown to be an independent risk factor for
diabetes but only in participants older than 74 years (Koo et al., 2016). In summary,
diabetes may have a strong correlation with muscle mass, strength, function, power, and
quality; all of which have been shown to be components of sarcopenia.

Sarcopenia and Muscle Quality

Rather than muscle strength or muscle mass, muscle quality is representative of
the muscle’s ability to function. This can be measured through force production, muscle
composition, and most specifically the contractile element: the sarcomere. In research,
muscle quality is defined as muscle strength (determined through performance test)
normalized by muscle mass (determined most accurately through DXA) (Fragala, Kenny,
& Kuchel, 2015).

Within a sample of 1880 adults (aged 70 to 79), consisting of men and women of
both white and African American races, muscle strength, mass, and quality were assessed
over three years. A significant decline in muscle quality, strength (Nm)/ muscle mass
(kg), was observed, and a significant loss of strength was noted in subjects even when

lean mass was maintained or gained (Goodpaster et al., 2006). This study confirms that
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muscle quality should be considered when determining loss of function due to aging and
therefore when defining sarcopenia.

Kennis et al. (2014) assessed changes in the muscles of middle-aged men aged
45-49 years at baseline and at a 9.45-year follow-up. After follow-up, there was an
increase in muscle mass but a significant decrease in strength and power assessments.
During aging, the decline of muscle quality can be attributed to various factors. A
contributor may include increased extracellular water in skeletal muscle. In a study of
elderly adults (60-95 years olds), extracellular water/intracellular water was significantly
and negatively correlated with knee extension strength and GS. Extracellular water in
skeletal muscle increased with age (Yamada et al., 2016). Other dimensions of muscle
quality may include muscle composition, architecture, ultrastructure, and sarcomeres
(Fragala, Kenny & Kuchel, 2015).

The prevalence of sarcopenia increases with aging. Sarcopenia is also associated
with multiple adverse outcomes. Therefore, developing ideal prevention programs for
sarcopenia is important to promote public health in the geriatric societies. However, it is
first necessary to develop an acceptable definition of sarcopenia as a tool to screen
sarcopenia across individual, community, and state levels. While most definitions to date
have used measures of muscle mass, muscle quality is beginning to be recognized as a
more appropriate measure to reflect functional decline with age. Current research
investigating muscle quality decline have used longitudinal study designs including only
middle-aged to elderly subjects. No research to date has investigated the difference
between healthy young adults and elderly adults. While it is expected that elderly adults

will have a significantly lower muscle quality, it is important to investigate this
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relationship to set norms and establish a new sarcopenic index that includes measures of
muscle quality.
Sarcopenia and Muscle Mass and Strength

In adulthood, skeletal muscle mass makes up about 45% of the body weight. This
number then declines to about 27% during the elderly stage (Robert et al., 2001). Initial
definitions of sarcopenia have focused on this loss of muscle mass as it was considered to
be a determinate of strength loss in aging. Within older adults decreases in muscle mass
are associated with decreases in strength. However, the decline in strength and
performance occurs at a more rapid rate than muscle mass (Goodpaster et al., 2006; Zeng
et al., 2016). This occurrence may be due to a decrease in type II muscle fibers during
aging (Nilwik et al., 2013), approximately 43% reduction in the type II fiber size, and a
decline in muscle fibers as well as fiber atrophy (Anderson, 2002). While decreases in
strength and CSA due to aging are noted in various studies, Walter et al. (2008) examined
how individual skeletal muscle fibers that are preserved throughout aging maintain force
capacity to accommodate for decreases in strength and CSA.

In a sample of home-dwelling women (aged 70-80 years), Patil et al. (2013)
assessed the associations of sarcopenia diagnostic criteria and osteopenia relevance with
functional ability. In this study, osteopenia (as defined by WHO) was more prevalent
(36%) than sarcopenia (0.9% defined by EWGSOP and 2.7% defined by IWGS).
Individuals with a low skeletal muscle index had a higher lean mass percentage, lower fat
mass percentage but showed no significant differences in age or outcome measures of
gait speed and handgrip strength from those with a high skeletal muscle index. Also,

women with a faster gait speed had lower body weight, lower fat mass percentage, higher
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total body lean mass, and performed better on the get up and go (TUG) test, chair stand
test and leg extension force (Patil et al., 2013). Akin et al. (2015) found that when GS and
handgrip strength were used to define sarcopenia, it resulted in a greater prevalence rate
than when using measures of muscle mass. Visser et al. (2000) examined the associations
of the muscle mass, performance, and muscle strength in the lower body. In conclusion,
leg muscle mass was not an independent determinant of lower-extremity performance
after adjustment for body fat and leg muscle strength, suggesting that leg muscle strength
may act as a mediator between muscle mass and performance.

Muscle Quality, Muscle Mass, and Muscle Strength

Zeng et al. (2016) evaluated factors associated with sarcopenia and their
correlation with strength and physical performance within a young group (aged 20-59
years) and older group (aged >59 years). There was a significant difference in GS,
handgrip strength and repeated chair sit-to-stand times between both groups.
Interestingly, GS significantly correlated with handgrip strength and chair sit-to-stand
times only within the older group. These studies conclude that greater focus should be
allocated to declining functional ability rather than solely on decreases in muscle mass
when assessing sarcopenia.

Lean mass has consistently been shown to significantly correlate with strength
(Newman et al., 2013). Specifically, Chen et al. (2013) found this correlation in
individuals aged 50 and older using measures of appendicular skeletal muscle mass and
isokinetic quadriceps strength. This relationship, however, was significantly modified by
obesity. Reed et al. (1991) also found a significant correlation between muscle mass and

muscle strength in older adults (mean age = 71.7 years). They also examined a significant
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age and lean body mass effect to muscle quality noting a decline with increasing age and
increasing lean body mass. The relationship between muscle mass and strength differs
according to gender and age (Hayashida et al., 2014). When looking at the association
between quality, mass, and strength of muscle, quality has been shown to have a stronger
association with strength measures than measures of muscle mass (Ismail et al., 2015).
Strength has also been shown to have stronger correlations with measures of physical
function (Hayashida et al., 2014) than did muscle mass, showing a possible synergistic
effect of fat mass and leg strength (Bouchard et al., 2011). These studies conclude that
mass alone does not have a strong correlation towards declining functional ability and
therefore may not be predictive of muscle quality decline with age.

Sarcopenia and Arterial Health

Atherosclerosis is another leading cause of morbidity and mortality in elderly
people and is associated with various other diseases. As arteries become stiff, the PWV
increases causing the reflecting wave from the heart to return sooner. It also increases
central systolic pressure and central pulse pressure (AtCore Medical, 2013). Higher
baseline arterial stiffness can be predictive of later development of incident hypertension
(Kaess et al., 2012).

In the study by Ohara et al. (2014), 1593 middle-aged to older patients were
classified as sarcopenic if their handgrip strength or skeletal muscle mass (as measured
via BIA) was more than 1 standard deviation from the mean of the reference group (age
less than 50 years) or the lowest 20% of the measured population. Measures of central
pulse pressure (PP), radial augmentation index (Al), and arterial stiffness (as measured by

brachial to ankle pulse wave velocity (baPWV)) were all significantly and independently
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associated with sarcopenia when defined by either criterion. Ohara et al. (2014) found
that thigh muscle CSA was significantly and negatively associated with radial Al and
radial PP in both genders. Also, thigh CSA correlated significantly and independently
with central BP in both genders and with baPWV in only males. In a group of 496
healthy middle-aged to elderly subjects, thigh muscle CSA corrected for body weight
(CSA/BW) was an independent determinant of baPWV, BP, age, and antihypertensive
drug use. In men, baPWV was an independent risk for the presence of sarcopenia (Ochi
et al., 2010). In other studies, a significant relationship between artery stiffness and
muscular strength has also been measured; however, the relationship only occurred with
central measures and not peripheral measures (Fahs et al., 2010). Central BP may be a
better predictor of CVD than brachial pressure because it better reflects arterial stiffness
and wave reflections (Roman, et al., 2009).

In a sample of 427 Korean individuals aged 52-95 years, men had a significantly
greater arm and leg skeletal muscle mass (measured using BIA), and thigh circumference
than the females in the study. On the other hand, females had significantly greater radial
Al, central SBP, and TUG test time. There was a significant and inverse relationship
between limb muscle mass and Al with a greater association found in males.
Interestingly, the association only remained in males when adjusted for body mass index,
systolic blood pressure, total cholesterol, high-density-lipoprotein-cholesterol, fasting
glucose, insulin, smoking, and alcohol intake. There was no significant relationship
between arm muscle mass and Al or limb muscle mass and brachial BP (Lee et al., 2014).
Studies have also evaluated other measures of muscle and their associations with

measures of arterial stiffness. Muscle mass volume calculated as thigh mass area divided
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by the femoral shaft area (TMA/FSA) has been shown to be inversely related with
baPWYV in diabetic, hemodynamic patients (Kato et al., 2011). Relative upper body
strength measured by 1RM bench press divided by weight was also found to be inversely
associated with PWV and Al Interestingly, in this study, VOzpeak was found not to alter
the association of muscle strength and arterial stiffness suggesting that they are related
independent of fitness (Fahs et al., 2010). In addition, visceral obesity (defined as a
visceral fat area of greater than 100cm?) was significantly associated with higher baPWV
while the combination of both sarcopenia and obesity was associated with a significantly
greater increase in baPWV and radial Al than either condition alone (Ohara et al., 2014).

Abbatelcola et al. (2012) found that baseline PWYV is associated with the
sarcopenic index (aLM/ht?) over time in adults aged 70-79 years. Alternatively, measures
of physical activity (questionnaire), physical performance (walking, chair-stand, and
balance tests), and handgrip strength measured at baseline were not associated with
arterial stiffness measurements taken two years later (Van Dijk et al., 2015). These
studies show that PWV may be a determinate of sarcopenia (using measures of mass), but
there may not be a long-term effect of physical fitness activity and muscle strength on
arterial health.

Studies have consistently shown the association between arterial stiffness and
skeletal muscle when using measures of mass and strength. Therefore, PWV may be an
appropriate option for assessing sarcopenia. However, muscle quality may be a more
relevant and appropriate measure for sarcopenia than muscle mass or strength alone
(Barbat-Artigas et al., 2012). Therefore, when evaluating associations between arterial

stiffness and sarcopenia, measures of muscle quality should be considered.
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Summary

Increasing life expectancy and the decline of physical function with age make it
important for current research to explore the mechanisms contributing to this decline. The
role of skeletal muscle has been shown to correlate with adverse health outcomes
including physical disability, various components of frailty, and mortality. Research up to
date has been limited to studies examining the role of muscle mass and strength. It has
been established that strength is a better correlate to function than muscle mass yet
research lacks in whether the quality of muscle may be an even better measure to
represent function decline with age. Furthermore, research has yet to examine the
difference in muscle quality, mass, and strength among young healthy adults and elderly
adults. This study aims to add this data to the current research and serve as a preliminary

study for establishing indices of muscle quality to define sarcopenia.
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CHAPTER 3
METHODS

Subjects

Participants for this study were recruited via fliers, online posts, and University
announcements within the Downtown Phoenix area. Seventy-one total subjects were
recruited for this study within age groups 20-29 years old (20 females and 20 males) and
60-80 years old (18 females and 13 males). Eligibility was determined using an online
questionnaire and PAR-Q. Eligibility criteria included the ability to perform physical
activity without chest pain or feelings of dizziness, or any other reasons given by a
medical professional and no joint or bone problem that could be made worse through
physical activity. For young participants (aged 20-29), we recruited healthy subjects who
had no personal history of chronic diseases and not taking any hypoglycemic and
hypertensive medications. For old participants (aged 60-80), we included those subjects
with chronic diseases to increase recruitment and to examine possible associations
between different disease states and sarcopenia. All procedures were approved by the
Arizona State University Institutional Review Board and written informed consent was
obtained from subjects prior to participation. All participants were given a detailed
description of the protocol prior to their participation.
Research Design

All eligible participants were required to schedule a single visit to the ASU
Arizona Biomedical Collaborative building that lasted approximately two hours. All
participants signed an informed consent and completed demographic characteristics,

medical histories, and personal health habit questionnaire. Body height and weight were
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measured using a standardized physician’s scale. Waist girth was measured using a
plastic tape measure with a metal spring on end to maintain consistent tension. The
measurement was taken at the midpoint between the anterior superior iliac crest and the
lowest lateral portion of the ribs. Dual-energy X-ray absorptiometry (DXA) was used to
measure body composition, bone mineral density (BMD), and arm and leg appendicular
skeletal muscle mass by a licensed technician (Lunar iDXA, GE Healthcare, Madison,
WI). Participants were required not to wear any metal during the scan. The scan took the
duration of approximately seven minutes with the subject lying face up on the table.
Results were not shared with the participant until the individual’s data collection was
complete.

Pulse Wave Velocity Measurement.

All participants completed PWV assessment. The participant was then instructed
to lie supine on a padded table in a quiet dimly lit room. A standardized physician’s
sphygmomanometer was used to measure left arm brachial BP and HR at 0 minutes and
10 minutes after lying down. Once the second measure was taken, the researcher then
applied a different brachial arm cuff (appropriately sized to the individual subject without
clothing between cuff and arm) as part of the SphygmoCor XCEL System, which was
used to run a Pulse Wave Analysis (PWA) and measure Pulse Wave Velocity (PWV). At
the fifteen-minute mark, the PWA was initialized, and the subject was instructed to
remain still without talking for the duration of the cuff inflation, deflation, and partial
inflation. The AtCore Medical program measured BP, calculated Augmentation Pressure
(AP) as the incident pressure waveform during systole subtracted from the reflected wave

and calculated Augmentation Index (AIx) by dividing the Pulse Pressure (PP) from the
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AP (AtCore Medical, 2013). This was repeated three times with two minutes between
each measure. The brachial cuff was then removed, and an appropriate sized femoral cuff
was placed on the upper left thigh. The researcher palpated for the strongest carotid pulse
and made a small mark on the skin and then palpated for the strongest femoral pulse.
Measurements were taken from the suprasternal notch to the mark at the carotid site,
suprasternal notch to the top of the femoral cuff, and from the femoral pulse to the top of
the femoral cuff. Applanation tonometry is used by the researcher, placed in the carotid
artery, to record pressure waveforms. The subject was instructed to remain still without
talking for the duration of the test. When regular carotid pulse was detected, the femoral
cuff inflated and remained inflated until quality waveforms were simultaneously acquired
for 10 seconds at both sites. Carotid and femoral artery waveforms and pulse wave time
between the carotid and femoral arteries were measured. PWV was computed as the
distance (D) between the carotid and femoral arteries divided by the time difference (At)
between the two sites (PWV=D/At) (AtCore Medical, 2013). Once again, results were not
shared with the participant until the individual’s data collection was complete.

Dynamometer Test.

The CSMI HUMAC NORM Isokinetic Dynamometer was used to measure knee
flexion and extension torque. The chair and dynamometer settings were adjusted
specifically for the test and for each individual participant. The seat belt and straps across
the dominate thigh and lower leg were all tightened to allow minimal movement without
discomfort to the subject. Knee ROM was then set by moving the leg to full extension
and flexion specific to each individual. The protocol consisted of 4 sets: a practice set of

two repetitions, one set of three repetitions at 120 degrees per second, one set of three
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repetitions at 90 degrees per second, and one set of three isometric (0 degrees per second)
knee extensions at an angle of 60 degrees. There was an allotted 30 seconds of rest
between each set and between the isometric extension repetitions. Prior to beginning the
test, subjects were given a detailed explanation to move through full ROM (excluding the
isometric contractions) with the maximal effort for each repetition. Subjects were cheered
on and motivated to try their best. Leg MQI was calculated as the mass of the right leg in
kg (as measured by DXA) divided by the average of the two highest knee isometric
extension force productions in Nm (kg/Nm) (Fragala et al., 2015).

Handgrip Test.

Handgrip strength was measured using Takei Physical Fitness Test dynamometer.
The dominant hand was measured with the subject standing and their arm at a position
parallel to the floor. Arm MQI was calculated as the mass of the right arm in kg divided
by the average of the two measured handgrip strengths in kg (kg) (Fragala et al., 2015).

Gait Speed Measurement.

Gait speed was measured over a 5S-meter distance that was taped out on the floor.
The subject began on the first line and once given a pre-discussed cue they were
instructed to begin walking as fast as they can pass the second line. The researcher began
the time on the stopwatch at the queue and stopped once the participant reached the
second line (Hardy et al., 2007). The times were the converted into meters per second
(m/s), and the fastest of the two trials was used for data analysis.

Sit-to-Stand Test.

The five times sit-to-stand-test (SST) was used to assess functionality and lower

muscular power. The subjects were instructed to sit in the standard armless chair (not
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secured to the wall or the ground) as far back as possible with maintaining feet contact on
the floor and arms across their chest. The participant was instructed to stand up fully and
sit back down five times as quickly as possible. The same test procedure as the walk test
was given to initiate the test and the timer. The researcher stopped the time when the
buttocks touched the chair after the fifth repetition. A practice trial was allowed (Lambert
et al., 2013). Times for the walk test and SST were given to the participant after each trial
to help increase motivation and the fastest time of the two trials was used for data
analysis. The researcher also provided verbal encouragement during all strength and
performance tests.
Statistical Analysis

Descriptive statistics were computed as means and standard deviations. The
normality assumptions for all outcome measures were justified by Shapiro-Wilk tests.
General linear models were used to test mean differences for MQIs, muscle mass, muscle
strength, and pulse wave velocity across gender and young and elderly adults. Age-, sex-
, and race-adjusted partial Pearson correlations were used to examine the associations of
muscle quality, muscle strength, and muscle mass in young and elderly adults,
respectively. All statistical procedures were performed by Statistical Analysis Systems

software (SAS Institute). All statistical significance will be determined by p<0.005.
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Subject Characteristics

Seventy-one volunteers who responded and completed the online survey were

determined eligible for the study. Each person came into the laboratory for a one time

CHAPTER 4

RESULTS

visit. The healthy young adults consisted of 20 males and 20 females (ages 20-29 years).

The elderly group consisted of 13 males and 18 females (ages 60-80 years). Descriptive

statistics for the study participants across gender and age categories are presented in

Table 2.

Table 2. Characteristics of the study participants across gender and age categories™*

Young Males Elderly Males p-value Young Females Elderly Females p-value

n 20 13 20 18

Age 236 + 2.2 70.8 + 44 <.0001 227 t 2.2 678 + 4.8 <.0001
Ht (cm) 180 + 6.5 1729 + 5.7 0.0032 165.7 t 6.3 161.7 + 52 0.0433
Wt (kg) 82.8 + 9.4 86.5 + 17.1 0.4265 612 + 83 74.8 + 222 0.0150
BMI 255 + 21 289 + 55 0.0168 222 £ 25 285 + 8.1 0.0022
gait speed (m/s) 22 £ 03 19 + 02 0.0008 20 + 03 1.7 £+ 03 0.0007
Sit to Stand (sec) 6.7 + 14 9.2 + 16 <.0001 74 t+ 16 102 + 3.8 0.0045
SBP (mmHg) 123.4 + 80 132.0 + 17.2 0.0618 1106 + 8.8 1275 + 126 <.0001
DBP (mmHg) 70.2 + 59 76.2 + 7.2 0.0132 66.0 + 6.2 759 t 75 <.0001
AP 08 + 3.0 120 + 7.5 <.0001 1.5 + 39 130 + 51 <.0001
AIX -3.7 + 9.8 220 + 131 <.0001 -14 + 120 287 + 9.9 <.0001
PWV (m/s) 57 £ 0.6 9.0 =+ 2.2 <.0001 51 + 0.7 81 + 11 <.0001
VIS (cm?) 357.9 + 261.9 2263.3 + 1416.0 <.0001 1189 + 1789 1485.8 + 1127.8 <.0001
grip (kg) 54.5 + 89 419 + 7.1 0.0002 324 + 6.7 250 + 4.2 0.0003
RA lean (kg) 47 + 0.7 35 £ 0.6 <.0001 24 + 04 21 + 05 0.0311
Mal Arm (kg) 116 £ 16 122 £ 25 0.398 134 + 1.8 122 + 27 0.1064
leg strength (Nm) 2343 + 384 141.5 + 313 <.0001 150.2 + 39.9 99.8 + 256 <.0001
RLlean (kg) 10.87 + 14 89 + 15 0.0004 70 + 11 6.7 = 15 0.3819
MQl Leg (Nm/kg) 21.8 + 43 16.3 + 4.2 0.0012 213 + 49 156 + 4.8 0.0009

Note. *Values are expressed as M+SD; BMI is calculated as weight in kg divided by height in meters

squared; SBP = systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); AP =

augmentation pressure calculated as incident pressure waveform during systole subtracted from the

reflected wave; Alx = augmentation index is calculated as AP/ pulse pressure); PWV = pulse wave velocity
computed as the distance (D) between the carotid and femoral arteries divided by the time difference (At)
between the two sites; VIS = visceral fat area (cm®); RA lean = right arm lean mass as computed by DXA
(kg); MQI Arm = muscle quality of the arm calculated as the handgrip strength divided by RA lean; leg
strength is determined by isometric knee extensor performance on the dynamometer (Nm); RL lean = right
leg lean mass as computed by DXA (kg); MQI Leg = muscle quality index of the leg calculated as the leg
isometric strength divided by RL lean.
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Muscle Quality Index

There was no statistical gender difference in leg MQI across young (21.8 Nm/kg
vs. 21.3 Nm/kg, p = 0.51) and elderly (16.3 Nm/kg vs. 15.6 Nm/kg, p = 0.50) adults
(Figure 1). However, there was a significant statistical difference in leg MQI between
young and elderly adults. As shown in Figure 2, young male adults had a greater /leg
MQI as compared with elderly male adults (21.8 Nm/kg vs. 16.3 Nm/kg, p = 0.001).
Young female adults also had a greater leg MQOI when compared with elderly female
adults (21.3 Nm/kg and 15.6 Nm/kg, p <0.001) (Figure 2). For arm MQI, as shown in
Figure 3, there was significant gender difference in young adults (11.6 kg/kg and 13.4
kg/kg, p = 0.001), but not for the elderly adults (12.2 kg/kg and 12.2 kg/kg, p = 0.53).
There were no statistical differences in arm MQI between young and elderly men and

women, respectively (p>0.10) (Figure 4).
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Figure 1: Average leg MQI difference by gender. Bars, 95% confidence interval.

33



H Young

= old

Leg MQIl (Nm/kg)

Male Female

Arm MQl (kg)
[0l

H male
6 _

= female
4 _
2 _

=0.53
0 - P
Young old
Age Groups

Figure 3: Average arm MQI difference by gender. Bars, 95% confidence interval.

34



[ERN
(e)]

[
S
u

[EnY
N
]
—

[EnN
o
1

HYoung

Arm MQl (kg)
[0

old

p=0.398

Male Female

Gender
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Lean and Fat Mass

As shown in Figure 5, there was a significant gender difference in leg lean mass
(right) in young and elderly adults. Young males had greater leg lean mass as compared
with young female counterparts (10.7 kg vs. 7.2 kg, p<0.001) (Figure 5). Elderly males
also had greater leg lean mass than did elderly females (9 kg vs. 6.6 kg, p<0.001).
Younger males had greater leg lean mass than did elderly males (10.9 kg vs. 8.9 kg,
p<0.001), but there was no statistical difference in leg lean mass in young and elderly
females (7.0 vs. 6.7 kg, p = 0.38) (Figure 6). Figure 7 shows average arm lean mass by
gender groups. Young males had greater arm lean mass (right, kg) when compared with
young female adults (4.7 kg vs. 2.5 kg, p<0.001). As shown in Figure 7, elderly males
also had greater arm lean mass than did elderly females (3.6 kg vs. 2.1 kg, p<0.001). Both
young males and females had greater arm lean mass than did elderly male and female

adults (all p<0.04) (Figure 8) (males: 4.7 kg vs. 3.5 kg, p<0.001; females: 2.4 kg vs. 2.1
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kg, p=0.03).

There was a significant gender difference in total fat in both young and elderly
adults, respectively. Young females had a greater fat mass than did young males (27.9kg
vs. 18.4kg, p<0.001); Elderly females also had a greater fat mass than did elderly male
adults (44.4kg vs. 34.7kg, p<0.001). However, young males had a greater visceral fat
compared with young females (357.3 cm® vs. 119.4 cm?, p = 0.003) (Figure 9). Although
elderly males had a greater visceral fat when compared with elderly females, there was
no statistical difference (2331.7 cm® vs. 1436.4 cm®, p = 0.075). Both elderly male and
female adults had greater visceral fat than did young male and female counterparts,
respectively (all p<0.001) (Figure 10). Males had greater BMD than did females across

young and elderly age categories (all p<0.001).
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Figure 5: Average leg lean mass (right, kg) by gender. Bars, 95% confidence interval.
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Figure 6: Average leg lean mass (right, kg) by age group. Bars, 95% confidence interval

H male

= female

RA Lean Mass (kg)

Young Old
Age Group

Figure 7: Average arm lean mass (vight, kg) by gender. Bars, 95% confidence interval.
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Figure 8: Average arm lean mass (right, kg) by age group. Bars, 95% confidence
interval.
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Figure 9: Average visceral fat difference by gender. Bars, 95% confidence interval.

38



3500

3000

3
N
0
o
S

2000 -

1500 +———+— 4+ H Young
old

Visceral Fat (cm3)

1000 ——— AL

500 +———5—
. j p<0.001 o p<0.001

Male Female

Gender

Figure 10: Average visceral fat difference by age group. Bars, 95% confidence interval.
Muscular Strength

There was a significant gender difference in leg isokinetic strength, leg isometric
strength, and and handgrip strength. Young males had greater isometric leg strength
(233.7 Nm vs. 150.8 N m, p<0.001) and handgrip strength (54 kg vs. 33 kg, p<0.001)
than did young females, respectively (Figures 11 & 12). Elderly males also had a greater
isometric leg strength (145.7 N m vs. 96.8 N m, p<0.001) and handgrip strength (41.8 kg
vs. 25.1 kg, p<0.001) than did elderly females, respectively (Figures 11 & 12). Young
male and female adults had greater isometric leg strength as compared with elderly male
and female adults, respectively (all p<0.001) (Figure 13) (males: 234.3 Nm vs. 141.5 N
m, p<0.001; females: 150.2 N m vs. 99.8 N m, p<0.001). Young male and female adults
also had greater handgrip strength as compared with elderly male and female adults,
respectively (all p<0.001) (Figure 14) (males: 54.5 kg vs. 41.9 kg, p<0.001; females: 32.4

kg vs. 25 kg, p<0.001). Similarly, young and elderly males had significantly greater
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isokinetic leg strength at 90 deg/sec and 120 deg/sec than did young and elderly females,

in the respective group (all p<0.001).
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Figure 11: Average leg muscle strength difference by gender. Bars, 95% confidence
interval.
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Figure 12: Average handgrip strength difference by gender. Bars, 95% confidence
interval.
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Figure 13: Average leg muscle strength difference by age group. Bars, 95% confidence
interval.
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Figure 14: Average handgrip strength difference by age group. Bars, 95% confidence
interval.

Arterial Health
As shown in Figure 15, young males had faster PWV than did young females (5.7

m/s vs. 5.1 m/s, p = 0.01), but there was no statistical gender difference of PWV in the
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elderly (9.0 m/s vs. 8.1 m/s, p = 0.2). However, elderly males and females had faster
PWYV when compared with young male and female adults, respectively (males: 9.0 vs.
5.7 m/s, p<0.001; females 8.1 vs. 5.1 m/s, p<0.001) (Figure 16).

There was no statistical difference in AP and AIX between young males and
females (p>0.38) and between elderly males and females (p>0.18). However, elderly
males and females had greater AP and AIX than did young males and female
counterparts (all p<0.001). Means of AP and AIX were 0.8 and -3.7 in young males and
12.0 and 22.0 in the elderly males. Means of AP and AIX were 1.5 and -1.4 in young

females and 13.0 and 28.7 in the elderly females.
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Figure 15: Average pulse wave velocity difference by gender. Bars, 95% confidence
interval.
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Figure 16: Average pulse wave velocity difference by age group. Bars, 95% confidence
interval.

Physical Functioning Tests

Males had greater gait speed than females in both young (2.2 vs. 2.0 m/s, p 0.03)
and elderly adults (1.9 vs. 1.7, m/s, p = 0.04). Younger males and females had better gait
speed than did elderly males and females, respectively (males: 2.2 vs. 1.9 m/s, p<0.001;
females: 2.0 vs. 1.7 m/s, p<0.001). This suggests that males are faster gait speed than did
females within both age groups. Young males and females had faster sit-to-stand time
than did elderly males and females (all p<0.006), but there was no gender difference in
sit-to-stand time in young and elderly adults, respectively (all p >0.11).
Muscle Quality, Muscle Strength, & Muscle Mass

Among elderly adults, there was a positive association between arm MQI and
handgrip strength (r = 0.42, p = 0.25) and between leg MQI and isometric leg strength (r
=0.79, p<0.001) (Table 3). However, there was a negative association between arm MQI

and arm lean mass (r = -0.58, p = 0.001) and between leg MQI and leg lean mass (r = -
43



0.70, p<0.001). In young adults, there was also a positive association between arm MQI
and handgrip strength (r = 0.53, p<0.001) and between /eg MQI and isometric leg
strength (r = 0.81, p<0.001). The association between arm MQI and arm lean mass was -
0.30 (p = 0.07), and between leg MQI and leg, lean mass was -0.18 (p = 0.30).

Table 3: Person Partial Correlation Coefficients Among Muscle Quality, Muscle Mass,
and Muscle Strength In Young and Elderly Men and Women*

Muscle Muscle Muscle Muscle
Arm MQI  Mass Strength Leg MQI  Mass Strength
Elderly Adults
MQI 1 . . MQI 1 .
Muscle Mass -0.58 1 . Muscle Mass -0.70 1 .
Muscle Strength 0.42 0.41 1 Muscle Strength ~ 0.79 -0.17 1
Young Adults
MQI 1 . . MQI 1 .
Muscle Mass -0.30 1 . Muscle Mass -0.18 1 .
Muscle Strength 0.53 0.61 1 Muscle Strength ~ 0.81 0.39 1

Note. *Adjust for age, sex, and race; 4rm MQI = muscle quality of the arm calculated as the grip
strength divided by RA lean; Arm muscle mass = right arm lean mass as computed by DXA
(kg); Arm strength = dominate arm grip strength (kg); Leg MQI = muscle quality index of the leg
calculated as the leg isometric strength divided by RL lean; Leg muscle mass = right leg lean
mass as computed by DXA (kg); Leg strength = dominate leg isometric knee extensor
performance on the dynamometer (Nm).
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CHAPTER 5
DISCUSSION

Although muscle quality is a significant risk factor for muscle weakness, physical
mobility, disability, and mortality, there has been little research on muscle quality across
age and gender groups. The associations of muscle quality, muscle strength, and muscle
mass also remain less explored. The primary objective of this study was to determine
whether MQI differs across gender and age categories and whether MQI relates to muscle
strength and muscle mass in young and elderly adults. The secondary objective was to
test mean differences in muscle mass, muscle strength, and PWV, and visceral fat
between young healthy adults and elderly adults.

The main finding of this study was that young male adults had a greater leg MQOI
than did elderly male adults. Similarly, young female adults also had a greater /leg MQI
than did elderly female adults. Interestingly, leg MQI is positively associated with
isometric leg strength in both young and elderly adults. However, leg MQI is negatively
associated with leg muscle mass in both young and elderly adults.

Muscle Quality Index

The present study assessed arm MQI and leg MQI difference between a healthy
young reference group (aged 20-29 years) and an elderly group (aged 60-80 years). To
our knowledge, this is the first cross-sectional study to evaluate muscle quality in these
age groups. Previous studies have focused on whole body MQI or leg MQI, where the
present study is the first to evaluate both dominate arm MQI and leg MQI separately. A
particular novel finding was a significant mean difference in leg MQI between young and

elderly adults in men and women. Prior findings of muscle quality decline with age
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(Kennis et al., 2014) have shown that this outcome is to be expected. However, our
results show that arm MQI was not significantly different between young and elderly
groups in either gender. These results imply that leg MQOI may be a better measure than
arm MQI to define sarcopenia
Muscle Quality, Muscle Mass, and Muscle Strength

A novel finding in the present study is that there is a positive association between
arm MQI and handgrip strength and between /eg MQI and isometric leg strength, and a
negative association between arm MQI and arm lean mass and between leg MQI and leg
lean mass in both young and old adults. To the best of our knowledge, this is the first
study to examine these associations in a cross-sectional study design. However, in a study
of older adults (aged 55 years or more), muscle quality also had a positive association
with leg strength and a negative association with muscle mass (Bouchard et al., 2011).
Ismail et al. (2011) also found an inverse relationship between muscle quality of the
rectus femoris (measured by ultrasound) and grip strength (corrected for body weight) yet
no association between muscle quality and lean body mass. The results of the present
study confirm that muscle quality may be a more significant indicator of muscle changes
due to aging than muscle mass. Additionally, these changes are present in both the upper
and lower appendicular regions. These findings suggest that mass alone does not protect
against muscle quality declines with age.
Muscle Mass

Our findings indicate a greater mean RL lean mass and RA lean mass in males
compared to females in both age groups. There was also a greater mean RL lean mass

and RA lean mass in young adults compared to the elderly adults. This difference was
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significant except for in females for the RL lean mass. This is not the only study to
identify a difference in muscle mass between gender and between young healthy adults
and elderly adults. However, methods of measures vary amongst studies. In this study,
DXA was used to determine RA lean mass and RL lean mass. Similarly, Visser (2000)
used DXA to measure leg muscle mass in 3075 participants aged 70-79 years old,
showing greater muscle mass in males than females. Goodpaster et al. (2006) found, after
a three-year time span, a significant decline in leg lean mass as measured by DXA in both
white and Black men and women. When using BIA to measure body composition, Zeng
et al. (2016) still found a significant difference in lean mass and appendicular skeletal
mass between gender and age groups (young, aged 20-59 years; old, aged >60 years).

Only one study examined muscle mass difference between young and elderly
adults across type 2 diabetic and non-diabetic persons using a cross-sectional study (Koo
et al., 2016). Using DXA to estimate ASM in a Korean sample of 12,792 subjects, Koo
et al. (2016) showed a significant reduction in ASM and ASM/BW across age groups
(25-39, 45-64, and >75 years) in persons with or without diabetes.
Muscle Strength

The present study found that males had greater muscle strength than did females.
Young adults had a greater dominate arm handgrip strength and dominated leg isometric
knee extensor strength compared to the elderly adults. Our findings are consistent with
other studies, showing that muscular strength declines with age. The present study
evaluated muscle strength difference between young (aged 20-29 years) and elderly
adults (aged 60-80 years), whereas other studies have evaluated declines in muscle and

strength within a longitudinal study design. According to the Health, Aging, and Body
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Composition (Health ABC) Study, the rates of annual leg strength loss for white and
black men and women (aged 70-79 years) were: 3.4% in white men, 4.1% in black men,
2.6% in white women, and 3.0% in black women (Goodpaster et al., 2006). Von
Haehling et al. (2010) reported that muscle strength declines by 1.5% annually after
about age 50 years.

Zeng et al. (2006) found a significant difference in GS, handgrip strength and
repeated chair sit-to-stand times between a younger and older group, which is consistent
with our finding. Several studies have also shown that low muscle mass is associated
with physical disability (Jassen et al., 2004; Baumgartner et al., 1998). However,
Newman et al. (2006) reported that lower lean mass was not a predictor of mortality in
the elderly adults aged 70-79 years. Several investigators have shown (Newman et al.,
2006; Stenholm et al., 2008) that muscle strength is a better risk factor for mortality over
muscle mass.

An interesting finding from our data is that arm MQI was not significantly
different between age groups even though arm lean mass was significantly different
between age groups. Prior research has demonstrated that MQ is a more relevant measure
to assess functional decline with age (Barbat-Artigas et al., 2012). Therefore, the results
of the present study confirm that lean muscle mass changes may not reflect changes in
muscle efficiency throughout aging (particularly in the arm).

Pulse Wave Velocity

Consistent with AlGhartif et al. (2013), the current study found a mean difference

in PWYV between males and females. Young males had a greater PWV than young

females; AlGhartif et al. (2013) found a steeper longitudinal increase in PWV in males.
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Elderly persons had greater PWV than did young persons, which is consistent with
findings from Lee at al. (2012) who found a significant difference in BMI-matched young
and old groups (mean age 27.3 and 75.6 respectively).

Visceral Fat

The present study found a significant mean difference in visceral fat between age
groups. This is consistent with a cross-sectional study that measured a significant mean
difference in visceral fat, measured by computed tomography, between BMI-matched
young and old groups (mean age 27.3 and 75.6 respectively) (Lee et al., 2012). In the
present study, males had a greater visceral fat area than females; however, the difference
was only significant in the younger group. This may be explained by a small sample size
for the older male group.

Most studies have used CT, or MRI scans to measure visceral fat area (Linder et
al., 2016). Kaul et al. (2012) estimated visceral fat across gender and BMI categories
using DXA and CT and found a strong agreement between the two methods (2012).
Strengths of the Study

This is the first cross-sectional study to evaluate differences in MQ, muscle mass,
muscle strength, PWV, and visceral fat between young healthy and elderly adults. Our
findings are consistent with prior research on muscle mass, muscle strength, PWV, and
visceral fat. Another strength of our study was the use of DXA to measure arm and leg
lean mass as well as visceral fat which has been determined the gold standard for
measurements of body composition and has demonstrated reliability and validity (von

Hurst et al., 2016; Kaul et al., 2012).
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Limitations of the Study

The following limitations of the study should be considered. First, we had a small
representation of non-whites subjects. This may limit our results because it has been
shown that mass and strength decline may occur at different rates between races
(Goodpaster et al., 2006). Second, due to lack of recruitment, our sample size for the
older male group was small compared to the other groups. This may explain the lack of a
significant difference between males and females in the older group for arm and leg MQI
and visceral fat area. Another limitation was that dominate leg and hand were used for
strength measures in each individual. However, only right arm and right leg lean mass
measures were used in the calculation of arm and /leg MQI. This was determined because
only a small fraction of subjects was dominated in their left arm or leg. Finally, measures
were not adjusted for lifestyle factors. Research has shown that various environmental or
health factors may influence the muscle strength and performance (Zeng et al., 2016).
However, the objective of this study was to evaluate differences between genders and age
groups and serve as a preliminary study for developing a muscle quality index.
Conclusion

Our results indicate that young male adults had a greater leg MQOI than did elderly
male adults. Similarly, young female adults had a greater leg MQI than did elderly female
adults. Notably, leg MQI is positively associated with isometric leg strength in both
young and elderly adults. However, leg MQI is negatively associated with leg muscle
mass in both young and elderly adults.

The findings in this research serve a preliminary basis to establishing a new MQI

that defines sarcopenia. Given that muscle quality is an important measure of the
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functionality of muscle, this study is the first step towards future research in developing

interventions that prevent and possibly treat sarcopenia.
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CONSENT FORM

Title: Establishing New Definition of Sarcopenia using Muscle Quality Index

Introduction

The purposes of this form are (1) to provide you with information that may affect your
decision as to whether or not to participate in this research study, and (2) to record your
consent if you choose to be involved in this study.

Researchers

Dr. Chong Lee, Associate Professor of School of Nutrition and Health Promotion
(SNHP), invite your voluntary participation in a research study being performed at
Arizona State University (ASU).

Purpose
The purpose of this study is to establish a new definition of sarcopenia using “muscle
quality index” in men and women.

Description of Research Study

To be eligible to participate in this study, you must be 20 to 29 years of age or 60 to 80
years of age. Any individuals who had a personal history of heart disease, stroke, cancer,
respiratory disease, or type 2 diabetes will be excluded. All participants should meet
minimum qualification to participate in physical activity (e.g., muscle strength and
normal walk tests) assessed by physical activity readiness questionnaire (PAR-Q) or
received exercise-clearance form from their physician. As a research participant, you
will need to have one visit to ASU Downtown Campus. You may need to bring
comfortable clothes and walking shoes during your visit. The entire testing procedures
are as follows.

Testing Procedures
You will be scheduled to meet with researchers at ASU Downtown Campus. At the first
meeting (SNHP research laboratory, ABC building, 1st floor, Room #166), researchers
will reconfirm your current health condition (e.g., normal, fever, cold, etc.) to determine
whether you are suitable to participate the study. If you are in good health condition,
researchers will explain the study protocol in detail and will ask you to sign a consent
form before the study starts, following the “Informed Consent Process for Research.”
Then, you will be asked to complete a brief health history questionnaire including
demographics (e.g., age, gender, race, etc.), medication use, lifestyle behaviors (e.g.,
smoking habits, alcohol intake, dietary habits, and physical activity level), and functional
health status.

Second, you will undergo simple physical performance and clinical evaluation
including anthropometric (e.g., body weight, height, and waist girth) and blood pressure
measurements, hand-handgrip strength and isokinetic leg extension and elbow flexion
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tests, gait speed and timed sit to stand tests, pulse-wave velocity measurement, and dual-
energy X-ray absorptiometry (DEXA) assessment.

Body height and weight will be assessed using a standardized physician’s scale.
Waist girth will be measured laterally at the point midway between the iliac crest and the
lowest lateral portion using a plastic tape measure. Seated blood pressure will be
measured after 5 min of rest with the use of a random-zero sphygmomanometer. Hand-
handgrip strength will be assessed by a handgrip strength dynamometer. Isokinetic leg
extension and elbow flexion-extension tests will be used to measure muscle strength in
both arm and leg. Gait speed will be evaluated by a five-meter normal walk test. Timed
sit to stand test will be conducted using a standard armless chair with a stopwatch. Pulse
wave velocity (PWV) will be measured using SphygmoCor System by a certified
technician. You will be asked to lay down on a comfortable table. The technician will
measure both carotid and femoral artery waveforms, and pulse wave time between the
carotid and femoral arteries. Then, the PWV will be computed as the distance (D)
between the carotid and femoral arteries divided by the time difference (At) between the
two sites (PWV=D/At). Dual-energy X-ray absorptiometry (DEXA) will be used to
measure body composition and appendicular skeletal muscle mass by a licensed
technician (Lunar iDXA, GE Healthcare, Madison, WI). For DEXA scan, you will be
asked to lie face up on an open, padded table for 7 minutes while the scanner arm of the
DEXA machine passes over the entire body. You can wear regular clothing, removing
any metals from your body. You will be exposed to a small amount of radiation (1-4
microSieverts) that is within an acceptable range per the FDA. For comparison, the
radiation for a typical x-ray is 30 to 40 microSieverts.

Overall, an estimated time of testing all of these tests will last approximately 2 hours.

Risks

There are no known risks associated with this study. Although DEXA uses a minor
amount of radiation, experts report that the health risk associated with this small amount
of radiation is very minimum.

Benefits
There will be no benefits to participants. However, this study will provide some valuable
information about your bone and muscle health and body composition status.

New Information
If the researcher finds new information during the study, we will provide this new
information to you.

Confidentiality

All information obtained in this study is strictly confidential unless the law requires
disclosure. The results of this research study will be used in reports, presentations, and
publications, but your name or identity will not be revealed. To maintain the
confidentiality of your research, the principal investigator, Dr. Lee will use subject codes
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on all data collected, keep a master list separate and secure from all data collected, and
limit access to all confidential information to the study investigators.

Withdrawal Privilege

You may withdraw the study at any time for any reason without penalty. Your decision
will not affect you in any way or harm any relationship you have with Arizona State
University.

Costs and Payments

The researcher wants your decision to be voluntary. The researcher recognizes that
participation may pose some inconvenience. To compensate you, you will receive $25
gift card after completion of the study.

Compensation for lliness and Injury

If you agree to participate in the study, then your consent does not waive any of your
legal rights. However, in the event of harm, injury, or iliness arising from this study,
neither Arizona State University nor the researchers can give you any money, insurance
coverage, free medical care, or any compensation for such injury. Major injury is not
likely but if necessary, a call to 911 will be placed.

Voluntary Consent

Any questions you have concerning the research study or your participation in the study,
before or after your consent, can be answered by Dr. Chong Lee (Chong.Lee@asu.edu
or 602-827-2282). If you have any questions about your rights as a participant in this
research, or if you feel that you will be placed at risk, you may contact the Chair of
Human Subjects Institutional Review Board, through the Office of Research Integrity and
Assurance, at (480) 965-6788.

This form explains nature, demands, benefits and any risk of the project. By signing this
form, you agree knowingly to assume any risks involved. Remember, your participation
is voluntary. You may choose not to participate or to withdraw your consent and
discontinue participation at any time without penalty or loss of benefit. In signing this
consent form, you are not waiving any legal claims, rights, or remedies.

A copy of this consent form will be given to you.

Your signature below indicates that you consent to participate in the above study.

Subject’s Signature Printed Name Date

Contact phone number Email
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Investigator’s Affidavit

“I certify that | have explained to the above individual nature and purpose, the potential
benefits, and possible risks associated with participation in this research study, have
answered any questions that have been raised and have witnessed the above signature.
These elements of Informed Consent conform to the Assurance given by Arizona State
University to the Office for Human Research Protections to protect the rights of human
subjects. | have provided the subject/participant a copy of this signed consent
document.”

Signature of Investigator Date
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FSU Berissmen o

APPROVAL: EXPEDITED REVIEW

Chong Lee

SNHP: Exercise Science and Health Promotion

602/827-2282
Chong Lee@asu.edu

Dear Chong Lee:

On 4/14/2016 the ASU IRB reviewed the following protocol:

Type of Review:

Initial Study

Title:

Establishing New Definition of Sarcopenia using
Muscle Quality Index

Investigator:

Chong Lee

IRB ID:

STUDY00004240

Category of review:

(2)(a) Blood samples from healthy. non-pregnant
adults, (4) Noninvasive procedures, (9) Convened IRB

Funding:

Name: Piper Health Solutions Consortium

Grant Title:

Grant ID:

Documents Reviewed:

» HRP-503b.docx, Category: IRB Protocol;

* Health Questionnaires pdf. Category: Recruitment
Materials;

» Award letter_2015 Seed Funding-Lee.pdf, Category:
Sponsor Attachment;

« FollowUpSurvey.doc.pdf. Category: Recruitment
Materials;

* Adults Needed for Muscle Health Research-
flyer.pdf, Category: Recruitment Materials;

* Follow-Up Email Contents.pdf. Category:
Recruitment Matenals;

* CONSENT FORM pdf, Category: Consent Form:
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Adults Needed for Muscle Health Research

SNHP at ASU is looking for young and elderly men and women (21 to 29 or 60 to 80
years of age) for muscle health research. This study will provide you most updated
information about your bone and muscle health and body composition status using
dual-energy X-ray absorptiometry (DEXA) and Isokinetic dynamometers. Participants
need only one visit to ASU Downtown Campus (Compensation: $30, 2 hours total).
Participation in this study is entirely voluntary.

To request more information or to apply for the study, please visit our recruitment site:

https://www.surveymonkey.com/r/'56 TN9KN
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Muscle Quality Research

Follow-Up Survey

This survey is a pre-screening questionnaire for our Muscle Health Study. Please complete the survey as accurate as
possible. All information will be kept in confidential. The eligibility status of your study participation will be notified by
email.

1. What is your email address?

2. What is your age? (years of age)

3. Do you have a personal history of any of the following diseases? Please check the appropriate box(es).
Type 2 diabetes
Heart Disease
Stroke
Cancer
Other Chronic Diseases

No

4. Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?

Yes

No

5. Do you feel pain in your chest when you do physical activity?

Yes

No
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6. In the past month, have you had chest pain when you were not doing physical activity?
Yes

No

7. Do you lose your balance because of dizziness or do you ever lose consciousness?
Yes

No

8. Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a change in your
physical activity?

Yes

No

9. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart condition?
Yes

No

10. Do you know of any other reason you should not do physical activity?
Yes

No
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General Information # Numeric ID

This is a brief questionnaire for participant’s health, demographics, lifestyle information,
and functional health status. Please complete this survey as accurate as possible. All
information will be kept in confidential.

What is your age? (years)

Please check the appropriate box(es) or fill the blanks.
What is your gender? Male Female
Are you pregnant? Yes No
What is your race?
Non-Hispanic Whites  African-American
Hispanic Asian Other
Please list any current medication uses?

What is your smoking status?

Never smoked Former smoker Current smoker
On average how many alcoholic drinks per week? (1 drink = 1 beer [12 0z.] or 1 wine [5

oz. glass] or | hard liquor [1.5 0z.])

None 7 perweek 14 per week 14 or more per week

On average, how many days (frequency) do you exercise per week?
days/wk.
What is the intensity of the workouts?

Low (e.g., slow walking, standing)
Moderate (e.g.: brisk walking, bicycling, dancing)
Vigorous (e.g.: jogging or running, fast cycling, fast swimming)

How long (minutes) do you exercise in each session?

minutes
How many servings of fruits and vegetables do you eat per day?
(1 serving=1 Medium Fruit; 1 Cup Leafy Vegetables)

Less than 4.5 cups/servings
4.5 or more cups/servings
How many servings of fish do you eat per week? (1 serving= 3.5-0z)
Less than 2
2 or more
How many servings of fiber-rich whole grains do you eat per day?
(1 serving=1 Slice Whole Grain Bread)
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Less than 3
3 or more
What is your total sodium intake per day?
Less than 1500 mg
1500 mg or more

How many ounces of sugar-sweetened beverages do you consume per week?
(1 Serving of Soda =12 oz)
Less than 36 oz.
36 0z. or more
How much difficulty do you have in lifting and carrying 10 pounds?
None Some A lot or Unable
How much difficulty do you have walking across a room?
None Some A lot or Unable
How much difficulty do you have transferring from a chair or bed?
None Some A lot or Unable
How much difficulty do you have climbing a flight of 10 stairs?
None Some A lot or Unable
How many times have you fallen in the past year?
None Some A lot or Unable
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