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Sarcopenic obesity is associated with several negative health outcomes. However, the
prevalence of this condition – and the relationship to physical performance parameters –
varies across definitions. The aim of this cross-sectional investigation was to describe
the prevalence of sarcopenic obesity using different published definitions and their
relationship with handgrip strength and walking speed in older Canadian adults.
Individuals aged 65+ in the Canadian Longitudinal Study on Aging (n = 11,803; 49.6%
male, 50.4% female) were included. Body composition was measured using dual X-ray
absorptiometry. Sarcopenic obesity was defined using 29 definitions. Low handgrip
strength was identified as < 27 kg in males and < 16 kg in females and poor physical
performance was defined as gait speed ≤ 0.8 m/s. The prevalence of sarcopenic
obesity ranged from 0.1 to 85.3% in males, and from 0 to 80.4% in females. Sarcopenic
obesity was frequently associated with low handgrip strength (p < 0.05) in both males
(14/17 definitions, 82.4%) and females (21/29 definitions, 72.4%). In very few definitions,
sarcopenic obesity was associated with slow gait speed (males: 1/17 definitions [6.7%];
females: 2/29 [6.9%]). In conclusion, the prevalence of sarcopenic obesity varied greatly
according to definitions and sarcopenic obesity was frequently associated with low
handgrip strength.

Keywords: Geriatrics, community-dwelling older individuals, muscle strength, older people, physical function,
body composition, CLSA
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INTRODUCTION

Population aging and obesity are two of the greatest
epidemiological trends occurring globally (Roubenoff, 2004).
Currently, one in six Canadians (17.2%) is ≥ 65 years of age
(Statistics Canada, 2019a); 28.0% of older Canadians have a
body mass index (BMI) in the ‘obese’ category (≥ 30 kg/m2)
and another 40.3% have a BMI in the ‘overweight’ category
(≥ 25 kg/m2) (Statistics Canada, 2019b).

Both aging and obesity are associated with significant health
problems. Morbidity of aging and obesity are both mediated in
part through changes in body composition (i.e., the amounts of
fat and lean tissues in the body). One such body composition
alteration that occurs with senescence is decreased muscle mass.
Although loss of muscle mass is an ubiquitous problem as
one ages, negative consequences such as increased health care
costs, physical impairment, disability, falls, fractures and frailty
(Baumgartner et al., 1998; Bales and Ritchie, 2002; Janssen et al.,
2004; Visser and Schaap, 2011) are only evident once a threshold
of muscle loss is reached.

Low muscle mass may also occur with obesity (excess fat
mass), a term called ‘sarcopenic obesity.’ This condition is a
considerable public health problem with severe consequences
(Roubenoff, 2004; Prado et al., 2012). The double-burden of low
muscle mass and obesity may accentuate the risk of developing
chronic degenerative diseases but, more importantly, it could
increase the years of disability, which have a severe impact on the
sustainability and efficiency of health initiatives across all levels of
organizations (primary and secondary care, social support, public
health and policy makers) (Roubenoff, 2004). In fact, there is
evidence to suggest that individuals with sarcopenic obesity have
worse morbidity, disability and mortality than either low muscle
mass or obesity (Baumgartner et al., 2004; Schrager et al., 2007;
Zhang et al., 2019). Moreover, obesity masks low muscle mass,
making its diagnosis and identification of clinical consequences a
challenge (Prado et al., 2012).

Despite the negative impact of these abnormal body
composition phenotypes on the public health care system,
there is no consensus on the most appropriate definition for
sarcopenic obesity. Contrary to popular belief, the combination
of definitions of ‘sarcopenia’ in older adults (muscle mass and
function) with high BMI or adiposity is not widely accepted in the
context of sarcopenic obesity. The lack of standardized criteria
impacts awareness, resource allocation and the recognition of this
condition as an important public health problem. Additionally,
factors such as age, ethnicity, and geographical location all impact
body composition (Lear et al., 2009; Silva et al., 2010), yet a
comparison of the prevalence of sarcopenic obesity definitions
has not been described in Canadians. Furthermore, which
definitions of sarcopenic obesity most closely relate to strength
or physical performance outcomes is unknown within this
population. Therefore, the objective of the current investigation
was to describe the prevalence of sarcopenic obesity using
different published definitions in older Canadian adults. As
an exploratory objective, we also characterized the relationship
between each definition of sarcopenic obesity with handgrip
strength and walking speed.

MATERIALS AND METHODS

Study Population and Demographics
The present cross-sectional analysis used data from the Canadian
Longitudinal Study on Aging (CLSA) (Raina et al., 2009;
Kirkland et al., 2015). The CLSA is a large national cohort
study of individuals age 45–85 that collects longitudinal
data on several biological, medical, psychological, social,
and economic aspects of health and disease. Individuals
are randomly selected for inclusion based on age and sex
strata via the Canadian Community Health Survey and
provincial health care records. Individuals are included the
CLSA cohort if they are between the ages of 45–85 years
and able to read and speak in English or French. Those
in long-term care facilities or with cognitive impairment
that precludes informed consent at baseline are excluded.
For the present analysis, only baseline data for males and
females aged ≥ 65 years old who were part of the in-depth,
nationwide cohort of the CLSA were included. Age, sex,
comorbidities, and health behaviors were self-reported during
an in-person interview. Participants also self-identified their
ethnicity or cultural background their ancestors belonged. The
following responses were considered ’Caucasian’: Canadian,
French, English, German, Scottish, Irish, Italian, Ukrainian,
Dutch, Hebrew, Polish, Norwegian, Welsh, Swedish. Due to
the known differences in body composition among different
ethnicities (Heymsfield et al., 2016) and the small number
of participants who self-identified as non-Caucasian ethnic
backgrounds, only Caucasian participants were included in the
present analysis.

Anthropometrics and Body Composition
Height and weight were measured using standard
procedures during a visit to the nearest data collection
site. Body weight was recorded using a 140-10 Digital
Physician Scale (Rice Lake Weight Systems, Rice Lake,
WI, United States) after removal of shoes, headwear, and
excess layers of clothing. Height was measured with a
Seca 213 stadiometer (Hamburg, Germany) to the nearest
0.1 centimeter. The average of two measures of height
and weight were used. Body mass index was calculated
from height and weight measurements and classified
according to the World Health Organization cut-points
(underweight < 18.5 kg/m2, normal weight 18.5–24.9 kg/m2,
overweight 25.0–29.9 kg/m2, and obese ≥ 30.0 kg/m2)
(World Health Organization, 2015).

Body composition was measured using whole body dual
energy X-ray absorptiometry (DXA) Hologic Discovery ATM

(Marlborough, MA, United States). The sum of lean soft tissue
(LST) in both arms and legs was used as a measure of
appendicular skeletal muscle mass (ASM; kg) and appendicular
skeletal muscle index (ASMI; ASM [kg]/height [m2]) was
calculated from this value. Although a more correct definition
of this compartment would be appendicular LST as skeletal
muscle is not directly measured (Heymsfield et al., 1990),
we will use the common abbreviations (i.e. ASM and its
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derivatives) to avoid confusion with the originally published
studies. Whole-body fat mass (FM) and LST including bone
(fat-free mass, FFM) were also used for sarcopenic obesity
assessment. Truncal fat mass (TrFM) from DXA results were
also used for sarcopenic obesity definitions. Measures of body
composition were expressed in absolute values (kg), adjusted
for height or BMI, or as a percent of total body weight (e.g.,
FM [kg]/body weight [kg] x 100, percent body fat) according
to selected definitions. For consistency, we referred to whole-
body LST assessments as “muscle mass” assessments in this paper
for simplicity.

Sarcopenic Obesity Definitions
Definitions of ‘sarcopenia’ within aging literature (i.e., primary
sarcopenia) may require the coexistence of both low muscle
mass and poor physical function or performance (Cruz-Jentoft
et al., 2019). However, sarcopenic obesity has rarely been defined
with physical function or performance parameters and there is
no consensus that including other functional indices is the best
approach for identifying this condition (Donini et al., 2019).
Further, the International Classification of Disease, 10th Revision
(ICD-10) code for sarcopenia (M62.84) does not specify how
sarcopenia should be defined. Therefore, there is no consensus for
sarcopenic obesity definition. As such, sarcopenic obesity in the
current investigation was defined as concurrent low muscle mass
(defined by several different definitions including LST, ASM, and
FFM compartments and its derivatives) and obesity. Diagnostic
criteria for sarcopenic obesity were adopted based on pre-
defined body composition cut points of this condition, as well as
individual definitions of low muscle mass (per previous sentence)
and obesity according to a previous systematic literature search
(Johnson Stoklossa et al., 2017). Although differences in body
composition among ethnicities may exist, definitions were not
excluded based on ethnicity to ensure our findings are inclusive
and can inform future research regarding performance of each
published definition, a similar approach to others (Batsis et al.,
2013; Khor et al., 2020). Many previous publications that
established sarcopenic obesity cut points were developed from
individuals with a wide variety of ethnicities (Baumgartner et al.,
1998, 2004; Newman et al., 2003; Levine and Crimmins, 2012;
Prado et al., 2014; Batsis et al., 2015; Siervo et al., 2015).

Eleven studies that defined sarcopenic obesity based upon
body composition derived from DXA were used in the present
analysis (Baumgartner et al., 1998, 2004; Newman et al., 2003;
Zoico et al., 2004; Bouchard et al., 2009; Kim et al., 2009; Levine
and Crimmins, 2012; Prado et al., 2014; Batsis et al., 2015; Oh
et al., 2015; Siervo et al., 2015). As many of these publications
developed multiple definitions of sarcopenic obesity, a total of 29
definitions were applied to the CLSA sample.

Each definition of low muscle mass and obesity used sex-
specific cut-points, except for those that defined obesity using
BMI. Linear regression with ASM, height, FM, with (Kim et al.,
2009) or without (Newman et al., 2003) age were used to
determine low muscle mass prevalence using residuals. In this
method, cutpoints were determined based on relative distance
from the regression line; positive residuals indicate relatively
higher ASM while lower residuals indicate relatively lower ASM.

Two publications (Zoico et al., 2004; Kim et al., 2009)
calculated skeletal muscle percent as:

(1.13 x ASM)−
(
0.02 x age

)
+ (0.61 x sex)+ 0.97

Body weight
× 100

where ASM and body weight are in kilograms, age is in years and
sex = 0 for female and 1 for male (Kim et al., 2002).

Abnormal body composition was also identified using
centiles of FM:FFM and TrFM:ASM proposed by Siervo
et al. (2015). Body composition phenotypes as proposed by
Prado et al. (2014) (low adiposity/high muscularity, high
adiposity/high muscularity, low adiposity/low muscularity, high
adiposity/low muscularity) using deciles of ASMI and FM
index were also explored. The prevalence of abnormal body
composition phenotypes using the Prado et al. cut-points
were described in more depth and across age groups because
these definitions are specific for sex, age and BMI and
were developed using a large sample of North Americans,
who presumably have similar characteristics to individuals in
the CLSA dataset.

Strength and Physical Performance
Handgrip strength was measured using a digital grip
dynamometer (Tracker Freedom JTECH Medical; Midvale,

TABLE 1 | Demographic, anthropometric, and body composition characteristics
of 11,803 Caucasian Canadians ≥ 65 years old.

Variable Females Males p

Age, years 73 ± 6 73 ± 6 0.710

68 – 78 68 – 78

Height, cm 159.9 ± 6.3 174.0 ± 6.8 < 0.001

155.6 – 164.1 169.5 – 178.6

Weight, kg 71.3 ± 14.9 85.0 ± 14.4 < 0.001

61.9 – 79.3 75.1 – 92.7

BMI, kg/m2 27.9 ± 5.7 28.0 ± 4.3 0.180

23.9 – 30.9 25.1 – 30.3

Fat mass, kg 29.8 ± 9.6 25.6 ± 8.2 < 0.001

23.1 – 35.1 20.1 – 30.0

Fat mass% 40.7 ± 5.9 29.6 ± 5.3 < 0.001

37.0 – 44.7 26.0 – 32.9

Fat mass index, kg/m2 11.7 ± 3.8 8.5 ± 2.6 < 0.001

9.1 – 13.7 6.7 – 9.8

Fat mass:fat-free mass 0.52 ± 0.20 0.51 ± 0.20 0.112

0.37 – 0.66 0.36 – 0.64

ASM, kg 17.4 ± 3.0 26.0 ± 3.9 < 0.001

58.7 – 80.7 23.3 – 28.4

ASMI, kg/m2 6.8 ± 1.1 8.6 ± 1.1 < 0.001

6.1 – 7.4 7.8 – 9.2

ASM% 24.7 ± 2.9 30.9 ± 3.1 < 0.001

22.7 – 26.4 28.8 – 32.9

ASM:BMI 0.6 ± 0.1 0.9 ± 0.1 < 0.001

0.6 – 0.7 0.9 – 1.0

ASM, Appendicular skeletal muscle; ASMI, appendicular skeletal muscle index;
BMI, body mass index. Results are reported as mean ± standard deviation and
(interquartile range). p-value attained from independent-samples t-tests.
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FIGURE 1 | Variability in lean soft tissue (LST) by body weight (A) and body mass index (BMI) (B). Males, n = 5,585; females, n = 5,605. The rectangles and
corresponding data are examples of LST variability in two individuals with similar body weight or BMI.

Utah, United States). Participants sat in a straight-backed chair
with feet on the floor and upper arms close to the body with the
elbow of the dominant hand at 90 degrees flexion. After a practice
maximal squeeze of the dynamometer, participants completed
three maximal squeezes with 15 s between each trial. The highest
measure from the dominant hand was used in this analysis. Low
handgrip strength was defined as < 16 kg in females and < 27 kg
in males, in line with the updated recommendations proposed

by the European Working Group on Sarcopenia in Older People
(Cruz-Jentoft et al., 2019).

Participants completed a 4-meter gait speed test to assess
physical performance. A practice trial was completed before
each test. Participants were instructed to walk as fast as possible
through a straight 4-meter path marked on the floor and asked
to stop a few steps after the finish line. The time taken to
complete the course was recorded using a stopwatch. Speed was
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calculated as the 4-meter length of the path divided by the time to
complete the test (m/s). Slow gait speed was defined as < 0.8 m/s
(Cruz-Jentoft et al., 2019).

Statistical Analysis
Descriptive statistics were conducted to characterize
subject demographics, anthropometrics, and body
composition. For continuous variables such as age and
BMI, mean ± standard deviation (SD) were reported
and normality was assessed using the Anderson-Darling
Normality test. For variables with discrete quantities,
such as sex and binary outcomes (yes/no) for each body
composition definition, frequencies and proportions were
reported. No sampling or analytical weight were applied
to our data. Differences in continuous variables between
males and females were assessed using independent
samples t-test. Pearson correlation was used to describe
the relationship between body weight with muscle mass.
Chi-square tests were used to describe the relationship
between each definition of sarcopenic obesity with low
handgrip strength (categorized into binary variables based
on sex-specific cut-points) and slow gait speed. All analyses
reported 2-sided p-values with significance levels of 0.05.
STATA R©14 (StataCorp LLC, College Station, TX) was used
for data analysis.

RESULTS

Subject Characteristics
A total of 11,803 adults ≥ 65 years old were included in
the present analysis (n = 5,856, 49.6% males; n = 5,947,
50.4% females). Of those, 2,532 (21.5%) had Type II
diabetes mellitus, 5,798 (49.1%) had hypertension, 2,269
(19.2%) had any type of heart disease, and 521 (4.4%)
were current smokers. Most (n = 11,745, 99.5%) had
measures of BMI, 11,196 (94.9%) had measures of body
composition, 10,669 (90.4%) had measures of handgrip
strength, and 11,655 (98.7%) had gait speed. Two
individuals’ body composition data was excluded due to
unfeasible values (i.e., LST greater than body weight). The
average age of the entire sample was 73.1 ± 5.7 years
and most individuals had a BMI in the World Health
Organization-defined overweight (n = 5,057, 43.1%)
or obese (n = 3,342, 28.5%) categories with a small
proportion in considered underweight (n = 96, 0.1%).
Most individuals reported being married or in a common
law partnership (n = 7,354, 62.3%) and 21.1% (n = 2,489)
reported a university degree or certificate above a bachelor’s
degree. As expected, differences in height, weight, and
body composition were apparent between males and
females, Table 1.

LST was positively correlated to body weight (in both sexes,
r = 0.88, p < 0.001) and BMI (males: r = 0.69, p < 0.001;
females: r = 0.72, p < 0.001). However, a wide variability in
LST was observed across the body weight and BMI spectrum
in both sexes, Figures 1A,B. For example, males with a BMI

FIGURE 2 | Prevalence of different body composition phenotypes by sex and
age group. HA, high adiposity; LM, low muscularity; LA, low adiposity; LM,
low muscularity. High and low adiposity and muscularity defined
as > or < 50th decile of age-, sex-, weight-adjusted fat mass index (adiposity)
and appendicular skeletal muscle index (muscularity) from Prado et al. (2014).

of 25.0 kg/m2 had LST ranging between 35.2 and 69.5 kg;
likewise, females with a BMI of 35.0 kg/m2 had LST ranging from
33.9 to 62.0 kg.

Prevalence of Sarcopenic Obesity
The prevalence of sarcopenic obesity using each definition are
presented in Table 2. Prevalence of sarcopenic obesity ranged
from 0.1% based on Newman et al. (2003) to 85.3% based on
Kim et al. (2009) in males and 0% based on definitions from
Batsis et al. and Zoico et al. (Newman et al., 2003; Zoico et al.,
2004; Batsis et al., 2015) to 80.4% based on Kim et al. in females
(Kim et al., 2009).

Supplementary Table 1 includes the prevalence for each
individual phenotype (depicting low muscle mass or obesity).
In males, prevalence of low muscle mass ranged from 4.6%
based on the definition from Levine and Crimmons (Levine
and Crimmins, 2012) to 95.1% based on the definition from
Oh et al. (2015). In females, low muscle mass prevalence
ranged from 0.5% using cut-points from Zoico et al. (2004)
to 94.0% using Oh et al. (2015). At least 27.2% of males
and 29.7% of females had obesity based on the definition
as BMI 30 kg/m2 or higher (Newman et al., 2003; Oh
et al., 2015; Siervo et al., 2015). The prevalence of obesity
was generally higher if using body composition assessments
(i.e., FM or % FM) or waist circumference as opposed to
BMI-based definitions.

The most prevalent body composition phenotype based
on the framework proposed by Prado et al. (2014) was low
adiposity and high muscularity (54.2% males, 45.0% females),
followed by high adiposity and high muscularity (27.8%
males, 33.2 females). High adiposity and low muscularity
was present only in a minority of individuals (8.4% males,
7.8% females) and the prevalence of low adiposity and
low muscle across all subgroups was higher than the
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prevalence of underweight (0.1%). However, the prevalence
of this body composition phenotype increased across age
groups, Figure 2.

Relationship Between Sarcopenic
Obesity and Physical Performance and
Strength
As shown in Table 3, there was a significant relationship
between low handgrip strength and sarcopenic obesity from
most definitions (males: 14/17 definitions [82.4%]; females: 21/29
definitions [72.4%]). In other words, individuals with sarcopenic
obesity were more likely to have low handgrip strength than
those without sarcopenic obesity. However, few definitions of
sarcopenic obesity were related to slow gait speed (males: 1/17

definitions [6.7%]; females: 2/29 [6.9%]) (Newman et al., 2003;
Zoico et al., 2004; Batsis et al., 2015).

DISCUSSION

Identifying the most appropriate definition of sarcopenic
obesity for a given population may help improve resource
allocation, awareness of the condition, and prevention of physical
performance decline in aging adults. This investigation compared
definitions of sarcopenic obesity in a large cohort of older
Canadian adults and explored the relationship of sarcopenic
obesity with grip strength and gait speed. Our results revealed
substantial heterogeneity among definitions, which resulted in
varied prevalence of sarcopenic obesity in the CLSA cohort,

TABLE 2 | Prevalence of sarcopenic obesity according to different criteria in n = 11,803 adults ≥ 65 years old.

Cut-points Prevalence (%)

Males Females Males Females

Low muscle mass Obesity Low muscle mass Obesity

Batsis et al., 2015 ASM < 19.75 FM% > 25.0 ASM < 15.02 FM% > 35.0 6.5 0.0

ASM:BMI < 0.789 FM% > 25.0 ASM:BMI < 0.512 FM% > 35.0 10.6 8.2

Baumgartner et al., 1998, 2004 ASMI < 7.26 FM% > 28.0 ASMI < 5.45 FM% > 40.0 5.4 2.6

Bouchard et al., 2009 ASMI < 8.51 FM% ≥ 28.0 ASMI < 6.29 FM% ≥ 35.0 28.7 23.6

Kim et al., 2009 ASMI < 7.40 FM% > 20.2 ASMI < 5.14 FM% > 31.7 11.2 2.0

ASMI < 8.81 FM% > 20.2 ASMI < 7.36 FM% > 31.7 56.2 64.0

SM%* < 35.7 FM% > 20.2 SM%* < 30.70 FM% > 31.7 55.0 80.4

Residuals: −1.87 FM% > 20.2 Residuals: −1.62 FM% > 31.7 85.3 79.3

Levine and Crimmins, 2012 ASM% < 25.72 WC > 102 ASM% < 19.43 WC > 88 4.1 1.5

Newman et al., 2003 ASMI < 7.23 BMI ≥ 30 ASMI < 5.67 BMI ≥ 30 0.1 0.1

Residuals: −2.29 BMI ≥ 30 Residuals: −1.73 BMI ≥ 30 2.0 4.9

Oh et al., 2015 ASM% < 44.0 BMI ≥ 30 ASM% < 52.0 BMI ≥ 30 25.8 27.9

Prado et al., 2014 ASMI 0-49.99 age, sex, weight adjusted decile 8.0 7.3

FMI 50-100 age, sex, weight-adjusted decile

Siervo et al., 2015 FM:FFM ≥ 85th percentile 5.9 46.0

FM:FFM ≥ 95th percentile 4.9 25.8

TrFM:ASM ≥ 85th percentile 31.6 10.5

TrFM:ASM ≥ 95th percentile 23.3 7.2

Zoico et al., 2004 - SMI < 5.7 BMI > 30 - 0.0

- ASMI < 5.45 BMI > 30 - 0.0

- ASMI 4.7–5.6 BMI > 30 - 0.1

- ASMI < 4.7 BMI > 30 - 0.0

- SM%* 23–27 BMI > 30 - 18.2

- SM%* < 23 BMI > 30 - 4.7

- SMI* < 5.7 BMI > 30 - 0.7

- ASMI < 5.45 BMI > 30 - 1.3

- ASMI 4.7–5.6 BMI > 30 - 2.0

- ASMI < 4.7 BMI > 30 - 0.1

- SM%* 23–27 BMI > 30 - 25.8

- SM%* < 23 BMI > 30 - 6.2

ASM, appendicular skeletal muscle, in kg; ASM%, percent of body weight as appendicular skeletal muscle; ASMI, appendicular skeletal muscle index, in kg/m2; BMI,
body mass index, in kg/m2; FFM, fat-free mass, in kg; FM, fat mass, in kg; FM%, percent of body weight as fat mass; FMI, fat mass index, in kg/m2; SM%, percent of
body weight as skeletal muscle; SMI, skeletal muscle index, in kg/m2; TrFM, trunk fat mass; WC, waist circumference, in cm.
*Skeletal muscle attained from the following equation (Kim et al., 2002): (1.13 × ASM) – (0.02 × age) + (0.61 × sex) + 0.97, where sex is 0 for females and 1 for males.
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TABLE 3 | Relationship of sarcopenic obesity (SO) definitions with handgrip strength and gait speed.

Cut-points Low handgrip strength Slow gait speed

Males Females Males Females Males Females

n = 5,446 n = 5,223 n = 5,789 n = 5,866

p p

Batsis et al., 2015 ASM < 19.75 ASM < 15.02 < 0.001 N/A** 0.627 N/A**

FM% > 25.0 FM% > 35.0

ASM:BMI < 0.789 ASM:BMI < 0.512 < 0.001 <0.001 0.276 0.026

FM% > 25.0 FM% > 35.0

Baumgartner et al., 1998, 2004 ASMI < 7.26 ASMI < 5.45 < 0.001 <0.001 0.298 0.911

FM% > 28.0 FM% > 40.0

Bouchard et al., 2009 ASMI < 8.51 ASMI < 6.29 < 0.001 <0.001 0.355 0.229

FM% ≥ 28.0 FM% ≥ 35.0

Kim et al., 2009 ASMI < 7.40 ASMI < 5.14 < 0.001 <0.001 0.302 0.885

FM% > 20.2 FM% > 31.7

ASMI < 8.81 ASMI < 7.36 < 0.001 <0.001 0.419 0.193

FM% > 20.2 FM% > 31.7

SM%* < 35.7 SM%* < 30.70 < 0.001 <0.001 0.663 0.063

FM% > 20.21 FM% > 31.7

Residuals: −1.87 Residuals: −1.62 < 0.001 <0.001 0.662 0.541

FM% > 20.2 FM% > 31.7

Levine and Crimmins, 2012 ASM% < 25.72 ASM% < 19.43 < 0.001 <0.001 0.411 0.552

WC > 102 WC > 88

Newman et al., 2003 ASMI < 7.23 ASMI < 5.67 < 0.001 <0.001 0.011 N/A***

BMI ≥ 30 BMI ≥ 30

Residuals: −2.29 Residuals: −1.73 < 0.001 <0.001 0.661 0.213

BMI ≥ 30 BMI ≥ 30

Oh et al., 2015 ASM% < 44.0 ASM% < 52.0 0.918 0.247 0.551 0.882

BMI ≥ 30 BMI ≥ 30

Prado et al., 2014 ASMI 0–49.99 age, sex, weight-adjusted decile < 0.001 <0.001 0.854 0.074

FMI 50–100 age, sex, weight-adjusted decile

Siervo et al., 2015 FM:FFM ≥ 85th percentile < 0.001 0.258 0.626 0.670

FM:FFM ≥ 95th percentile 0.002 0.001 0.762 0.079

TrFM:ASM ≥ 85th percentile 0.632 0.110 0.332 0.364

TrFM:ASM ≥ 95th percentile 0.747 0.347 0.692 0.077

Zoico et al., 2004 - SMI < 5.7 - 0.008 - N/A***

BMI > 30

- ASMI < 5.45 - < 0.001 - N/A***

BMI > 30

- ASMI 4.7–5.6 - < 0.001 - N/A***

BMI > 30

- ASMI < 4.7 - N/A** - N/A**

BMI > 30

- SM% 23–27* - 0.542 - 0.369

BMI > 30

- SM% < 23* - < 0.001 - 0.193

BMI > 30

- SMI < 5.7* - < 0.001 - 0.285

BMI > 30

- ASMI < 5.45 - < 0.001 - 0.296

BMI > 30

- ASMI 4.7–5.6 - < 0.001 - 0.166

BMI > 30

(Continued)
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TABLE 3 | Continued

Cut-points Low handgrip strength Slow gait speed

Males Females Males Females Males Females

n = 5,446 n = 5,223 n = 5,789 n = 5,866

p p

- ASMI < 4.7 - 0.178 - N/A***

BMI > 30

- SM% 23–27* - 0.004 - 0.948

BMI > 30

- SM% < 23* - < 0.001 - 0.030

BMI > 30

Low handgrip strength was defined as < 27 kg in males and < 16 kg in females. Slow gait speed was defined as < 0.8 m/s in both sexes. P-values attained from
Chi-Square. ASM, appendicular skeletal muscle, in kg; ASM%, percent of body weight as appendicular skeletal muscle; ASMI, appendicular skeletal muscle index, in
kg/m2; BMI, body mass index, in kg/m2; FFM, fat-free mass, in kg; FM, fat mass, in kg; FM%, percent of body weight as fat mass; FMI, fat mass index, in kg/m2; SM%,
percent of body weight as skeletal muscle; SMI, skeletal muscle index, in kg/m2; TrFM, trunk fat mass; WC, waist circumference, in cm.
*Skeletal muscle attained from the following equation (Kim et al., 2002): (1.13 × ASM) – (0.02 × age) + (0.61 × sex) + 0.97, where sex is 0 for female and 1 for male.
**not applicable due to n = 0 with sarcopenic obesity.
***not applicable due to n = 0 with slow gait speed.

ranging from approximately 0% to 85%. With stratification
by age, sex, and BMI, sarcopenic obesity increased across
age categories. Furthermore, sarcopenic obesity was frequently
associated with low handgrip strength, but not slow gait speed.

In our study, sarcopenic obesity prevalence among older
adults aged 65+ years in the CLSA cohort was substantially
lower than previously reported in a similar group of individuals
residing in the United States using a variety of definitions
(Batsis et al., 2013). For example, using cut-points proposed by
Baumgartner et al., the prevalence of sarcopenic obesity from
our study was approximately 3-times lower in males and 5-times
lower in females compared to those in the National Health and
Nutrition Examination Survey (Batsis et al., 2013). Differences
in prevalence may reflect true variation between Canadian
and American geriatric populations or may be a consequence
of inclusion of all ethnicities in the analysis by Batsis et al.
(2013). Regardless, sarcopenic obesity prevalence is contingent
upon the selected cut-point because our analysis and others
(Batsis et al., 2013; Johnson Stoklossa et al., 2017; Donini et al.,
2019) report high variations in the prevalence of this condition
across various definitions.

Variation in the prevalence of abnormal body composition
phenotypes may be partially explained by differences in reference
populations and methods used to develop definitions for
each individual condition (i.e., low muscle mass and obesity)
and sarcopenic obesity. Aspects such as age and ethnicity
affect body composition and the subsequent consensus of
the optimal diagnostic definition. For example, the definition
put forth by Kim et al. (2009) was developed using a
dataset of Asian adults and, within the CLSA cohort, resulted
in high rates of obesity and sarcopenic obesity. Generally,
muscle mass is highest in African Americans, followed by
Caucasians, Hispanics, and Asians, while percent body fat
is highest among Asian subjects (Wang et al., 1994; Silva
et al., 2010). Therefore, consideration of ethnicity in the
selection of body composition definitions is ideal, although

this was not possible in the present analysis due to the
low number of subjects who self-identified with ethnicities
other than Caucasian.

Slight differences in body composition cut-points also
contribute to dissimilar prevalence rates of abnormal body
composition phenotypes. For example, two comparable
definitions of sarcopenic obesity proposed by Zoico et al.
(2004) resulted in prevalence ranging from 6.2 to 25.8% using
skeletal muscle percent < 23% versus 23–27%, respectively (both
with FM% ≥ 42.9%). Such substantial variation from small
differences in cut-points highlights the importance of selecting
body composition definitions that are appropriate for specific
individuals or populations and have reasonable specificity
and sensitivity.

As exemplified here and elsewhere (Frankenfield et al., 2001)
anthropometric-based measurements are modestly related to
body composition. For example, LST (in which muscle mass
is a main compartment) may vary up to almost two-times
among males and females with the same BMI (Figure 1B).
Several definitions of sarcopenic obesity use BMI to define
obesity. However, these definitions consistently resulted in lower
prevalence rates of obesity compared to those that used DXA-
assessed FM. This pattern illustrates the poor sensitivity of
anthropometric variables to detect body fat (Romero-Corral
et al., 2008) and highlights the limited utility of body weight
to characterize body composition. Notably, age-related loss of
height and increased propensity toward central adiposity (which
is associated with adverse cardiometabolic outcomes and is not
captured by BMI) alter the relationship between FM and BMI
(Batsis and Zagaria, 2018). A BMI that is considered ‘overweight’
(∼27.5 kg/m2) is associated with lower all-cause mortality in
older adults (Winter et al., 2014). Therefore, traditional BMI cut
points for obesity may be inappropriate in geriatric populations,
although there is no consensus on what BMI cut-points are
ideal. More accurate tools that are accessible in clinical settings
are needed to facilitate early identification of abnormal body
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composition and develop strategies to mitigate muscle loss and
FM gain in older individuals.

Using cut-points adjusted for age, sex, and BMI (Prado et al.,
2014), the most common body composition phenotype was high
muscularity-low adiposity. Notably, however, over 15% of both
males and females had low muscularity across age groups. The
prevalence of low muscularity-high adiposity was also higher
among older males and females. Therefore, although fewer
individuals had low muscle mass, a moderate proportion of older
Canadians may be at risk for adverse outcomes associated with
low muscle mass, which likely increases with senescence.

There is currently no evidence or consensus that physical
function or performance outcomes should be incorporated into
sarcopenic obesity definitions (Donini et al., 2019). We therefore
examined handgrip strength and walking speed in relation
to sarcopenic obesity as a hypothesis-generating, exploratory
analysis. Interestingly, handgrip strength was frequently related
to sarcopenic obesity, while this was not the case with walking
speed. Low muscle mass is associated with increased risk
of physical performance limitations in older adults, but this
relationship may be dependent on low muscular strength (Visser
et al., 2005). High adiposity may also be a stronger predictor
of physical function limitations in older adults. For example,
in the Nutrition as a Determinant of Successful Aging study,
obesity (defined as ≥ 35% and ≥ 28% FM in females and
males, respectively) was more strongly related to lower physical
performance than low muscle mass among 904 community
dwelling older adults (Bouchard et al., 2009). In other words, poor
physical performance may only arise after the development of
low muscle mass, reduced strength, or higher adiposity. Notably
we used the generic term “muscle mass” to depict different
compartments and its derivatives as mentioned earlier in this
paper. Given the importance of handgrip strength in predicting
deleterious health outcomes (Leong et al., 2015) and the ease of
use in clinical settings, it may be used as a risk stratification tool
to identify individuals with potentially low muscle mass (Cruz-
Jentoft et al., 2019). Considering adults in the CLSA cohort were
community dwelling adults, it is likely that body composition
and strength in this cohort have not yet deteriorated to the
point of negatively impacting gait speed [i.e., having ‘severe
sarcopenia’(Cruz-Jentoft et al., 2019)]. Future investigations
that are specifically designed to generate sarcopenic obesity
definitions may consider using hand grip strength.

Although this is currently the largest investigation of
sarcopenic obesity prevalence in older Canadian adults, some
limitations should be considered when interpreting the presented
findings. The CLSA cohort did not attain direct measurements
of ethnicity; rather, we assumed ethnicity based on self-
reported cultural background. In this study, we also only
included individuals who self-reported as cultural backgrounds
likely to be Caucasian ethnicity. However, body composition
varies across ethnicities (Wang et al., 1994; Silva et al., 2010);
as such, developing ethnicity-specific definitions of abnormal
body composition is warranted. Studies that measured body
composition using DXA were included due to the availability
in the CLSA database and pervasive use of this technique
within the literature. However, assessment of muscle mass

as measured by novel methods (i.e., D3 creatine dilution)
may more strongly relate to physical function parameters
and should be investigated in the context of sarcopenic
obesity in future investigations (Cawthon et al., 2018; Donini
et al., 2019; Orwoll et al., 2020). In addition, walking
acceleration was not accounted for in the 4-meter gait
speed test, which may have increased the time taken to
complete the assessment.

CONCLUSION

In conclusion, the identification of sarcopenic obesity (and
its components, low muscle mass and obesity) is largely
dependent on the selected definition among community-
dwelling older Canadian adults. Furthermore, sarcopenic obesity
often co-occurred with low grip strength but not slow
gait speed in this population. These results highlight the
importance of selecting an appropriate definition of abnormal
body composition phenotypes and reinforces the need to
develop population-specific criteria for sarcopenic obesity
in older adults.
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