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Abstract
Background: Sarcopenic obesity (SO) is the coexistence of sarcopenia and obesity in an individual. The present study is designed
to define the usefulness of skeletal muscle ultrasonography (US) in the definition of SO. Methods: Eighty-nine participants aged
≥65 whose body mass index (BMI, kg/m2) was ≥30 were consecutively enrolled in an outpatient clinic of geriatric medicine. All
underwent comprehensive geriatric assessment. US measurements were obtained in 6 different muscles consisting of core and limb
muscles. We defined SO as the presence of low muscle function (defined by a handgrip strength < 27 kg in males and <16 kg in
females) and high BMI (≥30). Results: The median age of the participants was 72 (65–85) years; 81% were female, and 35% (n =
31) had SO. Anthropometric parameters that estimate muscle mass were lower in the sarcopenic group, but estimations of muscle
mass with bioelectrical impedance analysis (BIA) did not differ between groups. All US estimations of muscle mass were lower in
sarcopenic obese participants, albeit not all significantly. RFmuscle cross-sectional area (RFCSA) and abdominal subcutaneous fat
thickness were most strongly correlated with grip strength (r= 0.477 and r= −508, respectively). Receiver operating characteristic
analysis suggested that the optimum cutoff point of RF CSA for SO was ≤5.22 cm2, with 95.8% sensitivity and 46.7% specificity
(area under the curve: 0.686). Conclusions: US evaluation of muscle mass may be more accurate than BIA-derived skeletal muscle
index assessment for the diagnosis of SO. (JPEN J Parenter Enteral Nutr. 2020;44:1398–1406)
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Clinical Relevancy Statement

Sarcopenic obesity (SO) is a clinical and functional con-
dition characterized by the co-occurrence of obesity and
sarcopenia. Althoughmany definitions have been proposed,
at present, there are no unified diagnostic criteria for SO.
It is crucial to estimate muscle mass for the diagnosis

of SO. There are many relevant techniques for measuring
muscle mass, of which ultrasonography (US) is the re-
cently expanded tool in clinical practice. US is a simple,
real-time, noninvasive, radiation-free, low-cost, and easily
transportable, as well as valid and reliable, method to
estimate muscle mass. There are clinical trials investigating
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US assessment for the diagnosis of sarcopenia, but there is
a lack of research on the role of skeletal muscle US in the
diagnosis of SO. This study represents a first step toward the
introduction of ultrasound imaging in the evaluation of SO.

Introduction

Sarcopenic obesity (SO) is the combination of sarcopenia
and obesity.1 SO was first introduced by Heber et al in 1996
and defined as a condition of co-occurrence of reduced lean
mass and high body-fat mass.2 Since then, many definitions
have been proposed. Changes in body composition, such
as body-fat increments, height reduction (due to vertebral
compression), and muscle mass decline, are observed with
aging.3 Age-related reduction in lean mass or fat-free mass
(FFM) results in a decline in total energy expenditure,
reduced resting metabolic rates, and weight gain in partic-
ular, with an increase in visceral abdominal fat.4,5 All these
age-related changes contribute to increased fat mass and
reduced muscle mass.

The prevalence of SO in older adults has been estimated
to be about 5%–10%, which is significantly higher in adults
age ≥80 compared with that in those age <80, with no
sex differences.6 SO is related to functional deficits and
disabilities and may have an impact more than cases in
which obesity or sarcopenia occur separately.7

Definitions of SO have been extremely variable in defin-
ing both terms of the condition: obesity and sarcopenia.8

Obesity has been defined in different studies by body mass
index (BMI, kg/m2), fat mass, waist circumference (WC),
and visceral fat area, using different cutoff points. Sarcope-
nia has been defined by different measures and adjustments
of FFM or appendicular mass and muscle cross-sectional
area (CSA); more recently, functional measures (gait speed
and handgrip strength [HGS]) have been incorporated,
using the modern definitions of sarcopenia.

There are different methods to estimate muscle mass,
such as dual energy x-ray absorptiometry (DXA), bioelec-
trical impedance analysis (BIA), anthropometry, creatine
dilution test, ultrasonography (US), computed tomography
(CT), and magnetic resonance imaging (MRI).9 US is a
simple, real-time, noninvasive, radiation-free, low-cost, and
easily transportable method. It provides not only quantita-
tive data but also qualitative data about skeletal muscles.
US seems to be a valid and reliable method to estimate
muscle mass, yielding results comparable to DXA, CT, and
MRI.10,11 In this context, US may play an essential role
in the diagnosis of sarcopenia, as well as SO. There are
clinical trials investigating US assessment for the diagnosis
of sarcopenia, but there is a lack of research on the role of
skeletal muscle US in the diagnosis of SO.

This study is designed to define the usefulness of skeletal
muscle US to estimate muscle mass in obese, older persons.
We hypothesized that SO is associated with lower muscle

thickness (MT), smaller muscle CSA, and thicker subcuta-
neous fat tissue defined by US.

Methods

Participants

Community-dwelling participants age ≥65 whose BMI was
≥30 and who were admitted to the geriatric outpatient
clinic for 6 months were consecutively enrolled in this cross-
sectional study. A total of 112 patients were evaluated.
Patients with hypervolumea (n= 6), severe dementia (n= 5),
delirium (n = 4), end-stage kidney disease on dialysis (n
= 3), rheumatologic disease using corticosteroid (n = 2),
stroke history (n = 2), and uncontrolled hyperthyroidism
(n = 1) were excluded from the study. As a result, 89
patients were included for analysis. The following variables
were recorded: age, sex, educational level, anthropometric
parameters, and living conditions. Comorbidities (such as
diabetes mellitus, hypertension, coronary artery disease,
chronic obstructive pulmonary disease, chronic heart fail-
ure, and hypothyroidism) and geriatric syndromes (such as
osteoporosis, dementia, depression, urinary incontinence,
fall, and polypharmacy) were defined by comprehensive
geriatric assessment, laboratory tests, participants’ self-
reports, and a review of current medications.

Inclusion and Exclusion Criteria

Potential participants with a primary diagnosis of neu-
romuscular disease were excluded, along with those with
moderate-severe dementia defined by a clinical demen-
tia rating scale12 and those with stroke history, systemic
connective tissue disorders, myositis, chronic use of oral
corticosteroids ≥ 5 mg/d for >3 months, uncontrolled
hypothyroidism or hyperthyroidism, end-stage kidney dis-
ease on dialysis, and demyelinating diseases of the central
nervous system. No participant had clinically detectable
edema, which could influence the measure of resistance
and reactance with BIA.13 Those with chronic heart failure
and chronic renal failure with hypervolemia, who were
unable to stand for anthropometric measurements and who
had skin conditions that preclude using ultrasound, were
also excluded. Patients who met the inclusion criteria were
included consecutively in the study from the outpatient
clinic.

Comprehensive Geriatric Assessment

All participants underwent comprehensive geriatric assess-
ment. Functional status was evaluated with the Katz Index
of Independence in activities of daily living (ADL) (score
0–6)14 and the Lawton-Brody instrumental ADL (IADL)
(score 0–8).15 Katz ADLmeasures 6 self-care tasks as listed:
bathing, toileting, dressing, transferring to and from a chair,
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Figure 1. Axial ultrasound images. (A) Rectus abdominis; (B) external abdominal oblique, internal abdominal oblique,
transversus abdominis; (C) rectus femoris; and (D) gastrocnemius medialis muscle thicknesses. Dotted yellow line represents the
thickness. 1,2,3 indicates the number of measurements, for example in capture A,C and D there is one measurement albeit in capture
B there are three differnet muscle US measurements. +symbol is the symbol of the US device which shows the distance between
the layers to measure the thickness of the muscle. EO, external abdominal oblique; F, femur; GM, gastrocnemius medialis;
IO, internal abdominal oblique; RA, rectus abdominis; RF, rectus femoris; SF, subcutaneous fat; TA, transversus abdominis.

maintaining continence, and feeding. The Lawton scale
includes items, such as ability to use the telephone, mode
of transportation, shopping, food preparation, household
tasks, responsibility for medications, and ability to man-
age finances. Nutrition assessment was performed by the
Mini Nutritional Assessment–Short Form (score 0–14).16

Cognitive function and depressive symptoms were assessed
with the Mini–Mental State Examination (score 0–30) and
the short form of the Geriatric Depression Scale (score 0–
15), respectively.17,18 Muscle strength was assessed by HGS
and measured using a calibrated hand-held dynamometer
(T.K.K.5401; Takei Scientific Instruments, Tokyo, Japan)
while the participants were standing with their arms at a
position parallel to the floor. The highest of the 3 repeated
measurements was used in the analysis. HGS < 16 kg
and <27 kg, for women and men, respectively, were taken
as cutoff values to assess muscle strength.19 Low physical
performance was defined as gait speed ≤ 0.8 m/s during a
4-m walking test using a manual stopwatch, in terms of its
convenience to use and ability to predict sarcopenia-related
outcomes.19,20 Gait speed was calculated as the average of
2 measurements.

Anthropometric Measurements

Weight and height were measured using standard pro-
cedures with participants wearing light clothing without
shoes. BMI was calculated by dividing body weight in kg
by height in meters squared (kg/m2). WC was measured
by a tape measure on the level of the umbilicus; hip
circumference was measured on a level parallel to the floor,
at the largest circumference of the buttocks; mid-upper
arm circumference (MAC)wasmeasured from themidpoint

between the acromial and olecranon protrusions in an
upright, standing position while the arm was twisted by 90°
from the elbow; and calf circumference (CC) was measured
from the widest part of the legs by pressing the feet onto a
hard and plain ground.

Assessment of Sarcopenic Obesity

Diagnosis of SO was based on the following parameters:

– Obesity was defined by a high BMI (≥30)
– Sarcopenia was diagnosed by a low muscle strength

defined by low HGS (<27 kg for males and <16 kg
for females). This is the current definition of probable
sarcopenia recommended by the EWGSOP2 (the
European Working Group on Sarcopenia in Older
People) consensus.19

Afterward, participants were classified into 2 groups:

1. The nonsarcopenic obese group, defined as BMI ≥
30 and HGS ≥ 16 kg and ≥27 kg, for women and
men, respectively

2. The sarcopenic obese group, defined as BMI ≥ 30
and HGS < 16 kg and <27 kg, for women and men,
respectively

Ultrasonographic Evaluations

Ultrasound is a reliable and valid tool for assessment of
muscle size in older adults.10 In 6 different types of muscle
(gastrocnemius medialis [GM], rectus femoris [RF], rectus
abdominis [RA], external abdominal oblique [EO], internal
abdominal oblique [IO], and transversus abdominis [TA])
and abdominal subcutaneous fat tissue, US evaluation
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Table 1. Demographic Data of the Participants.

Parameters

Sarcopenic
obese

(n = 31)

Nonsarcopenic
obese

(n = 58) P-value

Age, median (min-max) 74 (65–85) 71 (65–84) .05
Gender, female, n (%) 27 (87.1) 45 (77.6) .28
Educational status

≤5 years, n (%) 28 (90.3) 47 (81) .36
>5 years, n (%) 3 (9.7) 11 (19)

Comorbidities
Diabetes mellitus, n (%) 17 (54.8) 39 (67.2) .25
Hypertension, n (%) 30 (96.8) 48 (82.8) .09
Coronary artery disease, n (%) 11 (35.5) 9 (15.5) .03
Chronic obstructive pulmonary disease, n (%) 5 (16.1) 5 (8.6) .31
Chronic heart failure, n (%) 4 (12.9) 3 (5.2) .23

Geriatric syndromes
Dementia, n (%) 4 (12.9) 2 (3.4) .18
Polypharmacy,

a
n (%) 26 (83.9) 43 (74.1) .30

Urinary incontinence, n (%) 20 (64.5) 28 (48.3) .14
Osteoporosis, n (%) 10 (35.7) 8 (15.1) .03
Falls,

b
n (%) 9 (29) 9 (15.5) .13

4-meter gait speed, m/s 0.83 (0.33–1.16) 1.04 (0.32–2.00) <.01
Katz Index ADL score 6 (1–6) 6 (5–6) .10
Lawton-Brody IADL score 8 (0–8) 8 (5–8) <.01
YDS score 3 (0–15) 1 (0–10) .05
MMSE score

c
27 (15–30) 28 (15–30) .03

MNA-SF score 14 (6–14) 14 (9–14) .08

Categorical variables were presented as n (%), whereas skew-distributed ones presented as median (min-max).
ADL, activities of daily living; IADL, instrumental activities of daily living; MMSE, Mini–Mental State Examination; MNA-SF, Mini
Nutritional Assessment–Short Form; YDS, Yesevage Depression Scale.
Bold values denote statistical significance at the p < 0.05 level.
aFive or more medications.
bOne or more per year.
cPatients with dementia (n = 6) excluded.

was carried out according to the recommendations of the
European Union Geriatric Medicine Society Sarcopenia
Special Interest Group11 and in accordance with the
previous literature.21 Measurements were performed using
a 8–10-MHz linear probe of 5 cm width (LOGİQ 200 PRO,
General Electrics Medical Systems). To avoid interindivid-
ual variability, all measurements were performed by the
same physician—blinded to the study results—who had 10
years of experience in musculoskeletal US. All measure-
ments were obtained with minimal pressure applied by the
US probe on the right side of the body at the selected sites.
The images of the trunkmuscles (RA, EO, IO, andTA)were
captured at the end of a normal exhalation to control for
the influence of respiration.22 For MT, transversal images
of the distance between the superficial and the deep fascia
at the widest distance were captured. Pennation angle (PA)
was measured between muscle fibers and the deep fascia of
the muscle in the longitudinal ultrasound image. Fascicle
length (FL) was defined as the length of the fascicular path
between the insertions of the fascicle into the superficial and
deep aponeuroses. If feasible, CSA was also measured and

defined as the area of the cross section of a muscle perpen-
dicular to its longitudinal axis. Abdominal subcutaneous
fat thickness was measured between the internal skin layer
and the linea alba of the RAmuscle. Studies have confirmed
the intraobserver and interobserver reliability of US for
abdominal subcutaneous fat thickness measurement.23 The
US measurement sites and positions for each muscle are
shown in Table S1. US images of the measurements are
shown in Figure 1. To assess intraobserver reliability, we
evaluated intraclass correlation coefficients (ICCs) using 2
images taken on 2 separate days on 15 healthy participants.
The ICCs were 0.92, 0.96, 0.92, and 0.98 for MT of the
GM, RF, EO, and IO, respectively; 0.98 for RF CSA; and
0.94 for abdominal subcutaneous fat tissue.

Muscle Mass Measurement Using
Bioimpedance Analysis

All participants without a cardiac pacemaker or peripheral
edema underwent body composition analysis via a Body
Stat Quadscan 4000 bioimpedance analyzer (BodyStat Ltd,
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Table 2. Muscle Mass Measurements by Different Methods and Anthropometric Parameters.

Parameters

Sarcopenic
Obese
(n = 31)

Nonsarcopenic
Obese
(n = 58) P-value

BIA parameters
Fat (%), median (min-max) 51.1 (24.2–64) 49.7 (32.9–61.7) .73
SMI, kg/m2, median (min-max) 9.79 (7.24–17.21) 10.41 (5.82–14.66) .42

Ultrasonographic parameters
Gastrocnemius muscle thickness, mm 14.9 + 1.82 16.21 ± 2.42 .02
Gastrocnemius fascicle length, mm 26.9 ± 4.63 28.6 ± 4.46 .14
Gastrocnemius pennation angle (°) 28 (24–39) 28.5 (22–35) .20
Gastrocnemius subcutaneous fat thickness, mm 7.8 (3.9–16.7) 9.1 (3.6–18) .75
Rectus femoris muscle thickness, mm 12.7 ± 2.01 13.89 ± 2.87 .03
Rectus femoris cross-sectional area, mm2,

median (min-max)
3.99 (2.38–6.56) 5.37 (2.14–9.01) .01

Rectus abdominis muscle thickness, mm 6.56 ± 1.33 6.86 ± 1.51 .34
Abdominal subcutaneous fat thickness, mm 24.01 ± 6.62 20.4 ± 6.52 .04
EO muscle thickness, mm, median (min-max) 4.2 (2.3–7.5) 4.4 (3.1–6.1) .03
IO muscle thickness, mm 5.21 ± 0.94 6.25 ± 1.32 <.01
TA muscle thickness, mm 3.73 ± 0.96 4.13 ± 1.18 .12

Anthropometric parameters
CC, cm 37.1 ± 3.19 40.4 ± 3.51 <.01
MAC, cm 30.5 (24–36) 33 (29–44) <.01
WC, cm 113.5 (99–141) 111 (104–140) .72
HC, cm 111.5 (102–133) 113 (102–155) .35
BMI, kg/m2 35.3 (30.5–47.9) 35.6 (30.1–51.8) .63
Waist-hip ratio 1.01 ± 0.07 0.99 ± 0.06 .33

Normally distributed variables were presented as mean ± standard deviation, where as skew-distributed ones presented as median (min-max).
BIA, bioimpedance analysis; BMI, body mass index; CC, calf circumference; EO, external abdominal oblique; HC, hip circumference; IO, internal
abdominal oblique; MAC, mid-upper arm circumference; SMI, skeletal muscle index; TA, transversus abdominis; WC, waist circumference.
Bold values denote statistical significance at the p < 0.05 level.

Douglas, Isle of Man, British Isles), using a multifrequency
and tetrapolar technique while the participants were lying
in a supine position after overnight fasting. FFM was
measured by BIA and then skeletal musclemass (SMM)was
calculated with the following validated equation:24 SMM
(kg) = FFM × 0.566. Skeletal muscle index (SMI) (SMM
divided by height squared) was used for estimating muscle
mass.

Ethical Approval

The study was approved by the local ethics commit-
tee of Hacettepe University School of Medicine (#2019/
08-21, 07.03.2019). Informed consent was provided by all
participants after providing verbal and written information
about the study. The study protocol was in compliance with
the Declaration of Helsinki.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) ver-
sion 21.0 was used for the statistical analyses. The categori-
cal variables are presented as frequencies and percentages.
The continuous variables were assessed by Kolmogorov-

Smirnov test and histograms to determine whether their dis-
tributions were normal. The normally distributed numerical
parameters were compared by Student t-test in 2 groups,
whereas those with nonnormal distributions were analyzed
by Mann-Whitney U test. The categorical variables were
compared by χ2 or Fisher exact tests where appropri-
ate. Correlation analyses were performed by Spearman or
Pearson correlation tests based on the distributions of the
variables. A P-value < .05 was considered as statistically
significant. The accuracy of the ultrasoundmeasurement of
the muscle, subcutaneous fat thickness, and muscle CSA in
assessing the presence of sarcopenia was evaluated by re-
ceiver operating characteristic (ROC) analysis. The accuracy
of the test was measured by the area under the ROC curve
(AUC). An AUC close to 1 represents a perfect diagnostic
test, whereas an area of 0.5 represents a worthless test.
Intraobserver reliabilities for US muscle and subcutaneous
fat tissue measurements were described using ICC. A 5%
type I error level was used to infer statistical significance.

Results

The median age of the participants was 72 (range 65–85)
years; 81% were females. The main sociodemographic and
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Table 3. Correlation Between Handgrip Strength and Other
Parameters.

Handgrip strength

Parameters
Correlation
coefficient P-value

Anthropometric measurements
CC 0.148 .19
Waist circumference −0.046 .67
Hip circumference −0.153 .15

BIA parameters
Fat (%) −0.389 <.01
SMI 0.290 <.01
BMI −0.184 .10
Waist-hip ratio 0.113 .32

Ultrasonographic parameters
Gastrocnemius muscle thickness 0.211 .04
Gastrocnemius muscle fascicle
length

0.059 .64

Gastrocnemius muscle
pennation angle

0.308 .02

Rectus femoris muscle thickness 0.315 <.01
Rectus femoris muscle
cross-sectional area

0.477 <.01

Rectus abdominis muscle
thickness

0.337 <.01

Abdominal subcutaneous fat
thickness

−0.508 <.01

External abdominal oblique
muscle thickness

0.085 .46

Internal abdominal oblique
muscle thickness

0.251 .02

Transversus abdominis muscle
thickness

0.092 .40

BIA, bioimpedance analysis; BMI, body mass index; CC, calf
circumference; SMI, skeletal muscle index.
Bold values denote statistical significance at the p < 0.05 level.

clinical characteristics of the participants are presented in
Table 1. Thirty-five percent (n= 31) of the participants were
considered to have SO. The sex distributions were similar
between the 2 groups. The sarcopenic participants were
older, with a slightly higher prevalence of coronary artery
disease (CAD) and osteoporosis and poorer physical and
cognitive function (Table 1).

Anthropometric parameters that estimate muscle mass
(CC and MAC) were lower in the sarcopenic group, but
measures of obesity and estimations of muscle mass with
BIAdid not significantly differ between the groups (Table 2).

With respect to US measurements, all US estimations of
muscle mass were lower in the sarcopenic participants than
in the nonsarcopenic participants with obesity, albeit not
all significantly. Thickness of GM, RF, EO and IO muscles
(but not of other abdominal muscles), as well as RF CSA,
were significantly lower in sarcopenic patients with obesity
(Table 2). Abdominal subcutaneous fat tissue was found

to be thicker in the participants with sarcopenia than the
nonsarcopenic patients with obesity.

We assessed correlations between HGS and BIA and
US measurements (Table 3). Weak correlations were found
with BIA estimations of muscle and fat and with many
US measurements. The strongest positive correlation was
found with RF CSA (r = 0.477) and the strongest negative
correlation with RA subcutaneous fat thickness (r= −508).

We analyzed the optimal cutoff points of GM MT, RF
MT, EO MT, and RF CSA predicting SO. ROC analysis
results on the optimum cutoff point of GM MT, RF MT,
EO MT, IO MT, RF CSA, and abdominal subcutaneous
fat tissue for SO are presented in Table 4. ROC analysis
curves are shown in Figure 2. In general, US had good
sensitivity but low specificity, thus having a better negative
than positive predictive value.

Discussion

In accordance with our hypothesis, we showed that US
measurement of muscle mass is an accurate method for
the assessment of muscle mass in SO when sarcopenia
was defined using muscle function. US assessment showed
that participants with SO had significantly lower values in
different muscle size measurements (CSA and MT) and
higher value in subcutaneous fat tissue in comparison with
those without SO. This difference was not found using a
more conventional estimation of muscle mass—BIA. This
is the first study, to our knowledge, to report on the US
evaluation of muscle mass in SO.

There is, at present, no universally adopted definition
of SO and much confusion in this field.8 In this study, we
used a definition of SO consisting of high BMI and low
muscle strength. Recent studies have shown that there is
a decrease in muscle strength before a decrease in muscle
mass, and a decrease in muscle strength affects functionality
and survival more than muscle mass.25,26 Therefore, new
recommendations of EWGSOP2 for sarcopenia empha-
size functionality and have highlighted the role of muscle
strength, whereas muscle mass assessment has been rec-
ommended to confirm the diagnosis. The optimal measure
for obesity, whether central (ie, waist-hip ratio or WC) or
general (ie, BMI), is debated. In this study, all participants’
BMIs were ≥30, and all had WCs > 102 and 88 cm, in men
and women, respectively.

SO is associated with physical limitation, increased risk
of disability, and lower physical function.26 It portends poor
outcomes, as well as increased mortality. A recent meta-
analysis demonstrated that SO is associated with increased
all-cause mortality in comparison with persons without
SO.27 Because of physiological changes throughout their
lifespan, older people are at a higher risk of SO. In our
study, SO was shown to be related to physical limitations,
impaired IADL, and cognitive impairment (after excluding
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Table 4. Receiver Operating Characteristic Analysis for Muscle Ultrasonographic Measurements to Detect Sarcopenic Obesity.

Parameters AUC (95% CI) Cutoff Sensitivity Specificity

Positive
predictive
value (%)

Negative
predictive
value (%) P-value

GM muscle thickness, mm 0.652 (0.544–0.750) ≤15 58.1 70.7 51.4 75.9 .01
RF muscle thickness, mm 0.604 (0.494–0.707) ≤15.9 96.7 32.8 42.6 95 .08
RF muscle cross-sectional

area, mm2
0.686 (0.563–0.793) ≤5.22 95.8 46.7 48.9 95.5 <.01

EO muscle thickness, mm 0.645 (0.534–0.745) ≤4.4 79.3 52.6 46 83.3 .02
IO muscle thickness, mm 0.734 (0.628–0.824) ≤5.6 79.3 61.4 51.1 85.4 <.01
Abdominal subcutaneous fat

thickness, mm
0.681 (0.551–0.794) >21.4 79.2 71.1 63.3 84.4 .02

AUC, area under the curve; EO, external abdominal oblique; GM, gastrocnemius medialis; IO, internal abdominal oblique; RF, rectus femoris.
Bold values denote statistical significance at the p < 0.05 level.

Figure 2. Receiver operating characteristic (ROC) analysis curves. ROC curve images of measurements of (A) gastrocnemius
medialis muscle, (B) rectus femoris muscle, (C) rectus femoris cross-sectional area, (D) external abdominal oblique muscle, (E)
internal abdominal oblique muscle, and (F) abdominal subcutaneous fat thickness. AUC, area under the curve.

6 patients with dementia). These findings were compatible
with those reported by previous studies.28–30 Toleo et al, in
a recent study, showed that SO was associated with higher
risk of mental disability and reduced performance on global
cognition in comparison with obesity or sarcopenia alone.28

In parallel to our results, Baumgartner et al found that
persons with obesity and sarcopenia were more likely to
have a decline in IADL, suggesting that SO is indepen-

dently associated with and precedes the onset of disability.29

Moreover, our data showing association with abnormalities
in walking speed were in line with the study conducted in
older patients by Stenholm et al.30 These findings need to
be evaluated further.

Conventional techniques being used for estimating mus-
cle mass or lean body mass, such as CT, MRI, DXA, and
BIA, have some disadvantages and limitations consisting of
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lack of reference value, high cost, exposure to radiation, and
access difficulty. Both BIA and DXA have cutoff points for
diagnosis of sarcopenia; however, there is a lack of qual-
itative data on muscle mass. Furthermore, in individuals
with obesity, (especially morbid obesity due to relatively
high amounts of extracellular water and total body water,
which may overestimate FFM and underestimate fat mass),
BIA measurement might not be appropriate.31 Similarly,
DXA may overestimate FFM by an underestimation of
trunk fatmass and, therefore, is not an appropriate standard
for body composition in obesity.32 CT and MRI provide
both qualitative and quantitative data, but they lack cutoff
points, are expensive, and may not be feasible in daily
practice. There are many relevant measurement techniques
for measuring muscle mass. On the other side, US is a valid,
portable, inexpensive, noninvasive, and an easily interpreted
technique, which also has a strong positive correlation with
these aforementioned conventional techniques.10 Aprotocol
of performing muscle ultrasound in sarcopenia, has been
used for the last few years.11 This protocol requires a
minimum level of ultrasound training (level 1, according
to the European Federation of Societies for Ultrasound
in Medicine and Biology [EFSUMB]).33 However, there is
currently a lack of a clear definitive agreement on which
muscle group should be measured or which cutoff values
should be defined for low muscle-mass identification in
sarcopenia. In this study, we evaluated the GK, RA, RF,
EO, IO, and TA muscles. It has previously been reported
that lower limb and abdominal muscles are the first affected
muscles with aging, associated with sarcopenia.34

With respect to our results, there were differences be-
tween the groups in ultrasound measurements of the mus-
cles that BIA-derived SMI was unable to detect. On the
other hand, the sarcopenic participants with obesity had
lower anthropometric parameters (CC and MAC) that
estimate muscle mass. It may be that BIA equations do not
estimate muscle mass well in individuals with obesity, but
CC (in a place where little fat exists) allows for a better
measurement.

In some publications, it was suggested that the per-
centage of fat should be considered in the evaluation of
SO.8 Our study showed that abdominal subcutaneous fat
tissue thickness measured with US was significantly higher
in sarcopenic participants with obesity, and also, it was
negatively correlated with HGS. However, the percentage of
fat measured by BIA was not significantly different between
the groups.

Once US has been found to be reliable for the estimation
of muscle mass, it is important to establish cutoff values to
be used in the diagnosis of SO. The high negative predictive
value, especially for RF CSA, indicated that sonographic
imaging may be a promising screening test for detecting SO.

Our study has several strengths. We used an easy and
applicable tool to define SO in a geriatric population.

For the first time, we used US for the evaluation of SO.
We performed muscle US evaluation for multiple regions,
and we determined the cutoff values. The other strength
was the similarity between the 2 groups in age, sex, and
comorbidities, except for osteoporosis and coronary artery
disease, which were slightly more frequent in the sarcopenic
obese group than in the nonsarcopenic obese group.

Some limitations should also be acknowledged. Firstly,
the method used to define SO was relatively arbitrary,
as there are still no standardized definitions of SO for
community-dwelling older adults. Albeit, in the literature,
the SO definition based on BMI and HGS measurements
was used in 4 epidemiological studies with an estimated
prevalence between 4% and 9%.35–39 Our study was not
an epidemiological study, and thus, it does not provide
information about either incidence or prevalence of SO.
More recently, Hamer and O’Donovan used BMI and HGS
(the same parameters of our study) to define SO.40 Secondly,
our sample size was relatively small, and the study was
carried out at a single center. Larger samples from different
regions and countries are needed to define appropriate diag-
nostic cutoff values for SO diagnosis. We evaluated both the
qualitative and quantitative measurements of the skeletal
muscles. For muscle quality, FL, PA, and echogenicity may
be measured. We were not able to measure echogenicity
because of technical issues. The PA and FL values were
lower in the sarcopenic obese group, whereas they did not
reach statistical significance. It was found that the PA of the
GM muscle were positively correlated with HGS.

Conclusions

Our results suggest that US evaluation of muscle mass
may be more accurate than BIA-derived SMI assessment
for estimating muscle mass in SO. The US assessment of
skeletal muscles, especially the CSA of RF muscle, may
be useful as a convenient approach for predicting SO.
This study represents a first step toward the introduction
of ultrasound imaging in the evaluation of SO. Further
investigations on the use of muscle US in follow-up and
intervention studies in diagnosis of SO need to be carried
out.
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