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Lay Abstract

Definitions for sarcopenia differ in terms of which muscle variables are included, how
muscle mass is adjusted, and which cut offs to use for each variables. This thesis assessed
the impact of different methods of operationalizing sarcopenia on the proportion of
sarcopenic participants, agreement between definitions, and the strength of the association
between sarcopenia and falls. The variables used to operationalize sarcopenia as well as
different techniques for adjusting muscle mass resulted in poor agreement between
definitions. In males, these factors impacted which definitions were significantly associated
with falls, and in females, sarcopenia was not associated with falls for any definition. For
all definitions, sarcopenia status poorly discriminated between those that would or would
not fall. Together, these results show that different sarcopenia definitions are not equivalent
and that a standard definition is required. However, this thesis also shows that more work

is required to determine the clinical utility of sarcopenia.



Abstract

Objectives: Sarcopenia is defined using a variety of different muscle variables, muscle
mass adjustment techniques and cut offs for each variable. The objectives of this thesis
were to assess how operational differences in sarcopenia definitions impact the agreement
between definitions and the association between sarcopenia and health outcomes such as

falls.

Methods: A list of sarcopenia definitions was developed which captured the combinations
of muscle variables, muscle mass adjustment techniques, and cut offs used in the literature
based on a systematic review conducted for this thesis. These definitions were applied to
participants taking part in the Canadian Longitudinal Study on Aging, a national study of
participants aged 45 to 85 years at baseline. The agreement between the definitions and the

association of each definition with falls was assessed.

Findings: Both the combination of muscle variables as well as the different muscle mass
adjustment techniques generally had limited agreement. Sarcopenia definitions including
muscle mass and muscle strength were associated with falls in males, but none of the
sarcopenia definitions were associated with falls in females. Area under the curve analyses
revealed that even sarcopenia definitions associated with more than two times the odds of

falling in males, had a small impact on identifying fallers with values <0.56.



Conclusions: The results of this thesis show that the existing range of definitions used to
define sarcopenia are not equivalent based on the limited agreement and inconsistent
association of sarcopenia with falls. The results also show that sarcopenia may have
limitations as clinically useful diagnosis for identifying fallers with area under the curve
values for all definitions showing that the identification of fallers based on sarcopenic status

was at best, modestly better than chance alone.
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Chapter 1 - Introduction

Sarcopenia is the progressive decline in muscle mass, muscle strength, and muscle function
that occurs with age. [1] Beginning in approximately the fifth decade of life, muscle mass
declines 0.8% annually and strength between 1% and 3% annually. [2-4] The decrease in
muscle mass, strength, and function characterized by sarcopenia is associated with
significantly greater risk for poor health outcomes such as disability and functional

impairments [5], falls [6-8], longer hospital stays [9], and mortality. [10, 11]

Since the term “sarcopenia” was first used in 1989, sarcopenia has transformed from an
almost unheard of condition to being considered a significant health concern in older adults.
[1, 12] Over the past three decades, one of the goals of sarcopenia researchers has been to
have the condition recognized as a diagnosis distinct from other age related diseases. [13]
In 2016, sarcopenia was introduced into the International Statistical Classification of
Diseases and Related Health Problems, a critical step towards the ultimate goal of having
physicians routinely diagnose and treat sarcopenia. [13, 14] Although sarcopenia is now
recognized as a unique disease, there is a lack of consensus on how it should be defined,
which impedes consistent clinical assessment, and complicates cross-study comparisons of

published studies of incidence and prevalence.

Sarcopenia was originally defined as muscle mass only. [5, 15] Dual energy x-ray
absorptiometry (DXA) is considered by many to be the reference standard for muscle mass
measurement in sarcopenia studies. [16] Though the measures from DXA are referred to as

muscle mass by the majority of the sarcopenia literature, DXA does not actually estimate
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muscle mass. Instead DXA measures lean mass which includes not only muscle mass, but
also water, organs, and all other non-bone and non-fat soft tissues and therefore is only a
surrogate of muscle mass. [17] Using DXA, or alternatively bioelectrical impedance
analysis (BIA), the value of interest is appendicular lean mass (ALM) which refers to the
lean mass present in the arms and legs. [5, 15] Based on evidence that muscle strength and
physical function are more strongly associated with disability and mortality than muscle
mass measured using ALM [5, 15], more recent expert group consensus definitions of
sarcopenia have included measures of strength and/or function. [18-22] In addition to
recommending the inclusion of different variables, the definitions also recommend
different methods of adjusting muscle mass including dividing ALM by height, weight, and
body mass index (BMI), as well as using the residual values after regressing ALM on height
and fat mass. The cut offs recommended for identifying people with low muscle mass,
strength, and physical function also differ by definition. [18-22] The sarcopenia definitions
can therefore be categorized based on three components 1) which muscle variables are
included; 2) the technique used to adjust muscle mass; and 3) the cut offs used for muscle

mass.

Several studies have found that the prevalence of sarcopenia within the same sample differs
based on which sarcopenia definition is used and that there tends to be low to modest
agreement between definitions. [23-30] It also appears that the strength of the association
between sarcopenia and health outcomes such as falls, is dependent on which definition of
sarcopenia is used. [31-35] The majority of the sarcopenia definitions differ by more than

one of the three components which makes it impossible for these studies to determine to



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

what extent each component of the definitions are influencing prevalence, agreement, and
the strength of the association between sarcopenia and health. An additional challenge of
comparing sarcopenia definitions is that not all methods of operationalizing sarcopenia are
commonly used. Specifically, few studies have adjusted muscle mass for fat mass and
height using regression, likely because interpreting the residuals is not as intuitive as the
other muscle mass adjustment techniques. It is therefore not well understood how the
regression adjustment technique compares to the other methods. [36] Furthermore, there is
a paucity of guidance on how to use the regression technique when there are planned
subgroup analyses. Greater understanding of this technique and how to apply it is

necessary.

The lack of agreement between sarcopenia definitions is problematic from a research
perspective because it is unclear how to interpret and synthesize results from studies using
different definitions. It also makes translating research to clinical care difficult as it is
unknown if a treatment shown to be effective based on one sarcopenia definition will have
the same beneficial effect if a patient is diagnosed using a different definition. Working
towards a unified definition for sarcopenia is a top priority in the sarcopenia research
community. [22] To better understand how to interpret and synthesize results from studies
using different definitions and work towards a unified definition of sarcopenia, it is
necessary to understand the biological meaning of the individual components making up

sarcopenia definitions.

The overall objectives of this thesis are to provide a greater understanding of how the

operationalization of sarcopenia, specifically muscle measures and methods of adjusting

3
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muscle mass, impact prevalence, agreement between definitions, and the strength of the
association of sarcopenia with relevant health outcomes. Figure 1 provides an overview of
how each chapter of this thesis addresses the research objectives. The information in this
thesis will provide a framework for the sarcopenia community as we move towards a

unified definition of sarcopenia.

To accomplish these objective, a systematic review and meta-analyses was conducted to
identify sarcopenia definitions currently used to characterise sarcopenia in community-
dwelling older adults and to document the similarities and differences between prevalence
estimates derived using different definitions. Using the combinations of muscle variables
and methods of adjusting muscle mass captured by the systematic review, we developed a
list of sarcopenia definitions that captured the range of ways sarcopenia has been
operationalized in the literature. Sarcopenia was operationalized as low muscle mass alone,
low muscle mass and low grip strength, and low muscle mass and low gait speed. For each
combination, muscle mass was adjusted for height squared, weight, body mass index, and
regressed on height and fat mass. Sex-specific cut offs corresponding to the 10", 20", and
40" percentiles of muscle mass in adults identifying as European and aged 65 years and
older were included to capture the range of cut offs commonly used in the literature. Grip
strength cut offs of <30kg, <27kg, and <26kg for males and <20kg and <16kg for females,
and gait speed cut offs of <0.8 meters per second and <1.0 meters per second were selected

based on the expert group consensus definition recommendations.

Data from the Canadian Longitudinal Study on Aging (CLSA) were used to assess the

impact of different methods of operationalizing sarcopenia on the prevalence of sarcopenia,
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the agreement between sarcopenia definitions, and the association of sarcopenia with falls.
CLSA data were also used to explore different techniques of age stratification when using
regression analyses to adjust muscle mass by height and weight. The CLSA is a national,
longitudinal research platform that includes 51,338 participants aged 45 to 85 years at
baseline from the ten Canadian provinces. Details on the study design have been described
elsewhere. [37] Participants had to be physically and cognitively able to participate on their
own and not living in institutions such as long term care. Of these participants, there are
21,241 participants in the Tracking cohort who were randomly selected from all ten
provinces and were interviewed by phone. The remaining 30,097 participants are a part of
the Comprehensive cohort and were randomly selected from participants living within 25
to 50 km of one of 11 Data Collection Sites located in seven provinces. The Comprehensive
cohort participants are interviewed in-person and complete in-depth physical assessments
at the Data Collection Sites as well as provide blood and urine samples. Data from the
30,907 participants in the Comprehensive cohort at baseline who provided physical

assessment data were included in the analyses. The specific objectives of this thesis are:

1. To assess the impact of different combinations of muscle mass, muscle strength,
and muscle function, as well as different muscle mass adjustment techniques on the
prevalence of sarcopenia

2. To determine the agreement between sarcopenia definitions operationalized using
different combinations of muscle mass, muscle strength, and muscle function as

well as the agreement using different muscle mass adjustment techniques
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3. To assess the impact of different methods of operationalizing sarcopenia on the
strength of the association between sarcopenia and falls
4. To provide guidance about how to stratify a sample by age when using the

regression technique to adjust muscle mass for height and weight
Literature Review
Sarcopenia definitions

Muscle mass only definitions - Sarcopenia was first defined by Baumgartner in 1998 using
appendicular lean mass (ALM) (kg/m?). ALM values of less than two standard deviations
below a young, healthy population of approximately 30 years of age was considered
sarcopenic. [15] In 2002, Janssen proposed that individuals be considered sarcopenic if
ALM divided by weight (kg) values were one standard deviation below the sex-specific
mean for young adults. [5] Based on the evolving evidence that muscle strength and
function are more strongly associated with health outcomes [38], subsequent definitions of

sarcopenia have included measures of strength and function.
Expert group consensus definitions

A summary of the measures recommended by each of the expert groups, the European
Working Group on Sarcopenia (EWGSOP), the International Working Group on
Sarcopenia (IWGS), the Foundation for the National Institutes of Health (FNIH), and the
Asian Working Group on Sarcopenia (AWGS) consensus definitions are available in Table

1.
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European Working Group on Sarcopenia - In 2010, the first of four sarcopenia consensus
definitions was released by the EWGSOP. The EWGSOP definition recommends that low
muscle mass as well as either low muscle strength or low physical performance be used to
identify sarcopenia. The definition includes multiple different methods for measuring each
muscle component. In research settings, the EWGSOP criteria recommend that muscle
mass be measured using computed tomography (CT), magnetic resonance imaging (MRI),
DXA, BIA, or total or partial body potassium per fat-free soft tissue. It is recommended
that muscle mass be adjusted by dividing by height? or regressing on fat mass and height.
Muscle strength can be measured using one of three options; hand grip strength, knee
flexion/extension or peak expiratory flow, and physical performance can be measured
using the Short Physical Performance Battery (SPPB), usual gait speed, the timed get-up-
and-go test or the stair climb power test. However, in practice, the majority of studies
applying the EWGSOP definition only include muscle mass measured using BIA or DXA,
grip strength, and gait speed. [36] The EWGSOP definition includes references to
commonly used cut offs in the literature, but also acknowledges that it may be more
appropriate for studies to determine their own cut offs and references several studies which
defined the lowest sex-specific quintile of the study sample as having low muscle mass.

[19, 22]

In 2019, the EWGSOP guidelines were updated to better reflect the greater understanding
of the role of muscle in health as well as in consideration of practical considerations for
how sarcopenia can be measured in research and clinical settings. Specifically, based on

substantial evidence that muscle strength is more strongly associated with function than
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muscle mass, the revised EWGSOP?2 definition considers people with low muscle strength
as having probable sarcopenia which is then confirmed if low muscle mass is also present.
[33] In contrast, the original EWGSOP definition defines pre-sarcopenia as having low
muscle mass and sarcopenia when either low muscle strength or low physical performance
are also present. This change has substantial benefits to clinicians as muscle strength is less
expensive and easier to measure in comparison to muscle mass. Based on the new
EWGSOP algorithm, only people with low muscle strength, operationalized as low grip
strength or impaired performance on the five-times sit to stand chair rise test, require
muscle mass measures. Like the original EWGSOP definition, there are several options for
the measurement of muscle mass, muscle strength, and physical performance. Muscle
strength can be measured using grip strength or the chair rise test. BIA, DXA, CT, and MRI
are all accepted methods of measuring muscle mass. Though the new EWGSOP guidelines
do not recommend one specific strategy, it is recognized that muscle mass should be
adjusted for body size by dividing ALM by height?, weight, or BMI. To determine the
severity of sarcopenia, gait speed, the short physical performance battery, the timed up and

go, or a 400 meter walk test can be used as measures of physical performance.

International Working Group on Sarcopenia - The next sarcopenia consensus definition
was released in 2011 by the IWGS. The IWGS definition operationalizes sarcopenia as low
muscle mass and low physical function. DXA is specifically recommended to measure
muscle mass, though urinary creatinine, anthropometry, BIA, CT, MRI, ultrasound, total
body potassium, and neutron activation are mentioned as measurement options. The

definition recommends adjusting muscle mass for height using the cut offs of <7.23kg/m?
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for males and <5.67kg/m? for females. Other adjustment options are also discussed and
there is a list of cut offs used in previous studies provided. For physical function, only the
gait speed test using a four meter course is recommended with a cut off of less than 1.0

meters per second. [20]

Foundation for the National Institutes of Health - The FNIH released their consensus
definition in 2014. Recognizing that there is not a strong causal pathway between muscle
mass to strength to function, the FNIH definition was developed with the goal of aiding
clinicians in making a differential diagnosis of people who have low physical function due
to low muscle mass and strength (sarcopenia) versus those with low physical function due
to other causes. Based on this goal, sarcopenia was defined as low muscle mass and low
muscle strength. Unlike the EWGSOP and IWGS definitions which determine low muscle
mass and strength based on the distribution of values in a young, healthy population, the
FNIH conducted analyses to determine the optimal cut offs. [21] The FNIH pooled data
from nine studies of community-dwelling older adults. Classification and Regression Tree
analysis was used to determine the grip strength values which best classified individuals
with walking speeds of less than 0.8m/s. [39] The resulting grip strength cut offs of 26kg
for males and 16kg for males were then used in Classification and Regression Tree analysis
to determine what low muscle mass cut offs best classified individuals with poor grip
strength. [40] Both ALM and leg lean mass measured using DXA were tested without
adjustment as well as adjusted for height, weight, height?, BMI, and total body fat. Based
on these analyses, two measures of muscle mass were recommended based on their ability

to discriminate those with low grip strength. The first was unadjusted ALM using the cut
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offs of 19.75kg for males and 15.02kg for females and the second was ALM adjusted for
BMI with cut offs of 0.789 for males and 0.512 for females. Though both measures are
included in the definition guidelines, ALM adjusted for BMI is the preferred method. The
FNIH also recommends adjusting grip strength for BMI with cut offs of <1.0 in males and

<0.56 in females, [21] though this technique is not commonly used in practice. [36]

Asian Working Group for Sarcopenia - The AWGS definition released in 2014 uses the
same algorithm as the EWGSOP. [18] The cut off values suggested in the EWGSOP have
been shown to not be appropriate in Asian populations due to differences in ethnicity, body
size, lifestyles, and cultural backgrounds. Consequently, the AWGS recommends Asian-
specific cut offs for their variables. DXA and BIA are the recommended methods of
measuring muscle mass. The AWGS definition recommends adjusting ALM by height? and
using cut offs of 7.0kg/m? for males and 5.4kg/m? for females using DXA, and cut offs of
7.0kg/m? for males and 5.7kg/m? for females using BIA which are the values corresponding
to two standard deviations below the mean muscle mass of a young reference group. Grip
strength is recommended as the measure of muscle strength with cut offs of 26kg for males
and 18kg for females. The six meter walk test is suggested as the measure of physical

function with a cut offs of 0.8 meters per second.
Development of muscle cut offs

Muscle strength and muscle function - Each expert group consensus definition includes
recommended cut offs for tests such as muscle mass, grip strength, and gait speed. [18-22]

With the exception of the FNIH definition which used Classification and Regression Tree

10
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analysis to determine optimal grip strength and muscle mass values [39, 40], the other
studies report cut offs based on the results of previous literature. There are two common
cut offs recommended for grip strength in European studies. The grip strength values of
30kg and 20kg are based on the findings of the INCHIANT I study which randomly recruited
1,453 participants aged 20 to 102 years from Tuscany, ltaly. [41] Receiver operator
characteristic curves were used to determine the hand grip strength cut offs which optimally
identified participants with gait speed values below 0.8 meters per second and unable to
walk for 1km without difficulty. The cut offs for both outcomes were approximately 30kg
for males and 20kg for females. The other commonly reported cut offs are 26kg for males
and 16kg for females based on the FNIH definition. [39] An infrequently used set of cut
offs for grip strength stratified by BMI based on the lowest quintile of values in the
Cardiovascular Health Study are also suggested in the original EWGSOP definition. [19,
42] Due to grip strength values being lower in Asian populations compared to Europeans,
the AWGS recommends cut offs of 26kg for males and 18kg for females, or for studies to

consider the lowest quintile of the study group as having impaired grip strength. [18]

For gait speed, there are also two commonly used cut offs. The cut point of 1.0 meters per
second is recommended by the original EWGSOP definition as well as the IWGS. [19, 20]
The EWGSOP cites the Health ABC study for developing the cut point, while the IWGS
does not provided a citation. The Health ABC study included 2,031 participants and found
that a gait speed of less than 1.0 meters per second best categorized participants based on
the rate of incident persistent lower extremity limitation events over five years. [43] The

INCHIANTI study is referenced as the source for the 0.8 meters per second cut point, but it
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is unclear how data from this study were used to determine the cut point. [41] The AWGS
also recommends the use of the 0.8 meters per second cut off. [18] The EWGSOP
recommends gait speed cut offs stratified by height with cut offs corresponding to the
lowest 20" percentile of the Cardiovascular Health Study, though these cut offs are rarely

used in research. [19, 42]

Muscle mass - There are a substantially greater number of cut offs recommended for
muscle mass compared to grip strength and gait speed. Nearly all the cut offs are based on
values a set number of standard deviations below a healthy young reference population or
the values corresponding to the lowest sex-specific quantile of a study. [15, 44, 45] One set
of cut offs for ALM adjusted for height?> were developed using receiver operator curve
analysis in older adults from the National Health and Nutrition Examination Survey to
determine the values which classified participants according to their risk of disability. [46]
Another set of cut offs is based on the change in muscle mass annually estimated using
unadjusted ALM from the Longitudinal Aging Study Amsterdam. [47] Due to lower muscle
mass values observed in Asian populations compared to Europeans populations [48], the
AWGS recommends different cut offs from ALM adjusted for height based on values two
standard deviations below a healthy young reference population, though it is unclear what
young healthy reference group is being used. [18] Reviewing the literature, numerous
studies use cut offs other than those recommended by the expert group consensus

definitions. [49-68]

The strategies used to develop low muscle mass cut offs in the sarcopenia literature are

problematic. Thresholds which rely on the distribution of the study sample such as the

12
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lowest quantile approach may lack generalizability to other samples because the cut point
lacks any clinical meaning. This is particularly problematic for studies which use linear
regression to adjust ALM for height and fat mass. This technique uses the residual values,
calculated as the actual ALM value minus the estimated ALM value to determine if the
participant has low muscle mass. The residual value for each person is influenced by the
regression equation developed in the sample. Unless two samples have identical
distributions of ALM, height, and fat mass, the residuals developed in one sample do not
have the same meaning as the residuals developed in another sample. Consequently, cut
offs developed in one study cannot be used in another. This also has implications for studies
that are stratified by other variables such as age. If stratification occurs before the residuals
are calculated, the residuals between the two samples are no longer comparable and
therefore the same cut point cannot be applied. Further discussion of this issue is required

to promote the use of the regression adjustment technigue.

Using a healthy young reference population to develop low muscle mass cut offs may also
be problematic. Several studies have noted that using this technique to determine low
muscle mass cut offs had let to marked differences in prevalence between males and
females. [23, 26] In the study by Lee et al., a young, healthy sample was recruited into the
study for the purpose of developing low muscle mass cut offs. The cut offs corresponded
to the sex-specific 20" percentile values in the young adults for ALM adjusted for height?
and ALM adjusted for weight. Only 6.7% of older females had low muscle mass based on
ALM adjusted for height? versus 42.9% of males. Similarly, 32.9% of older females had

low muscle mass based on ALM adjusted for weight versus 67.3% of males. It is assumed
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that the amount of lean mass relative to height and weight would be lower in older than in
younger adults. However, the older women were 8cm shorter on average than the young
women. To have the same mean ALM adjusted for height? values as the younger women,
the older women would have to have 1.65kg less ALM on average. However, the older
women only had 0.5kg less ALM on average than the younger women, explaining why the
prevalence of low muscle mass was only 6.7%. Ideally, cut offs developed based on their
ability to predict future relevant outcomes should be used, however there are a paucity of

these cut offs in the literature.
Prevalence of sarcopenia according to different definitions

Many studies have reported on the prevalence of sarcopenia. Generally sarcopenia is
estimated to affect between 1% and 29% of community-dwelling older adults, though some
studies have found prevalence estimates as high as 70%. [69, 70] Due to the differences in
participant characteristics such as the distribution of age and health status and the wide
range of methods used to operationalize sarcopenia, it is difficult to make meaningful
comparisons of prevalence between studies. Consequently, the most informative studies for
understanding the impact of the method of operationalizing sarcopenia on prevalence are
those that use multiple definitions within the same sample. When the same sample of
participants is used, any differences in sarcopenia prevalence can be attributed to the

definitions rather than to differences in participant characteristics.

Sixteen studies have compared multiple sarcopenia definitions within a sample of

community-dwelling older adults. [23, 24, 26-30, 32—-34, 71-76] In general, these studies
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have found that even within the same sample, the difference in sarcopenia prevalence
between definitions was quite large. Twelve out of Fourteen studies that included
composite definitions (EWGSOP, FNIH, IWGS, and AWGS) generally found that
prevalence was between 0% and 19%. [23, 24, 27-30, 32, 34, 71-76] One of the studies
that fell outside of this range found that prevalence was between 7.5% and 45.6% which
may be attributable to the unusually high percentage of participants with impaired muscle
strength. [26] Approximately 50% of participants had low muscle strength using cut offs
of <30kg for males and <20kg for females. This high prevalence may be attributable to
the cut offs not being appropriate for Brazilians, or could be related to the specific
protocol used to measure hand grip strength. [26] The other study found that prevalence
was 31.9% for the EWGSOP definitions and 6.3 and 7.9% according to different FNIH
definitions. [33] In this study, the mean gait speed was 0.79 (0.25) meters per second
which is lower than expected. A cut point of 0.8m/s for gait speed was used with the
EWGSOP definition which means that approximately 50% of participants would have
been identified as having low gait speed. In combination with the more liberal muscle
mass cut offs (<7.26kg/m? for males and <5.45kg/m? for females) frequently used for the

EWGSOP definition, the higher prevalence is accounted for.

Five studies operationalized sarcopenia as muscle mass only. [23, 30, 32, 34, 70] These
studies found a wide range of prevalence estimates depending on how low muscle mass
was operationalized. Bijlsma et al. found that between 0% and 31.4% of males and 0% and
19.8% of females were sarcopenic. [23] Of the eight definitions explored, the prevalence

was lower than 5% for five of the definitions in males and six of the definitions in females,
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even after limiting their sample to those aged 60 years and older. The low prevalence may
be attributable to the use of BIA to measure muscle mass. Though the authors found that
the intraclass correlation coefficients were >0.95 for muscle mass between DXA and BIA,
this does not mean that the absolute values are comparable. Therefore applying DXA cut
offs set at absolute (rather than relative measures) to BIA data may underestimate
sarcopenia prevalence. Reijnierse et al. found that sarcopenia prevalence based on muscle
mass only was between 0% and 14.9% for healthy older adults. [30] However, the
recruitment strategy selected for healthier than average participants by excluding people
with most co-morbidities. Consequently, lean mass, grip strength, and physical
performance values were much higher than is typical within a population based sample of
similarly aged adults. [77] The third study found that sarcopenia prevalence was between
17.6% and 61.4% for males and between 11.1% and 67.5% for females using nine different
methods of operationalizing low muscle mass. [70] Unlike the other two studies, this study
used a community-based sample of older adults and measured both DXA and BIA and used
cut offs developed specifically for each measurement technique. The final two studies had

more moderate estimates of sarcopenia prevalence of between 11.0% and 21.4. [32, 34]

Assessing prevalence across studies, it appears that sarcopenia prevalence is within a
similar range regardless of if sarcopenia is operationalized as muscle mass only or as
muscle mass with grip strength or gait speed. This is unexpected because the association
between measures of grip strength and gait speed with muscle mass are relatively weak.
[78, 79] Most of the composite definitions recommend the same muscle mass adjustment

techniques and cut offs that are commonly utilized in muscle mass only definitions. [5, 15,
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18-21] Therefore only a subset of participants with low muscle mass are also expected to
have impaired strength or performance and it is expected that sarcopenia prevalence using
composite definitions should be lower than muscle mass only definitions. Studies that have
assessed both muscle only definitions as well as composite definitions show the expected
trend and have found that sarcopenia prevalence is between 5% and 20% higher using

muscle mass only definitions compared to composite definitions. [30, 32, 34, 70]

It is difficult to interpret sarcopenia prevalence estimates between studies for several
reasons. Firstly, the study samples may not be comparable. Factors such as the age
distribution and overall health of the study sample, as well as the ethnic groups included
alter the expected values for measures of muscle mass, muscle strength, and physical
function. [15, 80-82] Though we have limited our review to community-dwelling older
adults, it is important to note that differences in sampling strategies such as convenience
samples versus community-based samples may also influence prevalence. While both types
of samples are susceptible to volunteer bias where the people who agree to participate are
healthier on average than the population they are supposed to represent, the risk of
underestimation of sarcopenia prevalence due to volunteer bias is higher in studies that use
convenience samples. [83] For many sarcopenia studies, convenience samples are recruited
by placing ads in places like community centres which may selectively recruit people with

certain healthy behaviours.

Secondly, even within the same definition, there can be multiple methods of measuring the
components of sarcopenia. For example, the new EWGSOP definition recommends using

DXA, BIA, computerized tomography scans, or magnetic resonance imaging to measure
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appendicular skeletal mass. Even if using the same method of measurement, problems may
arise. Though DXA is used to estimate muscle mass by the majority of studies, estimates
of body composition can differ depending on which brand of machine used. [84]
Differences in body composition using the same machine brand have also been observed
due to differ indicating challenges with calibration. [85] Muscle strength may be measured
using grip strength or the chair rise test and gait speed and physical performance by the
short physical performance battery, the timed up and go, or a 400 meter walk test. [22]
Though in the literature each expert group consensus definition tends to be treated as a
single method of operationalizing sarcopenia, there is poor agreement between who is
considered sarcopenic using the different criteria. [24] Lastly, there are numerous cut offs
suggested in the literature for identifying low muscle mass, strength, and physical function
as well as many studies choosing their own. [18-22] Different cut offs have been shown to
have a substantial impact on sarcopenia prevalence. [86] Multiple sources of differences in
study samples and methods of operationalizing sarcopenia, are the reasons for differences

in prevalence between studies.

The agreement between sarcopenia definitions

Many of the studies which have investigated the impact of different sarcopenia definitions
on prevalence within the same cohort have simultaneously assessed the level of
agreement between definitions. [23, 24, 26-30, 32-34, 76] The majority of the studies
formally assessed agreement using Cohen’s kappa. [24, 26-29, 76] For most
comparisons, Cohen’s kappa values were between 0.40 and 0.60 indicating moderate

agreement. Two studies consistently found lower agreement between definitions. [27, 29]
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Kim et al. found that the agreement between ALM adjusted for height? and ALM adjusted
for BMI was 0.38 in males and 0.09 in females. Dam et al. found that with the exception
of low ALM adjusted for BMI combined with low grip strength versus low ALM adjusted
for height? with either low grip strength or low gait speed for which the Cohen’s kappa
value was 0.53, agreement between various expert group consensus definitions ranged
from a Cohen’s kappa of 0.04 to 0.23. [29] Two studies found that the agreement was
markedly different dependent on definition. [70, 76] In the study by Pagotto et al.
Cohen’s kappa values were between 0.29 and 0.89 for the same techniques of measuring
muscle mass with different cut offs when sarcopenia was operationalized as muscle mass
only. When grip strength was included in the definition, the agreement improved
marginally. Agreement was lower when comparing between different methods of
measuring muscle mass. Of 21 comparisons with sarcopenia operationalized as muscle
mass only, eight had negative Cohen’s kappa values which can be interpreted as less
agreement than would be expected by chance, 11 had values below 0.40 and only two had
Cohen’s kappa values between 0.4 and 0.5. Agreement modestly improved when grip
strength was included. In the study by Locquet et al. agreement was between 0.14 to 0.22
for all definitions in comparison to the FNIH definition, between 0.44 to 0.48 for AWGS
with EWGSOP and the Society of Sarcopenia definitions and the Society of Sarcopenia
and EWGSOP definitions and between 0.56 and 0.71 for IWGS with EWGSOP, Society
of Sarcopenia, and AWGS. [76] Two studies did not formally assess agreement but

graphically showed the number of participants identified as having sarcopenia according
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to multiple definitions. [23, 30] Both studies found that that there was poor overlap

between most of the definitions.

Based on the literature there is generally poor agreement between sarcopenia definitions
with only a few exceptions. It is difficult to disentangle what drives the differences in the
level of agreement between definitions. Of the studies assessing agreement, none of them
assessed the same two definitions operationalized using the same technique. Some were
close, for example Lee et al. and Locquet et al examined the agreement between the
EWGSOP and IWGS definitions. [28, 76] However, Lee et al. operationalized the muscle
strength component of the EWGSOP definition using grip strength, knee extensor strength,
peak expiratory flow and the physical performance component with the SPPB, gait speed,
timed up and go, and a stair climb tests. [28] In contrast, Locquet only used measures of
grip strength and gait speed which means that the definitions, though labeled using the same

terminology, are not comparable. [76]

Association between sarcopenia and falls

Approximately one third of adults aged 65 years and older fall each year. [87] Falls and
injuries related to falls are one of the largest contributors to a loss of independence in older
adults and are also associated with fractures, hospitalization and mortality. [31, 88-91].
The risk factors for falls are numerous and range from polypharmacy, history of previous
falls, age, visual impairments, cognitive decline and environmental factors. [92] There is
also a strong biological link between muscle strength and function with falls which has

made them one of the outcomes of greatest interest for sarcopenia. [91]
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The evidence to date about the association between sarcopenia and falls has been
inconsistent. A recent systematic review and meta-analyses pooled the available evidence
on the association of sarcopenia with falls. [31]. The systematic review searched the
MEDLINE, EMBASE, Cochrane, and CINAHL databases from inception to May 2018.
Inclusion criteria were studies in English, participants aged 65 years and older, sarcopenia
diagnosed by any definition, and having falls as an outcome. The systematic review found
22 studies assessing the association of sarcopenia with falls. Overall, the meta-analyses of
20 studies with data suitable for pooling found that sarcopenia was associated with a 1.60
(95% CI1.37 to 1.86, p<0.001) greater odds of falling in cross-sectional studies and a 1.89
(95% CI 1.33 to 2.68, p <0.001) greater odds of falling in prospective studies. When
stratified by definition, sarcopenia defined by muscle mass only (ALM/height and
ALM/weight) as well as three of four consensus definitions (AWGS, EWGSOP, IWGS),
but not the FNIH definition, were associated with a significantly higher risk of falls when

pooled across studies. [31]

In contrast to the meta-analyses, studies that compared definitions within the same
population have found that definitions including muscle strength and/or muscle function,
but generally not muscle mass only definitions, were significantly associated with falls.
[32—-34] The study by Schaap et al. was of particular interest as they compared the strength
of the association between each component of the sarcopenia definitions with three year
incidence of recurrent falls, adjusting for the other components. [33] In this study, there
were 498 males and females aged 55 to 85 years from the Longitudinal Aging Study

Amsterdam. Low muscle mass operationalized as ALM adjusted for height?> or as
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unadjusted ALM, was not significantly associated with recurrent falls. In contrast, low
muscle strength and slow gait speed were significantly associated with recurrent falls with
hazard ratios between 1.36 and 2.06 depending on the sarcopenia definition. The results of
the Osteoporotic Fractures in Men cohort study which includes 5,934 community dwelling
males aged 65 years and older similarly found that muscle mass only definitions based on
ALM adjusted for height? and the residuals of ALM regressed on height and fat mass were
not associated with recurrent falls, but the IWGS, EWGSOP, and FNIH definitions were
with odds ratios of between 2.23 and 2.38. [32] Bischoff-Ferrari et al. investigated seven
sarcopenia definitions in 445 community-dwelling adults aged 65 years and older from the
Boston STOP-IT cohort. [34] While their results generally showed that the odds of falling
were greater for the definitions including strength or function in contrast to muscle mass
only definitions, the confidence intervals were very wide, likely attributable to the low

prevalence (<7.5%) for four of the five composite definitions.

Two other studies have investigated the association between sarcopenia defined using more
than one definition and falls. [6, 93] However, unlike the other studies which used the
outcomes of recurrent falls after one or three years, or the rate of falls over three years of
follow up [32-34], these studies assessed falls risk after five years, [6] and falls-related
hospitalizations after five years and 9.5 years of follow up. [93] The first study included
681 volunteers aged 50 to 79 years and assessed the risk of falls after five years based on
different muscle mass only definitions. [6] In males, ALM adjusted for height, weight, and
the regression technique were all associated with the falls risk score (assessed using the

physiological profile assessment [94]) at follow up, whereas in women, only ALM adjusted
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for weight was associated with the falls risk score at follow up. The study also assessed the
change in the fall risks score over five years. ALM adjusted for height, weight, and the
residual technique were associated with change in the falls risk score in males, but only the
ALM adjusted using the residual technique was associated with change in falls risk in
females. Sim et al. investigated the association between sarcopenia and falls-related
hospitalization risk over five and 9.5 years in 903 Australian women aged 70 years and
over at baseline. [93] Sarcopenia was defined using the FNIH and original EWGSOP
definitions using the cut offs recommended by the expert group consensus definitions as
well as cut offs specifically developed for Australians. [19, 21] In this study, none of the
definitions were associated with fall-related hospitalization after five or 9.5 years. It is
plausible that the different methods of operationalizing falls for these studies compared to

the other studies in the litearture is the reason for the discrepant findings.

The inconclusive findings of the association between sarcopenia and falls is not surprising
given the wide range of prevalence estimates and limited agreement between sarcopenia
definitions. [23, 24, 27-30, 32-34, 76] The systematic review and meta-analyses by Yeung
et al. attempted to account for the differences in methods of operationalizing sarcopenia by
stratifying the studies by definition. However, this makes the erroneous assumption that
each definition is applied the same way by different studies. Of the 14 studies that used the
EWGSOP definition for sarcopenia, no two studies used identical techniques for
operationalizing the variables. Four different methods of measuring muscle mass were
utilized, DXA [34, 35, 95-100], BIA [8, 101, 102], the Lee equation based on

anthropometric measures [103, 104], and mid upper arm muscle circumference. [7] Of the
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studies using DXA, six adjusted muscle mass for height? [34, 35, 97-100], one adjusted for
weight [96], and the last adjusted using the regression technique. [95] Physical function
was measured using gait speed by all but three studies, two of which utilized the SPPB
[101, 104] and one which used the timed up and go. [96] The 11 studies that used gait speed
to operationalize physical function included different course lengths; three meters [35, 97],
four meters [7, 103], 15 feet [34], five meters [8, 99, 100], six meters, [95, 98] and ten
meters. [102] Nine of the studies used a cut off of 0.8 meters per second, [7, 34, 35, 95, 97—
99, 102, 103], while one used cut offs stratified by BMI [100] and the other considered the
lowest quartile of the study population to have limited physical performance. [8] In addition
to the differences in how sarcopenia was operationalized in each study, the studies also
utilized different designs (cross-sectional versus longitudinal), had different study
populations (community-dwelling, hospital inpatients, nursing home, or outpatient clinics),
and were conducted in different countries. Yeung et al. stratified by study design (cross-
sectional and prospective), study population (community-dwelling, hospital, nursing home,
and outpatient clinic), continent (Asia, Australia, Europe, North America, and South
America) and found that the only groups for which the association between sarcopenia and
falls did not hold was for nursing home residents, outpatient clinics, and studies conducted
in South America. [31] The point estimates for the studies conducted in nursing home
residents (two studies, pooled odds ratio 1.37, 95% CI 0.60 — 1.30) and studies conducted
in South America (4 studies, pooled odds ratio 1.45, 95% CI 0.90 — 2.32) were only

marginally lower compared to the other subgroups, but had wider confidence intervals.
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Another consideration regarding the association between sarcopenia and falls is clinical
utility of diagnosing sarcopenia. Based on the results of the systematic review and meta-
analyses assessing the association between sarcopenia and falls, the odds of falling pooled
across all cross-sectional studies was 1.60 (95% CI 1.37-1.86) and the odds of falling
pooled across all prospective cohort studies was 1.89 (95% CI 1.33-2.68). The odds ratios
were statistically significant (p< 0.05) as well as clinically relevant given that between
approximately 6% of adults aged 65 years and older report an injury caused by a fall in the
past 12 months. [105] However, odds ratios have limited clinical utility based on how they
are calculated. Odds ratios compare the odds of falling if a participant is sarcopenic
compared to the odds of falling if they are not sarcopenic. For outcomes with a low odds
in the unexposed population, even a modest odds in the exposed group may result in a large
odds ratio. Only one study has used area under the curve (AUC) to better understand the
utility of sarcopenia clinically. [32] The study did not report AUC estimates for sarcopenia
and falls, but rather the change in the AUC of a model including sarcopenia versus a model
with age alone for the outcome of recurrent falls. The study observed that even for
sarcopenia definitions that were significantly associated with falls with odds ratios between
2.24 and 2.38, the AUC changed by 0.010 or less. This can be interpreted as compared to
a model containing only age, knowing if a participant is sarcopenic only improves the
classification of fall status by 1%. This study indicates that the cost associated with
measuring sarcopenia clinically may not be justified based on the minimal improvement in

AUC values.
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Table 1. Measures included in the sarcopenia expert group consensus definitions

Definition Muscle Mass Muscle strength Physical performance
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Figure 1. Overview of how individual chapters support overall thesis objectives

Overall objective: How does the operationalization of sarcopenia, specifically which muscle measures
are included and which method of adjusting muscle mass is used, impact the prevalence of sarcopenia,
the agreement between different sarcopenia definitions, and the strength of the association of sarcopenia
with health?

How is sarcopenia defined in the literature? Based on how
sarcopenia is defined in
the literature, a list of
—»| sarcopenia definitions
that capture the breadth

Chapter 1 provides a summary of the history of sarcopenia
definitions and how the expert group consensus definitions
recommend to measure sarcopenia.

Chapter 2 is a systematic review of the literature and meta-analyses of how sarcopenia is
which captures how sarcopenia is defined in 109 studies investigating defined in the literature
sarcopenia prevalence in community dwelling older adults. was developed

v v
Does the proportion of participants identified as In developing the list of sarcopenia
sarcopenic differ depending on the definition? definitions, it was observed that

stratifying the sample by age posed
problems when using the residual
adjustment technique in which lean
muscle mass is regressed on height and
fat mass.

Chapter 2 — Based on a systematic review and meta-
analyses of sarcopenia prevalence in community dwelling
older adults, between 9.9% and 40.4% of individuals are
sarcopenic depending on which definition is used.

Chapter 3 — Using data from the Canadian Longitudinal
Study on Aging and the list of sarcopenia definitions
developed based on the literature, the proportion of
sarcopenic participants was found to differ depending on
which combination of muscle variables were used and
which cut offs were used to identify low muscle mass.

Chapter 5 — Discusses the
implications of calculating the residual
values for muscle mass before versus
after stratifying the sample by age and
concluded that all residuals must be
calculated before stratification.

v

Based on the results of Chapter 2 and Chapter 3 which show that the proportion of sarcopenic
participants is different depending on definition used, what is the agreement between different
sarcopenia definitions?

Chapter 3 — Using data from the Canadian Longitudinal Study on Aging and the list of sarcopenia
definition developed based on the literature, the agreement between sarcopenia definitions tended to be
modest with Cohen’s kappa values of <0.60.

v

Chapter 2 and Chapter 3 found that the proportion of sarcopenic participants varied depending on
which sarcopenia definition was used and that there was limited agreement between definitions. Given
that the definitions identify largely different groups of people as sarcopenic, what is the impact of
different methods of operationalizing sarcopenia on the strength of the association between
sarcopenia and falls?

Chapter 4 — The results of this chapter using data from the Canadian Longitudinal Study on Aging and
the list of sarcopenia definitions developed based on the literature indicated that different combinations
of muscle variables and different methods of adjusting muscle mass were not equally associated with
falls. In males, definitions including grip strength but not gait speed, and adjusting muscle mass for
weight, body mass index, or using the residual technique, but not height were associated with falls. In
females, sarcopenia was not associated with falls regardless of the definition used.
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Chapter 2: A systematic review and meta-analyses of sarcopenia prevalence

This chapter is published in Age and Ageing, 2019; 48(1), 48-56. doi:
10.1093/ageing/afy106. Alexandra Mayhew and Parminder Raina conceived the research
question and designed the review protocol with input from Stuart Phillips, Russell de
Souza, Paul McNicholas, Gianni Parise, and Lehana Thabane. Donna Fitzpatrick Lewis
provided support for the design of the systematic review search strategy and development
of the study eligibility criteria and data extraction forms. Krystal Amog completed study
screening, data extraction, and risk of bias assessment in duplicate with Alexandra
Mayhew. Thesis committee members, Russell de Souza, Paul McNicholas, Gianni Parise,
and Lehana Thabane, as well as Stuart Phillips provided feedback throughout the project.
All authors contributed to manuscript revisions. All authors approved the version of the
manuscript before submission. Age and Ageing provided permission for the manuscript to

be included in this thesis.
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Context and background

Previous studies have observed a wide range of prevalence estimates for sarcopenia
between studies as well as within the same study using different definitions. However,
based on the existing literature it was unclear how much of the variability in prevalence
estimates was due to the operationalization of sarcopenia, the use of different cut points for
measures of muscle mass, muscle strength, and muscle function and differences in study
methodologies and participant populations. The purpose of this study was to identify the
definitions used in the literature to measure sarcopenia in community-dwelling older adults
and to assess the similarities and differences in prevalence estimates by definition. By
capturing the range of definitions used in the literature for sarcopenia, this study set the
foundation for the development of a list of sarcopenia definitions that would allow for the
impact of changing each of the three components of sarcopenia to be investigated

individually in the following chapters.
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Chapter 2: A systematic review and meta-analyses of sarcopenia prevalence
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Abstract

Background: Sarcopenia in aging is a progressive decrease in muscle mass, strength and/or
physical function. This review aims to summarize the definitions of sarcopenia in
community-dwelling older adults and explore similarities and differences in prevalence

estimates by definition.

Methods: A systematic review was conducted to identify articles which estimated
sarcopenia prevalence in older populations using search terms for sarcopenia and muscle
mass. Overall prevalence for each sarcopenia definition was estimated stratified by sex and
ethnicity. Secondary analyses explored differences between studies and within definitions,
including participant age, muscle mass measurement techniques, and thresholds for muscle

mass and gait speed.

Results: In 109 included articles, eight definitions of sarcopenia were identified. The
lowest pooled prevalence estimates came from the European Working Group on
Sarcopenia/Asian Working Group on Sarcopenia (12.9%, 95% confidence interval: 9.9-
15.9%), International Working Group on Sarcopenia (9.9%, 3.2-16.6%), and Foundation
for the National Institutes of Health (18.6%, 11.8-25.5%) definitions. The highest
prevalence estimates were for the appendicular lean mass (ALM)/weight (40.4%, 19.5-
61.2%), ALM/height (30.4%, 20.4-40.3%), ALM regressed on height and weight (30.4%,
20.4-40.3%), and ALM / body mass index (24.2%, 18.3-30.1%) definitions. Within
definitions, the age of study participants and the muscle mass cut-points used were

substantive sources of between-study differences.
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Conclusion: Estimates of sarcopenia prevalence vary from 9.9 to 40.4%, depending on the
definition used. Significant differences in prevalence exist within definitions across
populations. This lack of agreement between definitions needs to be better understood

before sarcopenia can be appropriately used in a clinical context.
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Introduction

Sarcopenia is a progressive decrease in muscle mass, strength, and physical function that
occurs with age. Beginning in approximately the fifth decade of life, muscle mass and
strength decline at annual rates of 0.8% and 1-3%, respectively. Functional declines,
culminating in a loss of independence in self-care abilities, are not evident until later in life,
but are related to decreases in strength and physical function. Sarcopenia is associated with
a significantly greater risk for poor health outcomes including disability and functional
impairments °, increased risk of falls 6, longer hospital stays 7, and an increased risk of
mortality. 39 In 2000, it was estimated that the United States incurred $18.5 billion in direct

health care costs related to sarcopenia alone. *°

Sarcopenia was first defined by Baumgartner using appendicular lean mass (ALM) adjusted
for height (kg/m?). ! Subsequent definitions of sarcopenia include measures of either
muscle strength or function because muscle strength declines more rapidly than muscle
mass during aging 2 and muscle strength and function are more strongly associated with
outcomes such as mortality. 12 The International Working Group on Sarcopenia (IWGS)
defined sarcopenia as a combination of low muscle mass and low muscle function 3, while
the European Working Group on Sarcopenia in Older People (EWGSOP) suggested that
low muscle mass and either low muscle strength or low physical performance must be

present. 14

Depending on the definition used, sarcopenia is estimated to affect between 1% and 29%

of community-dwelling older adults ** though some estimates are as high was 60%. ® The
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wide range of prevalence estimates suggest that different sarcopenia definitions are not
measuring the same underlying construct. Studies using the same population have found
that sarcopenia estimates vary up to 40% by definition. 1% It is unclear how much of the
prevalence variability is due to the operationalization of sarcopenia, the use of different
cut-points, and/or the different techniques used for muscle measurement, study
methodologies and participant populations. However, the lack of a standardized sarcopenia
definition makes it challenging to accurately estimate the burden of the disease, thus limits
the clinical usefulness of a sarcopenia diagnosis. With the introduction of sarcopenia into
the International Classification of Disease %°, there is an even greater urgency to arrive at a
unified definition for sarcopenia. The aims of this review are: 1) to identify definitions
currently used to characterize sarcopenia in community-dwelling older adults; and 2) to

document the similarities and difference between prevalence estimates by definition.
Methods

This review was conducted in accordance with the Meta-analysis of Observational Studies
in Epidemiology (MOOSE) guidelines (Supporting Information S1). Ethics approval
was not required for this research. The protocol for this systematic review has been

published on PROSPERO (I1D: CRD42016043777).

Data sources and searches - An electronic search strategy was developed to identify
human studies with estimates of sarcopenia prevalence in community-dwelling older adults
without specific health conditions. No restrictions on study design were imposed. Studies

were limited to original English language articles. MEDLINE, EMBASE, CINAHL,

50



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

AgeLine, and SPORTDiscus were searched from inception to 19 December 2016
(Supporting Information S2). The bibliographies of the retrieved articles were reviewed

for additional studies.

Study selection - The title, abstract, and full-text screenings were performed in duplicate
by two independent reviewers. Discrepancies were resolved by discussion. A third author
was consulted to reach consensus when necessary. Studies were excluded if they were a
review, meeting abstract, commentary, letter to the editor, study protocol without data,
exclusively used animal models, were not English language, had participants exclusively
under the age of 60, or if the mean age minus one standard deviation was below 55 years.
Other exclusion criteria include participants living in hospitals, long-term care facilities,
nursing homes, or retirement homes, the use of convenience sampling to recruit
participants, sarcopenia measured at only a specific area of the body such as the thigh or

tongue, and sarcopenia exclusively defined as a change in muscle parameter(s).

Data extraction and quality assessment - Two authors independently extracted details of
the study design, country the study was conducted in, sarcopenia definition including
details of measures of muscle mass, muscle strength and physical function, and participant
characteristics such as age, sex, and ethnicity. For each study, prevalence was calculated as
the number of participants with sarcopenia divided by the entire sample size. If this
information was not provided, the prevalence reported in the paper was extracted.

Discrepancies were resolved by discussion.
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The Joanna Briggs Institute Prevalence Critical Appraisal Tool 2 was used to assess risk
of bias (ROB). Manuscripts and additional documentation referenced by the study were
reviewed for the ROB assessment. Studies were categorized as low, moderate, high or very
high ROB. Studies at low ROB scored all responses as either “yes” or “not applicable” with
an allowance for one “unclear” response for a total score of 8.5 or 9. Moderate ROB studies
could have three “unclear” responses or one response of “no’” and one response of “‘unclear”
for a score of 7.5 or 8.0.ROB. High ROB studies had scores between 5.0 and 7.5 and very

high ROB studies had scores of less than 5.0.

Data synthesis and analysis - All studies were stratified by ethnicity and, when possible,
by sex. Ethnicity was categorized as European if the study took place in North America,
Europe, or Australia/New Zealand or non-European. For all analyses, the
EWGSOP/AWGS were included together because they used identical algorithms for
determining sarcopenia status. In cases where at least two studies provided combinable
data, a DerSimonian and Laird’s random effects meta-analysis was performed which yields
conservative confidence intervals (Cl) around the prevalence estimates in the presence of
heterogeneity. Heterogeneity was detected using Cochran’s Q test (significant at P<0.10)
and quantified using the 12 statistic (ranging from 0 to 100%). All analyses were completed

using Review Manager (version 5).

In the primary analyses, overall prevalence for each sarcopenia definition was estimated,
stratified by sex and ethnicity. A subgroup analyses was conducted after removing studies
that were poor or very poor quality. Four sensitivity analyses were conducted to assess the

impact of age, muscle mass cut-offs, the method of measuring muscle mass, and gait
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speed/course length on sarcopenia prevalence. Studies were first stratified by sarcopenia
definition, sex, and ethnicity, then further categorized by the sensitivity analyses variable.
For age and muscle mass cut offs, studies were categorized by approximate tertiles for each
sex and ethnicity group and the results of groups were pooled together. The method of
muscle mass determination was categorized as DXA, BIA, or other. Only the
EWGSOP/AWGS definitions had sufficient data on gait speed/course length. Categories
included all possible combinations of speed and length. For each sensitivity analysis,
prevalence estimates for each of the sensitivity analyses categories within each
age/ethnicity strata were calculated. These estimates were then pooled together to
determine the overall prevalence for that category across all age/ethnicity strata for a given

definition.

Results

Literature Flow - Of the 13,191 potentially eligible articles, 777 remained after removing
duplicates and screening the titles and abstracts, and 109 after the full-text review

(Supporting Information S3).

Study Characteristics - Table 1 summarizes the characteristics and results of the 109
articles categorized by definition. The articles represented 58 unique cohorts from 26
countries with 656 individual estimates of sarcopenia prevalence. Across all studies, the
minimum age was 55 years, and the earliest year of data collection was 1988. Sarcopenia
estimates were available for eight common definitions-ALM/body mass index (BMI),

AWGS, ALM divided by weight, ALM regressed on height and weight, ALM divided by
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height, EWGSOP, FNIH, and IWGS-and three uncommon definitions that measured
sarcopenia using absolute muscle mass, fat mass, handgrip strength, or knee extensor

strength (Supporting Information S4).

Risk of Bias Assessment - According to the Joanna Briggs Institute Prevalence Critical
Appraisal Tool, 10.6% (n=10) of studies were at low ROB, 20.4% (n=29) were at moderate

risk, 52.8% (n=75) of studies were at high risk, and 16.2% (n=23) were at very high risk.

Overall sarcopenia prevalence estimates - After merging studies where two or more
manuscripts provided an estimate for sarcopenia using identical measurement methods in
the same population, 227 individual prevalence estimates remained. The most frequently
used definitions were the EWGSOP/AWGS criteria (n=83), ALM/height (n=68), and
ALM/weight (n=27). The remaining definitions had fewer than 20 estimates. The lowest
pooled prevalence estimates were for the EWGSOP/AWGS (12.9%, 95% CI: 9.9, 15.9%),
IWGS (9.9%, 95% ClI: 3.2, 16.6%), and FNIH (18.6%, 95% CI: 11.8, 25.5%) definitions.
The highest prevalence estimates were for the ALM/weight (40.4%, 95% CI: 19.5, 61.2%),
ALM/height (30.4%, 95% ClI: 20.4, 40.3%), ALM regressed on height and weight (30.4%,
95% CI: 20.4, 40.3%), and ALM/BMI (24.2%, 18.3, 30.1%) definitions. All definitions
except for IWGS had a significant between study heterogeneity (1> > 87%, Cochrane’s Q,

P-value <0.00001) (Supporting Information S5).

Prevalence estimates varied between males and females. In Europeans and non-Europeans,
prevalence was higher in males for EWGSOP/AWGS, ALM/height, and ALM/BMI. For

FNIH, ALM/weight, and ALM/BMI, sarcopenia prevalence was higher in females. For
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ALM regression, prevalence was higher in European males than European females, but
equal in non-European males and females. When comparing Europeans versus non-
Europeans, sarcopenia prevalence was similar (<5% difference) for EWGSOP/AWGS and
ALM/BMI in males and females. Compared to non-Europeans, prevalence was higher in
Europeans for ALM/height, ALM/weight, and ALM regression and lower for FNIH. For
IWGS, sarcopenia prevalence was higher in European males compared to non-European
males but lower in European females compared to non-European females. When studies
with high or very high ROB were removed, 76 studies remained. Prevalence estimates
decreased for the EWGSOP/AWGS, FNIH, ALM/height, ALM/weight, ALM regression

and other definitions and increased for IWGS (5.5%) and ALM/BMI (1.1%).

Prevalence estimates stratified by age groups - After including all age categories, there
were 363 unique estimates of sarcopenia prevalence. Prevalence increased across age
groups from youngest to oldest for EWGSOP/AWGS, FNIH and ALM/BMI. For the
ALM/height, ALM/weight and ALM/regression definitions, prevalence estimates differed
by 10% between age groups, but did not increase across increasing age groups. The
prevalence of IWGS varied by 13.8% between age groups but did not demonstrate an

increase with age (Table 3).

Prevalence estimates stratified by muscle mass threshold - 123 estimates of sarcopenia
from the EWGSOP/AWGS, IWGS, ALM/height, and ALM/weight definitions were
included in this analysis. Definitions with less than three cut-points were excluded. Two
definitions (EWGSOP/AWGS and ALM/height) had studies in different muscle mass

groups depending on whether the prevalence was ranked according to the cut offs in males
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or females for the pooled analyses. When groups were based on female cut-points,
EWGSOP/AWGS and ALM/height as well as ALM/weight showed trends for sarcopenia

prevalence increasing as muscle mass increased ALM (Table 4).

Comparison of gait speed, length of gait speed test - Only the EWGSOP/AWGS
definitions provided sufficient data for gait speed analysis. For European males and
females, a gait speed cut off of 0.8m/s was used for course lengths of 3m, 4m and 6m.
Prevalence was lowest for the 3m distance (12.1% (95% CI: 0.0, 24.3%) males, 4.8% (95%
Cl: 0.0, 9.9%), females) and highest for the 4m distance (20.4% (95% CI: 17.3, 23.4%
males, 32.1% (26.8, 37.4%, females). Pooled estimates for European males and females
used a cut-point of 0.8m/s with course lengths of 3m, 4m, 6m, and 10m. Prevalence ranged
from 4.5% (95% CI: 3.3, 5.6%) for the 10m course to 21.5% (95% CI: 17.5, 25.5%) for the
6m course. In non-Europeans, the shortest course length was 2.4m and the longest course
length was 20m and gait speed cut offs were between 0.8m/s and 1.26m/s. As the course
length increased for a given cut-point, the prevalence of sarcopenia decreased in both sex
strata with the exceptions of the 20m walk course in males and females and the 4.0m to

4.572m/s gait speed for females only.

Comparison of methods of measuring muscle mass - Across all definitions, 158
sarcopenia estimates used DXA to measure muscle mass, 39 used BIA, and 21 used
methods such as muscle circumference or a formula based estimate of muscle mass. Of the
definitions using both BIA and DXA, the prevalence of sarcopenia was between 2.0%

(EWGSOP/AWGS) and 8.5% (IWGS) higher when measured by BIA than DXA.
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Discussion

Recognizing and screening for sarcopenia and developing steps for its treatment has
become an important public health challenge in light of the recent development of the
International Classification of Disease code. This review critically evaluated 656 individual
estimates of sarcopenia from 109 articles, representing 58 unique cohorts from 26
countries. Eight common definitions of sarcopenia used in community-dwelling older
adults (ALM/BMI, AWGS, ALM/weight, ALM regressed on height and weight, ALM
divided by height, EWGSOP, FNIH, and IWGS) were identified. Surprisingly, sarcopenia
prevalence was markedly dependant on the operationalized definition, ranging from 9.9%
to 40.4%. This more than fourfold difference suggests that there are crucially important
differences between the definitions of sarcopenia in regard to muscle parameters, the
operationalization of variables, and study populations. We explored some of these

differences in this review.

The clinical implications of a lack of standardized definition for sarcopenia are of particular
concern with the introduction of the International Classification of Disease code for
sarcopenia in 2016. 2° With issuance of the code came no guidance for clinicians about
which definition to use or how to treat individuals identified as sarcopenic, which appears
to encompass many different phenotypic presentations and pursuant treatment strategies. 2*
It is also unknown if the participant characteristics vary in those considered sarcopenic and
if different treatment strategies may be more or less effective based on the sarcopenia
definitions used. Understanding which interventions to employ for composite definitions is

further complicated by the inclusion of multiple variables and an absence of an outcome
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for treatment. From a public health perspective, the lack of a standard definition makes it

impossible to understand the burden of sarcopenia.

A key difference between definitions was whether sarcopenia was operationalized using a
single measure of muscle mass (ALM/BMI, ALM/weight, ALM regressed on height and
weight, and ALM/height) or a composite measure of muscle mass and muscle strength
and/or physical function (AWGS, EWGSOP, FNIH, IWGS). Sarcopenia prevalence was
between 24.2 and 40.4% for single measure definitions and 9.9 and 18.6% using composite
definitions (Table 3). This suggests that there are more people with lower indices of muscle
mass but fewer with lower muscle mass in conjunction with poor strength or function.
However, people with low muscle mass and poor strength or function are more likely to

experience disability compared to those with low muscle mass alone. 22

Within definitions, muscle mass thresholds and the use of BIA versus DXA may explain
some of the difference in prevalence estimates. For most definitions, prevalence increased
across increasing age groups indicating studies including older participants are likely to
report a higher prevalence. Twenty of the 22 studies with different age groups within the
same population reported increased prevalence in the older age groups. However, it is
unlikely that potential differences in age distribution of participants by definition explains
the difference in prevalence estimates between definitions. The difference in prevalence
within definition by age tertiles tended to be smaller than the difference between definitions
for the same age tertile. Prevalence also increased as muscle mass cut offs increased within
definitions. The same trend was found in studies that used multiple cut-points. For all

definitions with both BIA and DXA measures, BIA yielded higher prevalence estimates
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than DXA. Conclusions about gait speed and course length were less clear due to lack of
evidence. However, the results suggested that for a given gait speed, prevalence of
sarcopenia generally increases with increasing course length. However, the cause of this
trend is unclear and may be attributable to differences in methods of measurement such as

when timers are started or the speed at which participants are instructed to walk.

A challenge encountered in this review was that subsets of the same population were used
to estimate sarcopenia in multiple publications. This occurred when either a single study
such as National Health and Nutrition Examination Survey or the Korean National Health
and Nutrition Examination Survey had multiple publications using overlapping but not
identical participant populations. Whenever possible, sample size estimates were adjusted

to better reflect the number of unique estimates contributing to the pooled data.

Our review provides a comprehensive synthesis of the literature, building upon previous
systematic reviews which have only included a subset of definitions, have been restricted
to specific diseases, or looked at sarcopenia in relation to another outcome. This is the first
systematic review that has investigated prevalence estimates for sarcopenia definitions in
community-dwelling older adults, which allows for comparisons to be made between and
within definitions. Our subgroup analyses revealed factors that may contribute to
differences in prevalence estimates within studies including the age distribution of the study
population, muscle mass cut-points, the use of BIA versus DXA, and gait speed cut offs

that require further investigation.
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Our study has limitations. First, the literature search was last updated in December 2016
and does not reflect the most recent literature. Secondly, though this review highlights
variables that potentially contribute to differences in prevalence, it is impossible to isolate
the unique contribution of these variables due to other between-study differences including
variables not investigated in this review such as study inclusion and exclusion criteria for
physical performance tasks. Another limitation is the use of sex and ethnicity specific
tertiles for muscle mass cut points and age opposed to the same cut points for each
sarcopenia definition. This was done to allow for internal comparisons to be made for these
variables within a definition by maximizing the number of studies included in each of the
groups. More primary research is required to better understand what drives the differences
in study prevalence. In addition to the current literature 2?8, more studies are required to
empirically test which sarcopenia definitions are predictive of future health status. There is
also a need for further exploration of the effect of different methods of adjusting lean mass
for body size on sarcopenia. Four methods of adjustment were captured in this review,
ALM/height, ALM/weight, ALM regression and ALM/BMI. Adjustment of muscle
parameters for body size has been shown to increase the strength of the association between
muscle with function and disability, but it is unknown which of the four adjustment
techniques is most appropriate. This review provides evidence that the prevalence of
sarcopenia is also impacted by the method of adjustment with prevalence estimates ranging
from 24.2% to 40.4%. This research will provide the information necessary for researchers

and clinicians to determine what the standard definition of sarcopenia might be.
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Conclusions

In this review, the pooled prevalence of sarcopenia pooled ranged between 9.9% and
40.4%, depending on the definition used. The differences in sarcopenia prevalence suggests
that the definitions are not measuring the same underlying construct. In general, definitions
that include measures of muscle function or physical performance in addition to muscle
mass provide lower estimates of sarcopenia compared to measures of muscle mass only.
Our findings also suggest that, within definitions, there are multiple sources of between
study differences including participant age, the muscle mass cut-points used in definitions,
and the use of DXA versus BIA. Most importantly, this review emphasizes the need for
further development and refinement of the definition of sarcopenia to allow for greater

comparability between future studies examining sarcopenia and its treatment.

61



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

References

1. Rosenberg IH. Symposium : Sarcopenia : Diagnosis and Mechanisms Sarcopenia :

Origins and Clinical Relevance 1. 1997;990-991.

2. Goodpaster B, Park S, Harris T, et al. The loss of skeletal muscle strength, mass,
and quality in older adults: the health, aging and body composition study. J.

Gerontol. Biol. Sci. Med. Sci. 2006;61(10):1059-1064.

3. Daly RM, Rosengren BE, Alwis G, et al. Gender specific age-related changes in
bone density, muscle strength and functional performance in the elderly: a-10 year

prospective population-based study. BMC Geriatr. 2013;13(71).

4. White DK, Neogi T, Nevitt MC, et al. Trajectories of gait speed predict mortality
in well-functioning older adults: The Health, Aging and Body Composition Study.

J. Gerontol. A. Biol. Sci. Med. Sci. 2012;68(4):1-9.

5. Janssen |, Heymsfield SB, Ross R. Low relative skeletal muscle mass (sarcopenia)
in older persons is associated with functional impairment and physical disability. J.

Am. Geriatr. Soc. 2002;50(5):889-896.

6. Scott D, Hayes A, Sanders KM, et al. Operational definitions of sarcopenia and
their associations with 5-year changes in falls risk in community-dwelling middle-

aged and older adults. Osteoporos. Int. 2014;25(1):187-193.

7. Gariballa S, Alessa A. Sarcopenia: prevalence and prognostic significance in

hospitalized patients. Clin. Nutr. 2013;32(5):772—776.

8. Kim JH, Lim S, Choi SH, et al. Sarcopenia: an independent predictor of mortality

62



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

10.

11.

12.

13.

14.

15.

in community-dwelling older Korean men. J. Gerontol. A. Biol. Sci. Med. Sci.

2014:69(10):1244-1252.

Landi F, Cruz-Jentoft AJ, Liperoti R, et al. Sarcopenia and mortality risk in frail
older persons aged 80 years and older: results from iISIRENTE study. Age Ageing.

2013:42(2):203-209.

Janssen |, Shepard DS, Katzmarzyk PT, et al. The healthcare costs of sarcopenia in

the United States. J. Am. Geriatr. Soc. 2004;52(1):80-5.

Baumgartner RN, Koehler KM, Gallagher D, et al. Epidemiology of sarcopenia

among the elderly in New Mexico. Am. J. Epidemiol. 1998;147(8):755-763.

Newman A, Kupelian V, Visser M, et al. Strength, but not muscle mass, is
associated with mortality in the Health, Aging and Body Composition Study

Cohort. Journals Gerontol. Ser. A Biol. Sci. Med. Sci. 2006;61(1):72—-77.

Fielding RA, Vellas B, Evans WJ, et al. Sarcopenia: An undiagnosed condition in
older adults. Current consensus definition: prevalence, etiology, and consequences.
International Working Group on Sarcopenia. J. Am. Med. Dir. Assoc.

2011;12(4):249-256.

Cruz-Jentoft A, Baeyens J, Bauer J, et al. Sarcopenia: European consensus on
definition and diagnosis: Report of the European Working Group on Sarcopenia in

Older People. Age Ageing. 2010;39(4):412-423.

Cruz-Jentoft AJ, Landi F, Schneider SM, et al. Prevalence of and interventions for

sarcopenia in ageing adults: a systematic review. Report of the International

63



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing. 2014;(43):748—759.

16. Pagotto V, Silveira EA. Methods, diagnostic criteria, cutoff points, and prevalence

of sarcopenia among older people. Sci. World J. 2014;2014.

17.  Bijlsma AY, Meskers CGM, Ling CHY, et al. Defining sarcopenia: The impact of
different diagnostic criteria on the prevalence of sarcopenia in a large middle aged

cohort. Age (Omaha). 2013;35:871-881.

18.  Pagotto V, Silveira EA. Applicability and agreement of different diagnostic criteria
for sarcopenia estimation in the elderly. Arch. Gerontol. Geriatr. 2014;59:288—

294.

19. Moon MK, Lee YJ, Choi SH, et al. Subclinical hypothyroidism has little influences
on muscle mass or strength in elderly people. J. Korean Med. Sci.

2010:25(8):1176-1181.

20.  The World Health Organization. The International Classification of Diseases,

Version 10. 2016.

21.  Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis of Observational Studies in

Epidemiology (MOOSE) group. JAMA. 2000;283(15):2008-2012.

22.  Munn Z, Moola S, Lisy K, et al. The systematic review of prevalence and

incidence data. The Joanna Briggs Institute. 2014 37 p.

23.  DerSimonian R, Laird N. Meta-analysis in clinical trials. Control. Clin Trials.
1986;7(3):177-188.

64



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

24,

25.

26.

217.

28.

29.

Morley JE. Pharmacologic Options for the Treatment of Sarcopenia. Calcif. Tissue

Int. 2016;98(4):319-333.

Da Silva Alexandre T, De Oliveira Duarte YA, Ferreira Santos JL, et al.
Sarcopenia According To the European Working Group on Sarcopenia in Older
People ( Ewgsop ) Versus Dynapenia As a Risk Factor for Disability in the

Elderly. J. Nutr. Heal. Aging. 2014;18(8):751-756.

Hirani V, Blyth F, Naganathan V, et al. Sarcopenia Is Associated With Incident
Disability, Institutionalization, and Mortality in Community-Dwelling Older Men:
The Concord Health and Ageing in Men Project. J. Am. Med. Dir. Assoc.

2015;16(7):607-613.

McLean RR, Shardell MD, Alley DE, et al. Criteria for clinically relevant
weakness and low lean mass and their longitudinal association with incident
mobility impairment and mortality: The Foundation for the National Institutes of
Health (FNIH) sarcopenia project. Journals Gerontol. - Ser. A Biol. Sci. Med. Sci.

2014;69 A(5):576-583.

Cesari M, Rolland Y, Van Kan GA, et al. Sarcopenia-related parameters and
incident disability in older persons: Results from the “Invecchiare in Chianti”

study. Journals Gerontol. - Ser. A Biol. Sci. Med. Sci. 2015;70(4):457—463.

Baker JF, Long J, Leonard MB, et al. Estimation of Skeletal Muscle Mass Relative
to Adiposity Improves Prediction of Physical Performance and Incident Disability.

Journals Gerontol. Ser. A. 2017;0(0):1-7.

65



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

Table 1. Summary of study characteristics

Definition, |Cohorts included| Countries | Number | Years of | Range | Number of | Range of measures of | Range of
year that represented |of unique| data | of ages | participants, sarcopenia measures of
definition was estimates | collection |included|total number, sarcopenia
developed (lowest — prevalence
highest)
EWGSOP, |AGES Reykjavik ! [Iceland 210 1998 - 50+ 58,442 (70 — |Muscle mass: thigh Males: 0% -
2009 2014 17,655) muscle surface area 36.7%
BEFRAIL ? Belgium (<116.5cm? males,
BRHS 3 Great <83.2cm? females), mid |Females:
EPIC * Britain arm muscle 0% - 62.2%
Hertfordshire circumference area
Cohort Study >° (lowest 40% of
Hertfordshire participants at risk for
Sarcopenia Study ° sarcopenia, or <21.1cm
HSHD ’ males and <19.2cm in
Sumukadas, 2015 females), calf
— Scotland @ circumference (31 -
COMO VAJ? %10 34cm males, 31 - 33cm
Quilombola females), skinfold
Elderly 1 thickness (lowest third),
Lafaiete Coutinho- ALM/height? measured
BA 2 with DXA and BIA
SABE - Brazil (5.58 — 10.75kg/m?
13,14 males, 4.32 - 6.75kg/m?
females), ALM/BMI
COURAGE/SAGE|China (country specific lowest
15,16 Ghana quintile), unadjusted lean
India body mass (lowest
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Mexico
Poland
Russia
South Africa
Spain

EPIDOS Y/ France

I-Lan '8 Taiwan

Lin, 2014 —

Taiwan 1°

Taichung

Community Health
20,21

TOP Study %

lISirente 237

INCHIANT]I Study
28,29

Italy

Kashiwa Cohort  |Japan

Study 3033

Japan Murakami 34

OSHPE %

ROAD Study 3¢

KLoSHA 37:38 Korea

MaSs 3941 Netherlands

Wen, 2015 — China

China %2

Mexico City 44 |Mexico

MrOS and SOF *° |United
States

tertile), ALM/body
weight (< 27.1% - 29.9%
males, <22.3% - 25.1%
females), ALM
regressed on height and
weight (lowest tertile),
total ASM (<19.75kg
males).

Muscle strength: HGS (<
25 - 30kg males, < 16 -
20kg females or <33nm,
or BMI based cut points,
or <0.75Nm males,
<0.79 Nm females, or
lowest quantiles,).

Physical performance:
Walk speed (<0.8m/s,
<1.0m/s, 1.26ml/s,
age/sex or height
specific cut offs, course
distance of 2.44 — 10m)
or SPPB (score of less
than 8)
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4SGABE — Colombia |Colombia
SARIR 4748 Iran
SMAS 4 Australia
CHAMP 0

The FORMoSA  |Germany
Project 152

AWGS, 2014 |Chinese Elderly |China 30 2010- |60+ 2835 Muscle mass: calf Males: 0% -
Study 2 2013 circumference (cut off of |27.0%
No-Name China #? (286 — 1149) |31cm), DXA measured
I-Lan >* Taiwan ALM/height (cut offs of [Females:
ROAD Study, Japan 7.0kg/m? for males, 0% — 23.9%
(n=2) 3.5 5.4kg/m?) for females.

Muscle strength:
Handgrip strength (cut
offs of 28kg for males
and 16kg for females)
Physical function: gait
speed (cut offs of 0.8m/s
(n=3 cohorts), and
1.0m/s (1 cohort).

IWGS, 2009 [EPIDOS ¥ France 37 1988 — |60+ 10,383 Muscle mass: DXA or  [Males: 0% -
Hertfordshire Britain 2015 BIA measured 35.9%
Cohort Study ° (285 — 4425) |ALM/height?

NHANES (1988 — [United (<7.23kg/m? Females:
1994) % States <10.76kg/m? males, 0% - 24.2%
Wen, 2015 — China <5.67kg/m? — 6.75kg/m?

China #? females), ALM/BMI
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Tramontano — Peru
57

Peru

FORMOSA Project
52

Germany

Gouveia, 2016 -
Portugal 8

Portugal

(<0.789 males, <0.512
females).

Muscle strength:
handgrip strength
(<26kg males, <12kg
females)

Physical function: gait
speed (<0.8m/s or
1.0m/s, course length
4m, 6m, 10m, or 50 feet)

FNIH, 2014

Hertfordshire
Cohort Study ©
HSHD

Britain

NHANES (1999 —
2004) 59 60

United
States

CHAMP %0-L

Australia

85

1999 —
2013

60 +

10,979

(290 — 4984)

Muscle mass: DXA
measured ALM/height?
(7.23kg/m? males,
5.67kg/m? females),
unadjusted ALM
(<19.75kg males,
<15.02kg females),
ALM/BMI (<0.789
males, <0.512 females).

Muscle strength:
handgrip strength <26kg
males, <16kg females.

Physical function: gait
speed (<0.8m/s or
<1.0m/s)

Males: 3.1%
-72.8%

Females:
0% - 63.6%

SMAS %

Australia

147

1988 —
2013

S50+

32,732

Muscle mass: measured
by DXA or BIA with cut

Males: 9.9%
-70.7%
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ASM divided (70 —4652)*  |points ranging from
by height, 6.52kg/m? to 10.65kg/m?|Females:
1998 for males and 4.59kg/m? |0.7% -
NHANES (1988 — |United to 8.5kg/m? for females. |58.1%
1994) 62,63 States
NHANES (1999 —
2000) 8

Cardiovascular
Health Study %% %
Health ABC 6768
NMAPS >°
Buehring, 2013 -
US 70

STORM "t

The Framingham
Study "

New Mexico Elder
Health ®

WHAS 11 74
KNHANES (2008 |Korea
o 2009) 75-78
KHNAES (2008 —
2010)

KNHANS (2008 —
2011) 82, 83
KLoSHA 378

@ Assumed that the 2008 — 2010 KNHANES study included all participants in the 2008 — 2009 grouping. The sample size for KNHANES
2008 — 2011 was disregarded (n=463) because of the small sample size an impossibility of knowing which participants were included in
other samples. Therefore this is an underestimation of the sample size.
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Ansan Geriatric
Study %

No-Name China #2

China

Taichung
Community Health
86

Taiwan

MINOS ¥
EPIDOS

France

Portuguese
centenarians %

Portugal

No-Name
Germany %2

Germany

EXERNET %

Spain

NuAge *

Canada

Quilombola
Elderly
SPAH 99

Brazil

ASM/weight,
2002

KLoSHA 3784
KNHANES (2008
— 2009)
KNHANES (2008
_ 2010) 37,99,100
KNHANES (2008
—2011) &
KHNAES (2009 —
2010) %
KHANES (2009 -
2011) o2

b Assumes that the 6949 participants reported for KNHANES (2008 — 2011) encompasses the participants from all KNHANES studies

Korea

56

1988 -
2013

60+

21,219°

(286 — 6949)

Muscle mass: ASM

measured using DXA,
BIA, or densitometry
divided by total weight.
Cut points range from

25.72% to 27.6% in
males and 19.43% to
37.0% in females.

Males: 3.1%
- 56.1%

Females:
3.2% -
52.3%

using a subset of that data. This will be resulted in an underestimation of the number of participants
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KNHANES (2009)
102
KNHAES (2010 —
2011) 103
KNHANES (2010)
104
NHANES (1999 — |United
2004) 105 States
NHANES (1988 —
1994) 106
Wen, 2015 — China
China #?
SMAS %9 Australia
ASM EPIDOS Y/ France 31 1992 — |65+ 15,289 Muscle mass: measured |Males: 8.2%
regressed on 2011 by DXA and regressed |- 27.1%
height and (419 —5993) |on weight and height.
weight, 2003 |Health ABC 7%  |United Lowest quintile Females:
Mr OS 17 States (n=4) considered sarcopenic. |8.1% -
The Framingham 30.5%
Study
SMAS %9 Australia
TASOAC 18
SPAH (n=2) *>° |Brazil
ALM/BMI, [NHANES 1999 — |United 60 1999- |60 + 3880 Muscle mass: Males: 4.0%
2014 2004 5° States 2004 ALM/BMI. Cut off of |- 47.3%
<0.789 for males and Females:
<0.512 for females. 3.6% -
51.2%
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Other

Cardiovascular United
Health Study % |States
Rancho Bernardo

Study 199

EPIDOS ¥/ France
SMAS 4 Australia

1988 —
2011

55+

8,824

(733 — 3366)

Muscle mass: BIA fat
free mass of <47.9kg for
men and <34.7kg for
women.

Muscle strength:
Handgrip strength
adjusted for height using
regression (lowest
tertile), handgrip
strength only (<30kg
males, <20kg females),
knee extensor strength
(<23.64 males, <15.24
females)

Males:
6.2,% no

upper
estimate

Females:
5.9%, no

upper
estimate
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Table 2. Overall sarcopenia prevalence estimates

Definition Number of | Participants Forest plot Prevalence 95% ClI Heterogeneity
studies (n) estimate
EWGSOP/AWGS | 83 58283 12.9% 9.9, 15.9% 93% (P<0.001)
IWGS 12 10381 . 9.9% 3.2, 16.6% 52% (P =0.100)
FNIH 16 6467 = 18.6% 11.8, 25.5% 75% (P =0.003)
ALM/height 68 39135 — m 30.4% 20.4%, 40.3% | 87% (P <0.001)
ALM/weight 27 18985 ] 40.4% 19.5, 61.2% 100% (P <0.001)
ALM regression 6 16899 T — 30.4% 20.4, 40.3% 87% (P <0.001)
ALM/BMI 8 4984 —a— 24.2% 18.3, 30.1% 92% (P <0.001)
Other 6 9243 . 18.0% 7.3, 28.8% 100% (P <0.001)
0% 40% 80%

Abbreviations: ALM — appendicular lean mass; ALM — appendicular skeletal mass; AWGS — Asian Working Group on
Sarcopenia; EWGSOP — European Working Group on Sarcopenia; FNIH — Foundation for the National Institutes of Health;

IWGS — International Working Group on Sarcopenia

74




Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

Table 3. Sarcopenia prevalence stratified by definition and age groups

Definition Age Number | Number of Forest Plot Prevalence | 95% ClI Heterogeneity
Group of participants Estimate
studies
Youngest | 48 24244 . 9.9% 5.4, 14.4% 94%, (P<0.001)
E\‘\’,"V‘ééop’ Middle | 47 35553 - 15.1% 135,16.7% | 8%, (P=0.370)
Oldest 46 12393 - 19.4% 15.6,23.2% | 70%, (P=0.006)
Youngest | 5 3143 = 14.8% 3.7,33.2% 0%, (P=0.360)
Middle 6 4493 - 1.0% 0.0, 3.3% 88%, (P=0.004)
IWGS Oldest 5 3553 . 6.7% 3.1,10.3% 0%, (P=0.500)
Youngest | 15 8208 - 0w 12.5% 7.6,17.4% 0%, (P=0.650)
Middle 15 4129 ] 25.3% 11.3,39.3% | 79%, (P<0.001)
FNIH Oldest 15 2911 L 29.0% 14.9,43.0% | 92%, (P<0.001)
Youngest | 33 14079 SR 28.9% 16.8,41.0% | 87%, (P<0.001)
Middle 31 24697 —. 27.9% 14.7,41.2% | 92%, (P<0.001)
ALM/height Oldest 32 15183 — 34.5% 24.0, 45.0% | 30%, (P=0.220)
Youngest | 11 8735 —. 51.1% 38.0,64.3% | 94%, (P<0.001)
Middle 11 5113 — = 48.5% 33.6,63.5% | 96%, (P<0.001)
ALM/weight Oldest 11 4266 ] 51.1% 34.3,67.8% | 97%, (P<0.001)
Youngest | 4 8976 u 20% 19.1,20.9% | 0%, (P=0.330)
Middle 2 1401 E B 27% 24.2,19.9% | 0%, (P=0.750)
ALM regression Oldest 2 3299 — 19.1% 8.8, 29.3% 94%, (P<0.001)
Youngest | 8 2129 —— 18.4% 12.0,24.8% | 98%, (P<0.001)
Middle 8 1635 — 27% 18.1,35.8% | 92%, (P<0.001)
ALM/BMI Oldest 8 1173 — 33.6% 22.5,44.8% 71%, (P<0.020)
0% 40% 80%

Abbreviations: ALM — appendicular lean mass; ALM — appendicular skeletal mass; AWGS — Asian Working Group on
Sarcopenia; EWGSOP — European Working Group on Sarcopenia; FNIH — Foundation for the National Institutes of Health;
IWGS — International Working Group on Sarcopenia
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Table 4. Sarcopenia prevalence stratified by definition and muscle mass measure groups

Definition Muscle mass | Number | Number of |Forest Plot Prevalence | 95% ClI Heterogeneity

group of participants Estimate
studies

EWGSOP/ Lowest 14 6573 — 9.4% 4.6,14.1% 93%, (P <0.001)

AWGS? Middle 18 6763 - 10.2% 7.5,12.9% 65%, (P =0.020)
Highest 18 10644 - 18.4% 14.7,22.1% | 23%, (P =0.260)

EWGSOP/ Lowest 16 11355 & 8.7% 4.2,13.2% 92%, (P <0.001)

AWGSP Middle 18 10642 = 9.5% 7.2,11.9% 65%, (P =0.020)
Highest 15 18045 Rl 18.4% 14.7,22.1% | 23%, (P =0.260)
Lowest 2 3427 — - 7.9% 0.0, 20.3% 100%, (P <0.001)
Middle 1 1325 " 3.3% 2.3, 4.3% N/A

IWGS Highest 1 2500 u 24.2% 22.5,25.9% | N/A
Lowest 15 12334 L 26.3% 0.0, 55.1% 100%, (P <0.001)
Middle 19 11619 —a— 17.2% 8.2, 26.2% 85%, (P <0.001)

ALM/height* Highest 15 18045 47.3% 22.1,72.6% | 93%, (P <0.001)
Lowest 15 6797 — 8.7% 4.2,13.2% 92%, (P <0.001)
Middle 17 6572 = 9.5% 7.2,11.9% 61%, (P =0.020)

ALM/height? Highest 18 10611 18.4% 14.7,22.1% | 23%, (P =0.260)
Lowest 7 6949 = 9.9% 8.0, 11.8% 0%, (P =0.390)
Middle 9 3984 - 39.3% 35.4,43.1% | 0%, (P =0.640)

ALM/weight Highest 4 3718 il 43% 40.8,45.1% | 93%, (P <0.001)

0% | 40% | 80%

Abbreviations: ALM — appendicular skeletal mass; AWGS — Asian Working Group on Sarcopenia; EWGSOP — European
Working Group on Sarcopenia; IWGS — International Working Group on Sarcopenia

@ Male ordered cut points were used.

b Female ordered cut points were used.

¢ Male ordered cut points were used.

4 Female ordered cut points were used.
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Supplementary Appendices

Supplementary appendices are available online at:

https://academic.oup.com/ageing/article/48/1/48/5058979%#supplementary-data
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Chapter 3: Proportion of sarcopenic participants and agreement between

sarcopenia definitions

This chapter has been submitted to Journals of Gerontology — Medical Sciences. Alexandra
Mayhew was responsible for developing the research question and study protocols,
applying for data, analyzing data, writing and revising the drafts of the manuscripts. The
work is primarily the undertaking of Alexandra Mayhew with guidance from Drs.
Parminder Raina and Stuart Phillips throughout the project. Dr. Nazmul Sohel assisted with
coding for the data analyses. Thesis committee members, Drs. Russell de Souza, Paul
McNicholas, Gianni Parise, and Lehana Thabane provided feedback throughout the project.
As an author generated version of a submitted manuscript, no copyright license

documentation is required.
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Context and background

The results of Chapter 2 of this thesis, A Systematic Review and Meta-Analyses of
Sarcopenia Prevalence showed that sarcopenia prevalence varied from 9.9% to 40.4% in
community dwelling older adults depending on the definition used for sarcopenia. Due to
the differences in study populations and methods of operationalizing sarcopenia, it was
impossible to determine what components of the sarcopenia definitions were driving the
differences in prevalence estimates. The objective of this study was to better understand
the impact of the method of operationalizing sarcopenia on the proportion of sarcopenic
participants and to assess the agreement between definitions. To accomplish this objective,
this study identified participants from the Canadian Longitudinal Study on Aging as
sarcopenic. A list of sarcopenia definitions was developed that not only captured the range
of definitions in the literature, but also allowed for the impact of each sarcopenia
component on the proportion of sarcopenic participants and agreement to be individually
examined. By using the same sample for all analyses, differences in prevalence were

attributable to the definitions rather than to differences in the study population.
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Abstract

Background: Definitions for sarcopenia incorporate different combinations of muscle
mass, strength, and function and utilize different methods of adjusting muscle mass. It is
unclear how these operational differences impact prevalence and the agreement between

definitions.

Methods: Appendicular lean mass, grip strength, and usual gait speed were measured in
25,399 participants from the Canadian Longitudinal Study on Aging. Sarcopenia was
operationalized as muscle mass alone, muscle mass and grip strength, and muscle mass
and gait speed. Muscle mass was adjusted for height?, weight, body mass index (BMI),
and regressing muscle mass on height and fat mass. The sex-specific 20" percentile
muscle mass values of participants aged >65 years were used as the threshold for low
muscle mass. The proportion of sarcopenic participants was calculated for each definition

and Cohen’s kappa was used to measure agreement between definitions.

Results: The mean age was 62.9 * 10.2 years and 49.9% of the sample was male. The
agreement between definitions including muscle mass and grip strength and muscle mass
and gait speed were modest with Cohen’s kappa values of <0.41. Limited agreement was
observed between the methods of adjusting muscle mass with Cohen’s kappa values of
<0.35 with the exception of ALM/weight and ALM/BMI with values of 0.60 in both
males and females and ALM/height? and ALM/residuals with kappa values of 0.63 in

males and 0.46 in females.
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Conclusions: Sarcopenia defined using different muscle variables and muscle mass

adjustment techniques have insufficient agreement to be used interchangeably.
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Introduction

Sarcopenia is the progressive decrease in muscle mass, strength, and physical function
that occurs with age. (1) The timing of the onset of sarcopenia is not known, but is
usually measurable at approximately the fifth decade of life, from which time muscle
mass typically declines 0.8% and strength 1% to 3% annually. (2-4) The consequences of
sarcopenia such as functional declines, culminating in a loss of independence in self-care
abilities, are not evident until later in life. Sarcopenia is associated with a significantly
greater risk for poor health outcomes including disability and functional impairments (5),
increased risk of falls (6-8), longer hospital stays (9), and an increased risk of mortality.
(10,11) In 2000, it was estimated that the United States incurred $18.5 billion in direct

health care costs due to sarcopenia alone. (12)

Definitions of sarcopenia have evolved from the original measures including muscle mass
only, measured using appendicular lean mass (ALM). (13-16) The inclusion of strength
and function in the definition of sarcopenia recognizes the strong and important
association these variables have with outcomes such as disability and mortality. (17) The
International Working Group on Sarcopenia (IWGS) defines sarcopenia using low muscle
mass and low muscle function (15) whereas both the revised European Working Group
on Sarcopenia (EWGSOP) and the Foundation for the National Institute of Health (FNIH)
recommend considering both low muscle mass and low muscle strength. (16,18) The
various definitions, in addition to recommending the inclusion of different variables,

recommend different method of adjusting muscle mass including dividing ALM by height
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in meters squared (height?), weight in kilograms, body mass index (BMI), and using the

residuals from a linear regression model adjusting ALM for fat mass and height. (13-16)

The use of different definitions and methods of adjusting ALM result in varying estimates
of sarcopenia prevalence. A recent systematic review and meta-analyses showed that
sarcopenia prevalence estimates varied widely between 9.9 to 40.4% in community
dwelling older adults. (19) Studies assessing different sarcopenia definitions in the same
population have similarly found a wide range of prevalence estimates as well as low to
modest agreement between definitions. (20-27) This likely reflects variation across the
components of each operationalized definition of sarcopenia. Consequently, the impact of
changing a single sarcopenia definition criterion (e.g., the combination of muscle
variables or the methods of adjusting ALM) impacts sarcopenia prevalence and
agreement. The method used to develop muscle mass cut points further complicates
comparisons. Cut points for the different adjustment techniques are recommended based
on comparisons to healthy young reference populations, clinical evidence, or the lowest
sex-specific quintile of the study population. (13-16) The choice of cut point will
determine the proportion of participants classified as having low muscle mass. When cut
points differ, the comparability between muscle mass adjustment techniques across

studies is limited.

Understanding how combinations of muscle mass, muscle strength, and/or muscle
function as well the muscle mass adjustment techniques impact sarcopenia prevalence

and agreement is vital for interpreting and comparing results between studies using
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different sarcopenia definitions. Using data from the Canadian Longitudinal Study on
Aging (CLSA), the objectives of this study were to assess 1) the impact of different
sarcopenia definitions on the prevalence of sarcopenia; and 2) the agreement between

different sarcopenia definitions.

Methods

Setting and study population

The CLSA is a national, longitudinal research platform that includes 51,338 participants
aged 45 to 85 years at baseline from the ten Canadian provinces. Details on the study
design have been described elsewhere. (28) Participants had to be physically and
cognitively able to participate on their own and not living in institutions such as long term
care. Of these participants, there are 21,241 participants in the Tracking cohort who were
randomly selected from all ten provinces and were interviewed by phone. The remaining
30,097 participants are a part of the Comprehensive cohort and were randomly selected
from participants living within 25 to 50 km of one of 11 Data Collection Sites located in
seven provinces. The Comprehensive cohort participants are interviewed in-person and
complete in-depth physical assessments at the Data Collection Sites as well as provide
blood and urine samples. The present study uses data from the 30,907 participants in the
Comprehensive cohort who provided physical assessment data and identified as European
between 2011 and 2015. We limited our analysis to Europeans only, because standards
for muscle mass, muscle strength, and physical function have been derived from this

population. (29-31) De-identified data was provided by the Canadian Longitudinal Study
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on Aging. Ethics approval for this study was provided by the Hamilton Integrated

Research Ethics Boards (#2686).

Clinical measurements

Trained research assistants conducted all measurements. Height was measured with a
stadiometer, taking the mean value of two measurements; and weight using a digital scale
(Rice Lake, Model 140-10-7). BMI was calculated as weight in kilograms divided by
height squared. Muscle mass was measured by Dual Energy X-ray Absorptiometry
(DXA) using Hologic Discovery A™, which was calibrated daily using a spine phantom,
weekly using a whole body step phantom, and yearly using a gold standard phantom.
DXA provides an estimates of ALM which measures the amount of lean mass which
includes water and all other non-bone and non-fat soft tissues in the arms and legs.
(32,33) We measured hand grip strength with the Tracker Freedom® Wireless Grip
Dynamometer. Participants performed three repetitions with their dominant hand, the
highest value of which was used in the analyses. Grip strength measured using a
dynamometer has been shown to have excellent reliability and is predictive of falls,
disability, and impaired health-related quality of life. (34) Gait speed was measured using
a four meter walk course with participants instructed to walk at their normal walking
speed. The four meter walk test has excellent test-re-test reliability and is associated with

self-rated health and performance on chair rise and balance tests. (35,36)

Sarcopenia definitions
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Sarcopenia was defined as 1) low muscle mass alone; 2) low muscle mass and low
muscle strength; and 3) low muscle mass and low muscle function. Grip strength was
chosen as the measure of muscle strength, and gait speed as the measure of muscle
function because they are recommended by all consensus definitions and available in the
CLSA. (13-16) We selected cut offs for grip strength (30kg for males and 20kg for
females) and gait speed (0.8m/s) recommended by the original EWGSOP guidelines. (14)
We used four techniques to adjust muscle mass: 1) height (in meters squared); 2) weight
(kg); 3) BMI (kg/m?); 4) residuals of ALM regressed on fat mass (kg) and height (m). To
optimize the comparison of prevalence and agreement across definitions, we standardized
the proportion of participants with low muscle mass according to each adjustment
technique. To do this, cut points corresponding to the lowest sex-specific quintiles of
muscle mass in CLSA participants aged 65 years and older were selected. The sample for
cut point development was limited to those aged 65 years and older as most previous
reference populations have a minimum age of between 60 and 70 years. (14) In total, we
assessed 12 sarcopenia definitions. Sensitivity analyses using thresholds corresponding to
the lowest sex-specific 101 and 40" percentiles of muscle mass in CLSA participants

aged 65 years and older were conducted.

Statistical analyses

We determined the percentage of sex-stratified participants categorized as sarcopenic by
each of the 12 definitions, and calculated bootstrap percentile confidence intervals for

each estimate. We used Cohen’s Kappa to assess the agreement between sex-stratified
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participants identified as sarcopenic using different muscle mass adjustment techniques as
well as different combinations of muscle mass with grip strength and gait speed.
Specifically, we assessed agreement for sarcopenia between muscle mass techniques
(height?, weight, BMI, residuals) within definitions of sarcopenia using 1) muscle mass
alone; 2) muscle mass and grip strength; and 3) muscle mass and gait speed. Agreement
for identifying sarcopenia between different combination of sarcopenia variables (muscle
mass, grip strength, gait speed) was assessed within each muscle mass adjustment
technique (height?, weight, BMI, residuals). All analyses were stratified by sex. Due to
prevalence of sarcopenia increasing with age, age stratified analyses (45-54, 55-64, 65-
74, and 75-85 years) were conducted. We used SAS (version 12.3) for all analyses. The

manuscript is reported according to the STROBE statement.

Results

Participant characteristics

After excluding participants who identified as non-European (n=1324), or who were
missing muscle mass, grip strength, gait speed, or BMI data (n= 3356), there were 25,399
participants included in the analyses. Table 1 displays the characteristics of the included
participants by age group (younger than 65 years and 65 years and older) and sex. The
mean age of the participants was 62.8 £ 10.2 years and 49.9% of the sample were males.
Younger males and females had greater ALM (28.8kg + 4.4 and 19.0kg * 3.5), grip
strength (47.3kg + 9.1 and 28.6kg + 5.6), and gait speed (1.03m/s + 0.18 and 1.02m/s

0.19) compared to older males and females (ALM: 25.9kg + 3.8 and 17.4kg + 3.0, grip
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strength: 39.4kg + 8.5 and 23.6kg £ 5.2, and gait speed: 0.94m/s + 0.19 and 0.90m/s +

0.19).

Muscle mass cut offs

The muscle mass thresholds for the 10™, 20", and 40" percentiles were 7-29, 7-68, 8-23
for ALM/height?, 26.96, 28.33, 30.12 for ALM/weight, 0.78, 0.83, 0.90 for ALM/BMI
and -4.75, -3.61, and -1.97 for ALM residuals for males. For females, the muscle mass
thresholds for the 10", 20", and 40", percentiles were 5.58, 5.93, and 6.42 for
ALM/height?, 21.40, 22.36, and 23.81 for ALM/weight, 0.52, 0.55, 0.60 for ALM/BMI

and -2.95, -2.20, and -1.14 for the ALM residuals.

Combination of variables

Regardless of sex, age, and method of adjusting for muscle mass, the proportion of
participants considered sarcopenic was highest when sarcopenia was operationalized as
muscle mass alone, followed by muscle mass and gait speed and then muscle mass and
grip strength. In males 45 to 85, for the four different methods of adjusting muscle mass,
the proportion of participants with sarcopenia was between 12.5% and 13.8% for muscle
mass only, 2.7% and 3.8% for muscle mass and gait speed, and 2.3% and 3.0% for
muscle mass and grip strength. VValues were similar in females, 13.0% to 15.3%, 2.9% to
4.9% and 3.2% to 3.6%. The proportion of participants that were sarcopenic increased

with age for all age and sex strata for all methods of adjusting muscle mass and all
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combinations of muscle variables (Figure 1, Figure 2, Supplementary Table 1, and

Supplementary Table 2).

Cohen’s kappa, the measure of agreement between muscle mass and grip strength and
muscle mass and gait speed, was between 0.32 and 0.35 for all methods of adjusting
muscle mass in males and between 0.37 and 0.41 for all methods of adjusting muscle
mass in females. Agreement was not significantly different across age groups in males
(Supplementary Table 3), but tended to be significantly higher in females aged 75 to 85

compared to the younger age groups for all muscle mass adjustment techniques.

Muscle mass adjustment

For all four muscle mass adjustment techniques (height?, weight, BMI, and residuals),
between 13.0% and 13.8% of males (Figure 1) and 13.0% to 15.3% of females (Figure
2) aged 45 to 85 years were sarcopenic when sarcopenia was defined as only muscle
mass. For muscle mass and grip strength, between 2.3% and 3.0% of males and 3.2% to
3.6% of females were sarcopenic. For muscle mass and gait speed between 2.7% and
3.8% of males and 2.9% and 4.9% of females were sarcopenic. For all methods of
adjusting muscle mass, the proportion of participants categorized as sarcopenic increased

with age (Supplementary Tables 1 and 2).

Defining sarcopenia as muscle mass only, the agreement between different methods of

adjusting muscle mass using Cohen’s kappa was generally poor with values of less than

0.35 with the exception of 1) ALM/weight and ALM/BMI with kappa values of 0.60 in
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both males and females and 2) ALM/height? and ALM/residuals with kappa values of
0.63 in males and 0.46 in females (Figures 3 and 4). In both males and females,
agreement between muscle mass adjustment techniques improved when low muscle mass
was combined with grip strength or gait speed, though the agreement was still limited.
The level of agreement did not tend to vary with age in males (Supplementary Table 4)

or females (Supplementary Table 5).

Sensitivity analyses

For males and females of all ages and for all methods of muscle mass adjustment,
sarcopenia prevalence increased when the low muscle mass threshold was increased from
10% to 20% and from 20% to 40% (Supplementary Figures 1 to 4). The difference in
sarcopenia prevalence between thresholds was greatest when sarcopenia was defined as
just muscle mass. All trends in the primary prevalence analyses using the 20" percentile
as a threshold were observed using the 10" and 40" percentile thresholds. Generally, the
agreement between sarcopenia definitions when comparing muscle mass and grip strength
and muscle mass and gait speed was higher when the 10" percentile threshold was used
and lower when the 40" percentile threshold was used (Supplementary Table 3). When
comparing agreement between methods of adjusting muscle mass, agreement tended to

increase from the 10" to the 40™" percentile thresholds (Supplementary Tables 4 and 5).
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Discussion

This study is, to the best of our knowledge, the first to determine the extent to which
different combinations of muscle variables and methods of adjusting muscle mass
contribute to the differences in sarcopenia prevalence and the agreement between
sarcopenia definitions reported in the literature. (20-27,37) We report that the differences
in sarcopenia prevalence are highly dependent on whether sarcopenia is measured as
muscle mass only or in combination with either grip strength or gait speed; however, even
in circumstances where sarcopenia prevalence was similar, the agreement between

muscle mass combinations and most methods of adjusting muscle mass was low.

Previous studies have shown that the prevalence of sarcopenia differs by definition and
that the agreement between definitions ranges from poor to substantial. (20-27,37) These
studies used various sarcopenia definitions. (13-16,38-40) Nonetheless, we view this
approach as problematic as most sarcopenia definitions have more than one difference in
how they are operationalized. For example, Dam et al found that 5.3% of males and
13.3% of females were sarcopenic based on the EWGSOP definition while 1.3% of males
and 2.3% of females were sarcopenic based on the FNIH definition. The agreement
(Cohen’s kappa) was 0.53 in males and 0.14 in females. (26) The EWGSOP definition
included low muscle mass adjusted for height? and one of low grip strength or low gait
speed, while the FNIH definition included low muscle mass adjusted for BMI and low
grip strength. Due to the multiple differences in the definitions, it is unclear to what

extent changing each of the variables contributed to the difference in prevalence and the
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limited agreement. Another problem with comparing sarcopenia prevalence and
agreement for existing definitions found in the literature is the range of cut points for
what would be considered low muscle mass. Within the same population, the
recommended cut points identify anywhere between 0 and 60% of participants as having
low muscle mass making it difficult to compare the prevalence between methods that

have operationalized sarcopenia. (20,23)

We used a novel method of operationalizing sarcopenia to understand the factors that
impact the prevalence of sarcopenia and the agreement between sarcopenia definitions.
The sample for cut point development was limited to those aged 65 years and older as
most previous reference populations have a minimum age of between 60 and 70 years.
(14) To capture the spectrum of cut points found in the literature, a sensitivity analyses
using cut offs corresponding to the lowest 10" and 40" percentiles of participants was
conducted. By using the same method to determine cut points for each muscle mass
adjustment technique, the comparability between sarcopenia definitions was improved.
Differences in prevalence once combined with muscle strength and muscle function and
agreement between definitions did not reflect underlying differences in the proportion of

individuals with low muscle mass for each adjustment technique.

The major important finding of our study is that differences in sarcopenia prevalence are
highly dependent on whether sarcopenia is measured as muscle mass only or in
combination with either grip strength or gait speed. Operationalizing sarcopenia as

muscle mass only identified around 14% of participants as sarcopenic regardless of
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muscle mass adjustment technique, while including grip strength or gait speed reduced
the proportion sarcopenic to between 2 and 5%, respectively. Our systematic review and
meta-analyses of sarcopenic prevalence had similar results. (37) Sarcopenia prevalence
was between 24.2% and 40.4% when sarcopenia was operationalized as muscle mass
only, but only between 9.9% and 18.6% when the definition included muscle strength

and/or muscle function. (37)

The second key finding of this study is that there was generally poor agreement between
sarcopenia definitions. The agreement (Cohen’s kappa) comparing muscle mass and grip
strength versus muscle mass and gait speed was only fair (0.21 to 0.40) for all methods of
adjusting muscle mass (Table 1). Agreement was limited (<0.40) between the different
methods of adjusting muscle mass when sarcopenia was operationalized as muscle mass
only with two exceptions; 1) ALM/height? versus ALM residuals and 2) ALM weight
versus ALM/BMI for which agreement was moderate (0.41 to 0.60) to substantial (0.61 —
0.80) (Figures 3 and 4). Despite the relatively high agreement for these comparisons, the
percent positive agreement was less than 55% meaning that few participants were
considered sarcopenic according to both definitions. Though, agreement improved when
grip strength and/or gait speed were included in the sarcopenia definition, the degree of
improvement did not result in any other comparisons of muscle mass adjustment
techniques exceeding a kappa value of 0.60. Our findings are similar to previous studies
that have found that agreement tends to be below 0.50 for different methods of adjusting
muscle mass, regardless of what combination of muscle variables are used to

operationalize sarcopenia. (23-26) Previous studies have generally found modestly higher
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agreement (0.40 to 0.60) between combinations of muscle variables compared to our

study, which may reflect the older age groups included in their analyses. (22,25,26)

While the approach taken to operationalizing sarcopenia in this study allowed for a novel
investigation of what factors impact the prevalence of and the agreement between
sarcopenia definitions, it does have some important limitations. Firstly, the results of this
study are not specific to existing sarcopenia definitions. While the combinations of
muscle variables and methods of muscle mass adjustment suggested by the consensus
definitions are included, we did not use their cut points for muscle variables. Using the
suggested muscle mass thresholds would not alter the conclusions of this study as our
sensitivity analyses using the 10" and 40" percentiles as low muscle mass thresholds find
similar results as our primary cut points. These cut points encompass the spectrum of
values recommended by consensus definitions. We did not explore alternative cut offs for
grip strength (26kg for males, 16kg for females) or gait speed (1.0m/s) because these cut
points identify 2.7% of males and 3.4% of females as having low strength and 64.9% of
males and 71.5% of females as having low gait speed. Previous studies have similarly
found that these grip strength and gait speed cut off values identify too few and too many
people as having low value respectively. (42,43) Another limitation of this study is that
the primary analyses were limited to people of European decent. Muscle mass, grip
strength, and gait speed have been shown to differ by ethnicity and the CLSA does not

have the required sample size for ethnicity-specific analyses. (29-31)
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Conclusions

We found that sarcopenia prevalence was substantially higher when measured using
muscle mass only, but relatively similar regardless of whether muscle mass was
combined with grip strength or gait speed. The method of adjusting muscle mass did not
have a large impact on sarcopenia prevalence. However, agreement tended be limited
when comparing muscle mass adjustment techniques and poor for comparing muscle
mass and grip strength versus muscle mass and gait speed. These results highlight the
need to work towards a single consensus definition for sarcopenia, one that hopefully has
a strong association with future health problems, as the existing definitions have limited

comparability.
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Table 1. Participant characteristics

Aged <65 years Aged >65 years
Males Females Males Females
Mean SEor Mean SEor| Mean SEor Mean SEor
or N % or N % or N % or N %
Total population 7286 48.7 7677 51.3] 5376 515 5060 485
Age, years 55.8 54 555 54 730 56 73.0 57
Height, cm 176.6 6.7 1631 6.3] 1739 6.7 1599 6.3
Weight, kg 89.0 16.5 741 16.9 846 14.1 70.9 143
BMI, kg/m2 285 5.0 278 6.3 28.0 4.2 278 55
Total body fat mass,
% 255 95 29.8 110 255 8.0 296 94
Appendicular lean
mass, % 288 44 190 35 259 38 174 3.0
ALM/height? 9.23 1.19 714 117 8.56 1.06 6.78 1.04
ALM/weight 3272 337 26.09 325 3090 312 2475 2.86
ALM/BMI 1.02 0.14 0.70 0.11 094 0.12 0.63 0.10
Gait speed, meters per
second 1.03 0.18 1.02 0.19 094 0.19 0.90 0.19
Grip strength, kg 473 91 286 56 394 85 236 5.2
Chronic conditions
Heart disease’ 648 9.0 375 49| 1403 26.6 772 155
Cardiovascular
disease® 151 21 147 19 416 7.8 332 6.6
Diabetes 1108 153 1011 13.2| 1296 24.2 876 17.4
COPD 259 3.6 341 45 348 6.5 408 8.1
Cataracts or
glaucoma 707 9.9 984 13.1| 2652 50.9 3027 61.7
Osteoarthritis 1070 149 1632 21.7| 1379 264 2060 422
Depression 937 129 1325 174 527 10.0 888 17.9
Dementia/Alzheimer's
Disease 7 01 9 01 22 04 17 03
Neurological
conditions® 648 89 1678 219 376 7.0 864 17.2
Osteoporosis 82 1.1 616 8.1 202 3.8 1223 245
Hypertension 2212 305 1884 24.6| 2626 49.2 2463 48.9

7 Heart disease includes angina, myocardial infarction, and heart disease
& Cardiovascular disease includes stroke and transient ischemic attack
° Neurological conditions include multiple sclerosis, epilepsy, migraine headaches, and

Parkinson’s Disease
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Peripheral vascular

disease 214 3.0 309 4.0 380 7.1 386 7.7
Kidney disease 2011 27.7 1960 25.6| 1516 28.3 1444 28.6
Cancer 478 6.6 768 10.0| 1205 225 975 19.3

Poor or fair self-rated

health (%) 635 8.7 572 7.5 454 85 417 8.3

Smoking (%)
Never 6483 89.4 6811 89.1| 5056 947 4763 95.0
Former 160 2.2 157 2.1 45 0.8 42 0.8
Current 611 8.4 673 8.8 237 4.4 211 4.2

Household income

(%)
< $20,000 242 34 329 45 179 35 423 94
> $20,000 <

$50,000 770 109 1200 16.5| 1309 259 1872 418
>$50,000

<$100,000 2114 30.0 2496 34.3| 2235 442 1579 352
>$100,000 <

$150,000 1862 265 1661 22.8 866 17.1 423 94
> 150,000 2051 29.1 1593 21.9 472 9.3 185 4.1

PASE score 172.6 80.3 150.9 74.4| 1255 604 1078 53.2
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Table 2. Agreement between low muscle mass and grip strength versus low muscle
mass and gait speed for different methods of adjusting muscle mass

Method of adjusting
muscle mass

Males

Females

Cohen’s Kappa (95% CI)

Cohen’s Kappa (95% CI)

ALM adjusted for height?

0.35 (0.30 - 0.40)

0.38 (0.33 - 0.42)

ALM adjusted for weight

0.32 (0.28 - 0.36)

0.37 (0.34 - 0.41)

ALM adjusted for BMI

0.33 (0.29 - 0.37)

0.41 (0.37 - 0.45)

ALM residuals

0.34 (0.30 - 0.39)

0.37 (0.33 - 0.41)
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Figure 1. Percentage of males with sarcopenia using 20th percentile cut offs
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Combination of muscle variables and age group

m ALM/height (cut off 7.68kg/m2) = ALM/weight (cut off 28.33) ®ALM/BMI (cut off 0.83) ®ALM residuals (cut off -2.40)

Fig 1 the percentage of males identified as sarcopenic based on muscle mass only, muscle mass and grip strength, and muscle
mass and gait speed using the four muscle mass adjustment techniques. The cut offs for the muscle mass adjustment techniques
are 7.68kg/m? for ALM/height, 28.33 for ALM adjusted for weight, 0.83 for ALM adjusted for BMI, and -2.40 for the ALM
residual technique. Percentage of sarcopenia is reported stratified by age (45 to 54 years, 55 to 64 years, 65 to 74 years, and 75
to 85 years)
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Figure 2. Percentage of females with sarcopenia using 20th percentile cut offs

o
o

w
ol

w
o

N
(6}

N
o

[E=Y
(€3]

(BN
o

(63}

I |
]
||| I 1l
I I
iI een. WEHE ilii T iii

45t054 55to64 65t074 75t085 45to54 55to64 65to74 75t085 45to54 55t064 65t074 751085
years years years years years years years years years years years years

o

Percentage sarcopenic (95% ClI indicated by bars)

Muscle mass only Muscle mass and grip strength Muscle mass and gait speed
Combination of muscle variables and age group

®m ALM/height (cut off 5.93kg/m2) = ALM/weight (cut off 22.36) = ALM/BMI (cut off 0.55) ®mALM residuals (cut off -1.61)

Fig 2 the percentage of females identified as sarcopenic based on muscle mass only, muscle mass and grip strength, and muscle
mass and gait speed using the four muscle mass adjustment techniques. The cut offs for the muscle mass adjustment techniques
are 5.93kg/m? for ALM/height, 22.36 for ALM adjusted for weight, 0.55 for ALM adjusted for BMI, and -1.61 for the ALM
residual technique. Percentage of sarcopenia is reported stratified by age (45 to 54 years, 55 to 64 years, 65 to 74 years, and 75
to 85 years)
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Figure 3. Agreement between methods of adjusting muscle mass for different combinations of muscle mass variables in
males
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Fig 3 the agreement between methods of adjusting muscle mass for different combinations of muscle mass variables in males.
Cohen’s kappa statistics are provided for the agreement between the four methods of adjusting muscle mass (ALM/height,
ALM/weight, ALM/BMI, and the ALM residuals)
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Figure 4. Agreement between methods of adjusting muscle mass for different combinations of muscle mass variables in
females
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Fig 4 the agreement between methods of adjusting muscle mass for different combinations of muscle mass variables in females.
Cohen’s kappa statistics are provided for the agreement between the four methods of adjusting muscle mass (ALM/height,
ALM/weight, ALM/BMI, and the ALM residuals)
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Supplementary Material

Supplementary Table 1. The percentage of male participants identified as sarcopenic for each combination of muscle
variables, adjustment techniques for muscle mass, and the 10t 20™, and 40™" percentile cut offs, stratified by age group

Muscle mass only Muscle mass and grip strength Muscle mass and gait speed
Muscle mass | Age o © v o o © L O o © L O
adjustment |group | 55 |55%| £55 | 55 |53%| §55 | 55 |5s%| £%55
technique |(years)) € 8 |E £ & TSI ES |ES T TR ES |ES & TSNS
> O S5 = O © O 5 O S5 = O © O S5 O S5 = O © O n
Z5|z223% ) zZ5 | 225 ) Z5 |22 K5 )
n n o »n 7} n o un n 175) o »n
10th percentile cut points
45 - 54 82 3048 2.6(2.1-3.2) 6 3124 0.2(0.1-0.4) 9 3121 0.3(0.1-0.5)
55 - 64 196 3957 4.7 (4.1-5.4) 31 4122| 0.7 (0.5-1.0) 31 4122 0.7 (0.5-1.0)
ALM/height |65 - 74 210 2934 6.7 (5.8 - 7.6) 44 3100, 1.4(1.0-1.8) 49 3095 1.6 (1.1-2.0)
75-85 328 1906| 14.7 (13.2-16.2) 109 2125| 4.9(4.0-5.8) 116 2118 52(4.3-6.1)
45 - 85 816| 11845 6.4 (6.0 - 6.9) 190 12471 15(1.3-1.7) 205| 12456 1.6 (1.4-1.8)
45 - 54 118 3012 3.8(3.1-4.5) 9 3121) 0.3(0.1-0.5) 18 3112 0.6 (0.3-0.9)
55 - 64 244 3909 5.9 (5.2 - 6.6) 35 4118 0.8(0.6-1.1) 49 4104 1.2(0.9-15)
ALM/weight |65 - 74 273 2871 8.7 (71.7-9.7) 51 3093 16(1.2-21) 98 3046 3.1(25-3.8)
75-85 265 1969| 11.9 (10.5-13.2) 92 2142| 4.1(3.3-5.0) 105 2129 4.7 (3.8 -5.6)
45 - 85 900| 11761 7.1(6.7-7.5) 187 12474 15(1.3-1.7) 270 12391 2.1(19-2.4)
45 -54 76 3054 2.4 (1.9-3.0) 9 3121) 0.3(0.1-0.5) 12 3118 0.4 (0.2 - 0.6)
55-64| 192| 3961 4.6 (4.0-5.3) 34 4119 0.8(0.6-1.1) 44) 4109 1.1(0.7-1.4)
ALM/BMI |65 - 74 255 2889 8.1(7.2-9.1) 65 3079 2.1(1.6-2.6) 98 3046 3.1(25-3.8)
75-85 283 1951| 12.7 (11.3-14) 118 2116/ 5.3(4.4-6.2) 116 2118 52 (4.3-6.1)
45 - 85 806| 11855 6.4 (5.9 - 6.8) 226 12435 1.8(1.6-2.0) 270 12391 2.1(1.9-24)
ALM 45 - 54 60 3070 19(1.4-24) 5 3125/ 0.2 (0.0-0.3) 7 3123 0.2 (0.1-0.4)
residuals 55 - 64 172 3981 41(35-4.7) 21 4132 0.5(0.3-0.7) 25 4128 0.6 (0.4 -0.8)
65 -74 210 2934 6.7 (5.8 -7.6) 33 3111 1.0(0.7-1.4) 55 3089 1.7 (1.3-2.2)
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75-85| 328 1906| 14.7 (13.2 - 16.2) 102 2132 4.6 (3.7-5.5) 117 2117 52(4.3-6.2)
45-85| 770 11891 6.1 (5.7 - 6.5) 161 12500, 1.3(1.1-1.5) 204| 12457 1.6 (1.4-1.8)
20th percentile cut points
45-54| 190 2940 6.1 (5.2-6.9) 16 3114/ 0.5(0.3-0.8) 16 3114 0.5(0.3-0.8)
55-64| 380] 3773 9.2(8.3-10.0) 36 4117 0.9(0.6-1.2) 49| 4104 1.2(0.9-15)
ALM/height |65-74| 443] 2701] 14.1(12.9 - 15.3) 74 3070, 2.4(1.8-2.9) 84| 3060 2.7(2.1-3.2)
75-85| 633 1601| 28.3 (26.5 - 30.2) 191 2043 85(7.4-9.7) 197 2037| 8.8 (7.7-10.0)
45-85| 1646] 11015 13(12.4-13.6) 317 12344) 2.5 (2.2-2.8) 346| 12315 2.7 (2.5-3.0)
45-54| 211 2919 6.7 (5.9 - 7.6) 13 3117| 0.4 (0.2 - 0.6) 32 3098 1.0(0.7-1.4)
55-64| 466] 3687 11.2(10.3-12.2) 50 4103 1.2(0.9-15) 88| 4065 2.1 (1.7 - 2.6)
ALM/weight [65-74| 572| 2572] 18.2 (16.9 - 19.5) 88 3056] 2.8(2.2-3.4) 175 2969 5.6 (4.8-6.4)
75-85| 504 1730| 22.6 (20.9 - 24.3) 157 2077 7.0(6.0-8.1) 187 2047 8.4 (7.3-9.5)
45-85| 1753] 10908| 13.8 (13.2 - 14.4) 308 12353] 2.4 (2.2-2.7) 482| 12179 3.8(3.5-4.1)
45-54| 160 2970 5.1(4.3-5.9) 16 3114| 0.5(0.3-0.8) 23 3107 0.7(0.4-1.1)
55-64| 407 3746/ 9.8(8.9-10.7) 51 4102 1.2(0.9-1.6) 82| 4071 2.0(1.6-24)
ALM/BMI |65-74| 514/ 2630/ 16.3 (15.1-17.6) 100 3044| 3.2(2.6-3.8) 169 2975 5.4 (4.6-6.2)
75-85| 562 1672| 25.2 (23.4 - 26.9) 209 2025 9.4 (8.2 - 10.5) 200 2034| 9.0(7.8-10.1)
45-85| 1643 11018 13(12.4-13.6) 376 12285/ 3.0 (2.7 - 3.3) 474| 12187 3.7(3.4-4.1)
45-54| 146| 2984 4.7 (3.9-5.4) 13 3117 0.4 (0.2 -0.6) 13 3117 0.4 (0.2 - 0.6)
ALM 55-64| 355 3798 8.5 (7.7-9.4) 37 4116 0.9(0.6-1.2) 53] 4100 1.3(0.9-1.6)
residuals 65-74| 463 2681 14.7(13.5-16) 66 3078 2.1(1.6-2.6) 98 3046 3.1(25-3.8)
75-85| 613 1621| 27.4 (25.6 - 29.3) 171 2063] 7.7 (6.6 -8.7) 199 2035/ 8.9 (7.7-10.1)
45-85| 1577| 11084| 12.5(11.9-13) 287 12374) 2.3 (2.0-2.5) 363| 12298 2.9(2.6-3.2)
40th percentile cut points
45 -54 493 2637| 15.8 (14.5-17.0) 25 3105| 0.8(0.5-1.1) 32 3098 1.0(0.7-1.4)
55-64| 857 3296| 20.6 (19.4-21.9) 50 4103 1.2(0.9-15) 82| 4071 2.0(1.6-2.4)
ALM/height |65-74| 986] 2158| 31.4 (29.8 — 33.0) 119 3025 3.8(3.1-4.5) 162 2982| 5.2(4.4-6.0)
75-85| 1165 1069| 52.1 (50.0 - 54.3) 304 1930| 13.6 (12.2 - 15) 351 1883(15.7 (14.2 - 17.2)
45-85| 3501] 9160| 27.7 (26.9 - 28.4) 498 12163 3.9(3.6-4.3) 627| 12034 5.0(4.6-5.3)
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45-54| 503]  2627| 16.1 (14.8 - 17.4) 29|  3101] 0.9(0.6-1.3) 44|  3086] 1.4(1.0-18)

55-64| 1023] 3130| 24.6 (23.3- 25.9) 77| 4076] 1.9(1.4-23)]  147] 4006] 35(3.0-4.1)
ALMAweight |65 - 74| 1142]  2002] 36.3 (34.7 — 38.0) 136]  3008] 4.3(3.6-5.1) 261] 2883 8.3(7.4-9.3)
75-85| 1000| 1225 45.2 (43.1- 47.3) 274 1960[12.3(10.9-13.6)]  356| 1878|15.9 (14.4-17.4)

45-85| 3677] 8984 29.0 (28.2 - 29.8) 516] 12145 4.1(3.7-44)] 808] 11853] 6.4(6.0-6.8)

45-54] 471] 2659 15.0 (13.8 - 16.3) 28] 3102] 0.9(0.6-1.2) 48] 3082] 15(L1_20)

55-64| 018] 3235 22.1(20.9 - 23.4) 86] 4067 2.1(1.6-25) 144 4009 3.5(2.9_4.0)

ALM/BMI [65-74] 1001] 2053| 34.7 (33.1- 36.4) 147 2997] 47 (40-54)] 270 2874] 8.6(7.6-9.6)
75-85| 1060|  1174| 47.4 (45.4 - 49.6) 312 1922| 14 (12.5-154)]  360] 1874]16.1 (14.6 - 17.6)

45-85| 3540 9121 28.0 (27.2 - 28.7) 573 12088] 4.5 (4.2-4.9)  822] 11839] 6.5 (6.1-6.9)

45-54] 441] 2689 14.1 (12.9 - 15.3) 31 3099] 1.0(0.7-1.3) 33 3097 1.1(0.7-14)

ALn  [P5-64] 820 3324/ 200(18.8-212) 63| 4000 1.5(1.2-1.9)] 106] 4047 2.6(2.1_3.0)
rosiduals |85~ 74| 1024 2120[ 32,6 (3L0 - 34.2) 133 3011] 42(35-50) 199] 2945 6.3(55-7.2)
75-85| 1127| 1107| 50.4 (48.4 - 52.6) 283 1951 12.7 (11.3-14)]  360] 1874|16.1 (14.6 - 17.6)

45-85| 3421] 9240 27.0 (26.2 - 27.8) 510/ 12151] 4.0(3.7-44)  698] 11963] 55 (5.1-5.9)
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Supplementary Table 2. The percentage of female participants identified as sarcopenic for each combination of muscle
variables, adjustment techniques for muscle mass, and the 10t, 20™, and 40t percentile cut offs, stratified by age group

Muscle mass only Muscle mass and grip strength Muscle mass and gait speed
Musclemass | Age | o | L O Lol s L O Lol = L O
adjustment |group | 8§ |83 5 E50 25885 S50 25| 835 50
technique |(years)) € & |ES & TSI ES|ES S TSI ES|ES S TSI
S 9 S E 0O ggm S|S0 © Om S5 O S5 = O S O
Z g |2 = E L g Z g |2 = E [} E <) Z E z = E <3} E (25
n n o »n n n o wn n n o wn
10th percentile cut points
45 - 54 129 3239 3.1(2.4-3.5) 8] 3360 0.3(0.1-0.5) 7 3361 0.7 (0.5-1.0)
55 - 64 251| 4054 7.7(7.0-8.4) 44| 4261 1.2 (0.9-1.6) 29 4276 2.2 (2.0 - 2.6)
ALM/height |65 - 74 257 2724 10.0 (9.0-11.0) 58 2923 2.5(2.0-3.1) 41 2940 4.0 (3.5-4.7)
75 - 85 249 1831| 10.0(8.6-11.3)] 131 1949 53(4.3-6.4)] 103 1977 5.8(4.9-6.9)
45 - 85 886| 11849 7.0(6.6-7.4) 241 12494 1.9(1.7-21)] 180 12555 1.4(1.2-1.6)
45 - 54 104| 3264 3.1(2.4-35) 9 3359 0.3(0.1-0.5) 24 3344 0.7 (0.5-1.0)
55 - 64 332] 3973 7.7(7.0-8.4) 53| 4252 1.2 (0.9-1.6) 95 4210 2.2 (2.0 - 2.6)
ALM/weight |65 - 74 298 2683| 10.0 (9.0-11.0) 75 2906 25(2.0-3.1)] 118 2863 4.0 (3.5-4.7)
75 - 85 208 1872| 10.0(8.6-11.3)] 111 1969 53(4.3-6.4)] 121 1959 5.8(4.9-6.9)
45 - 85 942| 11793 7.4(7.0-7.8)] 248 12487 1.9(1.7-21)] 358 12377 2.8(2.5-3.1)
45 - 54 57| 3311 1.7 (1.1-2.3) 11| 3357 1.1 (0.8 - 1.4) 16 3352 2.1(15-2.5)
55-64 224 4081 5.2 (4.4-5.9) 55 4250 3.9(3.4-45) 63 4242 52 (1.5-25)
ALM/BMI |65 - 74 276 2705 9.3(8.2-10.3) 80 2901 8.2(73-9.1)] 112 2869 10.6 (9.5-11.6)
75 - 85 230 1850 11.1(9.8-12.4)] 143 1937| 20.9 (19.3-22.5)] 130 1950, 21.8 (20.1 - 23.4)
45 - 85 787| 11948 6.2(5.8-6.6)] 289 12446 23(2.0-2.6)] 321 12414 2.5(2.2-2.8)
45 - 54 98| 3270 2.9 (2.3-3.5) 6 3362 0.2 (0.0-0.3) 13 3355 0.4 (0.1-0.6)
ALM 55 - 64 311 3994 7.2 (6.4 —8.0) 48| 4257 1.1(0.8-1.4) 55 4250 1.3(0.8-1.6)
residuals 65- 74 281 2700 9.4 (8.4-10.5) 64| 2917 2.1(1.6-2.7) 67 2914 2.2(1.5-2.8)
75 - 85 225 1855/ 10.8(9.6-12.2)] 109 1971 52(4.3-6.2)] 110 1970 5.3(4.3-6.3)
45 - 85 915| 11820 7.2(6.8-7.6)] 227 12508 1.8(1.6-20) 245 12490 1.9(1.7-2.1)
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20th percentile cut points

45 - 54 352] 3016] 10.5(9.4-115) 20| 3348 0.6 (0.4-0.9) 17 3351 0.5(0.3-0.7)
55 - 64 585|  3720[ 13.6 (12.6 - 14.6) 79| 4226 1.8(1.4-22) 70 4235 1.6 (1.3-2.0)
ALM/height |65 -74 515| 2466 17.3(159-18.6)] 108 2873 3.6(3.0-4.3) 85 2896 2.9(2.3-35)
75-85 497| 1583| 23.9(22.1-25.7)| 253] 1827 12.2(10.8-13.6)] 193 1887 9.3(8.1-10.5)
45 -85 1949| 10785| 15.3 (14.7-15.9)] 460] 12274 3.6(3.3-39) 365 12369 29(26-3.2)
45 - 54 236| 3132 7.0(6.2-7.9) 15/ 3353 0.4(0.2-0.7) 43 3325 1.3(09-1.7)
55 - 64 641| 3664| 14.9 (13.9-15.9) 96| 4209 22(1.8-2.7) 149 4156 35(29-4.0)
ALM/weight |65 - 74 586| 2395 19.7 (18.3-21.1)] 119| 2862 40(3.3-47) 192 2789 6.4 (5.6 -7.3)
75-85 426| 1654| 20.5(18.8-22.3)] 199] 1881 9.6(8.4-10.8)] 238 1842| 11.4(10.1-12.8)
45 -85 1889 10845| 14.8 (14.2-15.5)] 429 12305 34(3.1-37) 622 12112 49(45-5.3)
45 - 54 147) 3221 4.4 (3.7-5.0) 16/ 3352 0.5(0.3-0.7) 27 3341 0.8(0.5-1.1)
55 - 64 498 3807| 11.6 (10.6-12.5)] 100] 4205 23(1.9-28) 117 4188 2.7(22-3.2)
ALM/BMI |65-74 554| 2427 18.6 (17.2—-20.0)] 153] 2828 51(4.4-5.9) 181 2800 6.1(5.2-6.9)
75-85 458| 1622| 22.0(20.3-23.8)] 239] 1841| 11.5(10.1-12.8)] 232 1848| 11.2(9.8-12.5)
45-85| 1657| 11077 13.0 (12.4-13.6)] 508] 12226 40(3.7-4.3) 557 12177 4.4 (4.0 -4.7)
45 - 54 227 3141 6.7 (5.9-7.6) 10 3358 0.3(0.1-0.5) 21 3347 0.6 (0.4-0.9)
ALM 55 - 64 619| 3686| 14.4 (13.3-15.4) 88| 4217 2.0(1.6-25) 99 4206 2.3(1.9-2.8)
residuals 65 - 74 557|  2424| 18.7 (17.3-20.1)] 109| 2872 3.7(3.0-44)] 121 2860 4.1(3.4-4.8)
75-85 455 1625| 21.9(20.1-23.7)] 200/ 1880 9.6(8.4-10.9) 193 1887 9.3(8.1-10.5)
45 - 85 1858| 10876| 14.6 (14.0-15.2)] 407| 12327 3.2(29-35) 434 12300 34(33.1-3.7)
40th percentile cut points
45 - 54 824|  2544| 245 (23-25.9) 40| 3328 1.2(0.8-1.5) 47 3321 14(1.0-1.8)
55 - 64 1323| 2982| 30.7 (29.4-32.1)] 140| 4165 3.3(2.7-38)] 153 4152 3.6(3.0-4.1)
ALM/height |65 - 74 1087 1894| 36.5(34.8-38.2)] 195 2786 6.5(5.7-7.4)] 182 2799 6.1(5.3-7.0)
75-85 937 1143| 45.0 (42.9 - 47.2) 404 1676| 19.4 (17.7 - 21.2) 335 1745 16.1 (14.6 - 17.6)
45 -85 4171| 8563 32.8(31.9-33.6)] 779 11955 6.1(5.7-6.5)] 717 12017 5.6 (5.2 -6.0)
ALM/weight 45 - 54 588|  2780| 17.5(16.2 - 18.7) 41 3327 1.2(0.9-1.6) 94 3274 2.8(2.2-3.4)
55 - 64 1371] 2934| 31.8(30.5-33.3)] 157| 4148 3.6(3.1-42) 267 4038 6.2 (5.5-6.9)
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65-74] 1174 1807| 39.4 (37.7-41.1)| 218] 2763 7.3(6.4-8.3) 340 2641 11.4(10.3-12.5)

75-85|  850] 1230] 40.9(38.8-43)] 359 1721] 17.3(15.6-18.8)] 429 1651 20.6 (18.9 - 22.4)

45-85| 3983 8751| 31.3(30.5-32.1)] 775 11959] 6.1(5.7-6.5) 1130 11604 8.9 (8.4-9.4)

45-54|  421] 2947| 125(11.4-13.6)] 38 3330 11(0.8-15) 70| 3298 2.1 (16 -2.6)

55-64] 1153] 3152| 26.8 (255-28.1)] 169] 4136 3.9 (3.4-45) 222/ 4083 5.2 (45-5.8)
ALM/BMI [65-74| 1120] 1861] 37.6 (35.9-39.3)] 245 2736] 8.2(7.3-9.2)] 317]  2664] 10.6(9.5-1L7)
75-85|  904] 1176| 435 (41.3-45.6) 435 1645) 20.9 (19.2-22.7)] 453 1627| 21.8 (20.0 - 23.6)

45-85| 3598] 9136| 28.3 (27.5_29.0)] 887| 11847 7.0(65-7.4) 1062] 11672 8.3(7.9-8.8)

45-54| 625 2743 186(17.3-19.9) 30 3338] 09(0.6-1.2) 58 3310 17(13-22)

ALn  [P5-64  1342] 2063[312(208-326) 149| 4156] 35(29-40) 187  4118]  43(38-4.9)
rosiduals 163774 1187 1844[ 38.1(36.4-39.9)] 200] 2781 6.7(58-76) 240 274l 8.1(7.1-9.0)
75-85|  887| 1103| 42.6 (405-44.8) 376] 1704| 18.1 (16.4-19.7)] 368 1712 17.7 (16.1- 19.3)

45-85| 3991 8743| 31.3(30.5-32.1)] 755 11979] 59(55-6.3) 853] 11881 6.7 (6.3-7.1)
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Supplementary Table 3. Agreement (Cohen’s kappa) between sarcopenia definitions including muscle mass and grip
strength and muscle mass and gait speed by each muscle mass adjustment technique

Males
Comparison T?:ﬁ;‘g:g 45 - 54 years 55 - 64 years 65 - 74 years 75 - 85 years

P kappa 95% CI kappa 95% CI kappa 95% CI kappa 95% CI
Grip strength of <30kg and gait
speed <0.8m/s 0.13 (0.07-0.2.0) 0.08 (0.04-0.12) 0.18 (0.13-0.22) 0.11 (0.07-0.15)
ALM height and grip 10 040 (0.08-0.71) 0.28 (0.14-0.43) 044 (0.32-0.57) 033 (0.25-0.41)
strength versus ALM 20 0.37 (0.16 - 0.59) 0.23 (0.11-0.35) 0.38 (0.28-0.47) 0.33 (0.26-0.39)
height and gait speed 40 0.20 (0.06 - 0.35) 0.14 (0.05-0.22) 0.30 (0.23-0.38) 0.27 (0.21-0.32)
ALM weight and grip 10 029 (0.07-0.52) 021 (0.09-0.32) 0.36 (0.26 - 0.46) 041 (0.32-0.50)
strength versus ALM 20 0.31 (0.13-0.48) 0.18 (0.09 - 0.26) 0.32 (0.24-0.39) 0.35 (0.28-0.42)
weight and gait speed 40| 029 (0.16-0.43) 019 (0.11-0.26) 0.24 (0.18-0.30) 027 (0.22-0.32)
ALM BMI and grip 10 047 (0.21-0.74) 0.17 (0.06 - 0.29) 041 (0.32-0.51) 0.39 (0.30-0.47)
strength versus ALM 20 0.36 (0.16 - 0.55) 0.20 (0.11-0.29) 0.33 (0.26 - 0.40) 0.33 (0.27-0.39)
BMI and gait speed 40| 023 (0.10-0.36) 0.19 (0.12-0.26) 0.26 (0.20 - 0.32) 026 (0.21-0.31)
ALM residuals and 10 0.30 (0.07-0.54) 0.26 (0.14-0.38) 0.35 (0.25-0.44) 032 (0.26-0.39)
grip strength versus 033 (0.18-0.49 0.20 (0.11-0.29 031 (0.23-0.38 027 (0.22-0.33
ALM residuals and gait 20 ' (0.18-0.49) ' (0.11-0.29) ' (0.23-0.38) : (0.22-0.33)
speed 40 0.22 (0.10-0.33) 0.16 (0.09 - 0.22) 0.26 (0.20-0.32) 0.21 (0.16 - 0.26)

Females
Comparison T?:ﬁjﬁg:g 45 - 54 years 55 - 64 years 65 - 74 years 75 - 85 years

P kappa 95% CI kappa 95% CI kappa 95% CI kappa 95% ClI
Grip strength of <20kg and gait
speed <0.8m/s 0.09 (0.04-0.14) 0.13 (0.09 -0.17) 0.12 (0.08 - 0.16) 0.17 (0.12-0.21)
ALM height and grip 10 0.00 (0.00-0.00) 0.27 (0.13-0.4.0) 021 (0.10-0.32) 054 (0.46 - 0.62)
strength versus ALM 20 0.05 (-0.05-0.15) 0.26 (0.16-0.35) 021 (0.13-0.29) 0.48 (0.42-0.54)
height and gait speed 40| 013 (0.03-0.23) 022 (0.15-029) 022 (0.15-0.28) 042 (0.37-0.47)
ALM weight and grip 10 012 (-0.03-0.27) 0.29 (0.19 - 0.38) 0.30 (0.21-0.39) 061 (0.53-0.68)
strength versus ALM 20 0.20 (0.06-0.34) 0.23 (0.16-0.31) 0.23 (0.17 -0.30) 055 (0.49 - 0.61)
weight and gait speed 40 0.15 (0.06-0.23) 0.19 (0.13-0.24) 022 (0.17-0.27) 0.45 (0.40 - 0.50)
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ALM BMI and grip 10 014 (-0.04-0.33) 0.33 (0.22-0.44) 0.34 (0.26 - 0.43) 0.64 (0.58-0.71)
strength versus ALM 20 0.18 (0.02-0.34) 0.31 (0.22-0.39) 0.28 (0.22-0.35) 0.54 (0.48-0.60)
BMI and gait speed 40 017 (0.07-0.27) 023 (0.17-029) 024 (0.18-0.29) 043 (0.38-0.47)
ALM residuals and 10 0.19 (0.00-0.38) 0.25 (0.16 - 0.35) 025 (0.17-0.33) 051 (0.44-0.58)
gArl'_r,’vftrr:Sri‘gLZ,‘gz‘ésgait 20 012 (0.01-0.23) 022 (0.15-0.30) 0.24 (0.17-0.30) 048 (0.42-0.53)
speed 40 009 (0.01-0.17) 0.20 (0.14 - 0.26) 0.19 (0.14-0.24) 0.39 (0.35-0.44)
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Supplementary Table 4. Agreement between muscle mass adjustment techniques in males stratified by age and muscle
variables used to operationalize sarcopenia
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Muscle mass
adjustment Combination of 45 - 54 years 55 to 64 years 65 to 74 years 75 and older
comparison muscle variables
10th percentile threshold
ALM/heightvs  Mass only 0.02 (-0.02-0.06) 0.02 (-0.02-0.05) 0.03 (-0.01-0.07) 0.11 (0.06-0.15)
ALM/weight — \pass + grip 026 (-003-056) 018 (0.05-0.30) 024 (0.12-0.36) 0.26 (0.17-0.34)
Mass + gait 0.22 (0.01-0.43) 0.04 (-0.03-0.11) 017 (0.09-0.26) 0.26 (0.18-0.34)
ALM/heightvs  Mass only 0.01 (-0.03-0.06) 0.04 (0.00-0.08) 0.06 (0.01-0.10) 0.10 (0.05-0.14)
ALMBMI \ass + grip 026 (-0.03-056) 024 (0.10-0.38) 021 (0.10-0.31) 025 (0.17-0.33)
Mass + gait 0.19 (-0.04-0.41) 0.04 (-0.03-0.12) 019 (0.10-0.28) 0.27 (0.19-0.35)
ALM/heightvs  Mass only 049 (0.41-057) 058 (053-0.63) 047 (0.42-051) 0.52 (0.48-0.56)
ALM residuals  njass + grip 063 (0.38-0.88) 0.72 (0.60-0.84) 070 (0.60-0.80) 0.68 (0.62-0.74)
Mass + gait 0.73 (052-0.94) 057 (0.45-0.70) 058 (0.49-0.68) 0.64 (0.58-0.70)
ALM/weight vs  Mass only 059 (050-0.67) 059 (0.53-0.64) 056 (0.51-0.61) 0.54 (0.49-0.60)
ALM/BMI  \ass + grip 089 (0.74-100) 075 (0.64-0.87) 075 (0.67-0.84) 0.65 (0.57-0.73)
Mass + gait 0.67 (047-0.86) 0.64 (053-0.76) 064 (0.56-0.72) 0.62 (0.55-0.70)
ALM/weight vs  Mass only 021 (0.15-0.28) 0.22 (0.17-0.27) 0.30 (0.25-0.34) 0.31 (0.27 - 0.36)
ALMresiduals  njass + grip 036 (0.10-062) 038 (0.24-052) 045 (0.33-0.56) 050 (0.42-0.57)
Mass + gait 0.38 (0.17-0.60) 0.32 (0.21-0.44) 047 (0.38-0.56) 0.44 (0.37-0.51)
ALM/BMI vs ALM Mass only 0.09 (0.03-0.15) 0.14 (0.09-0.18) 0.16 (0.12-0.21) 0.14 (0.10-0.19)
residuals  \jass + grip 027 (0.03-052) 033 (0.19-0.47) 035 (0.24-0.46) 0.36 (0.29 - 0.44)
Mass + gait 0.32 (0.08-055) 0.26 (0.15-0.38) 0.33 (0.24-0.41) 0.30 (0.23-0.37)
20th percentile threshold

ALM/heightvs  Mass only 0.00 (-0.04-0.03) 0.03 (0.00-0.07) 0.05 (0.02-0.09) 0.17 (0.13-0.22)
ALMIweight 1555 + grip 027 (0.06-049) 0.25 (0.13-0.37) 027 (0.17-0.36) 0.42 (0.35-0.49)
Mass + gait 024 (0.08-041) 0.2 (0.04-0.20) 025 (0.18-0.32) 0.37 (0.30-0.43)
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ALM/heightvs  Mass only 0.03 (-0.01-0.07) 0.06 (0.02-0.09) 0.07 (0.03-0.11) 0.13 (0.09-0.17)
ALMIBMI ass + grip 037 (0.16-059) 029 (0.17-0.42) 035 (0.26-0.44) 0.43 (0.37-0.50)
Mass + gait 0.30 (0.11-049) 0.14 (0.06-0.22) 0.27 (0.20-0.35) 0.36 (0.30 - 0.43)

ALM/heightvs  Mass only 055 (0.50-0.60) 058 (0.54-0.61) 0.52 (0.48-0.55) 0.59 (0.56-0.62)
ALMresiduals  njass + grip 071 (0.56-0.86) 0.76 (0.66-0.86) 0.68 (0.60-0.76) 0.73 (0.69-0.78)
Mass + gait 056 (0.39-0.73) 0.65 (0.56-0.74) 059 (0.52-0.66) 0.68 (0.63-0.73)

ALM/weight vs  Mass only 054 (0.48-0.61) 060 (0.56-0.64) 0.58 (0.54-0.62) 0.58 (0.54-0.62)
ALM/BMI  ass + grip 062 (0.41-0.83) 075 (0.65-0.84) 075 (0.68-0.82) 0.70 (0.64-0.75)
Mass + gait 0.76 (0.64-0.89) 0.72 (0.65-0.80) 0.76 (0.71-0.81) 0.71 (0.66 - 0.76)

ALM/weight vs  Mass only 022 (0.17-0.27) 025 (0.21-0.29) 027 (0.24-0.31) 0.34 (0.3-0.37)
ALMresiduals  njass + grip 047 (0.29-0.66) 050 (0.38-0.62) 050 (0.42-059) 059 (0.53-0.65)
Mass + gait 058 (0.43-0.72) 041 (0.31-050) 053 (0.46-0.60) 0.53 (0.47-0.58)
ALM/BMI vs ALM Mass only 0.13 (0.08-0.18) 0.17 (0.13-0.21) 0.13 (0.09-0.17) 0.18 (0.14-0.22)
residuals  \jass + grip 044 (0.26-062) 0.44 (0.32-056) 045 (0.37-0.54) 054 (0.49-0.60)
Mass + gait 052 (0.36-0.69) 0.38 (0.28-0.47) 0.38 (0.31-0.44) 0.42 (0.36-0.48)

40th percentile threshold

ALM/heightvs  Mass only 0.04 (0.00-0.07) 0.02 (-0.01-0.05) 0.07 (0.03-0.10) 0.15 (0.11-0.20)
ALM/weight — \pass + grip 036 (0.20-053) 037 (0.26-0.48) 051 (0.44-059) 064 (0.59-0.69)
Mass + gait 0.28 (0.15-042) 0.28 (0.20-0.36) 0.37 (0.31-0.43) 0.48 (0.43-0.53)

ALM/heightvs  Mass only 0.06 (0.02-0.10) 0.01 (-0.02-0.04) 0.04 (0.00-0.07) 0.10 (0.06-0.14)
ALM/BMI  ass + grip 045 (0.28-0.62) 046 (0.36-057) 054 (0.46-0.61) 0.67 (0.63-0.72)
Mass + gait 0.32 (0.18-045) 027 (0.20-0.35) 0.38 (0.32-0.44) 0.47 (0.42-0.52)

ALM/heightvs  Mass only 062 (059-0.66) 060 (057-0.62) 0.60 (0.57-0.63) 0.60 (0.57-0.63)
ALM residuals  pjass + grip 0.82 (0.71-0.92) 0.66 (0.56-0.75) 0.80 (0.75-0.85) 0.89 (0.86-0.92)
Mass + gait 071 (0.60-0.82) 0.67 (0.60-0.74) 0.70 (0.66-0.75) 0.80 (0.77 - 0.83)

ALM/weight vs  Mass only 061 (057-0.65) 062 (0.59-0.65) 0.61 (0.58-0.64) 0.57 (0.54-0.61)
ALMIBMI s + grip 081 (0.69-092) 086 (0.80-0.91) 0.83 (0.78-0.87) 0.84 (0.81-0.87)
Mass + gait 0.74 (0.63-0.84) 082 (0.77-0.87) 079 (0.75-0.83) 0.77 (0.73-0.81)
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ALM/weight vs  Mass only 026 (0.22-0.29) 025 (0.22-0.28) 0.33 (0.30-0.37) 0.33 (0.30-0.37)
ALMresiduals  njass + grip 061 (047-0.75) 067 (058-075) 073 (0.67-0.79) 0.74 (0.70-0.79)
Mass + gait 056 (044-0.68) 056 (0.49-0.62) 064 (0.59-0.69) 0.64 (0.60 - 0.68)
ALM/BMI vs ALM Mass only 018 (0.14-0.22) 014 (0.11-0.17) 0.8 (0.15-0.22) 0.15 (0.11-0.19)
residuals — pjass + grip 056 (0.41-0.70) 0.68 (0.60-0.76) 070 (0.64-0.76) 0.75 (0.71-0.79)
Mass + gait 047 (0.35-0.59) 0.49 (0.42-0.56) 056 (0.51-0.62) 0.57 (0.52-0.61)
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Supplementary Table 5. Agreement between muscle mass adjustment techniques in females stratified by age and muscle
variables used to operationalize sarcopenia
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Muscle mass
adjustment Combination of 45 - 54 years 55 to 64 years 65 to 74 years 75 and older
comparison muscle variables
10th percentile threshold
ALM/heightvs  Mass only 0.00 (-0.03-0.03) 0.01 (-0.02-0.04) 0.02 (-0.02-0.06) 0.09 (0.04-0.14)
ALM/weight 455 + grip 0.00 (0.00-0.00) 0.16 (0.05-0.26) 0.15 (0.06-0.23) 0.17 (0.10-0.24)
Mass + gait 0.06 (-0.06-0.18) 0.05 (-0.01-0.11) 0.06 (0.00-0.11) 0.13 (0.06 - 0.20)
ALM/heightvs  Mass only 0.00 (-0.03-0.03) 0.04 (0.00-0.08) 0.03 (-0.01-0.06) 0.11 (0.05-0.16)
ALMBMI \ass + grip 010 (-009-029) 017 (0.07-028) 015 (0.07-0.24) 0.7 (0.10-0.24)
Mass + gait 0.00 (0.00-0.00) 0.10 (0.01-0.19) 0.09 (0.02-0.15) 0.18 (0.10-0.25)
ALM/height vs  Mass only 042 (0.35-0.49) 0.35 (0.30-0.39) 0.38 (0.33-0.43) 0.43 (0.37-0.48)
ALM residuals  pjas5 + grip 033 (0.05-0.61) 046 (0.35-058) 050 (0.40-0.60) 050 (0.43-0.57)
Mass + gait 0.36 (0.13-0.58) 0.35 (0.24-0.47) 0.39 (0.29-0.49) 0.52 (0.43-0.60)
ALM/weight vs  Mass only 050 (0.40-059) 056 (0.51-0.61) 058 (0.53-0.63) 0.55 (0.49-0.61)
ALM/BMI  \ass + grip 050 (0.23-0.77) 076 (0.67-0.85) 0.60 (0.50-0.69) 0.61 (0.53-0.68)
Mass + gait 0.65 (0.48-0.82) 0.66 (0.58-0.75) 0.67 (0.59-0.74) 0.57 (0.50 - 0.65)
ALM/weight vs  Mass only 019 (0.13-0.26) 026 (0.22-0.31) 0.32 (0.27-0.37) 0.36 (0.31-0.42)
ALM residuals  pjass + grip 031 (0.04-059) 051 (0.40-0.61) 050 (0.41-0.60) 0.48 (0.39 - 0.56)
Mass + gait 049 (0.31-0.67) 0.35 (0.26-0.44) 040 (0.32-0.49) 0.47 (0.40-0.55)
ALM/BMI vs ALM Mass only 011 (0.05-0.17) 016 (0.12-0.20) 0.16 (0.12-0.21) 0.19 (0.14-0.24)
residuals — njags + grip 0.09 (0.08-0.27) 045 (0.35-056) 032 (0.23-0.42) 031 (0.24-0.38)
Mass + gait 0.38 (0.18-0.57) 031 (0.21-0.40) 027 (0.19-0.35) 0.28 (0.21-0.35)
20th percentile threshold

ALM/height vs  Mass only -0.01 (-0.04-0.03) -0.02 (-0.04-0.01) -0.03 (-0.06-0.01) 0.05 (0.00 - 0.09)
ALMIweight 1555 + grip 0.05 (-0.06-0.16) 027 (0.18-0.36) 0.25 (0.18-0.33) 0.22 (0.16-0.28)
Mass + gait 0.09 (-0.01-0.20) 014 (0.07-0.20) 0.12 (0.06-0.17) 0.19 (0.13-0.24)
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ALMIheight Vs Mass only 0.00 (-003-003) 001 (0.02-004) 002 (-0.02-0.05 005 (0.0L-0.1)
ALMIBMI ass + grip 016 (0.00-0.33) 029 (0.20-0.38) 032 (0.25-0.40) 024 (0.18-0.3)
Mass + gait 001 (-0.01-0.00) 014 (0.07-0.21) 018 (0.11-0.24) 0.9 (0.13-0.25)

ALM/height Vs Mass only 052 (048-057) 045 (042-048) 044 (0.40-0.48) 045 (0.41-0.49)
ALM residuals  pjas5 + grip 066 (0.50-0.83) 0.66 (0.58-0.74) 0.61 (0.54-0.67) 0.61 (0.56-0.66)
Mass + gait 040 (0.24-056) 054 (0.46-0.62) 048 (0.40-055) 059 (0.53-0.66)

ALM/weight vs  Mass only 051 (0.44-057) 059 (055-063) 062 (058-0.65) 061 (0.56-0.65)
ALM/BMI  ass + grip 045 (0.23-0.67) 079 (0.73-0.85) 0.73 (0.67-0.79) 0.68 (0.63-0.73)
Mass + gait 062 (049-0.76) 0.73 (0.67-079) 073 (0.68-0.78) 0.70 (0.65-0.75)

ALM/weight vs  Mass only 021 (0.16-026) 030 (026-033) 034 (0.30-0.37) 0.38 (0.34-0.42)
ALMresiduals  njass + grip 021 (0.03-0.39) 056 (0.48-0.65) 059 (0.52-0.66) 0.52 (0.46-0.59)
Mass + gait 051 (0.38-0.64) 0.46 (0.39-054) 048 (0.41-054) 052 (0.47-0.58)
ALM/BMI vs ALM Mass only 012 (0.08-016) 017 (014-021) 019 (0.15-0.23) 020 (0.15-0.24)
residuals — njass + grip 015 (0.00-0.31) 050 (0.42-059) 051 (0.44-058) 039 (0.33-0.44)
Mass + gait 034 (0.20-0.49) 039 (0.31-047) 039 (0.32-0.46) 0.37 (0.31-0.43)

40th percentile threshold

ALM/height Vs Mass only 006 (-009--0.03) 007 (0.1--0.04) -0.06 (-0.1--0.03) 0.02 (-0.02-0.07)
ALM/weight  \jass + grip 024 (0.11-0.36) 040 (0.32-0.47) 041 (0.35-0.48) 0.36 (0.31-0.41)
Mass + gait 015 (0.07-0.24) 027 (021-033) 023 (0.18-0.29) 035 (0.3 -0.40)

ALM/height vs  Mass only 001 (0.04-002) 007 (0.1--0.04) -0.06 (-0.09--002) -0.02 (-0.07-0.02)
ALM/BMI  ass + grip 030 (0.17-0.43) 041 (0.34-0.48) 043 (0.37-0.49) 039 (0.34-0.44)
Mass + gait 021 (0.11-031) 024 (0.18-0.30) 024 (0.19-0.30) 0.35 (0.30-0.40)

ALM/height Vs Mass only 054 (0.51-057) 048 (046-051) 047 (0.44-050) 052 (0.48-0.55)
ALM residuals 1465 + grip 065 (053-0.78) 0.74 (0.68-0.79) 073 (0.68-0.78) 0.72 (0.68-0.76)
Mass + gait 059 (0.48-0.69) 0.65 (059-0.71) 0.62 (0.57-0.67) 0.70 (0.66-0.74)

ALM/weight vs  Mass only 060 (0.56-0.63) 0.63 (0.60-0.65) 064 (0.61-0.67) 065 (0.62-0.68)
ALMIBMI s + grip 065 (053-078) 0.84 (0.80-0.88) 0.86 (0.82-0.89) 0.78 (0.74-0.81)
Mass + gait 0.75 (0.68-0.82) 0.77 (0.73-0.81) 0.82 (0.79-0.85) 0.80 (0.77-0.83)
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ALM/Weight vs  Mass only 026 (022-0.30) 032 (0.29-0.34) 034 (0.30-037) 037 (0.34-041)
ALM residuals  pja65 + grip 049 (0.36-0.63) 0.64 (058-070) 0.66 (0.61-0.72) 0.61 (0.57-0.66)
Mass + gait 052 (0.43-0.62) 059 (0.54-0.64) 060 (0.55-0.65) 0.62 (0.58-0.66)
ALM/BMI vs ALM Mass only 018 (0.15-022) 017 (0.14-020) 019 (0.15-022) 023 (0.19-0.27)
residuals — nass + grip 041 (0.27-055) 058 (0.52-0.65) 0.63 (0.57-0.68) 059 (0.55-0.63)
Mass + gait 052 (0.42-062) 049 (044-055) 051 (0.46-0.56) 056 (0.52-0.60)
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Supplementary Figure 1. Percentage of males with sarcopenia using 10" percentile cut offs

Percentage sarcopenic (95% ClI indicated by bars)
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Supplementary Figure 2. Percentage of males with sarcopenia using 40" percentile cut offs

Percentage sarcopenic (95% ClI indicated by bars)
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Supplementary Figure 3. Percentage of females with sarcopenia using 10" percentile cut offs

Percentage sarcoepnic (95% CI indicated by bars)
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Supplementary Figure 4. Percentage of females with sarcopenia using 40th percentile cut offs
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Chapter 4: The association of sarcopenia with falls

This chapter has been submitted to the Journal of Cachexia, Sarcopenia and Muscle.
Alexandra Mayhew was responsible for developing the research question and study
protocols, applying for data, analyzing data, writing and revising the drafts of the
manuscripts. The work is primarily the undertaking of Alexandra Mayhew with guidance
from Drs. Parminder Raina and Stuart Phillips throughout the project. Dr. Nazmul Sohel
assisted with coding for the data analyses. Thesis committee members, Drs. Russell de
Souza, Paul McNicholas, Gianni Parise, and Lehana Thabane provided feedback
throughout the project. As an author generated version of a submitted manuscript, no

copyright license documentation is required.
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Context and background

Chapters 2 and 3 of this thesis showed that different methods of operationalizing
sarcopenia resulted in differences in the proportion of participants considered sarcopenic,
as well Chapter 3 finding that the agreement between the vast majority of sarcopenia
definitions was limited. However, based on the literature, it was not clear if the difference
in proportion of sarcopenic participants and poor agreement translate in differences in the
association of sarcopenia with health. One of the primary goals of the sarcopenia research
community is decide on a unified definition of sarcopenia. To do this, information is
required regarding the construct validity of sarcopenia definitions. The sarcopenia
definition(s) which best identify participants with outcomes thought to be associated with
sarcopenia are candidates for the unified definition. Therefore, the objective of this study
was to apply the sarcopenia definitions developed in Chapter 3 to assess the association
between sarcopenia and falls was assessed. Falls was selected as an outcome because of

their biological connection to sarcopenia and overall relevance to health in aging adults.
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Abstract

Background: Sarcopenia definitions recommend different combinations of muscle mass,
strength, and function as well as different methods of adjusting muscle mass. It is unclear
how these differences in definitions impact the association between sarcopenia and falls.
The objective of this study was to assess how differences in the operationalization of

sarcopenia impact the association between sarcopenia and falls.

Methods: Participants from the Canadian Longitudinal Study on Aging who were >65
years at baseline (2012-2015), had complete data for muscle mass, grip strength, gait speed,
body mass index, and falls (n=10,008) were included in the analyses. Sarcopenia was
defined using all combinations of muscle variables (muscle mass, grip strength and gait
speed) and methods of adjusting muscle mass (height, weight, BMI, and regressing on
height and fat mass) recommended by the expert group sarcopenia definitions. A range of
cut off values for all muscle measures were explored. Proportional odds regression models
were used to assess the relationship between sarcopenia and incident falls (0, 1, or 2+ falls)

measured 18 months after baseline data collection.

Results: In males, the sarcopenia definitions including muscle mass adjusted for weight,
BMI, and using the residual technique, each identifying approximately 20% of participants
as having low muscle mass, in combination with a grip strength of <26kg were associated
with a between 2.10 and 2.28 greater odds of having a higher level of falling (1 or more
falls versus 0 falls, 2 or more falls versus 0 or 1 falls). In females, none of the sarcopenia

definition explored were associated with a significant increase in the risk of falling.
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However, the results should be interpreted cautiously as only a small number of participants

with sarcopenia experienced falls.

Conclusions: Sarcopenia definitions based on different combinations of muscle variables
and methods of adjusting muscle mass are not equally associated with falls. In males,
definitions including grip strength but not gait speed, and adjusting muscle mass for weight,
BMI, or using the residual technique but not height, were associated with falls. In females,

sarcopenia was not associated with falls regardless of the definition used.
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Introduction

Sarcopenia refers to the decline in muscle mass, strength, and function that occurs during
ageing. The earliest definitions of sarcopenia were based on muscle mass alone and used
low appendicular lean mass (ALM) adjusted for height or weight. [1,2] More recent
expert group definitions have included measures of muscle strength or function in
addition to muscle mass based on evidence that muscle strength and muscle function are
more strongly associated with outcomes including disability and mortality compared to
muscle mass [3—-7] However, the variables included vary by definition as do the

techniques recommended for adjusting muscle mass.

It appears that the different sarcopenia definitions are not equivalent. Depending on the
definition used, between 9.9% and 40.4% of community-dwelling older adults are
sarcopenic. [8] Agreement between most definitions is limited with Cohen’s kappa values
of less than 0.60. [9-14] Efforts have been taken to move towards a more unified
sarcopenia definition by comparing the ability of the definitions to predict relevant health
outcomes. [15] Falls are one of the outcomes of greatest interest for sarcopenia due the
biological link between muscle strength and function with falls [16], because
approximately one third of adults aged 65 years and older fall each year [17], and because
falls and injuries related to falls are one of the largest contributors to a loss of

independence in older adults. [18]

Studies investigating the association between sarcopenia and falls have yielded
inconsistent results. In a meta-analyses of studies assessing the association between

sarcopenia and falls, certain definitions such as muscle mass adjusted for height and
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weight and some of the expert group definitions were associated with a greater risk of
falling. [19] In studies comparing definition in the same population, generally only
definitions including muscle strength and/or muscle function were significantly
associated with falls. [15,20,21] In addition to odds ratios or hazard ratios, one study
calculated the area under the curve (AUC) for sarcopenia and falls and found that
compared to a model with age alone, the AUC improved by less than 0.01 for all of the
included sarcopenia definitions, despite some of them being associated with a more than

two times greater odds of falling. [15]

To understand why sarcopenia has been inconsistently associated with falls, it is
necessary to systematically examine differences in how sarcopenia is operationalized. All
sarcopenia definitions are made up of three components; 1) combination of muscle
variables; 2) methods of adjusting muscle mass; and 3) cut points for all muscle variables.
Most definitions differ based on more than one of these components, making it
impossible to determine to what extent each component contributes to differences in the

strength of the relationship between sarcopenia and falls.

Understanding how combinations of muscle mass, muscle strength, and/or muscle
function as well the muscle mass adjustment techniques impact the relationship between
sarcopenia and health outcomes such as falls is a critical step towards finding a unified
sarcopenia definition. A single definition would benefit researchers by increasing the
comparability of results across studies, as well as clinicians who are given little, if any,
guidance on how to diagnose or treat sarcopenia despite it being included in the

International Classification of disease. [22] The objective of this study was to assess the
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impact of different methods of operationalizing sarcopenia on the strength of the

relationship between sarcopenia and falls.

Methods

Setting and study population

The Canadian Longitudinal Study on Aging (CLSA) is a national, longitudinal research
platform that includes 51,338 participants aged 45 to 85 years at baseline from the ten
Canadian provinces. To be eligible for the study, participants had to be physically and
cognitively able to participant on their own and not living in institutions such as long term
care. Participants were recruited in the Tracking cohort (n=21,241) and the
Comprehensive cohort (n=30,097). Tracking cohort participants were randomly selected
from all ten provinces and completed interviews by phone. The participants in the
Comprehensive cohort were randomly selected from within 25 to 50km of one of 11 Data
Collection Sites which are located in seven provinces. In addition to being interviewed in-
person, Comprehensive cohort participants completed in-depth physical assessments and
provided blood and urine samples. Details on the study design have been described
elsewhere. [23] The analyses for this study was limited to participants aged 65 years and
older in the Comprehensive cohort due to requiring physical assessment data and to those
identifying as European as muscle mass, muscle strength, and physical function have
shown to vary by ethnicity. [24-26] This project uses data collected during baseline
(September 2011 to May 2015) as well as data collected during a Maintaining Contact

Questionnaire administered approximately 18 months after baseline data collection.
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Clinical measurements

All data were collected by trained research assistants. Height was measured using a
stadiometer. The mean value of two measurements was used for analyses. Weight was
measured using a digital scale. BMI was calculated as weight in kilograms divided by
height squared. Muscle mass was measured by Dual Energy X-ray Absorptiometry (DXA)
using Hologic Discovery A™. The Hologic Discovery A™ DXA machine was calibrated
daily using a spine phantom, weekly using a whole body step phantom, and yearly using a
gold standard phantom. DXA provides an estimate of ALM which refers to the amount of
lean mass in the arms and legs. Lean mass includes muscle mass, organs, water, and all
other non-bone and non-fat soft tissues. [27,28] Hand grip strength was measured using the
Tracker Freedom ® Wireless Grip Dynamometer. Three repetitions were performed with
the dominant hand, the highest of which was used in the analyses. Grip strength measured
using a dynamometer has been shown to have excellent reliability and is predictive of falls,
disability, and impaired health-related quality of life. [29] Gait speed was measured using
a four meter walk course with participants instructed to walk at their normal walking speed.
The four meter walk test has been shown to have excellent test re-test reliability and is
significantly associated with self-rated health and performance on chair rise and balance

tests. [30,31]
Falls assessment

Falls were assessed during the maintaining contact interview that occurred appropriately
18 months after participants visited the data collection site. Participants were asked if they

had experienced a fall where they were hurt enough to limit some of their normal

138



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

activities in the past 12 months, and if they had a fall, how many times they had fallen.
Participants were categorized as having not fallen, fallen once, or fallen two or more

times.
Sarcopenia operationalization

Sarcopenia definitions include three components; 1) combination of muscle variables; 2)
methods of adjusting muscle mass; and 3) cut offs of each variable. [1,2,4-8,32]. We
defined sarcopenia based on the recommendation of the expert-group definitions. [4—7]
ALM was used to measure muscle mass and was adjusted by height, weight, BMI, or
regressing ALM on fat mass and height. [4—7] Muscle strength was measured using grip
strength with cut offs of 30kg, 27kg, and 26kg for males and 20kg and 16kg for females.
Muscle function was measured using gait speed using cut offs of 0.8m/s and 1.0m/s. [4—
6,32] Cut offs corresponding to the lowest sex-specific 10", 20™, and 40" percentiles of
muscle mass values for the CLSA were utilized (Table 1). Each combination of muscle
variables, methods of adjusting muscle mass, and cut offs were used to define sarcopenia.
The cut off of 27kg of grip strength for males, 1.0m/s for gait speed, and the muscle mass
thresholds corresponding to the 10" and 40" percentiles were included as secondary

analyses.
Statistical analyses

Of the 30,097 participants at baseline, 12,646 were >65 years. Participants were excluded
for being non-European (n=436), missing data on muscle mass, grip strength, gait speed
or BMI (n=1764), and missing data on falls (n=438). Data from 10,008 participants was

available for analyses. Multiple imputation (ten imputations) using the predictive mean
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matching technique was used for missing data. [33] The percentage of missing data for
any variable was <6.5%. The CLSA provides inflation weights and analytical weights,
which were used for prevalence estimates and regression modeling respectively, that
allow the results to reflect the population of Canada. [34] All statistical analyses were

completed using SAS (version 12.3).

A proportional odds model [35] was used to estimate the odds ratios and 95% confidence
intervals for the outcome of falls categorized as no falls, one fall, or two or more falls in
the previous year. The proportional odds model takes the ordinal nature of the falls data
into consideration. The proportionality assumption was tested and was not found to be
violated. Potential covariates were identified in the literature based on their relevance to
falls and sarcopenia. [36] The univariate association between each variable and falls was
assessed; any variable with a Wald statistic p-value of less than or equal to 0.25 was
considered a candidate for the model. Age was automatically included in the model and
other potential covariates were added in one at a time based on statistical significance.
Variables for which the deviance statistic was statistically significant (Chi-square test p-
value of <0.05) were kept in the model or those which impacted the strength of the
relationship between sarcopenia and falls. [37] The final model included age (65 to 74
years, 75 years and older), urinary incontinence, the use of mobility devices, general
health (fair or poor versus excellent, very good, or good), and the presence of pain or
discomfort for which the deviance was significant reduced (p <0.05) as well as diabetes
and osteoarthritis which had p-values of 0.054 and 0.072 respectively and impacted the

strength of the association between sarcopenia and falls. Analyses were stratified by sex.
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The discriminative ability of each sarcopenia definition for the outcome of one or more
falls and two or more falls was assessed using area under the receiver operator curve
(AUC) analyses. The direction of the misclassification was assessed by calculating

sensitivity and specificity. These analyses were unadjusted.
Results
Participant characteristics

The mean age of the participants was 73.0 + 5.7 years and 51.4% of the sample was male
(Table 2). Males had greater ALM (26.0 + 3.8kg) compared to females (17.4 + 3.0kg),
faster gait speed (0.94 = 0.12 versus 0.91m/s +/- 0.19, all m/s), and greater grip strength
(39.6 £ 8.5kg versus 23.7 + 5.2kg). Falls were more common in females than in males
with 13.0% of females and 9.5% of males reporting falling at least once in the previous

12 months. Weighted results are available in Supplementary Table 1.
Sarcopenia — Primary analyses

The proportional odds model provides one odds ratio for each exposure variable which
refers to the increase in risk of the outcome from one level to the next. The difference in
risk between the levels of the outcome are provided by y-intercepts for each of the non-

reference categories of the outcome variable.

In males using the 20" percentile cut offs for muscle mass, definitions including muscle
mass adjusted for weight, BMI, and using the residual technique in combination with low
grip strength (cut offs of either 30kg or 26kg) were significantly associated with falls with

odds ratios of between 1.66 and 2.33 (Table 3). The y-intercepts for having one or more
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falls versus no falls were between -4.29 and -4.34 and for having two or more falls versus
zero or one falls were between -2.67 and -2.72. Regardless of the definition of sarcopenia,
the AUC values ranged from 0.51 to 0.55 for having at least one fall and 0.51 to 0.56 for
having two or more falls (Supplementary Table 2). Compared to age alone, the AUC
values improved by only 0.01 to 0.04 for having at least one fall and 0.04 to 0.09 for

having two or more falls.

In females, none of the sarcopenia definitions were significantly associated with an
increased risk of falls (Table 4). The y-intercepts for having one or more falls versus no
falls were between -3.86 and -3.89 and the y-intercepts for having two or more falls
versus zero or one falls were between -2.24 and -2.29.The AUC values ranged from 0.50
to 0.52 for having at least one fall to 0.51 to 0.55 for having two or more falls
(Supplementary Table 2). Compared to age alone, the AUC values improved by only

0.01 to 0.02 for having at least one fall and 0.01 to 0.05 for having two or more falls.
Sarcopenia — Secondary analyses

In males, using definitions including the 10" or 40" percentile cut offs for muscle mass
typically changed the odds of falling by <0.30 with a trend towards definitions using the
40" percentile cut offs to become statistically significant (Supplementary Table 3).
Most notable of the changes was that muscle mass adjusted for height combined with grip
strength using cut offs of 30kg or 27kg were significantly associated with falls using the
40" put not the 20" percentiles. In females, using the alternative cut offs for muscle mass
and gait speed did not meaningfully change the interpretation of the results

(Supplementary Table 4). For males, the minimum and maximum AUC values
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including the alternative cut offs were 0.51 and 0.55 for having at least one fall and 0.51
and 0.60 for having at least two falls. For females, the minimum and maximum AUC
values were 0.50 and 0.54 for having at least one fall and 0.51 to 0.55 for having two or

more falls (Supplementary Table 2).
Multiple imputation

The results were not meaningfully changed when completers only analyses was

conducted (Supplementary Tables 5 and 6).
Discussion

This study systematically explored the impact of different combinations of muscle
variables and different cut points on the relationship between sarcopenia and falls. In
males, sarcopenia defined as the combination of low muscle mass and low grip strength
was significantly associated with falls with odds ratios between 1.65 and 2.76 for all grip
strength cut points and for all methods of muscle mass adjustment besides height?. In
females, sarcopenia was not significantly associated with increased falls for any of the
included definitions. Regardless of the strength of the association between sarcopenia and

falls, the clinical utility was limited with AUC values of less than 0.60 for all definitions.

The association of sarcopenia with falls in males, but not in females, has previously been
observed. Only two other studies have conducted sex-stratified analyses and both found
that the odds of falling were higher in sarcopenic males than in females but neither
attempted to explain the finding. [21,38] The reason for this apparent difference is unclear.
We explored if the association in males was stronger than in females due to a lower
percentage of males having low grip strength and gait speed compared to females. We
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created sex-specific cut offs for grip strength and gait speed corresponding to the lowest
5t 10M, 15M, and 20™ percentiles. Identifying the same percentage of males and females
with low grip strength and gait speed did not alter the results. Previous studies have noted
that there are sex differences in older adults for the risk factors for falls with males with
physical function limitations being at higher risk of injurious falls compared to females.
[39,40] This may reflect that males who generally have greater muscle mass and strength
compared to females rely more greatly on strength to avoid falling while females do not
which may translate into the presence of sarcopenia having a greater impact in males than
females.[41] Other non-function related risk factors such as urinary incontinence are strong
risk factors for falls in females but not in males. [40] Our study joins the growing body of
evidence showing that the risk factors of falls differ in males and females and highlights

the importance of conducting analyses which takes sex into account.

In males, definitions including ALM adjusted for height? and grip strength were not
significantly associated with falls while definitions including ALM adjusted for weight,
BMI, or using the residual technique and grip strength were. Few studies have compared
the different muscle mass adjustment techniques. One study observed that sarcopenia
defined as unadjusted ALM, but not height? adjusted ALM, was associated with falls [20]
and one found significant associations using height? adjusted definitions but not BMI
adjusted definitions. [21]A potential explanation for the attenuated association of
sarcopenia when ALM is adjusted for height? is because the ALM technique identifies
more individuals with normal BMI values (between 18.5kg/m? and 24.9kg/m?) as having
low muscle mass whereas the other techniques tend to identify more obese (BMI values

of >30kg/m?) individuals as having low muscle mass (Supplementary Table 7).
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Sarcopenia in the presence of obesity, called sarcopenic obesity, is associated with a
greater risk of falling compared to either sarcopenia or obesity alone. [42,43] Therefore
adjusting ALM for height? may be less strongly associated with falls compared to the
other definitions since these individuals on average have a healthier weight. Additionally,
in our analyses, the same grip strength cut offs were applied regardless of BMI. Given
that BMI is associated with increased grip strength in males, obese sarcopenic males with
low grip strength may have experienced more decline compared to normal weight males.
[44] Further investigation of how muscle mass adjustment techniques impact the

association of muscle mass with health outcomes is required.

Though many sarcopenia in definitions in males were associated with a two or more times
greater odds of falling, the maximum AUC value for all definitions was 0.59 (95% ClI
0.57 — 0.60). AUC are interpreted as the probability that a person who had fallen at least
once was sarcopenic versus not sarcopenic. Therefore, sarcopenic status provided little
information about the risk of falls over chance alone. To understand the direction of the
misclassification, the sensitivity and specificity of each definition for detecting falls was
assessed. For one or more falls, the sensitivity for all definitions ranged from 0.09 to 0.24
and the specificity was between 0.87 and 0.92. Therefore all the sarcopenia definitions
classified the participants not at risk for falling well, but had a limited ability to identify
those that would fall (Supplementary Tables 8 and 9). The modest AUC values may in
part reflect the issues of using DXA to estimate muscle mass. Though considered by
many to be the reference standard for measuring muscle mass for sarcopenia, DXA does
not actually measure muscle mass but rather lean mass which includes organ tissue,

water, and all other non-bone and non-fat soft tissues in addition to muscle mass. [27,28]
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Muscle mass directly measured using Ds-creatine is significantly associated with falls,
performance, and mobility limitations. [45] DXA measured lean mass is not associated
with these outcomes. Therefore, if muscle mass were more accurately measured,

sarcopenia may better identify those at risk of falling.

A strength of our study was the list of sarcopenia definitions used which allowed us to
examine how individual components of sarcopenia definitions impacted the association
between sarcopenia and falls. This allowed for important findings such as how adjusting
ALM for height? resulted in attenuated relationships with falls compared to other
adjustment techniques in males. Additionally, our method allowed us to explore how
using alternative cut offs impacted the association of sarcopenia with falls. This
strengthens our conclusion that sarcopenia is not associated with falls in females as we
excluded the potential that an association would be found using alternative cut offs.
Including the AUC analyses also provided insight about the clinical usefulness of

diagnosing sarcopenia in order to identify potential fallers.

There are several limitations to our study. The results of our study may have limited
generalizability. Our sample was limited to participants of European ethnicity. Muscle
mass, grip strength, and gait speed have been shown to differ by ethnicity and the CLSA
does not have the required sample size for ethnicity-specific analyses. [24-26] Though our
sample size was larger compared to most previous studies investigating sarcopenia and falls
[19], only a small percentage of participants experienced falls and our analyses were
therefore under powered (Supplementary Tables 8 and 9). Therefore, the results of this
study should be interpreted with caution as the estimates for the odds ratios and AUC values

may be unstable. In order to more definitively assess the association between sarcopenia
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and health, individual participant data from multiple studies should be pooled to provide

the required sample size.

Conclusions

We found that sarcopenia operationalized as low muscle mass adjusted for weight, BMI,
or using the residual adjustment technique in combination with low grip strength was
significantly associated with falling in males across a range of cut offs for low muscle
mass and low grip strength. Sarcopenia was not significantly associated with increased
odds of falling in females. In both males and females, the AUC analyses estimates for all
definitions were less than 0.60 suggesting that sarcopenia may have limited utility in
identifying potential fallers. These results highlight the need for future studies to conduct
sex-stratified analyses and to explore the individual components to sarcopenia definitions
to best identify people at risk of poor health. Future studies should also consider the use
of AUC analyses to better understand the clinical relevance of sarcopenia for identifying

people at risk of poor health.
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Table 1. Low muscle mass cut offs

Method of Low muscle
adjusting Percentile mass cut offs
muscle mass Males | Females

10th 7.29 5.58

ALM/height | 20th 7.68 5.93
40th 8.23 6.42

10th 26.96 21.4

ALM/weight | 20th 28.33 22.36
40th 30.12 23.81

10th 0.78 0.52

ALM/BMI | 20th 0.83 0.55
40th 0.9 0.6

10th -4.75 -2.95

reg'al'}’z'ils 20th 361 2.2
40th -1.97 -1.14
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Table 2. Participant characteristics

Characteristic

Males (n=5147)
Mean or N SD or %

Females (N=4861)
Mean or N SD or %

Age, years 73.0 5.6 72.9 5.7
Height, cm 174 6.7 160 6.3
Weight, kg 84.7 14.0 71.0 14.3
BMI, kg/m2 28.0 4.2 27.7 55
Total body fat mass, % 25.5 8.0 29.6 94
Appendicular lean mass, kg 26.0 3.8 174 3.0
ALM/height? 8.58 1.05 6.78 1.05
ALM/weight 30.9 3.1 24.8 2.9
ALM/BMI 0.94 0.12 0.64 0.10
Gait speed, meters per second 0.94 0.19 0.91 0.19
Grip strength, kg 39.6 8.5 23.7 5.2
Number of falls in previous year (%0)

Zero 4659 90.5 4231 87.0

One 381 7.4 479 9.9

Two or more 107 2.1 151 3.1
Self-rated general health (%0)

Fair or poor 404 7.8 381 7.8

Good, very good, or excellent 4743 92.2 4480 92.2
Presence of pain or discomfort (%) 3476 67.5 2071 42.6
Self-rated hearing (%0)

Fair or poor 926 18.0 4321 88.9

Good, very good, or excellent 4221 82.0 540 111
Urinary incontinence (%) 407 7.9 721 14.8
Household income (%)

< $20,000 175 3.4 460 9.5

> $20,000 < $50,000 1315 25.5 2000 41.1

> $50,000 <$100,000 2279 44.3 1723 35.4

> $100,000 < $150,000 892 17.3 467 9.6

> 150,000 487 9.5 212 4.4
Smoking status (%0)

Current 265 5.2 239 4.9

Never or former 4882 94.8 4622 95.1
COPD (%) 329 6.4 389 8.0
Depression (%) 519 10.1 873 17.9
Neurological conditions (%) 357 6.9 837 17.2
Arthritis (%) 1389 27.0 2074 42.7
Diabetes (%0) 1228 23.9 837 17.2
Stroke (%) 393 7.6 323 6.6
Osteoporosis (%) 191 3.7 1193 24.5
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Table 3. Association between sarcopenia and falls in males using different methods of operationalizing sarcopenia

Y-
Sarcopenia definition Number of  intercept I?tirtflipt
participants  for one o: mm?e Odds 95% )
with or more falls of Confidenc vaﬂue
Combination of muscle Method of adjusting muscle sarcg/penla falls versus falling e interval
variables mass (%) VErsUS — zeroor
no falls
one falls

Height 1007 (19.6) -4.31 -2.69 1.13 0.83-1.53 0.428
Muscle mass only (20th Weight 999 (19.4) -4.34 -2.12 151 1.13-2.00 0.005
percentile) BMI 1008 (19.6) -4.30 -2.68 1.15 0.86-1.54 0.359

Residuals 1009 (19.6) -4.33 -2.71 1.28 0.96-1.71 0.099
Grip strength only <30kg 655 (12.7) 4.31 269 143 1.02-1.99  0.036
Grip strength only <26kg 253 (4.9) -4.30 267 180 1.13-2.86  0.013
Gait speed only <0.8m/s 1136 (22.1) 4,31 269 128 096-1.70  0.095

Height 243 (4.7) -4.29 267 127 075-214 0.375
mgigftme‘;ﬁ:n(jgtnp Weight 224 (4.4) 429 267 160 097-2.63  0.065
strength <30kg BM-I 285 (5.5) -4.29 -2.67 1.66 1.06-2.59 0.026

Residuals 218 (4.2) -4.29 -2.67 1.66 1.01-274 0.046

Height 106 (2.1) -4.29 -2.67 141 0.67-2.99 0.364
mﬁigftme?f:n(jgtnp Weight 104 (2.0) 4.29 267 214 111-413  0.024
strength <26kg BM-I 122 (2.4) -4.29 -2.67 2.33 1.28-4.26 0.006

Residuals 95 (1.8) -4.29 -2.67 2.14 1.08-4.25 0.029

Height 258 (5.0) -4.29 -2.67 1.18 0.70-1.98 0.707
mgig:f’tma;‘f:n(g%t;t Weight 344 (6.7) 4.29 267 154 101-236 0.164
speed <0.8m/s BM_I 357 (6.9) -4.29 -2.67 1.20 0.77-1.87 0.812

Residuals 274 (5.3) -4.29 -2.67 1.33 0.82-2.16 0.385
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Table 4. Association between sarcopenia and falls in females using different methods of operationalizing sarcopenia

Y-
Y- .
Sarcopenia definition Number of  intercept I?;irtfligt
participants  for one Odds 95%
. or more . p-
with . or more falls OT C(_)nfldence value
Combination of muscle Method of adjusting muscle sarcopenia falls versus falling interval
variables mass (%) Versus Zero or
no falls
one falls
Height 972 (20.0) -3.89 -229 112 0.87-1.44 0.367
Muscle mass only (20th ~ Weight 963 (19.8) -3.85 224 089 0.70-1.15 0377
percentile) BMI 961 (19.8) -3.86 226 101 0.79-129 0947
Residuals 969 (19.9) -3.88 228 110 087-141 0419
Grip strength only <20kg 1125 (23.1) -3.86 -2.26 1.00 0.78-1.27 0.990
Grip strength only <16kg 338 (7.0) -3.86 226 093 062-1.33 0.701
Gait speed only <0.8m/s 1414 (29.1) -3.88 -2.28 115 092-145 0.219
Height 340 (7.0) -3.86 226 107 0.73-158 0.722
mgigftme‘;ﬁ:n(jgtnp Weight 296 (6.1) -3.86 225 054 033-087 0011
strength <20kg BMI 366 (7.5) -3.86 225 073 049-109 0125
Residuals 291 (6.0) -3.86 226 093 061-142 0.740
Height 117 (2.4) -3.86 226 115 064-207 0.647
Muscle mass (20th Weight 83 (1.7) -3.86 226 050 02-128 0148
percentile) and grip
strength <16kg BMI 126 (2.6) -3.86 226 069 035-1.35 0.278
Residuals 88 (1.8) -3.86 226 079 0.36-1.73 0.550
Height 264 (5.4) -3.87 -227 128 0.85-193 0235
mgigftnﬂ?ﬁ:n(gzt;t Weight 411 (8.5) -3.86 226 094 066-134 0734
speed <0.8m/s BMI 396 (8.1) -3.86 226 113 081-159 0467
Residuals 304 (6.3) -3.87 221 140 0.97-2.01 0.075
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Supplementary Material

Supplementary Table 1. Participant characteristics — weighted data

Characteristic Males (n=5147) Females (N=4861)
Mean or N SE or % |Mean or N SE or %

Age, years 72.6 5.78 72.5 5.84
Height, cm 174 6.94 160 6.48
Weight, kg 84.8 14.8 71.0 15.1
BMI, kg/m2 28.0 4.5 27.8 5.8
Total body fat mass, % 25.5 8.6 29.7 9.9
Appendicular lean mass 26.1 4.0 17.3 3.1
ALM/height? 8.60 1.10 6.76 1.09
ALM/weight 31.0 3.3 24.7 2.9
ALM/BMI 0.94 0.13 0.63 0.10
Gait speed, meters per second 0.95 0.20 0.91 0.21
Grip strength, kg 39.9 9.1 23.9 55
Number of falls in previous year (%o)

Zero 361815 90.3 381393 86.7

One 30329 7.6 44458 10.1

Two or more 8522 2.1 13970 3.2
Self-rated general health (%0)

Fair or poor 30374 7.6 35400 8.0

Good, very good, or excellent 370293 924 404421 92.0
Presence of pain or discomfort (%0) 134030 335 191131 43.5
Self-rated hearing (%)

Fair or poor 68955 17.2 49554 11.3

Good, very good, or excellent 331712 82.8 390267 88.7
Urinary incontinence (%) 29424 7.3 67165 15.3
Household income (%0)

< $20,000 12324 3.1 40809 9.3

> $20,000 < $50,000 107245 26.8 175956 40.0

> $50,000 <$100,000 174030 434 157127 35.7

>$100,000 < $150,000 68468 17.1 45669 10.4

> 150,000 38600 9.6 20261 4.6
Smoking status (%)

Current 19979 5.0 20480 4.7

Never or former 380687 95.0 419341 95.3
COPD (%) 24132 6.0 32793 7.5
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Depression (%o)
Neurological conditions (%)
Arthritis (%)

Diabetes (%0)

Stroke (%)

Osteoporosis (%0)

39073
29368
109767
95406
27642
15275

9.8
7.3
27.4
23.8
6.9
3.8

77297
75426
183637
74616
29190
108571

17.6
171
41.8
17.0

6.6
24.7
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Supplementary Table 2. Area under the curve statistics for sarcopenia definitions using the outcomes of one or more falls
and two or more falls

163

Sarcopenia definition Males Females
1+ Fall 2+ falls 1+ Fall 2+ falls
Muscle  Combination of  Method of
mass muscle adjusting | AUC  95%Cl | AUC 95%Cl |AUC 95%Cl |AUC 95%Cl
percentile variables muscle mass
Grip strength <30kg males, <20kg females 054 053-054| 057 056-059| 051 051-052| 054 0.53-0.54
Grip strength <26kg males, <16kg females 052 052-053| 054 0.53-055| 050 0.50-0.51| 052 0.52-0.53
Grip strength <27kg males 053 0.53-054| 054 0.53-055| 050 0.50-0.51| 053 0.53-0.54
Gait speed <0.8m/s 054 054-055| 060 0.58-0.61| 054 0.53-0.55| 054 0.54-0.55
Gait speed <1.0m/s 051 051-052| 055 0.53-056| 052 0.51-052| 051 0.51-0.52
Muscle mass Height 051 051-052| 053 0.52-054| 050 0.50-0.51| 051 0.51-0.52
only Weight 053 052-053| 052 051-053| 050 0.50-051| 053 0.52-0.53
BMI 052 052-053| 055 0.53-056| 050 0.50-0.51| 052 0.52-0.53
Residuals 053 0.52-053| 053 0.52-054| 050 0.50-0.50| 053 0.52-0.53
Muscle mass Height 051 051-051| 051 0.51-052| 050 050-050| 051 0.51-0.51
and grip Weight 051 051-052| 051 0.50-052| 050 0.50-0.50| 0.51 0.51-0.52
f;;ﬁg‘gtzzzi%kg BMI 051 051-052| 054 053-055| 051 050-051| 051 0.51-0.52
10th females Residuals 051 051-052| 052 0.51-052| 050 0.50-0.50| 0.51 0.51-0.52
Muscle mass Height 051 050-051| 051 0.50-051| 050 0.50-0.50| 0.51 0.50-0.51
and grip Weight 051 051-051| 051 050-051| 050 0.50-0.50| 051 0.51-0.51
i’,ﬁ;‘iQStL‘ ﬁ(zkg BMI 051 051-051| 053 052-054| 050 0.50-0.50| 051 0.51-051
females Residuals 051 050-051| 051 050-051| 050 0.50-0.50| 051 0.50-0.51
Muscle mass Height 051 051-051| 051 051-052| 050 050-050| 0.51 0.51-0.51
and grip Weight 051 051-051| 051 0.50-051| 050 050-050| 051 0.51-0.51
BMI 052 051-052| 053 0.52-054| 050 0.50-0.50| 0.52 0.51-0.52
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strength <27kg 051 051-051| 051 05-051| 050 0.50-0.50| 051 0.51-0.51
males Residuals
Musclemass  Height 051 050-051| 052 051-053| 050 050-051| 051 0.50-051
and gaitspeed  \yjeight 052 051-052| 051 050-052| 051 0.50-051| 052 0.51-0.52
<0.8m/s BMI 051 051-051| 052 051-053| 050 0.50-0.50| 051 0.51-0.51
Residuals 051 051-052| 052 051-053| 051 051-051| 051 051-0.52
Muscle mass  Height 051 051-052| 052 051-053| 050 050-051| 051 0.51-052
and gaitspeed  \yeight 052 052-053| 052 051-053| 051 050-051| 052 0.52-0.53
<1.0m/s BMI 052 051-052| 054 053-055| 050 0.50-0.50| 052 0.51-0.52
Residuals 052 052-053| 053 052-054| 050 0.50-051| 052 0.52-0.53
Muscle mass  Height 052 051-052| 053 052-054| 051 050-051| 052 0.51-052
only Weight 055 0.54-056| 053 052-055| 050 0.50-0.51| 055 0.54-0.56
BMI 053 052-054| 056 055-058| 051 051-052| 053 0.52-0.54
Residuals 053 053-054| 053 052-054| 051 050-051| 053 0.53-0.54
Muscle mass  Height 051 051-052| 052 051-053| 050 050-051| 051 0.51-052
and grip Weight 052 052-052| 053 052-053| 050 0.50-051| 052 0.52-0.52
;g;elggti‘zzi‘;kg BMI 053 052-053| 055 0.54-056| 050 0.50-0.50| 053 0.52-053
fornales Residuals 052 052-052| 052 051-053| 050 0.50-051| 052 0.52-0.52
Muscle mass  Height 051 051-051| 051 051-052| 050 050-050| 051 0.51-051
20th | and grip Weight 052 051-052| 053 052-054| 050 0.50-0.50| 052 0.51-052
f;;ﬁggtzlzi%kg BMI 052 052-052| 054 053-055| 050 0.50-0.50| 052 0.52-052
fornales Residuals 051 051-052| 051 051-052| 050 0.50-0.50| 051 0.51-0.52
Muscle mass  Height 051 051-052| 052 051-052| 050 050-050| 051 0.51-052
and grip Weight 052 052-052| 053 0.52-053| 050 0.50-0.50| 052 0.52-0.52
f;;*iggtwﬂkg BMI 052 052-053| 054 053-055| 050 050-050| 052 0.52-0.53
Residuals 052 051-052| 051 051-052| 050 0.50-0.50| 052 0.51-0.52
Height 051 051-051| 052 051-053| 051 051-051| 051 0.51-051
Weight 052 052-053| 053 052-054| 051 050-051| 052 0.52-0.53
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Muscle mass  BMI 051 051-052| 055 054-056| 051 0.51-052| 051 0.51-052
igdggna}fstSpeed residuals 052 051-052| 053 0.52-053| 052 0.51-052| 052 0.51-0.52
. 1au
Muscle mass Height 052 051-052| 052 051-053| 051 051-051| 052 0.51-0.52
and gaitspeed  \yjeight 054 054-055| 053 0.52-054| 050 0.50-0.51| 054 0.54-0.55
<1.0m/s BMI 053 052-054| 056 055-058| 051 0.51-052| 053 052-0.54
Residuals 053 052-053| 051 050-053| 051 0.50-051| 053 052-0.53
Muscle mass  Height 053 052-054| 056 054-057| 051 0.50-052| 053 052-0.54
only Weight 0.54 054-055| 055 054-057| 051 0.50-051| 054 054-0.55
BMI 054 053-055| 058 057-0.60| 052 0.51-052| 054 053-0.55
Residuals 0.54 053-054| 055 053-056| 052 0.51-0.53| 0.54 053-0.54
Muscle mass  Height 053 053-054| 056 055-057| 051 0.51-052| 053 0.53-0.54
and grip Weight 053 053-054| 055 054-056| 050 0.50-0.51| 053 0.53-0.54
f;;ﬁggtzzzi%kg BMI 053 053-054| 056 055-057| 051 050-051| 053 0.53-0.54
females Residuals 053 053-054| 055 054-056| 051 0.51-051| 053 053-0.54
Muscle mass  Height 052 051-052| 054 053-055| 051 051-051| 052 0.51-052
and grip Weight 052 052-052| 054 053-055| 050 0.50-0.50| 0.52 0.52-0.52
40th Zﬁ;‘igﬁtﬂlzi%kg BMI 052 052-053| 054 053-055| 050 0.50-050| 052 0.52-053
females Residuals 052 052-053| 054 053-055| 051 0.50-051| 052 052-0.53
Muscle mass  Height 052 052-053| 054 053-055| 051 0.51-051| 052 052-0.53
and grip Weight 053 0.52-053| 054 0.53-055| 050 0.50-0.50| 0.53 0.52-0.53
f;;ﬁg‘gthﬂmg BMI 053 052-053| 054 053-054| 050 050-050| 053 0.52-0.53
Residuals 053 052-053| 054 053-055| 051 0.50-051| 053 052-0.53
Muscle mass  Height 052 052-053| 055 054-056| 053 0.52-053| 052 052-0.53
and gaitspeed \yeight 053 053-054| 057 056-058| 052 051-052| 053 0.53-0.54
<0.8mis BMI 053 053-054| 058 057-0.60| 052 052-0.53| 053 0.53-054
Residuals 053 052-053| 056 055-057| 053 0.52-0.53| 0.53 0.52-0.53
Height 054 053-055| 057 055-058| 052 051-052| 054 053-0.55
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Muscle mass _ Weight 054 053-055] 056 055-057] 051 051-052] 054 053-055
and gait speed  BMI 054 053-055| 059 057-0.60| 052 052-0.53| 054 0.53-0.55
<1.0m/s Residuals 054 054-055| 056 055-058| 052 052-053| 054 0.54-055
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Supplementary Table 3. Association between sarcopenia and falls in males using different methods of operationalizing
sarcopenia

Sarcopenia definition Number of
Muscle Combination of Me_thoql of par'illv(:i[[;;]ants Intercept Intercept Odd_s of Cor?fSi;A(;nce p-value
mass muscle variables adjusting sarcopenia 1 2 falling interval
percentile muscle mass (%)
Grip strength <30kg 655 (12.7) -4.31 -2.69 143 1.02-1.99 0.036
Not Grip strength <26kg 253 (4.9) -4.30 -2.67 180 1.13-2.86 0.013
applicable Grip strength <27kg 322 (6.3) -4.30 -2.68 1.81 1.19-2.73 0.005
Gait speed <0.8m/s 1136 (22.1) -4.31 -2.69 1.28 0.96-1.70 0.095
Muscle massonly  Height 499 (9.7) -4.30 -2.68 1.18 0.80-175 0.394
Weight 503 (9.8) -4.30 -2.68 124 0.85-1.81  0.256
BMI 500 (9.7) -4.30 -2.68 1.30 0.90-1.87 0.164
Residuals 504 (9.8) -4.32 -2.70 148 1.03-2.13  0.033
Muscle mass and Height 139 (2.7) -4.29 -2.67 155 0.83-2.90 0.171
grip strength <30kg  \\gight 131 (2.5) -4.29 -2.67 1.47  0.77-278  0.239
BMI 168 (3.3) -4.29 -2.67 1.60 0.91-2.80 0.103
10th Residuals 124 (2.4) -4.29 -2.67 1.65 0.87-3.13 0.128
Muscle mass and Height 60 (1.2) -4.29 -2.67 169 0.67-4.26 0.263
grip strength <26kg  \\/gight 64 (1.2) -4.29 -2.67 1.80 0.76-4.22  0.179
BMI 80 (1.6) -4.29 -2.67 2.08 0.98 - 4.39 0.056
Residuals 61 (1.2) -4.29 -2.67 1.65 0.67-4.03 0.273
Muscle mass and Height 76 (1.5) -4.29 -2.67 2.25 1.06 - 4.76 0.034
grip strength <27kg  \\gight 76 (1.5) -4.29 -2.67 1.97 0.93-4.17 0.075
BMI 92 (1.8) -4.29 -2.67 2.37 1.22 -4.60 0.011
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Residuals 75 (1.5) -4.29 -2.67 1.93 0.89-4.16  0.095

Muscle mass and gait Height 144 (2.8) -4.29 -2.67 1.10 056-2.14 0.788
speed <0.8m/s Weight 194 (3.8) -4.29 -2.67 1.26  0.72-219 0417
BMI 205 (4.0) -4.29 -2.67 1.08 0.62-1.89 0.780

Residuals 161 (3.1) -4.29 -2.67 141  0.78-254  0.257

Muscle mass and gait Height 355 (6.9) -4.30 -2.68 1.21 0.78-1.89 0.394
speed <1.0m/s Weight 407 (7.9) -4.29 -2.67 114 0.75-174 0531
BMI 405 (7.9) -4.29 -2.67 116 0.77-175  0.485

Residuals 369 (7.2) -4.30 -2.68 140 092-212  0.113

Muscle massonly  Height 1007 (19.6) -4.31 -2.69 1.13 0.83-153  0.428
Weight 999 (19.4) -4.34 -2.72 151 1.13-2.00  0.005

BMI 1008 (19.6) -4.30 -2.68 1.15 0.86-154  0.359

Residuals 1009 (19.6) -4.33 2,71 1.28 096-171  0.099

Muscle mass and Height 243 (4.7) -4.29 -2.67 127 0.75-2.14 0.375
grip strength <30kg  \\/gight 224 (4.4) -4.29 -2.67 1.60 0.97-263  0.065
BMI 285 (5.5) -4.29 -2.67 1.66 1.06-259  0.026

Residuals 218 (4.2) -4.29 -2.67 1.66 1.01-274  0.046

20th Muscle mass and Height 106 (2.1) -4.29 -2.67 141 0.67 - 2.99 0.364
grip strength <26kg  \\gight 104 (2.0) -4.29 -2.67 214 111-413  0.024
BMI 122 (2.4) -4.30 -2.67 233  1.28-426  0.006

Residuals 95 (1.8) -4.29 -2.67 214 1.08-425  0.029

Muscle mass and Height 129 (2.5) -4.29 -2.67 1.68 0.88-3.21  0.113
grip strength <27kg  \\gight 124 (2.4) -4.29 -2.67 229 1.28-4.13  0.006
BMI 147 (2.9) -4.30 -2.68 248 1.45-424  0.001

Residuals 119 (2.3) -4.29 -2.67 220 1.20-4.04 0.011

Height 258 (5.0) -4.29 -2.67 1.11 0.65-1.87  0.707
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Muscl d gait WVEight 344 (6.7) -4.29 -2.67 1.36 0.88-2.08  0.164
Spg;; ig‘gf:/s“ galt o\l 357 (6.9) -4.29 267 106 067-165 0.812
Residuals 274 (5.3) -4.29 -2.67 1.24 0.76-2.02 0.385

Muscle mass and gait Height 694 (13.5) -4.30 -2.68 111 0.79-1.58 0.542
speed <1.0m/s Weight 760 (14.8) -4.31 -2.69 1.36 0.99-1.86  0.059
BMI 789 (15.3) -4.30 -2.68 1.14 0.83-157 0425

Residuals 723 (14.0) -4.30 -2.68 118 0.85-1.65  0.327

Muscle mass only Height 2033 (39.5) -4.36 -2.74 121  0.94-1.55 0.138
Weight 2022 (39.3) -4.35 -2.73 1.24 097-160  0.091

BMI 2020 (39.2) -4.34 -2.72 119 093-152  0.177

Residuals 2019 (39.2) -4.35 -2.73 1.20 094-154  0.142

Muscle massand  Height 390 (7.6) -4.30 -2.68 154 1.03-232  0.036
grip strength <30kg  \yeight 379 (7.4) -4.30 -2.67 1.60 1.07-239  0.022
BMI 426 (8.3) -4.30 -2.68 1.63 1.11-240  0.013

Residuals 382 (7.4) -4.30 -2.68 1.67 1.12-249  0.011

Muscle mass and Height 164 (3.2) -4.29 -2.67 1.67 0.94-2.98 0.082
40th  |9rip strength <26Kg  \yeight 153 (3.0) -4.29 -2.67 209 120-3.65 0.010
BMI 175 (3.4) -4.29 -2.67 2.08 1.22-353  0.007

Residuals 155 (3.0) -4.29 -2.67 224 130-3.87  0.004

Muscle mass and Height 205 (4.0) -4.30 -2.67 1.85 1.11 - 3.07 0.017
grip strength <27kg  \\gight 194 (3.8) -4.29 -2.67 222 1.36-3.61 0.001
BMI 221 (4.3) -4.30 -2.67 215 1.35-3.44  0.001

Residuals 194 (3.8) -4.30 -2.68 234 1.44-380  0.001

Muscle mass and gait Height 489 (9.5) -4.30 -2.68 124 0.84-1.82 0.287
speed <0.8m/s Weight 595 (11.6) -4.29 -2.67 1.24 0.87-178  0.229
BMI 604 (11.7) -4.30 -2.68 1.28 0.90-1.82 0.164
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Residuals 528 (10.3) -4.30 -2.68 1.28 0.88-1.84  0.196
Muscle mass and gait Height 1358 (26.4) -4.33 -2.71 1.27 0.96-1.66 0.089
speed <1.0m/s Weight 1465 (28.5) -4.31 -2.69 1.14 0.87-149  0.339
BMI 1494 (29.0) -4.31 -2.69 1.13 0.87-148  0.364
Residuals 1401 (27.2) -4.34 -2.72 1.27 097-1.66  0.080
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Supplementary Table 4. Association between sarcopenia and falls in females using different methods of operationalizing
sarcopenia

Sarcopenia definition Number of 95%
Muscle Combination of Me_thoc_i of participants with Intercept  Intercept Odd's of Confidence p-value
mass . adjusting 0 1 2 falling ) |
percentile muscle variables muscle mass | S&reopenia (%) interva
Grip strength <20kg 1125 (23.1) -3.86 -2.26 1.00 0.78-1.27 0.990
Not Grip strength <16kg 338 (7.0) -3.86 -2.26 0.93 0.62-1.38 0.701
applicable |Gait speed <0.8m/s 1414 (29.1) -3.88 -2.28 1.15 0.92-145 0.219
Gait speed <1.0m/s 3474 (71.5) -3.82 -2.22 0.94 0.74-1.18 0575
Muscle mass only Height 484 (10.0) -3.88 -2.27 1.13 0.81-1.57 0.467
Weight 484 (10.0) -3.86 -2.26 1.00 0.72-1.38 0.991
BMI 475 (9.8) -3.86 -2.25 0.90 0.65-1.25 0.529
Residuals 490 (10.1) -3.86 -2.26 0.97 0.70-1.34 0.854
Muscle mass and Height 176 (3.6) -3.86 -2.26 0.89 0.51-156 0.689
grip strength Weight 173 (3.6) -3.86 -2.25 0.60 0.33-1.10 0.096
<20kg BMI 205(42)  -38  -226 044  024-0.80 0.008
10th Residuals 164 (3.4) -3.86 -2.25 0.74 041-134 0.322
Muscle mass and Height 59 (1.2) -3.86 -2.26 0.94 0.38-2.31 0.899
grip strength Weight 53 (1.1) -3.86 -2.26 0.44 0.13-1.46 0.180
<16kg BMI 74(15) 386 226 056  023-139 0.214
Residuals 43 (0.9) -3.86 -2.26 0.59 0.18-1.91 0.381
Muscle mass and Height 135 (2.8) -3.86 -2.26 1.12 0.63-2.02 0.694
gait speed Weight 229 (4.7) -3.86 -2.26 1.14 0.75-1.75 0.534
<0.8m/s BMI 230 (4.7) -3.86 -2.26 0.82 0.51-130 0.388
Residuals 169 (3.5) -3.87 -2.26 1.46 0.92-2.33 0.112
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Muscle mass and Height 344 (7.1) -3.87 -2.27 1.1 0.75-1.61 0.629
gait speed Weight 409 (8.4) -3.86 -2.26 101 0.72-142 0.954
<L.Oom/s BMI 406(84) 38  -225 081  056-116 0.252
Residuals 385 (7.9) -3.86 -2.26 0.99 0.69-1.41 0.935

Muscle mass only Height 972 (20.0) -3.89 -2.29 1.12 0.87-1.44 0.367
Weight 963 (19.8) -3.85 -2.24 0.89 0.70-1.15 0.377

BMI 961 (19.8) -3.86 -2.26 1.01 0.79-1.29 0.947

Residuals 969 (19.9) -3.88 -2.28 1.10 0.87-1.41 0.419

Muscle mass and Height 340 (7.0) -3.86 -2.26 1.07 0.73-1.58 0.722
grip strength Weight 296 (6.1) -3.86 -2.25 0.54 0.33-0.87 0.011
<20kg BMI 366(7.5)  -386  -225 073  049-109 0.125
Residuals 291 (6.0) -3.86 -2.26 0.93 0.61-1.42 0.740

Muscle mass and Height 117 (2.4) -3.86 -2.26 1.15 0.64 -2.07 0.647
grip strength Weight 83 (L.7) -3.86 -2.26 0.50 0.20-1.28 0.148
20th - |<16kg BMI 126 (2.6)  -386  -226 069  035-135 0278
Residuals 88 (1.8) -3.86 -2.26 0.79 0.36-1.73 0.550

Muscle mass and Height 264 (5.4) -3.87 -2.27 1.28 0.85-193 0.235
gait speed Weight 411 (8.5) -3.86 226 094  066-134 0.734
<0.8m/s BMI 396 (8.1) -3.86 -2.26 1.13 0.81-1.59 0.467
Residuals 304 (6.3) -3.87 -2.27 1.40 0.97-2.01 0.075

Muscle mass and Height 689 (14.2) -3.87 -2.27 1.08 0.82-1.44 0.576
gait speed Weight 800 (16.5) -3.85 -2.25 0.87 0.66-1.13 0.296
<1.0m/s BMI 784 (16.1)  -3.86 226 099  0.76-1.30 0.968
Residuals 722 (14.9) -3.87 -2.27 1.08 0.82-1.42 0.581

40th Muscle mass only Height 1948 (40.1) -3.93 -2.32 1.15 0.93-1.41 0.195
Weight 1937 (39.8) -3.83 -2.23 0.90 0.73-1.11 0.323
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BMI 1930 (39.7) -3.85 225 096  0.78-117 0.674
Residuals 1947 (40.1) -3.92 232 115 0.94-14 0.176
Muscle mass and Height 565 (11.6) -3.87 -2.27 1.15 0.85-1.56 0.378
gripstrength  \yeight 544 (11.2) -3.85 225 079  057-1.10 0.159
<20kg BMI 644 (132) 385 225 082  060-111 0.193
Residuals 545 (11.2) -3.86 -2.26 102 0.74-139 0.924
Muscle mass and Height 186 (3.8) -3.87 -2.26 1.32 0.82-2.11 0.247
grip strength Weight 154 (3.2) -3.86 -2.26 0.73 0.40-1.34 0.309
<16kg BMI 204 (4.2) -3.86 -2.26 077  046-130 0.329
Residuals 167 (3.4) -3.86 -2.26 119  0.72-1.98 0.503
Muscle mass and Height 498 (10.2) -3.88 -2.28 1.37 1.01-1.86 0.040
gait speed Weight 741 (15.2) -3.86 -2.26 100  0.76-132 0.982
<0.8m/s BMI 746 (15.3) -3.86 -2.26 107  082-141 0.617
Residuals 589 (12.1) -3.88 -2.28 1.38 1.04-183 0.024
Muscle mass and Height 1321 (27.2) -3.89 -2.29 1.13 0.90-1.41 0.302
gait speed Weight 1542 (31.7) -3.84 224 091  073-113 0405
<1.0m/s BMI 1531 (31.5)  -386  -226 098  079-122 0878
Residuals 1424 (29.3) -3.89 229 112 091-139 0.283

173




Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

Supplementary Table 5. Association between sarcopenia and falls in males using different methods of operationalizing
sarcopenia — males, completers only anaylses without multiple imputation
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Sarcopenia definition Number of
Muscle Combination of Me_thoql of par'illv(:i[[;;]ants Intercept Intercept Odd_s of Cor?fSi;A(;nce p-value
mass muscle variables adjusting sarcopenia 1 2 falling interval
percentile muscle mass (%)
Grip strength <30kg 655 (14.1) -4.31 -2.68 149 1.06-209  0.023
Grip strength <26kg 253 (5.4) -4.29 -2.67 1.83 1.14-294  0.012
app'ﬁ‘g;ble Grip strength <27kg 322 (6.9) -4.30 -2.67 1.86 1.22-2.83  0.004
Gait Speed <0.8m/s 1133 (24.4) -4.31 -2.69 1.29 0.96-1.73 0.092
Gait Speed <1.0m/s 3337 (717) -4.25 -2.63 0.94 0.72-1.23 0.648
Muscle massonly  Height 499 (10.7) -4.30 -2.68 122 0.82-181 0.335
Weight 501 (10.8) -4.29 -2.67 125 0.85-1.85  0.252
BMI 500 (10.8) -4.30 -2.67 133 091-194  0.143
Residuals 503 (10.8) -4.31 -2.69 151 1.05-219  0.028
Muscle mass and Height 139 (3.0) -4.29 -2.67 167 0.88-3.17 0.114
grip strength <30kg  \\gight 131 (2.8) -4.28 -2.66 1.44  0.75-277 0.278
BMI 168 (3.6) -4.29 -2.66 1.60 0.90 - 2.86 0.112
10th Residuals 124 (2.7) -4.28 -2.66 1.74 0.90-3.35 0.098
Muscle mass and Height 60 (1.3) -4.28 -2.66 1.71  0.66 - 4.45 0.268
grip strength <26kg  \\/gight 64 (1.4) -4.28 -2.66 1.63  0.67-4.00 0.282
BMI 80 (1.7) -4.29 -2.66 1.90 0.87 -4.17 0.109
Residuals 61 (1.3) -4.28 -2.66 1.66 0.66-4.19  0.279
Muscle mass and Height 76 (1.6) -4.29 -2.66 2.31 1.07 - 4.98 0.032
grip strength <27kg  \\gight 76 (1.6) -4.29 -2.66 1.84 0.85-4.00 0.121
BMI 92 (2.0) -4.29 -2.66 2.23 1.12-4.45 0.022
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Residuals 75 (1.6) -4.28 -2.66 1.97 0.89-4.32  0.093

Muscle mass and gait Height 144 (3.1) -4.28 -2.66 1.13 0.56-2.26 0.733
speed <0.8m/s Weight 193 (4.1) -4.28 -2.66 1.17  0.65-2.09  0.599
BMI 205 (4.4) -4.28 -2.66 1.05 059-1.87  0.880

Residuals 161 (3.5) -4.29 -2.66 146 0.79-2.68  0.225

Muscle mass and gait Height 355 (7.6) -4.29 -2.67 1.25 0.79-1.96 0.343
speed <1.0m/s Weight 406 (8.7) -4.29 -2.67 1.16 0.75-1.78  0.500
BMI 405 (8.7) -4.29 -2.67 1.19 0.78-1.82  0.416

Residuals 369 (7.9) -4.30 -2.68 1.46 096-223 0.078

Muscle massonly  Height 1006 (21.6) -4.30 -2.68 1.12 0.82-152  0.485
Weight 996 (21.4) -4.34 -2.72 153 1.14-205  0.004

BMI 1006 (21.6) -4.30 -2.68 1.15 0.85-156  0.370

Residuals 1008 (21.7) -4.33 2,71 1.32  098-177  0.066

Muscle mass and Height 243 (5.2) -4.29 -2.67 1.30 0.76 - 2.23 0.329
grip strength <30kg  \\/gight 224 (4.8) -4.29 -2.66 1.60 0.96-2.67  0.073
BMI 285 (6.1) -4.29 -2.67 1.68 1.06-2.66  0.026

Residuals 218 (4.7) -4.29 -2.67 1.78  1.07-295  0.027

20th Muscle mass and Height 106 (2.3) -4.28 -2.66 1.36 0.62 - 2.96 0.439
grip strength <26kg  \\gight 104 (2.2) -4.29 -2.66 210 1.06-4.14  0.032
BMI 122 (2.6) -4.29 -2.67 228 122-424  0.010

Residuals 95 (2.0) -4.29 -2.66 221 1.10-444  0.026

Muscle mass and Height 129 (2.8) -4.29 -2.66 1.65 0.85-3.21  0.137
grip strength <27kg  \\gight 124 (2.7) -4.29 -2.66 227 124-414  0.008
BMI 147 (3.2) -4.30 -2.67 244  1.41-424  0.002

Residuals 119 (2.6) -4.29 -2.66 226 122-420  0.010

Height 257 (5.5) -4.28 -2.66 1.04 0.60-1.81 0.878
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Muscl d qai Weight 342 (7.4) -4.29 -2.67 1.29 0.82-202 0.264
Spg;; ig‘gf:/s“ gart o1 355 (7.6) -4.28 266 098 061-158  0.943
Residuals 274 (5.9) -4.29 -2.67 1.27 0.77-209 0344

Muscle mass and gait Height 693 (14.9) -4.29 -2.67 1.09 0.77-157 0.621
speed <1.0m/s Weight 758 (16.3) -4.31 -2.69 1.38  1.00-191  0.053
BMI 787 (16.9) -4.29 -2.67 1.14 0.82-158  0.442

Residuals 723 (15.5) -4.30 -2.68 1.23 0.88-173  0.227

Muscle mass only Height 2030 (43.6) -4.35 -2.73 1.20 0.93-1.55 0.170
Weight 2019 (43.4) -4.36 -2.74 1.27 0.99-1.65  0.065

BMI 2016 (43.3) -4.33 -2.71 119 0.93-154 0173

Residuals 2016 (43.3) -4.36 -2.73 123 095-158  0.115

Muscle mass and Height 390 (8.4) -4.30 -2.67 1.60 1.06-242  0.025
grip strength <30kg  \yeight 379 (8.1) -4.29 -2.67 1.63 1.08-246  0.020
BMI 426 (9.2) -4.30 -2.67 1.67 1.13-248 0.010

Residuals 382 (8.2) -4.30 -2.68 1.75 1.17-263  0.007

Muscle mass and Height 164 (3.5) -4.29 -2.67 1.65 0.91-3.00 0.100
40th  |9rip strength <26Kg  \yeight 153 (3.3) -4.28 -2.66 206 116-3.66 0.014
BMI 175 (3.8) -4.29 -2.66 2.08 1.21-3.60  0.009

Residuals 155 (3.3) -4.29 -2.66 223 127-392  0.005

Muscle mass and Height 205 (4.4) -4.29 -2.67 185 1.10-3.11 0.020
grip strength <27kg  \\gight 194 (4.2) -4.29 -2.66 221 1.34-363  0.002
BMI 221 (4.8) -4.29 -2.67 216 1.34-350  0.002

Residuals 194 (4.2) -4.30 -2.67 238 1.44-391  0.001

Muscle mass and gait Height 488 (10.5) -4.29 -2.67 121 0.81-1.81 0.355
speed <0.8m/s Weight 593 (12.7) -4.29 -2.67 123  085-178  0.272
BMI 601 (12.9) -4.29 -2.67 1.22 0.85-177  0.279
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Residuals 526 (11.3) -4.29 -2.67 125 0.86-1.83  0.245
Muscle mass and gait Height 1357 (29.2) -4.34 -2.71 1.30 0.99-1.72 0.064
speed <1.0m/s Weight 1463 (31.5) -4.31 -2.69 1.18 0.89-155  0.246
BMI 1491 (32.1) -4.31 -2.68 1.14 0.87-150  0.340
Residuals 1399 (30.1) -4.34 -2.72 1.30 0.99-171  0.058
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Supplementary Table 6. Association between sarcopenia and falls in males using different methods of operationalizing
sarcopenia, completers only anaylses without multiple imputation

Sarcopenia definition Number of 95%

Muscle Combination of Me_thoc_i of participants with Intercept  Intercept Odd's of Confidence p-value

mass muscle variables adjusting sarcopenia (%o) 1 2 falling interval

percentile muscle mass

Grip strength <20kg 1124 (23.3) -3.87 -2.27 1.01 0.79-1.30 0.927
Not  |Grip strength <16kg 337 (7.0) -3.87 -2.26 0.89 0.59-1.35 0.586
applicable |Gait speed <0.8m/s 1412 (29.3) -3.89 -2.28 0.89 0.59-1.35 0.586
Gait speed <1.0m/s 3472 (71.9) -3.83 -2.23 1.16 0.92-1.46 0.224
Muscle mass only Height 483 (9.9) -3.88 -2.28 1.09 0.78-1.53 0.608
Weight 482 (9.9) -3.87 -2.26 0.93 0.67-1.31 0.691
BMI 473 (9.7) -3.86 -2.26 0.86 0.61-1.22 0.394
Residuals 489 (10.1) -3.86 -2.26 0.96 0.68-1.34 0.795
Muscle mass and Height 175 (3.6) -3.87 -2.26 0.93 0.74-1.18 0.565
grip strength Weight 173 (3.6) -3.87 -2.26 0.91 051-1.60 0.738
<20kg BMI 205 (4.2) -3.87 226 055  029-1.05 0.070
Residuals 164 (3.4) -3.86 -2.26 0.38 0.20-0.75 0.005
10th Muscle mass and Height 58 (1.2) -3.87 -2.27 0.74 0.40-1.36 0.329
grip strength Weight 53 (1.1) -3.87 -2.26 0.86 0.33-2.21 0.747
<16kg BMI 74 (1.5) -3.87 -2.26 0.36 0.09-1.43 0.148
Residuals 43 (0.9) -3.87 -2.26 0.46 0.16-1.29 0.139
Muscle mass and  Height 134 (2.8) -3.87 -2.27 0.64 0.20-2.08 0.463
gait speed Weight 228 (4.7) -3.87 -2.27 1.18 0.65-2.15 0.591
<0.8m/s BMI 229 (4.7) -3.87 227 107  069-167 0751
Residuals 168 (3.5) -3.87 -2.27 0.75 0.46-1.23 0.250
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Muscle mass and Height 343 (7.1) -3.88 -2.27 1.45 0.89-2.35 0.133
gait speed Weight 408 (8.4) -3.87 -2.26 1.10 0.74-1.63 0.639
<1.0m/s BMI 405 (8.3) -3.86 -2.26 0.96 0.67-1.37 0811
Residuals 384 (7.9) -3.87 -2.26 0.78 0.54-1.14 0.204

Muscle mass only Height 971 (20.0) -3.89 -2.29 0.97 0.67-1.40 0.855
Weight 961 (19.8) -3.85 -2.25 0.86 0.67-1.12 0.268

BMI 959 (19.7) -3.87 -2.26 0.97 0.75-1.25 0.808

Residuals 967 (19.9) -3.88 -2.28 1.08 0.84-1.38 0.544

Muscle mass and Height 339 (7.0) -3.87 -2.27 1.09 0.74-161 0.670
grip strength Weight 296 (6.1) -3.87 -2.26 0.50 0.30-0.84 0.008
<20kg BMI 366 (7.5) -3.86 226 070  0.46-106 0.094
Residuals 290 (6.0) -3.87 -2.26 0.91 0.59-1.41 0.678

Muscle mass and Height 116 (2.4) -3.87 -2.27 1.08 0.58-2.00 0.806
grip strength Weight 83 (1.7) -3.87 -2.26 0.44 0.16-1.22 0.113
20th  |<16kg BMI 126 (2.6) -3.87 226 062  030-128 0.199
Residuals 87 (1.8) -3.87 -2.26 0.69 0.29-1.65 0.409

Muscle mass and Height 263 (5.4) -3.88 -2.27 1.32 0.87-2.01 0.192
gait speed Weight 410 (8.4) -3.87 -2.27 0.90 0.63-1.29 0570
<0.8m/s BMI 395 (8.1) -3.87 227 108  0.76-154 0.665
Residuals 302 (6.2) -3.88 -2.27 1.35 0.92-1.97 0.125

Muscle mass and Height 688 (14.2) -3.88 -2.28 1.07 0.80-1.43 0.655
gait speed Weight 799 (16.5) -3.86 -2.25 0.84 0.64-1.11 0.219
<1.0m/s BMI 783 (16.1) -3.87 -2.26 0.95 0.73-1.25 0.736
Residuals 720 (14.8) -3.88 -2.27 1.05 0.80-1.39 0.713

L0t Muscle mass only Height 1946 (40.1) -3.93 -2.33 1.14 0.92-1.40 0.237
Weight 1934 (39.8) -3.83 -2.22 0.87 0.71-1.08 0.212
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BMI 1927 (39.7) -3.85 -2.25 0.95 0.77-1.17 0.641
Residuals 1945 (40.0) -3.92 -2.32 1.13 0.92-1.39 0.232
Muscle mass and Height 564 (11.6) -3.88 -2.28 1.15 0.84-1.57 0.379
grip strength Weight 543 (11.2) -3.86 -2.26 0.78 0.55-1.09 0.148
<20kg BMI 643 (13.2) -3.86 226 08l  059-112 0.198
Residuals 544 (11.2) -3.87 -2.27 1.01 0.73-1.39 0.953
Muscle mass and Height 185 (3.8) -3.87 -2.27 1.20 0.73-1.98 0.468
grip strength Weight 153 (3.2) -3.87 -2.26 0.63 0.33-1.22 0.174
<16kg BMI 203 (4.2) -3.87 -2.26 0.71 0.41-1.24 0.232
Residuals 166 (3.4) -3.87 -2.27 1.08 0.63-1.87 0.771
Muscle mass and Height 497 (10.2) -3.89 -2.29 141 1.03-1.92 0.031
gait speed Weight 739 (15.2) -3.87 -2.27 0.97 0.73-1.29 0.856
<0.8m/s BMI 744 (15.3) -3.87 -2.27 1.06 0.80-1.40 0.686
Residuals 587 (12.1) -3.89 -2.28 1.38 1.03-1.84 0.030
Muscle mass and Height 1320 (27.2) -3.90 -2.29 1.12 0.89-1.40 0.349
gait speed Weight 1540 (31.7) -3.85 -2.24 0.88 0.70-1.10 0.267
<1.0m/s BMI 1529 (31.5) -3.86 -2.26 0.97 0.78-1.22 0.818
Residuals 1422 (29.3) -3.90 -2.29 1.11 0.89-1.39 0.343
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Supplementary Table 7. Percentage of underweight, normal weight, overweight, and obese participants for each method of
adjusting for low muscle mass using the 20™" percentile cut offs

Males
Body mass index Number of participants in body mass index category (%)
ALM/height ALM/weight ALM/BMI ALM Residuals  All participants
Underweight (<18.5kg/m2) 13 (1.3) 0 (0) 0 (0) 12 (1.2) 14 (0.3)
Normal weight (18.5 - 24.9 kg/m2) 628 (62.4) 44 (4.4) 79 (7.8) 401 (39.7) 1218 (23.7)
Overweight (25.0 - 29.9kg/m2) 334 (33.2) 255 (25.5) 401 (39.8) 437 (43.3) 2558 (49.7)
Obese (>30kg/m2) 32 (3.2) 600 (60.1) 528 (52.4) 159 (15.8) 1357 (26.4)
Females
Number of participants in body mass index category (%)
Body mass index ALM/height ALM/weight ALM/BMI ALM Residuals  All participants
Underweight (<18.5kg/m2) 54 (5.6) 0 (0) 0 (0) 17 (1.8) 63 (1.3)
Normal weight (18.5 - 24.9 kg/m2) 731 (75.2) 58 (6.0) 97 (10.1) 386 (39.8) 1563 (32.2)
Overweight (25.0 - 29.9kg/m2) 178 (18.3) 281 (29.2) 303 (31.5) 370 (38.2) 1820 (37.4)
Obese (>30kg/m2) 9(0.9 624 (64.8) 561 (58.4) 196 (20.2) 1415 (29.1)
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Supplementary Table 8. Number of male participants with zero, one, or two or more falls stratified by sarcopenia status

Sarcopenia No Sarcopenia yes 1 or more falls 2 or more falls
OFalls 1Fall 2+Falls | 0Falls 1Fall 2+ Falls |Sensitivity Specificity|Sensitivity Specificity

ALM/height 4219 339 90 440 42 17 0.12 0.91 0.03 0.98

(10th percentile) ALM/BMI 4228 332 87 431 49 20 0.14 0.91 0.04 0.98

ALM regression | 4226 327 90 433 54 17 0.14 0.91 0.03 0.98

ALM/height 3762 298 80 897 83 27 0.11 0.91 0.03 0.98

Muscle mass only  ALM/weight 3799 270 79 860 111 28 0.14 0.92 0.03 0.98

(20th percentile) ALM/BMI 3774 292 73 885 89 34 0.12 0.91 0.03 0.98

ALM regression | 3774 284 80 885 97 27 0.12 0.91 0.03 0.98

ALM/height 2847 214 53| 1812 167 54 0.11 0.91 0.03 0.98

Muscle mass only  ALM/weight 2868 203 54 | 1791 178 53 0.11 0.92 0.03 0.98

(40th percentile) ALM/BMI 2867 212 48 | 1792 169 59 0.11 0.92 0.03 0.98

ALM regression | 2863 210 55| 1796 171 52 0.11 0.92 0.03 0.98

30kg 4100 314 78 559 67 29 0.15 0.91 0.04 0.98

Grip strength 26kg 4452 349 93 207 32 14 0.18 0.91 0.06 0.98

27kg 4395 338 92 264 43 15 0.18 0.91 0.05 0.98

. 1.0 mps 3669 279 63 990 102 44 0.13 0.91 0.04 0.98
Gait speed

0.80 mps 1647 132 28 | 3012 249 79 0.10 0.91 0.02 0.98

10th percentile - ALM/height 4543 364 101 116 17 6 0.17 0.91 0.04 0.98

Muscle massand  ALM/weight 4551 363 102 108 18 5 0.18 0.91 0.04 0.98

grip strength ALM/BMI 4520 363 96 139 18 11 0.17 0.91 0.07 0.98

(30kg) ALM regression | 4558 364 101 101 17 6 0.19 0.91 0.05 0.98

10th percentile - ALM/height 4610 373 104 49 8 3 0.18 0.91 0.05 0.98

Muscle massand  ALM/weight 4609 370 104 50 11 3 0.22 0.91 0.05 0.98

grip strength ALM/BMI 4597 371 99 62 10 8 0.23 0.91 0.10 0.98

(26kg) ALM regression | 4610 372 104 49 9 3 0.20 0.91 0.05 0.98
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10th percentile - ALM/height 4600 368 103 59 13 4 0.22 0.91 0.05 0.98
Muscle massand  ALM/weight 4600 367 104 59 14 3 0.22 0.91 0.04 0.98
grip strength ALM/BMI 4589 367 99 70 14 8 0.24 0.91 0.09 0.98
(27kg) ALM regression | 4600 368 104 59 13 3 0.21 0.91 0.04 0.98
_ ALM/height 4535 368 100 | 124 13 7 0.14 0.91 0.05 0.98

10th percentile - 5 \1nveight 4497 355 101| 162 26 6 0.16 0.91 0.03 0.98
gﬂaﬁfmafé.gﬁcfs) ALM/BMI 4481 363 98| 178 18 9 0.13 0.91 0.04 0.98
ALM regression | 4526 361 99 | 133 20 8 0.17 0.91 0.05 0.98

_ ALM/height 4349 348 95 | 310 33 12 0.13 0.91 0.03 0.98

10th percentile -, \, Iweight 4310 335 95 | 349 46 12 0.14 0.91 0.03 0.98
g"a‘i‘tsggzga(sfggc}'s) ALM/BMI 4309 342 01| 350 39 16 0.14 0.91 0.04 0.98
ALM regression | 4345 339 94| 314 42 13 0.15 0.91 0.04 0.98

20th percentile - ALM/height 4451 356 97 | 208 25 10 0.14 0.91 0.04 0.98
Muscle massand  ALM/weight 4474 352 97 | 185 29 10 0.17 0.91 0.04 0.98
grip strength ALM/BMI 4424 348 90 | 235 33 17 0.18 0.91 0.06 0.98
(30kg) ALM regression | 4479 352 98 180 29 9 0.17 0.91 0.04 0.98
20th percentile - ALM/height 4570 369 102 89 12 5 0.16 0.91 0.05 0.98
Muscle massand  ALM/weight 4579 365 99 80 16 8 0.23 0.91 0.08 0.98
grip strength ALM/BMI 4566 363 96 93 18 11 0.24 0.91 0.09 0.98
(26kg) ALM regression | 4585 365 102 74 16 5 0.22 0.91 0.05 0.98
20th percentile - ALM/height 4553 364 101 106 17 6 0.18 0.91 0.05 0.98
Muscle massand  ALM/weight 4564 360 99 95 21 8 0.23 0.91 0.06 0.98
grip strength ALM/BMI 4547 357 96 112 24 11 0.24 0.91 0.07 0.98
(27kg) ALM regression | 4566 360 102 93 21 5 0.22 0.91 0.04 0.98
_ ALM/height 4435 357 97 | 224 24 10 0.13 0.91 0.04 0.98

20th percentile - ) \1qveight 4369 340 94 | 290 41 13 0.15 0.91 0.04 0.98
x?tsg:;;a(sg.g;?s) ALM/BMI 4349 352 89| 310 29 18] 013 091 005 098
4426 351 9 | 233 30 11 0.15 0.91 0.04 0.98

ALM regression

183




Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

_ ALM/height 4045 320 88| 614 61 19 0.11 0.91 0.03 0.98
20th percentile - ALM/weight 4008 294 85| 651 87 22 0.14 0.91 0.03 0.98
322‘55;,12??553;‘?5) ALM/BMI 3971 310 77| 688 71 30| 013  091| 004 098
ALM regression | 4028 307 89| 631 74 18 0.13 0.91 0.02 0.98

A0th percentile - ALM/height 4333 338 86| 326 43 21 0.16 0.91 0.05 0.98
Muscle massand  ALM/weight 4343 337 88| 316 44 19 0.17 0.91 0.05 0.98
grip strength ALM/BMI 4302 334 85| 357 47 22 0.16 0.91 0.05 0.98
(30kg) ALM regression | 4342 334 89 317 47 18 0.17 0.91 0.05 0.98
40th percentile - ALM/height 4525 362 96 134 19 11 0.18 0.91 0.07 0.98
Muscle massand  ALM/weight 4539 360 95 120 21 12 0.22 0.91 0.08 0.98
grip strength ALM/BMI 4520 357 95 139 24 12 0.21 0.91 0.07 0.98
(26kg) ALM regression | 4538 358 96 121 23 11 0.22 0.91 0.07 0.98
40th percentile - ALM/height 4493 354 95 166 27 12 0.19 0.91 0.06 0.98
Muscle massand  ALM/weight 4507 351 95 152 30 12 0.22 0.91 0.06 0.98
grip strength ALM/BMI 4483 348 95 176 33 12 0.20 0.91 0.05 0.98
(27kg) ALM regression | 4508 350 95 151 31 12 0.22 0.91 0.06 0.98
_ ALM/height 4236 336 86 | 423 45 21 0.13 0.91 0.04 0.98

40th percentile - ALM/weight 4148 324 80 511 57 27 0.14 0.91 0.05 0.98
ggt‘tsg:;gga(s;gg‘?s) ALM/BMI 4140 326 77| 519 55 0| 014 091 005 098
ALM regression | 4207 328 84| 452 53 23 0.14 0.91 0.04 0.98

_ ALM/height 3464 260 65| 1195 121 42 0.12 0.92 0.03 0.98

40th percentile - ALM/weight 3368 250 64 | 1291 131 43 0.12 0.92 0.03 0.98
ggt‘tsgéigga(sfgg‘j's) ALM/BMI 3342 253 58| 1317 128 49 012 092 003 098
3429 252 65| 1230 129 42 0.12 0.92 0.03 0.98

ALM regression
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Supplementary Table 9. Number of female participants with zero, one, or two or more falls stratified by sarcopenia status

Sarcopenia No

Sarcopenia yes

1 or more falls

2 or more falls

OFalls 1Fall 2+Falls | 0Falls 1Fall 2+ Falls |Sensitivity Specificity|Sensitivity Specificity
ALM/height 3814 430 133 | 417 49 18 0.14 0.87 0.04 0.97
Muscle massonly  ALM/weight 3815 433 129 | 416 46 22 0.14 0.87 0.05 0.97
(10th percentile)  ALM/BMI 3820 434 132 | 411 45 19 0.13 0.87 0.04 0.97
ALM regression | 3805 435 131 | 426 44 20 0.13 0.87 0.04 0.97
ALM/height 3393 380 116 | 838 99 35 0.14 0.87 0.04 0.97
Muscle mass only  ALM/weight 3396 392 110 | 835 87 41 0.13 0.87 0.04 0.97
(20th percentile) ALM/BMI 3407 387 106 824 92 45 0.14 0.87 0.05 0.97
ALM regression | 3395 383 114 | 836 96 37 0.14 0.87 0.04 0.97
ALM/height 2545 283 85| 1686 196 66 0.13 0.87 0.03 0.97
Muscle mass only  ALM/weight 2553 287 84| 1678 192 67 0.13 0.87 0.03 0.97
(40th percentile)  ALM/BMI 2569 284 78| 1662 195 73 0.14 0.88 0.04 0.97
ALM regression | 2557 272 85| 1674 207 66 0.14 0.88 0.03 0.97
Grip strength 20kg 3266 362 108 | 965 117 43 0.14 0.87 0.04 0.97
16kg 3941 441 141 290 38 10 0.14 0.87 0.03 0.97
. 1.0 mps 3045 325 77| 1186 154 74 0.16 0.88 0.05 0.98
Gait speed
0.80 mps 1228 127 32| 3003 352 119 0.14 0.89 0.03 0.98
10th percentile - ALM/height 4077 463 145 154 16 6 0.12 0.87 0.03 0.97
Muscle massand  ALM/weight 4078 466 144 | 153 13 7 0.12 0.87 0.04 0.97
grip strength ALM/BMI 4046 465 145 185 14 6 0.10 0.87 0.03 0.97
(20kg) ALM regression | 4087 468 142 144 11 9 0.12 0.87 0.05 0.97
10th percentile _ ALM/height 4180 473 149 51 6 2 0.12 0.87 0.03 0.97
Muscle massand  ALM/weight 4183 475 150 48 4 1 0.09 0.87 0.02 0.97
grip strength ALM/BMI 4166 472 149 65 7 2 0.12 0.87 0.03 0.97
(16kg) ALM regression | 4192 476 150 39 3 1 0.09 0.87 0.02 0.97
ALM/height 4180 473 149 51 6 2 0.12 0.87 0.03 0.97
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10th percentile - ALM/weight 4183 475 150 48 4 1 0.09 0.87 0.02 0.97
Musclemassand  a| pvi/BMI 4166 472 149 65 7 2 0.12 0.87 0.03 0.97
grip strength
_ ALM/height 4118 469 139 113 10 12 0.16 0.87 0.09 0.97
10th percentile - = ) \1iveight 4039 457 136 | 192 22 15 0.16 0.87 0.07 0.97
Sﬂa?fgéi?f(scf.g% ALM/BMI 4033 458 140| 198 21 11 0.14 0.87 0.05 0.97
ALM regression | 4094 463 135 | 137 16 16 0.18 0.87 0.10 0.97
_ ALM/height 3937 445 135 | 204 34 16 0.14 0.87 0.05 0.97
iz)a*;cﬁ’:rrzzrs‘gfna AL M/weight 3882 438 132 | 349 41 19 0.14 0.87 0.05 0.97
gait speed (Lomis) ALM/BMI 3878 442 135| 353 37 16 0.13 0.87 0.04 0.97
ALM regression | 3899 445 132 332 34 19 0.14 0.87 0.05 0.97
20th percentile - ALM/height 3939 444 138 | 292 35 13 0.14 0.87 0.04 0.97
Muscle mass and ALM/We|ght 3968 456 141 263 23 10 0.11 0.87 0.03 0.97
grip strength ALM/BMI 3913 444 138 | 318 35 13 0.13 0.87 0.04 0.97
(20kg) ALM regression | 3983 449 138 248 30 13 0.14 0.87 0.04 0.97
20th percentile - ALM/height 4132 464 148 99 15 3 0.15 0.87 0.03 0.97
Muscle massand  ALM/weight 4157 471 150 74 8 1 0.11 0.87 0.01 0.97
grip strength ALM/BMI 4122 466 147 | 109 13 4 0.13 0.87 0.03 0.97
(16kg) ALM regression | 4155 470 148 76 9 3 0.13 0.87 0.03 0.97
_ ALM/height 4013 452 132 | 218 27 19 0.17 0.87 0.07 0.97
20th percentile - ) \11veight 3881 445 124 | 350 34 27 0.15 0.87 0.07 0.97
ggt‘tsgéigja(s;gm?s) ALM/BMI 3001 440 124 330 39 27 0.16 0.87 0.07 0.97
_ ALM/height 3642 409 121 589 70 30 0.14 0.87 0.04 0.97
20th percentile - ) \1qveignt 3538 407 116 | 693 72 35 0.13 0.87 0.04 0.97
ggftsgéiggja(sfgms) ALM/BMI 3562 403 12| 669 76 39 0.15 0.87 0.05 0.97
ALM/height 3752 415 129 | 479 64 22 0.15 0.87 0.04 0.97
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40th percentile - AL M/weight 3762 426 129 469 53 22 0.14 0.87 0.04 0.97
Musclemassand  a| pvi/BMI 3677 414 126 554 65 25 0.14 0.87 0.04 0.97
grip strength
A0th percentile - ALM/height 4079 452 144 152 27 7 0.18 0.87 0.04 0.97
Muscle mass and A|_|\/|/We|ght 4098 462 147 133 17 4 0.13 0.87 0.03 0.97
grip strength ALM/BMI 4055 455 147 176 24 4 0.13 0.87 0.02 0.97
(16kg) ALM regression | 4093 457 144 | 138 22 7 0.17 0.87 0.04 0.97
_ ALM/height 3825 419 119 406 60 32 0.18 0.88 0.06 0.97
ﬁazcﬁ’grrgzggfna ALM/Aweight 3605 406 109 626 73 42 0.15 0.88 0.06 0.97
gait speed (0.8m/s) ALM/BMI 3609 401 105 622 78 46 0.16 0.88 0.06 0.97
ALM regression 3749 411 112 482 68 39 0.18 0.88 0.07 0.97
_ ALM/height 3100 339 101 | 1131 140 50 0.14 0.88 0.04 0.97
ﬁazcﬁ’grrgzggfna ALMAweight 2903 324 92 | 1328 155 59 0.14 0.88 0.04 0.97
gait speed (Lom/s) ALM/BMI 2924 318 88| 1307 161 63 0.15 0.88 0.04 0.97
ALM regression | 3017 324 96 | 1214 155 55 0.15 0.88 0.04 0.97
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Chapter 5: Age stratification using the residual adjustment technique for muscle

mass

This chapter has been submitted to Gerontology. Alexandra Mayhew was responsible for
developing the research question and study protocols, applying for data, analyzing data,
writing and revising the drafts of the manuscripts. The work is primarily the undertaking
of Alexandra Mayhew with guidance from Drs. Parminder Raina and Stuart Phillips
throughout the project. Dr. Nazmul Sohel assisted with coding for the data analyses. Thesis
committee members, Drs. Russell de Souza, Paul McNicholas, Gianni Parise, and Lehana
Thabane provided feedback throughout the project. As an author generated version of a

submitted manuscript, no copyright license documentation is required.
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Context and background

In Chapter 3, the proportion of sarcopenic participants according to different sarcopenia
definitions was assessed for four age groups, 45 to 54, 55 to 64, 65 to 74, and 75 to 85
years. To develop the cut offs for low muscle mass, the sample was restricted to participants
aged 65 years and older and the lowest sex-specific 10", 20", and 40™ percentile values
were determined. These cut offs were then applied to each age and sex strata. For muscle
mass adjusted by height, weight, and body mass index, the proportion of participants with
low muscle mass was approximately equal. For the residual adjustment technique which
involves regressing appendicular lean mass on fat mass and height, the proportion of
participants with low muscle mass was similar to the other adjustment techniques pooled
across all age groups. However, the proportion of participants with low muscle mass was
highest in the younger participants and lowest in the oldest participants which was contrary
to what was expected. Based on these findings, further analyses were conducted stratifying
for age before versus after the residual values were calculated for the purpose of developing

the low muscle mass cut offs and for subgroup analyses.

The analyses showed that calculating the residuals in the whole sample before stratifying
by age for the cut offs or subgroup analyses resulted in a similar proportion of participants
having low muscle mass compared to the other muscle mass adjustment techniques for each
age and sex strata. This method of handling age stratification was used for the analyses
included in Chapter 3 and there was not sufficient space for discussion of why the
alternative strategies for handling age stratification were inappropriate. Furthermore, there
was no guidance available in the literature regarding stratification for age or any other

variable using the regression technique for adjusting muscle mass. Therefore, the purpose
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of this paper was to discuss the methodological challenges of age stratification when using
the residual adjustment technique for muscle mass and justify the method selected in

Chapter 3.
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Abstract

Background: Regressing appendicular lean muscle mass (ALM) on fat mass and height is
one of several suggested strategies for adjusting ALM for body size. However, special
consideration is required when using this technique in different subgroups in order to

capture the correct individuals as sarcopenic.

Objectives: To provide guidance about how to conduct stratified analyses for the

regression adjustment technique using age groups as an example.

Methods: Using baseline data from the Canadian Longitudinal Study on Aging, sex-
specific residuals were calculated in participants before and after stratifying participants by
age group (45-54, 55-64, 65-74, 75-85 years). Cut offs corresponding to the 20™" percentile
sex-specific residual values in participants >65 years were determined first in the residuals
calculated in all participants and residuals calculated in only those aged >65 years. For each
set of cut offs, the percentage of age and sex-stratified participants with low muscle mass
were compared for the residuals calculated in all participants and the residuals calculated

after stratifying by age.

Results: In 12,622 males and 12,737 females, regardless of the cut off used, the percentage
of participants with low muscle mass decreased with age when residuals were calculated
after age stratification. When the residuals were calculated in all participants, the
percentage of participants with sarcopenia increased from the youngest to the oldest age

groups.
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Conclusions: Sex-specific residuals in all participants should be calculated prior to
stratifying the sample by age group for the purposes of developing muscle mass cut offs or

subgroup analyses.
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Background

Sarcopenia refers to the decline in muscle mass, muscle strength, and muscle function that
occurs with age. ! It is associated with an increased risk of falls and fractures, an inability
to perform activities of daily living, and mortality. >° Given the profound costs of
sarcopenia to individuals as well as society, there has been substantial interest in finding
ways to prevent and treat sarcopenia. However, the field of sarcopenia research has been

hindered by the lack of a clear definition and standardized diagnostic criteria. °

Since 2010, four expert group consensus definitions on sarcopenia have been released. -°
All the definitions consider sarcopenia the combination of low muscle mass with either low
muscle strength or impaired physical performance. There is a consensus among the
definitions that muscle mass should be adjusted for body size due to the strong correlation
between these variables, however there is little agreement about which measure of body
size should be utilized. ®! Four techniques are recommended; dividing by height squared,
body mass, body mass index (BMI), and regressing muscle mass on height and fat mass. &
10 Of these methods, regressing muscle mass on height and fat mass has the greatest face
validity as it simultaneously adjusts for height and fat mass. *2 Though BMI includes height
and body mass, it is considered a crude measure of body composition as it is unable to
differentiate between lean mass and fat mass. ** Despite having the greatest face validity,
the regression adjustment technique is not commonly used which may be related to the

challenges of using the technique. **

Adjusting muscle mass by height, weight, or BMI can be done at the individual level and

values are not influenced by other participants. Therefore, the adjusted values refer to the
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same amount of muscle mass relative to the anthropometric measure adjusted for regardless
of the person or sample. Consequently, cut points validated in one sample can be
appropriately used in another comparable sample. In contrast, the regression adjustment
technique involves creating a regression model (appendicular lean mass (ALM) = intercept
+ height (m?) + fat mass (kg)) in a sample of people. The residual value calculated as the
actual ALM value minus the model-estimated ALM value is then used to determine if a
person has low muscle mass. The residual value for each person is dependent on the
regression equation which in turn is dependent on the distribution of the variables in the
sample. As a result, even if low muscle cut points are developed in a random, population-
based sample, they cannot be appropriately applied to another population unless the two
samples have identical joint distributions of ALM, fat mass, and height. Due to the
unavailability of cut points, studies that have investigated sarcopenia using the regression
adjustment technique considered the lowest quintile of sex-specific residual values as
sarcopenic. *2! However, a consequence of using the lowest quintile is that sarcopenia
prevalence is the same (20%) for all studies, regardless of age, which is problematic for a

condition for which the prevalence increases with age.

In order to evaluate how the regression technique identifies those with clinically relevant
low muscle mass compared to the other muscle mass adjustment techniques, better
understanding of how to use the regression adjustment technique is required. We aimed to
provide the necessary guidance for how to handle age stratification when using the

regression technique to adjust muscle mass.
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Methods

Setting and study population - We used data from the Canadian Longitudinal Study on
Aging (CLSA), a national longitudinal research platform. There were 51,338 participants
aged 45 to 85 years recruited from the ten Canadian provinces at baseline. Participants had
to be physically and cognitively able to participate on their own as well as not living in
institutions such as long term care to be eligible for the study. The participants were
recruited in to one of two cohorts, the Tracking cohort and the Comprehensive cohort.
Participants from all 10 provinces were randomly selected for the Tracking cohort
(n=21,241) and were interviewed by telephone. The Comprehensive cohort participants
(n=30,097) lived within 25-50km of one of 11 Data Collection Sites located in seven
provinces. The Comprehensive cohort participants were interviewed in-person and also
completed in-depth physical assessments and provided blood and urine samples. Details on
the study design have been described elsewhere. 2 Only participants from the
Comprehensive cohort (n=30,097) were included in these analyses as the physical
assessment data was required. The sample was further limited to those identifying as
European as muscle mass, muscle strength, and physical function have shown to vary by
ethnicity. 222° This project uses data collected during baseline (September 2011 to May

2015).

Clinical measurements - Trained research assistants collected data on height, weight, and
muscle mass. Height was measured twice using a stadiometer and the mean value of the
two measurements was used in the analyses. Weight was measured in light clothing using
a digital scale. BMI was calculated as weight in kilograms divided by height squared. Dual

Energy X-ray Absorptiometry (DXA) was used to measure muscle mass. The Hologic
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Discovery A™ DXA machine was calibrated daily using a spine phantom, weekly using a
whole body step phantom, and yearly using a gold standard phantom. DXA provides a valid
measure of ALM when compared to the gold standards of computerized tomography (CT)

and magnetic resonance imaging (MRI) scans. 2

Operationalizing low muscle mass adjusted for height and fat mass - All analyses were
stratified by sex. To identify participants as having low muscle mass adjusted for height
and fat mass, individual residual values of ALM regressed on height and fat mass must be
available for each participant as well as a cut point that categorizes participants as having
low ALM relative to their height and fat mass. We explored the impact of stratifying the

sample by age for the 1) individual residual values and 2) the cut points.

For the individual residual values, multiple linear regression was used to calculate the
residual value for each participant. The model included ALM as the outcome variable and
fat mass (kg) and height (m) as the predictor variables. The first set of models included all
participants without age stratification. The second model stratified participants by age (45

to 54, 55 to 64, 65 to 74, and 75 to 85 years) before calculating the residuals.

For the muscle mass cut points, the original EWGSOP guidelines recommend that the
lowest 20" percentile of residual values be used to identify people with low muscle mass.
" In order to be consistent with the literature in which muscle mass cut points are typically
developed in those with a minimum age of between 60 and 70 years ’, cut points were
determined in participants aged 65 years and older. The first set of models calculated in the
residuals in all participants without age stratification. After calculating the residuals, the

sample was then limited to those aged 65 years and older and the 20" percentile residual
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values were determined to be the cut points. The second set of models calculated the
residuals in only participants aged 65 years and older. The residual values corresponding

to the 20" percentile residual values were determined to be the cut points.

The cut-points using the non-age stratified residuals and the residuals calculated in just
participants aged 65 years and older were applied to the residuals calculated in the whole
sample and the age-stratified residual residuals. Therefore, there were four different
strategies used to identify participants with low muscle mass relative to their height and fat

mass (Table 1).

Muscle mass adjusted for height? (meters), weight (kilograms), and body mass index (BMI,
kilograms/meters? was assessed by dividing ALM by each of the measures. Participants
were considered to have low muscle mass if their adjusted value was below the sex-specific

20" percentile in participants aged 65 years and older.

Statistical anaylses - Of the 30,097 participants at baseline, 1324 were excluded as they
were non-European, 3356 were excluded for missing muscle mass, grip strength, gait
speed, or BMI data resulting in a final sample size of 25,399 participants. All statistical

analyses were completed using SAS (version 12.3).

The percentage of age and sex-stratified participants categorized as having low muscle
mass by each of the four strategies for handling age-stratification for the development of
cut points and individual residual values were determined. Bootstrap percentile confidence
intervals were calculated for each estimate. This technique involves resampling with
replacement and calculating the proportion of participants with sarcopenia for each

resample. 27 We resampled 10,000 times and identified the values corresponding to the 2.5™
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and 97.5™ percentiles of the 10,000 resamples in order to estimate the 95% confidence
interval. This technique has the advantage of only including valid values of parameter

estimates in the confidence interval. %’
Results

Participant characteristics - Table 2 displays the characteristics of the included
participants by age group (younger than 65 years and 65 years and older) and sex. The
mean age of the participants was 62.8 + 10.2 years and 49.9% of the sample were males.
Younger males and females had greater ALM (28.8kg + 4.4 and 19.0kg + 3.5), grip strength
(47.3kg = 9.1 and 28.6kg * 5.6), and gait speed (1.03m/s + 0.18 and 1.02m/s + 0.19)
compared to older males and females (ALM: 25.9kg + 3.8 and 17.4kg + 3.0, grip strength:

39.4kg + 8.5 and 23.6kg £ 5.2, and gait speed: 0.94m/s + 0.19 and 0.90m/s £ 0.19).

Distribution of residuals - For males and females, the overall distribution of the residual
values was calculated in all participants versus calculating the residuals in age-stratified
groups. In males, the mean for all participants was 0 with a standard deviation of 3.22,
while the mean of the residuals for all age-stratified residuals pooled together was 0 with a
standard deviation of 3.00. The same values were 0 + 2.22 and 0 + 2.13 in females.
However, the distribution of the data within each age group was markedly different
(Figures 1 through 4). In both males and females, when the residuals were calculated after
stratifying the sample by age, the residuals of each age group had a mean of 0. In contrast,
when the residuals were calculated in the whole sample, there was a gradient of mean values

when stratified by age group. The mean residual value for males 45 to 54 years was 1.36
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and for females was 0.89 which decreased to -1.93 in males and -0.68 in females aged 75

to 85 years.

Muscle mass cut point estimates - When the sex-specific linear regression models were
run in participants of all ages and the residual values were then limited to participants aged
65 years and older, the lowest 20" percentile corresponded to -1.61 for males and -2.20 for
females. When the sex-specific linear regression models were limited to only participants
aged 65 years and older and those residual values were used to determine the lowest 20%

percentile, the values corresponded to -2.40 for males and -3.61 for females.

Low muscle mass prevalence - The lower cut points determined using the non-age stratified
residual values of -3.61 for males and -2.20 for females identified fewer participants as
having low muscle mass compared to the age-stratified residual values of -2.40 for males
and -2.20 for females (Figure 5). Using the non-age stratified residual cut points, the
prevalence of low muscle mass was 12.4% for males and 10.3% for females when the
individual residuals were not age stratified (Strategy 1) and 14.6% for males and 13.6%
for females when the individual residuals were age stratified (Strategy 3). In contrast, when
using the cut points developed using residual values calculated in only participants aged 65
years and older, 22.4% of males and 23.1% of females were identified as having low muscle
mass when the non-age stratified residual values (Strategy 2) and 20.5% of males and
21.8% of females were identified as having low muscle mass when the age-stratified values
were used (Strategy 4). The percentage of participants with low muscle mass after
adjustment for height?, weight, and BMI was between 13.0% and 13.8% in males and

13.0% and 15.3% in females (Table 3).
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When looking at the percentage of people with low muscle mass within each age group,
the percentage of males and females with low muscle mass increased with age when the
individual residuals were not age-stratified, regardless of the cut points used (Strategy 1
and Strategy 2). In contrast, the percentage of males and females with low muscle mass
decreased with age when the age-stratified residuals were used (Strategy 3 and Strategy

4).
Discussion

This study is, to the best of our knowledge, the first to investigate the implications of age
stratification when determining muscle mass cut points and in calculating residual values
for a sample using linear regression to adjust ALM for height and fat mass. We found that
the most appropriate method of handling age stratification was to calculate the residuals in
the whole sample, then stratify the residuals by age to determine cut points and to conduct
analyses by age group (Strategy 1). Using this message, the percentage of participants with
low muscle mass were within approximately 2% of the estimates when ALM was adjusted

for height?, weight, or BMI for each age and sex strata (Table 3).

Stratifying the sample by age prior to calculating residuals for the purpose of subgroup
analyses based on age or for developing cut points proved problematic. When the sample
was stratified by age before calculating the residuals (Strategy 3 and Strategy 4), the
percentage of participants with low muscle mass decreased from the youngest to the oldest
age groups (Table 3). Muscle mass values are expected to decrease with age indicating that
this technique is not appropriate. * When cut points were based off of residuals calculated

in participants aged 65 years and older versus the residuals calculated in the whole sample
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(Strategy 2 and Strategy 4), the overall prevalence of sarcopenia was higher than expected
with over 30% of males and females aged 65 years and older having low muscle mass. In
comparison, previous studies have found that between 14.1% and 33.2% of community-
dwelling adults aged 65 years and older have low muscle mass. 1>16:182128-30 Based on these
observations, participants should not be stratified by age prior to calculating residuals
regardless of if the purpose of age stratification is for subgroup analyses or developing low

muscle mass cut points.

Stratifying by age before calculating the residuals was problematic because of how
residuals are calculated. The maximum likelihood estimation technique used in linear
regression to calculate the residuals requires that the sum of the residuals for the sample to
equal zero. When the sample was stratified by age, the mean value of the residuals for each
age group was zero. However, the standard deviation decreased with age (Figures 1
through 4). The greater the standard deviation for the age group, the more participants
were below the low muscle mass cut off and therefore the higher the percentage of people
with low muscle mass. Similarly, when the sample was limited to participants aged 65 years
and older before calculating the residuals, the mean residual value was zero. When the data
from all participants was used to calculate the residuals, the mean values were -1.17 for
males and -0.56 for females as these participants had lower predicted lean mass compared
to the younger participants. This resulted in more extreme values for the 20™" percentile and

the greater percentage of participants with low muscle mass.

The problems we encountered stratifying our sample by age before calculating the residuals
extend to any situation in which residuals calculated in one sample are combined or applied

to another sample. Residual values are sample dependent and therefore unless two groups
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of participants have identical joint distributions of ALM, height, and fat mass, the residuals
from one study will not identify people with the same amount of ALM relative to height
and fat mass. This means that cut points for the residual technique, even if developed in a
population-based random sample with cut points validated against relevant health
outcomes, cannot be meaningfully applied to another sample. Another problem with the
residual adjustment technique is that it requires a sample of people in order to run a

regression model and calculate residuals which is not practical for clinical settings.

To our knowledge, only one study has assessed the relationship between low muscle mass
operationalized using the residual adjustment technique with health. 23! Cawthon et al.
observed that low muscle mass adjusted for height and fat mass was significantly associated
with risk of functional limitations and mortality, but not recurrent falls or hip fractures. *2
Studies operationalizing sarcopenia as low muscle mass only often do not find significant
associations with health, therefore the associations found with functional limitations and
mortality are particularly notable. 23232 Given this evidence as well as the strong face
validity for adjusting ALM simultaneously for height and fat mass, future studies are
required to determine if adjusting ALM for height and fat mass, alone and in combination
with muscle strength or function, better identifies people at poor risk for health compared

to the other adjustment techniques.

To resolve the issue of the residual adjustment technique requiring a sample of people for
the regression model and the lack of comparability of residual values between studies,
prediction equations, similar to those that have been used for lung function can be
developed. 3* A sample of healthy older adults could be used to create sex-specific

prediction equations for ALM based on height and fat mass. Variables such as age and
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ethnicity could be explored for inclusion in the equation. To use the prediction equations
in clinical or research settings, ALM would be measured using DXA for an individual. The
prediction equation would be used to determine the predicted ALM based on height and fat
mass. Subtracting their predicted ALM from actual ALM provides the residual value. Then,
this residual value could be compared to a pre-determined cut point to categorize the person
as having low or normal muscle mass relative to their height and fat mass. Ideally, cut
points for the low muscle mass residuals would be determined by assessing which cut
points best predict health outcomes relevant to sarcopenia. In the absence of clinically
relevant cut points, the residual value corresponding to the desired percentage of healthy
older adults being considered to have low muscle mass relative to height and fat mass could

be used.

Conclusions

There is a general consensus amongst sarcopenia researchers that muscle mass should be
adjusted for at least one other anthropometric measure, but there is no agreement about
which measure should be used. Of the suggested options, using linear regression to adjust
ALM simultaneously for height and fat mass has the greatest face validity. However, this
technique is rarely used, likely due to the lack of comparability of residual values between
different samples making standard cut points for low muscle mass unavailable and leading
to challenges in handling age-stratification within a sample. Given the high face validity of
the regression adjustment technique, more research is needed to understand how this
technique compares to adjusting for height, weight, or BMI. One of the barriers to studies
using the regression adjustment technique is the lack of guidance on how to handle age-

stratification. In our analyses, we explored multiple techniques of handling age-
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stratification and determined that the best method of handling age stratification was to run
linear regression models in participants of all ages and then stratify the residual values by

age to determine appropriate low muscle mass cut points or to conduct subgroup analyses.
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Table 1. Strategies for operationalizing low muscle mass adjusted for height and fat

mass
Residuals for cut points Residuals for cut points
developed in all developed in participants aged
participants 65 years and older
ReS|dua.1Is. calculated in Strategy 1 Strategy 2
all participants
Residuals calculated
e Strategy 3 Strategy 4
after stratifying by age rategy rategy
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Table 2. Participant characteristics

Aged <65 years Aged >65 years
Males Females Males Females
Mean SEor Mean SEor| Mean SEor Mean SEor
or N % or N % or N % or N %
Total population 7286  48.7 7677 513 5376 51.5 5060 48.5
Age, years 55.8 5.4 55.5 5.4 73.0 5.6 73.0 5.7
Height, cm 176.6 6.7 163.1 6.3] 173.9 6.7 159.9 6.3
Weight, kg 89.0 16.5 741 169 846 14.1 709 143
BMI, kg/m2 28.5 5.0 27.8 6.3 28.0 4.2 27.8 55
Total body fat mass, % 25.5 9.5 29.8 11.0 25.5 8.0 29.6 9.4
Appendicular lean mass,
% 28.8 4.4 19.0 3.5 25.9 3.8 17.4 3.0
ALM/height2 9.23 1.19 714 1.17 8.56 1.06 6.78 1.04
ALM/weight 3272 337 26.09 325 3090 312 2475 286
ALM/BMI 1.02 0.14 0.70 0.11 094 0.12 0.63 0.10
Gait speed, meters per
second 1.03 0.18 1.02 0.19 0.94 0.19 0.90 0.19
Grip strength, kg 47.3 9.1 28.6 5.6 39.4 8.5 23.6 5.2
Chronic conditions
Heart disease*® 648 9.0 375 49 1403 26.6 772 155
Cardiovascular
disease* 151 2.1 147 1.9 416 7.8 332 6.6
Diabetes 1108 15.3 1011 132 1296 24.2 876 17.4
COPD 259 3.6 341 45 348 6.5 408 8.1
Cataracts or
glaucoma 707 9.9 984 13.1 2652 50.9 3027 61.7
Osteoarthritis 1070 14.9 1632 21.7 1379 264 2060 42.2
Depression 937 129 1325 17.4 527 10.0 888 17.9
Dementia/Alzheimer's
Disease 7 0.1 9 0.1 22 0.4 17 0.3
Neurological
conditions*? 648 8.9 1678 21.9 376 7.0 864 17.2
Osteoporosis 82 1.1 616 8.1 202 3.8 1223 245
Hypertension 2212 305 1884 24.6 2626  49.2 2463 48.9
Peripheral vascular
disease 214 3.0 309 4.0 380 7.1 386 7.7
Kidney disease 2011 27.7 1960 25.6 1516  28.3 1444  28.6
Cancer 478 6.6 768 10.0 1205 225 975 19.3

10 Heart disease includes angina, myocardial infarction, and heart disease
11 cardiovascular disease includes stroke and transient ischemic attack

12 Neurological conditions include multiple sclerosis, epilepsy, migraine headaches, and Parkinson’s

Disease
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Poor or fait self-rated
health (%)
Smoking (%)
Never
Former
Current
Household income (%)
< $20,000
> $20,000 < $50,000
> $50,000 <$100,000
> $100,000 <
$150,000
> 150,000
PASE score

635

6483
160
611

242
770
2114

1862
2051
172.6

8.7

89.4
2.2
8.4

3.4
10.9
30.0
26.5

29.1
80.3

572

6811
157
673

329
1200
2496

1661
1593
150.9

7.5

89.1
2.1
8.8

4.5
16.5
34.3
22.8

21.9
4.4

454

5056
45
237

179
1309
2235

866
472
125.5

8.5

94.7
0.8
4.4

3.5
25.9
44.2
171

9.3
60.4

417

4763
42
211

423
1872
1579

423
185
107.8

8.3

95.0
0.8
4.2

9.4
41.8
35.2

9.4

4.1
53.2
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Figure 1. Residual values of muscle mass regressed on height?and fat mass in males
by age group when the residuals are calculated in all participants
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Figure 2. Residual values of muscle mass regressed on height? and fat mass in males
by age group when the residuals are calculated after age stratification

-3.61 cut off (residuals Age group
1,000.0 not age stratified) —»
45 to 54 years
-2.40 cut off (age Mean: 0.00 o
stratified residuals) > Standard deviation: 3.22
800.0
55 to 64 years
Mean: 0.00
3' Standard deviation: 3.08
S eooo
3
g 65 to 74 years
I.t Mean: 0.00
4000 Standard deviation: 2.86
75 toB5 years
Mean: 0.00
2000 Standard deviation: 2.68
oo
=15 =10 -5 i} 5 10 15
Unstandardized Residual

215



Ph.D. Thesis — A. Mayhew; McMaster University — Health Research Methodology

Figure 3. Residual values of muscle mass regressed on height? and fat mass in
females by age group when the residuals are calculated in all participants
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Figure 4. Residual values of muscle mass regressed on height? and fat mass in
females by age group when the residuals are calculated after age stratification
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Figure 5. Percentage of participants with low muscle mass adjusted for height and fat mass
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Chapter 6: Conclusions

Overview

This thesis explored how the individual components of sarcopenia definitions including the
combination of muscle variables used, the technique used to adjust muscle mass, and the
cut offs for the muscle variables, impact the proportion of participants with sarcopenia, the

agreement between definitions, and the association between sarcopenia and falls.

Chapter 1 served as an introduction to the history of sarcopenia, how the expert group
consensus definitions operationalize sarcopenia, and a literature review of previous studies
investigating the prevalence of sarcopenia, agreement between sarcopenia definitions, and
the association between sarcopenia and falls. Chapter 2 is a systematic review and meta-
analyses of studies assessing the prevalence of sarcopenia in community-dwelling older
adults in population-based studies. The results showed that the prevalence of sarcopenia
was markedly different depending on which definition of sarcopenia was used and inspired
the research objectives of Chapter 3 which investigates how using different sarcopenia
definitions impacts the proportion of participants identified as sarcopenic and the

agreement between definitions.

The details of how each of the studies operationalized sarcopenia collected as a part of
Chapter 2 was instrumental in creating the list of sarcopenia definitions that were used in
Chapters 3 and 4. Several of the measurement strategies recommended by the expert
group definitions were never or rarely used by the studies included in the systematic review

and therefore were not incorporated into our list of sarcopenia definitions creating a more
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parsimonious set of definitions. The systematic review revealed that a wide range of cut
offs for low muscle mass were utilized which typically categorized between 10% and 40%
of participants as having low muscle mass. Therefore, we used cut offs corresponding to
the 10", 20™, and 40" percentile of sex-specific muscle mass for participants aged 65 years

and older.

Chapter 3 showed that there was poor agreement between nearly all sarcopenia definitions.
However, as there is no criterion standard for sarcopenia, it was impossible to compare the
validity of the various sarcopenia definitions. In the absence of a criterion standard,
construct validity is the best method of assessing the validity of the different sarcopenia
definitions. To test the construct validity of the different sarcopenia definitions, we
hypothesised that individuals with sarcopenia are likely to have an increased risk of falls in
Chapter 4. While developing the low muscle mass cut offs using the residual technique in
which appendicular lean mass is regressed on height and fat mass for our list of sarcopenia
definitions for Chapters 3 and 4, we encountered problems with the percentage of
participants with low muscle mass decreasing with age. A further investigation of the data
revealed that when using the residual technique, the sample should not be stratified by age
or other variables until after the residuals are calculated. To our knowledge, there is no
guidance in the literature on how to handle stratification when using the residual technique.
Chapter 5 provides a detailed discussion of the statistical rationale supporting our

conclusion that residuals should be calculated prior to stratifying the sample by age.
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This concluding chapter includes a discussion of the sarcopenia definitions included in the
analyses, the key findings, clinical implications, strengths and limitations, and

opportunities for future research.

Selection of sarcopenia definitions

Previous studies have investigated how the use of different sarcopenia definitions impacts
the prevalence of sarcopenia, the association of sarcopenia with health, as well as assessing
the agreement between definitions. However, these studies are limited by the selection of
sarcopenia definitions. Each sarcopenia definition is made up of three components; 1) the
combination of muscle variables; 2) the technique used to adjust muscle mass; and 3) the
cut offs for each of the included variables. In most cases, existing sarcopenia definitions
from the literature, including the expert group consensus definitions, vary based on more
than one component. Therefore, in the previous studies it has been impossible to determine
which of the three components is responsible for any observed differences in prevalence,
the magnitude of the association of sarcopenia with health, and poor agreement between
definitions. To accomplish the objectives of this thesis, we required a list of sarcopenia
definitions that would allow for the impact of changing each of the three components of
sarcopenia to be investigated individually. To understand how sarcopenia is defined in the
literature, we reviewed the recommendations of the consensus definitions released by the
four expert groups, as well as conducted a systematic review of studies investigating
sarcopenia prevalence conducted in population-based samples of community dwelling

older adults. 1°
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Combination of muscle variables - Based on our review of the expert group consensus
definitions and systematic review of the literature, three combinations of variables were
identified as defining sarcopenia; 1) muscle mass only; 2) muscle mass and muscle
strength; and 3) muscle mass and muscle function. The original European Working Group
on Sarcopenia (EWGSOP) definition also included the combination of muscle mass with
either muscle strength or muscle function. However, the revised EWGSOP definition
recommends against this combination and it was therefore not included in our list of
definitions. Three of the four expert group consensus definitions for sarcopenia recommend
operationalizing muscle strength using grip strength and muscle function using gait speed.
The original and the revised EWGSOP include a list of variables that can be used to
operationalize muscle strength (grip strength, chair rise test, and knee strength) and muscle
function (gait speed, Short Physical Performance Battery, Timed up and Go, and stair climb
test). The measures other than grip strength and gait speed are rarely used in the literature
with two or fewer studies included in our systematic review reporting using any of the

variables and were therefore not incorporated in our list of sarcopenia definitions.

Method of adjusting muscle mass — Four different techniques for adjusting muscle mass
are recommended by the expert group consensus definitions for sarcopenia and have been
used in the literature. Three involve dividing appendicular lean mass by an anthropometric
measure, either height squared, weight, or body mass index. The fourth technique calculates
the residual values of appendicular lean mass regressed on height and fat mass.

Appendicular lean mass was measured using dual-energy x-ray absorptiometry (DXA).
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Cut offs for muscle variables — Based on the expert group definitions, grip strength cut
offs for males include 30kg, 27kg, and 26kg, and for females 20kg and 16kg. For gait speed,
the recommended cut offs are 1.0 meters per second or 0.8 meters per second. These cut
offs were also used by the majority of studies included in our systematic review and meta-
analyses and therefore were all incorporated into our list of sarcopenia definitions. There is
less consensus on what cut offs are relevant for low muscle mass. Though many of the
expert group consensus definitions for sarcopenia reference cut offs based on previous
analyses, there is also a recommendation for studies to choose their own cut offs, often the
lowest quintile of sex-specific values of the sample. In our systematic review of the
literature, we observed that a wide range of cut off values are used. In the absence of any
clear guidance about which cut offs are most appropriate for muscle mass, we chose to
create three sets of low muscle mass cut offs for each method of adjusting muscle mass.
The cut offs correspond to the 10", 20™", and 40" sex-specific percentile values. These cut
offs captured the range of cut offs referenced by the expert group consensus definitions and

what is used in the literature.

Creating the list of sarcopenia definitions — Our final list of sarcopenia definitions fit into
three categories based on which variables were used in the model; 1) muscle mass only; 2)
muscle mass and grip strength; and 3) muscle mass and gait speed. Within each of these
categories, sarcopenia was operationalized using each of the four techniques of adjusting
muscle mass (height, weight, body mass index, and the residual techniques), using the 10™",
20" and 40" percentile cut offs. For the definitions including grip strength, the 30kg, 27kg,

and 26kg cut offs for males and the 20kg and 16kg cut offs were included for females. The
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definitions including gait speed included the cut offs of 1.0 meters per second and 0.8
meters per second. The final list included 72 definitions for males and 60 for females that
captured the range of methods of operationalizing sarcopenia recommended by the expert

group consensus definitions.
Key findings

The results of this thesis showed that differences in both the combination of muscle
variables used to define sarcopenia and the technique to adjust muscle mass resulted in
limited agreement between sarcopenia definitions. In some cases, the differences in
operationalizing sarcopenia changed the magnitude of the association between sarcopenia
and falls. In males, sarcopenia definitions including grip strength were usually significantly
associated with falls, but not definitions including gait speed. Of the definitions including
grip strength, those that adjusted muscle mass for weight, BMI, and using the residual
technique were associated with falls, but not those that adjusted muscle mass for height.
The combination of poor agreement and differences in the strength of relationship of
different sarcopenia definitions and health indicate that different sarcopenia definitions

should not be used interchangeably as they often are in the literature.

There were several important findings based on the analyses of the strength of the
association of sarcopenia with falls. Numerous definitions of sarcopenia were associated
with falls in males, but none of the sarcopenia definitions were associated with falls in
females. Two other studies that have conducted sex-stratified analyses have had similar

findings showing no association between sarcopenia and falls in women. 7 A key sex-
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based difference hypothesized to influence sarcopenia is the menopausal transition in
females. The timing of menopause coincides with increases in sarcopenia and it is
hypothesized that the hormonal changes associated with menopause are responsible for the
changes in muscle mass. ¥ However, a recent systematic review and meta-analyses found
that hormone therapy during menopause did not attenuate muscle mass loss regardless of
type and dose of hormone therapy, time since menopause that hormone therapy was given,
and duration of hormone therapy. % This suggests that menopause alone is unlikely to be
the cause of differences in males and females. There is also evidence that the mechanisms
leading to sarcopenia are different in males and females and may therefore impact the
association of sarcopenia with health. Several studies have observed that reduced insulin-
like growth factor 1 (IGF1) is associated with sarcopenia components in females but not
males. 212 IGF1 has anabolic properties and therefore and helps the body to synthesize
muscle protein in response to stimuli like exercise. * However, at least one study has
observed that IGF1 is associated with sarcopenia in males but not females 2 There is also
evidence that the effects of catabolic cytokines leading to increased muscle breakdown such

as interleukin 1L6 may have a greater impact in males than in females. 28

In addition to potential biological differences in males and females that may impact the
relationship of sarcopenia on falls, it is also essential to explore gender differences. Being
female is a well-documented risk factor for falls. 2’ In the CLSA sample, a greater
percentage of females fell (13.0%) compared to males (9.5%). However, on average across
all sarcopenia definitions, the percentage of fallers in the non-sarcopenic group was 9.0%

for males and 12.7% for females, while the percentage of fallers in the sarcopenic group
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was 16.4% for males and 14.1% for females. This shows that factors other than sarcopenia,
appear to increase the risk of falls more greatly in females than in males. Examples of
potential factors include physical activity and socioeconomic status. Across the lifespan,
females are generally less physically active compared to males due a number of
psychosocial factors which is associated with lower levels of physical function which may
increase the risk of falls. 26 Females are also more likely to have lower household incomes,
which was observed in our sample with 29.9% of males and 49.3% of females aged 65
years and older reporting household incomes of less than $50,000. Lower income is
associated with poorer living conditions, less access to health care services, and fewer
healthy lifestyle behaviours which are associated with an increased risk of falling. 27 In our
models assessing the relationship between sarcopenia and falls, we considered gender-
based variables by adjusting for physical activity level and income. In addition to
conducting sex-stratified analyses, future studies should carefully consider what other

gender-based variables may be relevant to sarcopenia.

Our results also show that sarcopenia operationalized using muscle mass adjusted for height
squared, was not significantly associated with falls or had a more modest relationship with
falls compared to adjusting for weight, BMI, or using the residual technique in males when
grip strength was included in the sarcopenia definition. >> We hypothesize that this result
is explained by appendicular lean mass adjusted for height mostly identifying individuals
with normal body mass index values (between 18.5kg/m? and 24.9kg/m?) as sarcopenic. In
contrast, adjusting for weight and body mass index, and the residual technique identified

more obese individuals with body mass index values of 30kg/m? and greater as sarcopenic.
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The co-existence of sarcopenia and obesity is called sarcopenic obesity and has previously
been found to be associated with a greater risk of falling than sarcopenia or obesity alone.
89 Therefore, because individuals identified as sarcopenic using height adjusted muscle
mass have on average a healthier body weight compared to the other muscle mass
adjustment techniques, they have an attenuated risk of falling. Interestingly, we did not
observe the same attenuation when sarcopenia was defined using muscle mass and gait
speed instead of grip strength. A potential explanation is that body mass index is associated
with increased grip strength in males. 1° Sarcopenia definitions capturing mostly obese
sarcopenic males may identify individuals at higher risk of falling due to a larger difference
in their actual versus expected grip strength compared to their normal weight peers. The
attenuation effect was not observed in females. This may be because unlike in males, grip
strength was not associated with falls in females. Therefore, selecting primarily normal
weight versus obese participants based on the muscle mass adjustment technique does not
have the same impact on the results as in males. Additionally, increased body mass index
is not associated with increased grip strength in females which means that a single cut off
for low muscle mass identifies the same extent of muscle loss in obese females as it does

in normal weight females. °

Finding relationships between definitions utilizing the residual adjustment technique was
of particular interest as this adjustment technique has the greatest face validity. ** The
sarcopenia research community agrees that muscle mass should be adjusted for body size
due to the strong correlation between these variables and the residual adjustment technique

in may be the most appropriate as it simultaneously adjust for height and fat mass. -
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Applying the residual adjustment technique is challenging, particularly when stratifying by
age group, as the residuals developed in one group are not applicable to another unless the
distribution of ALM, height, and fat mass are identical. Therefore, it is difficult to
determine which cut points are appropriate for identifying low muscle mass. The results of
this thesis provide guidance about how to apply this adjustment technique by showing that
the residuals should be calculated prior to stratifying the sample by any variable. This
allows for the residuals in each subgroup to be interpreted in the context of the whole
sample. The odds of falling in males with sarcopenia was more than two times higher for
many sarcopenia definitions compared to non-sarcopenic males. Though the magnitude of
the odds ratio appeared clinically important, the AUC values were 0.56 and lower which
indicated that knowing if a participant was sarcopenic had little value for identifying fallers.
Compared to models with age only, including sarcopenia only improved the AUC values
by less than 0.04 for identifying people with at least one fall, further supporting that

diagnosing sarcopenia has limited utility in identifying fallers.
Clinical implications

One of the primary goals of the sarcopenia research community is to have physicians to
routinely diagnosis and treat sarcopenia. '* The findings of this thesis highlight two
important considerations that should be made before measuring sarcopenia becomes
standard practice. Firstly, given the poor agreement between nearly all sarcopenia
definitions observed in this thesis, it is unlikely that a treatment shown to effectively
manage sarcopenia based on one definition would have the same effectiveness when an

alternative definition of sarcopenia is utilized. It is unrealistic to expect clinicians to
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understand the nuances of each expert group consensus definition and choose treatment
plans accordingly. Secondly, the results of this thesis indicate that more work is required
to determine the value of diagnosing sarcopenia clinically. Sarcopenia, regardless of how
it was defined, was not significantly associated with falls in females. In males, several
definitions were associated with a more than two times greater odds of falling. However,
the AUC analyses revealed that at best, males who had fallen at least twice had a 0.56
probability of being sarcopenic. Given the modest AUC values and that sarcopenia is a
relatively expensive diagnosis to make due to the cost of the technology required to validly
measure muscle mass, analyses studying the cost-effectiveness of diagnosing sarcopenia as
a prevention strategy for falls is required. Additionally, more studies assessing the AUC
using the outcome of falls should be conducted to replicate the results of this thesis, as well

as studies assessing the AUC for other health outcomes related to sarcopenia.

Strengths and limitations

The key strength of the projects included in this thesis was the technique used to develop
the sarcopenia definitions. By reviewing the sarcopenia consensus definitions published by
the four expert groups as well as conducting a systematic review of which sarcopenia
definitions were used in prevalence studies of community-dwelling older adults, we
developed a list of sarcopenia definitions that allowed us to systematically examine each
of the individual components making up common sarcopenia definitions. The selection of
cut offs for grip strength and gait speed were directly guided by the expert group consensus
definitions. However, selecting cut offs for low muscle mass was challenging due to the

wide range of values recommended by the expert group consensus definitions and that are
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observed in the literature. Given the large sample size of community-dwelling older adults
available in the CLSA, we were able to create three sets of low muscle mass cut offs for
each method of adjusting muscle mass corresponding to the 10", 20", and 40" percentile
sex-specific values of adults aged 65 years and older in the CLSA. This technique offered
two main advantages. Firstly, the cut offs capture the range of values recommended by the
expert group consensus definitions and that are used in the literature. This translates into
our results being generalizable to other studies. Secondly, this technique identified the same
proportion of participants as having low muscle mass across the various adjustment

techniques.

The use of data from the CLSA was another strength of this thesis. The CLSA is a national,
longitudinal study that includes 51,338 community dwelling participants from the ten
Canadian provinces. The 30,097 participants from the Comprehensive cohort who provided
in-depth physical assessments at one of 11 Data Collection Sites located in seven provinces
were eligible for the analyses. Comprehensive cohort participants were randomly selected
from within 25 to 50km of each Data Collection Site. The randomly selected, community-
dwelling sample increases the generalizability of the findings. In the analyses assessing the
association between sarcopenia and falls, weighted data was utilized which further
improves the generalizability of the findings to the Canadian population. Weighted data
was not utilized for the agreement analyses as it would have resulted in altering the
proportion of participants considered sarcopenic from the standardized values of 10%,
20%, and 40% and may have negatively impacted the agreement. The large sample sizes

available for analyses, in particular for exploring the association between sarcopenia and
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falls (n=10,008), was advantageous as it allowed for the analyses to be stratified by sex
revealing that sarcopenia is associated with falls in males but not in females. Only two
previous studies have stratified their analyses by sex, likely due to most studies having
insufficient sample sizes. ®” The majority of sarcopenia definitions (n=22/26) studying the
association between sarcopenia and falls in a recent meta-analyses were associated with an
increased odds of falling, however, only 12 were statistically significant. ** This is likely
due to the small sample sizes available with most studies including fewer than 1000
participants. The small sample sizes and low event rates result in large confidence intervals
which included an odds ratio of one. Though our sample was larger compared to previous
studies, the number of participants with sarcopenia experiencing falls was small for some
definitions and results for definitions using the 10" percentile cut offs for muscle mass

should be interpreted with caution.

A major limitation of the projects in this thesis is that our results are only generalizable to
participants of European ancestry. The literature has previously reported that muscle mass,
muscle strength, and physical function vary by ethnicity, which was confirmed in the CLSA
sample. %18 Males and females of European ancestry had significantly greater percent
appendicular lean mass, faster gait speed, and greater grip strength compared to non-
Europeans (Table 1). Due to the small sample size of adults aged 65 years and older that
were not of European ancestry (n=235 males, n=139 females), it was not possible to further
stratify the non-European ancestry group into more specific ancestry groups. Due to the
differences in muscle mass, grip strength, and gait speed, Non-European participants were

excluded from our analyses which limits the generalizability of our findings. A second
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limitation is that our assessment of the construct validity of sarcopenia was limited to falls.
We found that only certain sarcopenia definitions were associated with falls in males and
that none of the definitions were associated with falls in females. While the results
demonstrate that different sarcopenia definitions are not equally associated with falls and
that there are important sex differences to take into consideration, a single project using
one outcome is insufficient to establish construct validity. Falls are thought to be one of the
most relevant health outcomes related to sarcopenia, but to fully assess construct validity,

other important health outcomes such as function and disability also need to be assessed.
Opportunities for future research

The original objective of this thesis was to advance the goal of identifying a standard
definition of sarcopenia that would be applicable to clinical settings. Though we feel this
work has been an important step towards developing a unified definition, the results of the
analyses also revealed that there may be limited clinical utility for diagnosing sarcopenia

which requires further investigation.

The results of assessing the agreement between different sarcopenia definitions robustly
showed that for almost all definitions, there is limited agreement and that both the muscle
variables included in the definition as well as the techniques used to adjust muscle mass
are sources of poor agreement. Several of the expert group consensus definitions
recommend either multiple measures for the same muscle variable or two different muscle
mass adjustment techniques. 12# The results of this thesis show that this practice results in

poor agreement between definitions as well as differences in the strength of the association
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of sarcopenia with falls in some cases. Therefore, any efforts to develop a standard
definition of sarcopenia should be limited to definitions with only one method of

operationalization.

The analyses of the association between sarcopenia with falls has several implications for
future research. Most sarcopenia definitions including grip strength were strongly
associated with falls in males, however none of the sarcopenia definitions were associated
with falls in females. Based on these results, all future sarcopenia studies should conduct
sex-stratified analyses in order to detect potential between sex differences. It is unclear why
sarcopenia was associated with falls in males and not in females, though two previous
studies have had similar findings. &’ To better understand the discrepancy of results in

males and females for falls, future studies should focus on both sex and gender.

It is unclear if the difference in risk for males with sarcopenia versus females is specific to
falls, or if sarcopenia is less strongly associated with multiple health outcomes in females.
Similarly to falls, few studies have conducted sex-stratified analyses looking at outcomes
such as functional disability which one study found decreased and one found similar odds
of disability in females versus males, and only one study looked at sex-stratified analyses
for mortality risk and found similar odds in males and females. 2°3° Further studies
evaluating outcomes important to sarcopenia incorporating sex-stratified analyses are
required to understand if sarcopenia is associated with health. Additionally, studies should
be conducted in other ethnic groups to determine if different sarcopenia definitions better

identify risk in participants of different ethnic backgrounds.
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Future studies assessing the relationship between different sarcopenia definitions with other
health outcomes are vital to developing a standard sarcopenia definition. In the context of
sarcopenia, there is no criterion standard to measure sarcopenia against and therefore the
definition with the strongest association with priority health outcomes should be considered
the standard definition. Ideally, longitudinal analyses should be used. It would be more
beneficial to predict people that will experience poor health caused by sarcopenia in the
future allowing for early interventions to take place. For all analyses looking at the
association between sarcopenia and health, the technique of looking at all combinations of
sarcopenia variables and muscle mass adjustment techniques across a range of cut points
should be utilized. This technique allows for an understanding of how changes in each of
the individual components of the sarcopenia definition impacts the relationship between
sarcopenia and health and allows the definition with the best construct validity to be

identified.

Though several sarcopenia definitions were significantly associated with falls in males,
conducting AUC analyses revealed that little knowledge about falls risk was gained by
knowing the sarcopenia status of a participant. To our knowledge, only one previous study
has assessed AUC values in the context of sarcopenia and the risk of falls. This study
reported the change in AUC values of a model with just age predicting recurrent falls versus
age and sarcopenia predicting recurrent falls. When sarcopenia was added to the model, the
AUC improved between 0 and 0.01, depending on which definition of sarcopenia was used.
12 Similarly to our study, this shows that knowing if someone was sarcopenic provided

little information about if they would fall or not. . All future studies assessing the
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relationship between sarcopenia and any health outcome should calculate AUC values. If
other studies show similarly low AUC values for a variety of health outcomes, the value of

developing a standard sarcopenia definition for clinical settings should be assessed.

As the sarcopenia literature continues to evolve, if there are a subset of sarcopenia
definitions which demonstrate adequate construct validity, efforts should be made to
develop clinically relevant cut offs for muscle mass, grip strength, and gait speed. Previous
studies have developed cut offs for grip strength which best categorized participants with
limited physical function and muscle mass cut offs for muscle mass which categorize
participants with low grip strength. # It is unclear if physical function is the correct outcome
to use to develop cut offs, or if outcomes such as falls, disability, or mortality may be more
appropriate. The sarcopenia research community should work towards a consensus of
which outcomes should be used for developing cut offs. Consideration should also be given
to developing cut offs using longitudinal data to determine values that predict poor

outcomes rather than are associated with poor outcomes.
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Table 1. Mean values for anthropometric measures, grip strength, and gait speed in

European and non-European males and females

Males
_ Non-European (n= | p-value for t-test
European (n=5376) 235) comparing
European versus
males
Height, cm 173.9 6.7 | 169.4 6.7 <0.0001
Weight, kg 84.6 141 | 76.9 14.9 <0.0001
BMI, kg/m2 28.0 42 | 26.7 4.6 <0.0001
Total body fat mass, % 255 80| 229 8.0 <0.0001
Appendicular lean mass, % 25.9 38| 241 4.2 <0.0001
ALM/height2 8.56 1.06 | 8.36 1.21 0.0050
ALM/weight 30.9 31| 316 3.4 0.0011
ALM/BMI 0.94 012 | 0.91 0.13 0.0166
Gait speed, meters per second 0.94 0.19 | 0.89 0.21 <0.0001
Grip strength, kg 39.4 85| 358 8.1 <0.0001
Females
_ Non-European (n= | p-value for t-test
European (n=5060) 139) comparing
European versus
females

Height, cm 159.9 6.3 | 156.3 6.5 <0.0001
Weight, kg 70.9 143 | 675 14.9 0.0029
BMI, kg/m2 27.8 55| 276 5.8 0.3364
Total body fat mass, % 29.6 94 28.0 9.4 0.0248
Appendicular lean mass, % 17.4 3.0 16.7 3.4 0.0088
ALM/height2 6.78 1.04 | 6.82 1.24 0.3536
ALM/weight 24.8 2.86 | 25.0 2.9 0.1587
ALM/BMI 0.63 0.10| 0.61 0.10 0.0100
Gait speed, meters per second 0.90 0.19 0.83 0.21 <0.0001
Grip strength, kg 23.6 5.2 22.6 5.1 0.0120
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