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Osteosarcopenic obesity (OSO) describes the concurrent presence of obesity, low bone mass, and low muscle mass in an
individual. Currently, no established criteria exist to diagnose OSO. We hypothesized that obese individuals require different
cut-points from standard cut-points to define low bone mass and lowmuscle mass due to their higher weight load. In this study,
we determined cutoff values for the screening of osteosarcopenia (OS) in obese postmenopausal Malaysian women based on the
measurements of quantitative ultrasound (QUS), bioelectrical impedance analysis (BIA), and functional performance test.
,en, we compared the cutoff values derived by 3 different statistical modeling methods, (1) receiver operating characteristic
(ROC) curve, (2) lowest quintile of the study population, and (3) 2 standard deviations (SD) below the mean value of a young
reference group, and discussed the most suitable method to screen for the presence of OS in obese population. One hundred
and forty-one (n � 141) postmenopausal Malaysian women participated in the study. Bone density was assessed using calcaneal
quantitative ultrasound. Body composition was assessed using bioelectrical impedance analyzer. Handgrip strength was
assessed using a handgrip dynamometer, and physical performance was assessed using a modified Short Physical Performance
Battery test. ROC curve was determined to be the most suitable statistical modeling method to derive the cutoffs for the
presence of OS in obese population. From the ROC curve method, the final model to estimate the probability of OS in obese
postmenopausal women is comprised of five variables: handgrip strength (HGS, with area under the curve (AUC) � 0.698 and
threshold ≤ 16.5 kg), skeletal muscle mass index (SMMI, AUC � 0.966 and threshold≤ 8.2 kg/m2), fat-free mass index (FFMI,
AUC � 0.946 and threshold≤ 15.2 kg/m2), broadband ultrasonic attenuation (BUA, AUC � 0.987 and threshold≤ 52.85 dB/
MHz), and speed of sound (SOS, AUC� 0.991 and threshold≤ 1492.15m/s). Portable equipment may be used to screen for OS
in obese women. Early identification of OS can help lower the risk of advanced functional impairment that can lead to physical
disability in obese postmenopausal women.

1. Introduction

Osteosarcopenic obesity (OSO) is a term used to describe the
concurrent presence of obesity, low bone mass (osteopo-
rosis), and low muscle mass (sarcopenia) in an individual
[1–4]. OSO is an age-related disorder and considered to be
the most advanced functional impairment related to bone,
muscle, and adiposity [5]. Other possible manifestations of
this syndrome include osteopenic obesity (OO) and

sarcopenic obesity (SO), where “obesity” is not necessarily
confined only to a clinical diagnosis of overweight or obesity
but also includes the aspect of fat infiltration in muscle tissue
and its impact on the skeleton. With time, both conditions
(OO and SO) are likely to result in OSO.

Currently, information about the etiology, prevalence,
and long-term effect of OSO on older adults is sparse. One of
the important aspects of OSO is the interconnected nature of
the syndrome, from its cellular connections to the
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deterioration of bone (osteopenia/osteoporosis) and muscle
(sarcopenia) in excess of adipose tissue (overweight/obesity).
Osteopenia/osteoporosis, sarcopenia, and overweight/obe-
sity were once considered as separate conditions and were
rarely studied together. However, multiple studies suggest
that bone, muscle, and fat are strongly linked [6–8]. Liu et al.
[8], for example, had found a significant and positive cor-
relation between muscle mass and whole-body bone mineral
density (BMD) in obese women. Interestingly, when it
comes to adiposity, the researchers found inflection points
between 22 and 40 kg in fat mass and 33–38% of body fat,
whereby negative relationships were noted with BMD.
,erefore, it is worth studying in depth the interrelationship
between the 3 body components and the etiology of OSO in
aging population, especially in women after menopause due
to their higher risk of osteoporosis and fat retention. ,e
recognition of the syndrome as a single entity is thought to
be more physiologically relevant and may help guide a
comprehensive treatment plan.

Due to its relatively recent recognition, currently, there
are no standard definitions for OSO, leading to a challenge in
official diagnosis. In 2016, Ilich, Kelly, and Inglis had in-
troduced a set of diagnostic criteria for OSO in older women
which involved physical and functional assessment [1]. ,e
diagnostic criteria for the physical assessment are as follows:
(1) T-score for BMD≤−1.0 SD at the femoral neck, proximal
femur, or lumbar spine, (2) 20th percentile of appendicular
lean mass (ALM) for women, with the equation:
ALM� −17.4 + 18.3x height (m) + 0.16x body fat (kg) [9],
and (3) fat mass≥ 32% of body weight for women. All three
criteria were required to be assessed using dual-energy X-ray
absorptiometry (DXA), which is sophisticated equipment
available only in specialized laboratories and hospitals. ,e
functional assessment includes handgrip strength (≤ 20 kg
for women) and modified components of short physical
performance battery (SPPB) test: one-leg stance: ≤ 16 sec,
gait speed: ≤ 0.8m/sec, and sit-to-stand chair test: ≤ 20
times. It was clear that these diagnostic criteria were
designed to identify OSO when it has reached clinically
relevant stages for bone loss, muscle loss, and obesity. By the
time, OSO was diagnosed in an individual using these
criteria; it may have been too late for mitigation of pro-
gression of the disease. ,ere was also the question of ap-
plicability across populations. ,ese proposed criteria may
not be applicable to all population due to factors such as
differences in ethnicity and/or instrumental feasibility in
large-scale epidemiological studies. Due to the progressive
nature of OSO, early diagnosis of the syndrome is important
for effective intervention. ,erefore, the aim of the current
study was to identify screening test criteria and cutoff values
for OSO that are feasible for epidemiological study and
screening purposes, while still being accurately predictive of
the development of the syndrome by using portable quali-
tative ultrasound (QUS) machine and other tests that are
feasible to be conducted in the community at large. In
addition, the current study also compared and contrasted
the cutoff values derived by 3 different statistical modeling
methods, (1) ROC curve, (2) lowest quintile of the study
population, and (3) 2 SD below the mean value of a young

reference group, and discussed the most suitable method to
screen for the presence of OS among obese postmenopausal
women.

2. Materials and Methods

2.1. Selection and Recruitment of Participants. One hundred
and forty-one (n� 141) postmenopausal Malaysian women
(aged 45 to 88 years) were recruited from various places
around the area of Semenyih and Klang Valley, Kuala
Lumpur, Malaysia (i.e., Malaysia Menopause Society, senior
citizens clubs, residential areas, and religious centers). Post-
menopausal was defined as having no menstrual period,
bleeding, or spotting during the 12 consecutive months prior
to enrolment. Before enrolment, details about the study
covering the objectives, procedures, benefits, risks, and
possible discomforts from the study were briefed to interested
participants. Apparently healthy and interested participants
were screened for eligibility with the following inclusion
criteria: (i) woman, (ii) citizen of Malaysia (of Malay, Indian,
or Chinese ethnicity), and (iii) postmenopausal (nomenstrual
period, bleeding, or spotting 12 consecutive months prior to
enrolment). Exclusion criteria include (i) inability to stand for
height, weight, and gait speed assessments, (ii) presence of
artificial limbs and/or metal implants, (iii) severe cardiac,
pulmonary, ormusculoskeletal disorders, (iv) severe cognitive
impairment or any disability that makes communication
impossible, and (v) presence of terminal illness. Young adult
females (n� 118, aged 18 to 32 years) were recruited from the
University of Nottingham Malaysia to obtain their Est. BMD
data in order to generate the T-scores and serve as a reference
group. ,ey were also recruited because one of the statistical
modeling methods to achieve cut-points requires the mean
values from young adults (i.e., two SD below the mean value
of a young reference group).

3. Demographic Measurements

3.1. Demographic Status. Demographic information was
collected using a structured and validated questionnaire with
items including age, sex, level of education, and history of
diseases/comorbidities. Questions on menstrual status were
taken from theMenopause Health Questionnaire,,eNorth
American Menopause Society (e.g., “how would you de-
scribe your current menstrual status?” with options to
choose premenopause, perimenopause, and postmenopause,
each provided with definitions).

4. Diagnostic Measurements

4.1. Anthropometric and Obesity Index Measurements

4.1.1. Height. Height was measured to the nearest 0.1 cm
using a portable stadiometer (SECA 217, Vogel & Halke
GmbH & Co., Hamburg, Germany). Participants were asked
to stand with their shoulders, buttocks, and heels resting
against the stadiometer, toe tips forming a 45° angle, heels
touching each other, head held straight, and neck in a
natural position.
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4.1.2. Body Fat Percentage and Body Mass Index. Body fat
percentage and body mass index were assessed using a
segmental bioelectrical impedance analyzer (InBody 230
Body Composition Analyzer, Biospace Co. Ltd., Seoul,
Korea), while on this machine, the weight of the participant
was automatically generated.

4.1.3. Waist Circumference. A measuring tape (SECA 203,
GmbH&Co. Kg., Hamburg, Germany) was used to measure
waist circumference. Waist circumference (cm) was mea-
sured at the midpoint between the last rib and the anterior
superior iliac spine with subjects standing upright.

4.2. Bone Density Index Measurement

4.2.1. Quantitative Ultrasound (QUS) Bone Assessments.
Bone density was assessed using a calcaneal ultrasound bone
densitometer (SAHARA®Clinical Bone Sonometer, Hologic
Inc, Waltham, MA, USA). Prior studies using quantitative
ultrasound (QUS) found that high-frequency sound waves
were attenuated easier by bone compared to low-frequency
sound waves. Ultrasonic sound waves in the frequency range
of 0.2 to 0.6MHz were found to be linearly correlated with
the level of attenuation. ,e slope of the linear regression of
these two parameters (attenuation versus sound waves in the
frequency range) was defined as broadband ultrasound at-
tenuation (BUA) and was measured in dB/MHz. On the
SAHARA® system, the BUA and speed of sound (SOS) are
measured simultaneously. In order to determine the sound
attenuation of the heel alone, without any bias arising from
the transducers and/or transducer pads, a comparison
measurement must be made through a reference medium.
,is reference medium was made using the SAHARA® QC
Phantom (supplied with the SAHARA® unit) when the unit
was calibrated at the factory. ,e range of BUA observed
with SAHARA® in a typical population is approximately
30–130 dB/MHz, with young/healthy subjects having higher
BUA results than older or osteoporotic subjects (based on
SAHARA® Clinical Bone Sonometer User’s Guide, 1998).
While SAHARA® densitometer does not directly measure
BMD, the BUA and SOS results are correlated
(r� 0.82–0.85) with heel BMD results obtained by the
standard dual-energy X-ray absorptiometry (DXA) tech-
nique [10].

4.3. Muscle Mass Index Measurements

4.3.1. Skeletal Muscle Mass (SMM), Fat-Free Mass (FFM),
and Appendicular Skeletal Muscle Mass (appSMM).
Muscle mass indices were assessed using a segmental bio-
electrical impedance analyzer (BIA, InBody 230 Body
Composition Analyzer, Biospace Co. Ltd., Seoul, Korea).
SMM and FFM were automatically generated by the ana-
lyzer. Skeletal muscle mass index (SMMI) was calculated by
dividing the value for SMM (kg) by the square of the height
(m2). Similarly, the fat-free mass index (FFMI) was calcu-
lated by dividing the value for FFM (kg) by the square of the
height (m2). Appendicular skeletal muscle mass was

calculated by adding the sum of the muscle masses of the
four limbs. Appendicular skeletal muscle mass index
(appSMMI) was defined as the sum of the muscle masses of
the four limbs, adjusted for height in squared meters (kg)/
height2. ,e cutoff criteria for appSMMI, when BIA was
used, are≤ 5.7 kg/m2 for women, as recommended by the
Asian Working Group on Sarcopenia (AWGS) [11].
AppSMMI was first suggested by Baumgartner et al. [12] in
the New Mexico Elder Health Survey. ,is index provided
significant associations with physical disability or frailty.

4.3.2. Handgrip Strength (HGS). HGS was assessed as a
proxy for muscle strength and was measured in each hand
using a hand dynamometer (JAMAR Hydraulic Hand
Dynamometer® Model PC-5030 J1, Fred Sammons, Inc.,
Burr Ridge, IL, USA). Handgrip strength was measured
twice for each hand, and the higher of the two values was
recorded. ,en, the higher value of the two hands was used
in the analysis. Standardized positioning recommended by
the American Society of Hand ,erapists (ASHT) was used:
subject seated, shoulders adducted and neutrally rotated,
elbow flexed at 90°, forearm in neutral, and wrist between 0
and 30° of dorsiflexion [13].

4.4. Functional Performance Assessment

4.4.1. Short Physical Performance Battery (SPPB) Test.
Functional performance was assessed using modified
components of the short physical performance battery
(SPPB) test. Based on the recommendation by Ilich, Kelly,
and Inglis [1], the following tests were conducted under the
SPPB: one-leg stance (to test balance), gait speed (to test
endurance), and sit-to-stand chair test (to assess lower ex-
tremity strength). ,e SPPB has an internal consistency of
0.76 and has predictive validity for the risk of mortality,
nursing home admission, and disability [14].

(1) One-Leg Stance. For the one-leg stance, measurements for
both the right and left legs were assessed. ,e test requires
participants to stand on one leg while lifting the other limb,
for a maximum of 30 s. ,e test stops when the participant
touches any surface or lowers the other limb to the ground
or, ultimately, at the end of 30 s [1].

(2) Gait Speed. Gait speed was measured by timing a 6m
normal walk. ,e 6m course was marked by two cones or
pieces of tape measured using a roll-up, self-retracting
construction measuring tape. ,e test requires the partici-
pant to walk at a normal pace starting at one end of the
course and all the way past the other. ,e timing starts when
the tester/instructor commands “begin” and stops when one
of the participant’s feet is all the way across the 6m marker.
If the participants normally use a cane or any other walking
devices, they were allowed to use them while performing the
test.

(3) Sit-to-Stand Chair Test. At the beginning of this test, the
participant was seated in an armless chair, with arms crossed
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over the chest, back straight, and feet flat on the floor. At the
maximum of 30 s, the test requires the participant to rise
from the chair and sit down again as many times as possible.
,e number of consecutive chair sit-to-stand tests com-
pleted was recorded, with the last time the participant sat
down in the chair being the final count.

5. Statistical Analysis

Statistical analyses were performed using the statistical
program SPSS (version 24 forWindows; SPSS, Inc., Chicago,
IL, USA). ,e variables were checked for normality (Sha-
piro–Wilk test) and presented as mean± standard deviation,
unless noted otherwise. ,e characteristics of the study
participants were presented as mean and standard deviations
(SD) or the number of participants and the corresponding
proportion. Frequency and percentages were reported for
categorical variables. A comparison of the distributions of
various parameters between groups was performed using an
ANOVA (analysis of variance) or ANOVA’s Welch test.
When significant differences were found with ANOVA, the
post hoc Tukey’s HSD (honestly significant difference) or
Games-Howell test was applied to correct for use of multiple
comparisons. Two-tailed p-value ≤ 0.05 was recognized as
statistically significant unless otherwise noted.

5.1. Statistical Modeling Methods

5.1.1. Receiver Operating Characteristic (ROC) Curve.
Receiver operating characteristic (ROC) curve was used to
define optimal cutoff values based on the point closest to
0,1 corner in the ROC plane, which defines the optimal
cut-point as the point minimizing the Euclidean distance
between the ROC curve and the (0,1) point [15].
Whenever there is a trade-off between sensitivity and
specificity, sensitivity was prioritized over specificity to
detect screening test criteria [16]. ,e sensitivity (true
positive) represents the proportion of subjects actually
presenting with osteosarcopenia (OS), having been cor-
rectly identified as OS. ,e specificity is the proportion of
subjects who do not actually have OS, which was incor-
rectly identified as OS using the screening equipment
(false positive). ,e area under each respective ROC curve
(AUC) closest to 1 (> 0.6) is considered as a good pre-
dictor (high screening power). ,e ROC curves in pre-
dicting OS were plotted against healthy, obese-only (OB),
and counterparts (without osteosarcopenia).

5.1.2. Lowest Quintile (20th). For this method, the cutoff
value for each variable was derived by separating data into
quintiles using SPSS, and the cutoff value for the lowest
quintile was chosen for the criterion. A quintile is a statistical
value of a data set that represents 20% of a given population.
,e first quintile represents the lowest fifth of data and the
final quintile represents the final or last fifth of data. For this
method, only healthy participants were included in the
analysis. ,erefore, postmenopausal women who reported
to have been diagnosed with musculoskeletal-related

disorders were excluded from the analysis (i.e., osteoar-
thritis, rheumatoid arthritis, and osteoporosis).

5.1.3. Two SD below the Mean Value of a Young Reference
Group. For this method, the cutoff values were derived by
subtracting 2SD values from the mean of the young refer-
ence group, for each variable of interest. Similarly, for this
analysis, postmenopausal women who reported to have been
diagnosed with musculoskeletal-related disorders were ex-
cluded from the analysis (i.e., osteoarthritis, rheumatoid
arthritis, and osteoporosis).

6. Ethics

,is study was reviewed and approved by the Science and
Engineering Research Ethics Committee of the University of
Nottingham Malaysia (SEREC-NZA051016). In accordance
with the Helsinki Declaration, before entering the study,
each subject gave informed written consent.

7. Results

Characteristics of participants are presented in Table 1.
Participants were categorized into “OSO,” “OO,” “SO,”
“OB,” and “NR” groups based on the criteria and standard
cutoff proposed by previous studies, WHO (T-score ≤ 2.5)
[17], Ilich et al. (BFP ≥ 32%) [1], and the Asian Working
Group for Sarcopenia (AWGS, appSMMI ≤ 5.7 kg/m2) [11].
In the current study, the T-scores were derived based on
QUS-generated Est. BMD of young Malaysian women aged
18–32 years. Differences in the characteristics are depicted in
Table 1.

In this sample population, there were 5.7% (n� 8) of
women with OSO, 4.3% (n� 6) of women with OO, and
17.0% (n� 24) of women with SO. ,e majority of partic-
ipants were obese-only (OB, 58.2%, n� 82), and only 5.0%
(n� 7) of women were normal weight, with healthy bone and
muscle mass (NR). Fourteen (n� 14, 10%) participants were
either sarcopenic-only (normal weight) or osteopenic/os-
teoporotic-only (normal weight).

,e OSO group was significantly older and thinner, with
smaller waist circumference and lower muscle mass com-
pared to OB participants (p< 0.05). Years since menopause
had no impact on any of the disorders. Obese participants
(with and without the musculoskeletal disorder) had sig-
nificantly higher body fat percent (BFP) and trunk fat
percent and significantly weaker handgrip strength com-
pared to the normal-weight participants (NR) (p< 0.001).

Interestingly, although OB and NR groups have a similar
amount of muscle mass (no significant difference), the OB
group had significantly lower handgrip strength compared
to the NR group. No significant difference was found for
lower extremity strength (sit-to-stand test), endurance (gait
speed), and balance between any of the groups (OSO, OO,
SO, OB, and NR).

OSO group and SO group did not differ significantly in
any of the listed variables (age, anthropometrics, body
composition, and physical performance). Conversely, the OO
group had significantly higher muscle mass (SMMI and
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appSMMI) compared to both OSO and SO group (p< 0.001).
Despite being nonsignificant, the OO group also performed
better than OSO and SO for each index of functional per-
formance (handgrip strength (HGS), sit-to-stand test, gait
speed, and balance).

Table 2 shows a comparison of characteristics between
young and postmenopausal women. For this analysis,
postmenopausal women who reported to have been diag-
nosed with musculoskeletal-related disorders were excluded
from the analysis (i.e., osteoarthritis, rheumatoid arthritis,
and osteoporosis).

,e result shows that the younger age group was sig-
nificantly younger and taller and have stronger handgrip
strength and denser bone compared to their older coun-
terparts (p≤ 0.05). Conversely, older women were found to
be significantly heavier (body weight and BMI), with larger
midsection (WC) and higher body fat percent (BFP)
compared to their younger counterparts (p≤ 0.05). Con-
sequently, their muscle mass indices (FFMI, SMMI, and
appSMMI) were also significantly higher than their younger
counterparts (p≤ 0.05).

Table 3 shows differences in cutoff values using 3 dif-
ferent methods of analysis. Comparatively, when using the

ROC and the lowest 20th percentile method to derive the
values, the cutoffs were similar to the standard cutoffs
proposed by previous studies [11, 18].

Interestingly, the cutoff values derived using 2SD below
the mean of the young reference group were much lower
than the standard cutoffs.

Figure 1 depicts the ability of handgrip strength, skeletal
muscle mass index, fat-free mass index, broadband ultra-
sonic attenuation, and speed of sound (HGS, SMMI, FFMI,
BUA, and SOS, respectively) in predicting osteosarcopenia
(OS) in obese postmenopausal women, using the ROC curve
plotted against healthy, obese-only (OB), and counterparts
(without osteosarcopenia). ,ese variables were found to be
good predictors for the screening of OS in obese women
based on their AUC values.

It is interesting to note that the threshold for HGS in the
current study was much lower than the threshold proposed
by the Asian Working Group for Sarcopenia (AWGS) [11]
(16.5 kg versus 18.0 kg, respectively). Additionally, the
threshold for BUA was marginally lower than the cutoff for
low bone density proposed by Johansen, Evans, and Stone
[18] (52.85 versus 54.0 dB/MHz, respectively). Currently,
there is no standard threshold for SMMI and FFMI for the

Table 1: Characteristic differences between OSO, OO, SO, OB, and NR participants (n� 141).

Variables Osteosarcopenic obese
(OSO, n� 8, 5.7%)

Osteopenic obese
(OO, n� 6, 4.3%)

Sarcopenic obese
(SO, n� 24, 17.0%)

Obese-only
(OB, n� 82,

58.2%)

Normal (NR,
n� 7, 5.0%) p value

Age (years) 67.4 (8.4) 57.0 (4.1) 61.7 (9.5) 59.2 (6.7)+ 55.0 (IQR
14.0) 0.031 ∗

Years since
menopause (years) 10.5 (6.6) 6.2 (3.8) 10.0 (IQR 18.0) 7.0 (IQR 9.0) 12.00 (8.8) 0.262 ∗ ∗

Height (cm) 145.3 (6.0) 154.9 (3.0)+ 151.2 (5.2) 153.7 (5.9)+ 156.5 (IQR
6.5)δ 0.0001 ∗

Weight (kg) 50.1 (5.7) 70.9 (10.8)+ 54.8 (6.4)β 69.5 (IQR
11.4)δ 53.5 (3.0)β 0.0001 ∗

BMI (kg/m2) 23.8 (2.9)ƚ 29.6 (4.4) 24.0 (2.9)ƚ 29.1 (IQR 5.0)δ 21.1 (0.7)β,f 0.0001 ∗ ∗

WC (cm) 74.9 (5.8) 86.7 (6.8) 78.4 (8.3)ƚ 88.7 (IQR
13.0)δ 73.6 (3.9)ƚ 0.0001 ∗

Body fat mass (kg) 19.6 (4.4) 32.0 (7.4)δ 22.6 (5.0)β 30.4 (IQR 9.5)δ 14.8 (2.6)β 0.0001 ∗
BFP (%) 38.7 (4.9) 44.9 (4.7) 40.8 (4.7) 43.7 (5.8) 27.5 (4.2)β, δ 0.0001 ∗
Trunk fat (%) 39.6 (5.2) 45.5 (3.4) 41.4 (4.7) 44.5 (IQR 7.3) 27.8 (4.4)β, δ 0.0001 ∗
FFMI (kg/m2) 14.5 (0.8)ƚ 16.2 (1.9) 14.1 (0.9)ƚ 16.2 (IQR 1.7)δ 15.3 (1.0) 0.0001 ∗ ∗
SMMI (kg/m2) 7.5 (0.5)ƚ 8.1 (IQR 2.4)δ 7.4 (0.5)ƚ 8.7 (IQR 1.1)δ 8.3 (0.6)f 0.0001 ∗ ∗
Appendicular SMMI
(kg/m2) 5.1 (0.5) 6.1 (IQR 1.4)δ 5.3 (IQR 0.4)ƚ 6.5 (IQR 0.8)δ 6.5 (IQR 0.7)δ 0.0001 ∗

HGS (kg) 17.3 (3.5) 19.2 (2.6) 18.2 (4.6) 20.3 (4.9) 26.4 (4.6)β, δ 0.001 ∗
Sit-to-stand test in
30 sec (times) 11.0 (IQR 3.0) 12.7 (4.6) 11.7 (3.1) 11.8 (4.0) 12.4 (2.8) 0.974 ∗

Gait speed (m/s) 0.9 (0.3) 0.9 (0.2) 0.9 (0.3) 0.9 (IQR 0.4) 0.9 (0.2) 0.855 ∗
Balance (sec) 13.6 (12.5) 18.7 (8.3) 14.5 (IQR 21.0) 25.0 (IQR 17.0) 30.0 (IQR 7.0) 0.046 ∗

All results are presented in mean (standard deviation) unless otherwise stated. Interquartile range (IQR) is presented with median. Fourteen participants
(n� 14, 10%) are normal weight with either sarcopenic or osteopenic/osteoporotic. AppSMMI: appendicular skeletal muscle mass index; BMI: body mass
index; BFP: body fat percent; FFMI: fat-free mass index; HGS: handgrip strength; SMMI: skeletal muscle mass index; WC: waist circumference; OSO: T-score
≤ −2.5, appendicular skeletal muscle mass index ≤ 5.7 kg/m2, and body fat percent ≥ 32%; OO: T-score ≤ −2.5, appendicular skeletal muscle mass index >
5.7 kg/m2, and body fat percent ≥ 32%; SO: T-score > −2.5, appendicular skeletal muscle mass index ≤ 5.7 kg/m2, and body fat percent ≥ 32%; normal:
nonobese (percent body fat < 32%), nonsarcopenic (appSMMI > 5.7 kg/m2), and nonosteopenic/osteoporotic (T-score>−2.5). ∗Analyzed using one-way
ANOVA, with Tukey HSD post hoc test. ∗ ∗Analyzed using one-way ANOVA (Welch test) with Games–Howell post hoc test due to the violation of the
homogeneity of variances assumptions (Levene statistic p value < 0.05). +Different from OSO. δDifferent from SO and OSO. βDifferent from obese-only and
OO. ƚDifferent from obese-only. fDifferent from SO. Normality tested using Shapiro–Wilks test: p value > 0.05 is normally distributed.
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Table 2: Differences in characteristics: young versus postmenopausal women.

Variables N Young women
Mean (SD) Nƚ Postmenopausal women

Mean (SD)
∗p value Cohen’s d (effect size)

Age (years) 118 22.1 (2.2) 118 60.0 (7.8) 0.0001 −6.574
Height (cm) 118 159.3 (5.5) 118 152.8 (6.2) 0.0001 1.104
Weight (kg) 118 56.9 (11.6) 118 63.9 (12.6) 0.0001 −0.586
BMI (kg/m2) 118 22.4 (4.5) 118 27.4 (5.3) 0.0001 −1.015
WC (cm) 106 71.9 (9.3) 115 84.8 (12.5) 0.0001 −1.171
BFP (%) 118 32.4 (7.7) 118 41.1 (7.6) 0.0001 −1.133
FFMI (kg/m2) 118 14.8 (1.5) 118 15.8 (1.7) 0.0001 −0.599
SMMI (kg/m2) 118 8.0 (0.9) 118 8.5 (1.1) 0.0001 −0.482
AppSMMI (kg/m2) 118 5.9 (0.7) 118 6.1 (0.9) 0.05 −0.248
HGS (kg) 117 24.7 (4.2) 112 19.8 (5.0) 0.0001 1.058
BUA (dB/MHz) 117 86.5 (16.3) 116 70.3 (17.2) 0.0001 0.970
SOS (m/s) 117 1570.9 (33.1) 116 1525.0 (31.9) 0.0001 1.415
Est. BMD (g/m2) 117 0.610 (0.122) 116 0.449 (0.124) 0.0001 1.310
QUI/Stiffness 117 108.1 (19.9) 116 82.3 (21.0) 0.0001 1.268
T-score (MY ref.) 117 −0.4 (1.1) 116 −1.3 (1.0) 0.0001 1.323
Z-score 117 −0.1 (1.0) 116 0.0 (1.0) 0.34 −0.131
ƚPostmenopausal women who reported to have been diagnosed with musculoskeletal-related disorders were excluded from the analysis (i.e., osteoarthritis,
rheumatoid arthritis, and osteoporosis). SD: standard deviation; CI: confidence interval; BMI: body mass index; WC: waist circumference; BFP: body fat
percent; FFMI: fat-free mass index; SMMI: skeletal muscle mass index; appSMMI: appendicular skeletal muscle mass index; HGS: handgrip strength; BUA:
broadband ultrasonic attenuation; Est. BMD: estimated bone mineral density; SOS: speed of sound; QUI: quantitative ultrasonic index; MY: Malaysia.
∗Analyzed using independent T-test. Formula for Cohen’s d� t √(N1+N2/N1 ∗N2), small� 0.2, medium� 0.5, and large� 0.8.

Table 3: Comparison of cutoff values according to different methods.

Variables ROC curve
(N� 90)

Lowest 20th percentile
(N� 118)

2SD below young reference group
(N� 118)

Standard
cutoff

FFMI (kg/m2) 15.2 14.4 12.8 —
SMMI (kg/m2) 8.2 7.6 6.7 —
AppSMMI (kg/m2) — 5.4 4.7 5.7ƚ

Handgrip strength
(kg) 16.5 16.0 11.4 18.0ƚ

BUA (dB/MHz) 53.0 55.3 37.7 54.0f

SOS (m/s) 1492.15 1501.4 1458.8 —
Est. BMD (g/cm2) — 0.349 0.205 —
T-score (MY ref.) — −2.1 −3.5 −2.5δ

ROC: receiver operating characteristic; SD: standard deviation; FFMI: fat-free mass index; SMMI: skeletal muscle mass index; appSMMI: appendicular
skeletal muscle mass index; BUA: broadband ultrasonic attenuation; SOS: speed of sound; Est. BMD: estimated bone mineral density; MY: Malaysia.
f Johansen, Evans, and Stone, 1999. ƚChen et al., 2014. δWorld Health Organization (WHO).
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Figure 1: Continued.
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screening of sarcopenia in normal-weight or obese
individuals.

,e values of the AUC for all criteria are shown in
Table 4. ,e optimal cutoffs for the determination of OS in
obese postmenopausal Malaysian women were 16.5 kg,
8.2 kg/m2, 15.2 kg/m2, 52.85 dB/MHz, and 1492.15m/s for
HGS, SMMI, FFMI, BUA, and SOS, respectively.

Table 5 shows the differences in prevalence when the new
cutoff values were used to define osteosarcopenic obesity
(OSO), osteopenic obesity (OO), sarcopenic obesity (SO),
obese-only (OB), and normal (NR) participants.

It is interesting to note that the prevalence for OSO was
close to two times higher when SMMI was used as an in-
dicator for muscle mass, compared to FFMI (9.4% versus
5.5%, respectively). ,e prevalence was also the lowest when
functional performance (HGS) was added to the criteria. Out
of the 3 sets of new criteria presented in Table 5, Criteria 1
has the highest percentage of sensitivity to screen for OSO.

8. Discussion

Osteosarcopenic obesity (OSO) is characterized by the
concurrent presence of osteopenia/osteoporosis, sarcopenia,
and obesity. In this study, we began by identifying obese
participants with musculoskeletal health disorders (OSO,
OO, and SO) among community-dwelling, postmenopausal
Malaysian women. ,en, we evaluated their physical per-
formance and compared them with obese-only (OB) and
normal-weight women without musculoskeletal health
disorders (NR). Postmenopausal women in this study were
categorized into OSO, OO, SO, and OB based on the
standard criteria and cutoff proposed by WHO (T-scores ≤
−2.5) [17], the Asian Working Group for Sarcopenia
(appSMMI ≤ 5.7 kg/m2) [11], and Ilich et al. (BFP ≥ 32%) [1].
Normal-weight participants without musculoskeletal health
disorders (NR) were kept as the control group. ,e majority

of studies (∼90%) had used exclusively muscle mass for the
definition of sarcopenia, while less than 10% of studies
included mass, strength, and functional performance, as
recommended by the European Sarcopenia Consensus [19].
For this reason, we decided to use only muscle mass for the
definition of sarcopenia in the classification of OSO and its
variants in this study.

Findings showed that the majority of women in this
sample population was OB at 58.2%, followed by SO at
17.0%, OSO at 5.7%, NR at 5.0%, and finally, OO at 4.3%
(Table 1). In contrast to the findings by Ilich et al. [9], the
proportion for SO in the current study was higher than OO.
,ere is a valid explanation for this finding. Various studies
(including the current study) have found direct and positive
correlations between muscle mass and bone density (results
presented elsewhere), implying that if one decreases, the
other might follow. Muscle loss typically occurs first before
bone loss [20]; hence, in theory, the proportion of people
with SO in the population should be higher than OO.
Conversely, OO, where individuals were obese, with a
healthy volume of muscle mass but low bone mass, should in
theory be difficult to find in the population due to built-in
remodeling function of bones. In the current study, there
were only 4.3% of participants with this condition (Table 1).

OSO is a progressive disorder which can begin with any
one of the three conditions: osteopenia/osteoporosis, sar-
copenia, or obesity. According to Ilich et al. [1], OSO likely
occurs due to deregulation of stem cell lineage, which leads
to impedance in the cross-talk between bone, muscle, and fat
through altered concentrations of osteokine (bone), myo-
kine (muscle), and adipokine (fat). People with OSO tend to
have a myriad of detrimental side effects such as a higher risk
of falls, fractures, disability, and reduced quality of life
[1, 2, 9, 21]. To date, little is known about the prevalence of
OSO in the general population, in no small part due to lack
of consensus in the test criteria, definitions, and cutoffs of
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Figure 1: Receiver operating characteristic (ROC) curve showing the ability of handgrip strength (kg), skeletal muscle mass index (kg/m2),
fat-free mass index (kg/m2), broadband ultrasonic attenuation (dB/MHz), and speed of sound (m/sec) to predict osteosarcopenia (T-
score≤−2.5 and appendicular skeletal muscle mass index ≤ 5.7 kg/m2) in obese participants (BFP ≥ 32%, OSO, N� 8), plotted against obese
participants without osteosarcopenia (T-score>−2.5 and appendicular skeletal muscle mass index > 5.7 kg/m2, BFP ≥ 32%, OB, N� 82).
BFP: body fat percent, OSO: osteosarcopenic obese; OB: obese-only.
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the syndrome components. We had found that the preva-
lence of OSO in the current study was higher if the T-scores
were generated using nonlocal young adults as population of
reference (i.e., T-score generated using SAHARA® built-in
Hong Kong young females as population of refer-
ence� 10.2% versus T-score generated using Malaysian
young females as population of reference� 5.7%). Clearly,
the cutoff and test criteria for the disorder need to be
population-specific. A study by Ilich et al. on Caucasian
postmenopausal women in 2015 [9] found that the per-
centage of OSO in their study population was 12.0% (32 out
of 258 postmenopausal women). Comparatively, a Mexican
study involving 543 adults found that 16.6% of its study
population had OSO [21]. However, in a Korean study on
postmenopausal women, the prevalence of OSO in their
sample population was higher at 25% [22]. Similarly, Inglis

et al. [23] also reported the same percentage of women with
OSO (at 25.0%) in a study involving over 500 overweight/
obese Caucasian women across the life span. ,e high
margin in various prevalence studies was likely due to
differences in the criteria used, ethnic and genetic back-
ground, and equipment used, as well as differences in cutoff
points and hence the need for standardization in charac-
terizing OSO in the general population.

In the current study, participants in the OSO group were
significantly older and slimmer, with a smaller waist and
lower muscle mass compared to OB participants (p≤ 0.05),
showing the phenotype of “fat frail” (Table 1). Additionally,
the OSO group demonstrated significantly lower handgrip
strength (HGS), lower muscle mass (whole body and pe-
ripheral, Table 1), and bone density (BUA) compared to the
NR group (p≤ 0.05). Although no significance was detected,

Table 5: Prevalence of OSO and its variations based on the new criteria and cutoff values (N� 141).

Criteria and cutoff values used to define OSO OSO OO SO OB NR
N (%) N (%) N (%) N (%) N (%)

Old
T-score≤−2.5 8 (5.7) 6 (4.3) 24 (17.0) 82 (58.2) 7 (5.0)
AppSMMI≤ 5.7 kg/m2

BFP≥ 32%
New (Criteria 1)
BUA≤ 52.85 dB/MHz 12 (8.5) 5 (3.5) 39 (27.7) 64 (45.4) 5 (3.5)
SMMI≤ 8.2 kg/m2

BFP≥ 32%
Sensitivity (%) 100 83.33 100 78.0 71.4
Specificity (%) 97.0 100 87.0 100 100
New (Criteria 2)
BUA≤ 52.85 dB/MHz 7 (5.0) 10 (7.1) 29 (20.6) 74 (52.5) 5 (3.5)
FFMI≤ 15.2 kg/m2

BFP≥ 32%
Sensitivity (%) 87.5 100 100 90.2 71.4
Specificity (%) 100 97.0 95.7 100 100
New (Criteria 3)
BUA≤ 52.85 dB/MHz 5 (3.5) 3 (2.1) 15 (10.6) 46 (32.6) 4 (2.8)
SMMI≤ 8.2 kg/m2

HGS≤ 16.5 kg
BFP≥ 32%
Sensitivity (%) 62.5 50.0 62.5 56.1 57.1
Specificity (%) 100 100 100 100 100
,e sensitivity (Sn) is defined as the probability of a positive test in a diseased person (Sn� true positive÷ true positive/false negative). ,e specificity (Sp) is
defined as the likelihood of a negative test in a person without the disease (Sp� true negative÷ true negative/false positive). Fourteen participants (n� 14,
10%) are normal weight with either sarcopenic or osteopenic/osteoporotic. OSO: osteosarcopenic obesity; OO: osteopenic obesity; SO: sarcopenia obesity;
OB: obese-only; NR: healthy, normal weight; appSMMI: appendicular skeletal muscle mass index; SMMI: skeletal muscle mass index; FFMI: fat-free muscle
mass index; BUA: broadband ultrasonic attenuation; BFP: body fat percent; HGS: handgrip strength.

Table 4: Optimal cutoff, sensitivity, specificity, and area under the ROC curves in predicting osteosarcopenia in obese postmenopausal
women.

Cutoff Sensitivity (%) Specificity (%) AUC p value 95% CI
HGS 16.5 62.5 76.0 0.698 0.066 0.544 to 0.853
SMMI 8.2 87.5 90.2 0.966 0.0001 0.923 to 1.000
FMMI 15.2 75.0 91.5 0.946 0.0001 0.887 to 1.000
BUA 52.85 87.5 95.1 0.987 0.0001 0.966 to 1.000
SOS 1492.15 87.5 96.3 0.991 0.0001 0.975 to 1.000
HGS: handgrip strength; SMMI: skeletal muscle mass index; FFMI: fat-free mass index; BUA: broadband ultrasonic attenuation; SOS: speed of sound; AUC:
area under curve; CI: confidence interval; ROC: receiver operating characteristic curve.
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the OSO group in the current study also had lower scores for
gait speed, sit-to-stand test, and one-leg stance compared to
other groups (SO, OO, OB, and NR). ,ese findings sup-
ported the findings by Ilich et al. [9] which showed that OSO
syndrome was correlated with low handgrip score, slow
normal and brisk walking speed, and short time for leg
stance. ,e results suggest that HGS could be used as ad-
ditional test criteria for identifying OSO in an individual.
Reduced grip strength has been shown to lead to a greater
risk of fragility fractures and associated morbidity [24].
Studies have shown that muscle strength is a stronger
predictor of long-term functional decline than muscle mass
[25]. Yang et al. [26] found that low handgrip strength,
combined with high BMI, was strongly associated with an
increased risk of functional decline.

8.1. SarcopenicObesity. Sarcopenic obesity (SO) is described
as the concurrent presence of sarcopenia and obesity. SO is a
major health concern due to its correlation to reduced ac-
tivities of daily living (ADL) and increased risk of physical
limitations. ,e combination of high fat and low peripheral
muscle mass leads SO to be recognized as “fat frail.” In-
terestingly, the current study found no significant differ-
ences in age, anthropometrics, body composition, and
physical performance between the OSO group and SO group
(Table 1), indicating that people with SO have a similar
degree of physical impairments to OSO. A Korean study
involving middle-aged and elderly males and females (aged
50 years or older) found that SOwas strongly associated with
osteoporosis [27], suggesting close relation between SO and
OSO. In general population, the prevalence of SO was hy-
pothesized to be high among the elderly aged 65 years and
older due to age-related increases in fat mass and reduced
muscle mass [28]. Although it is difficult to compare the
prevalence of SO due to differences in populations and the
definitions of SO, the approximate average prevalence of SO
in older adults was estimated to be about 5–10%, and the
prevalence is significantly higher in people aged ≥ 80 years
[28].

8.2. Osteopenic obesity. ,ere is a marginally lower preva-
lence of osteopenic obesity (OO) in the population, as obese
people, in general, tend to have high bone mineral content
and density. In the current study, only 4.3% of the study
population had the disorder (Table 1). OO is a combined
condition of low bone density and high body fat. Ilich et al.
[9] reported that obese women with osteopenia/osteoporosis
(OO) had significantly lower physical performance (such as
normal walking speed) than obese-only women (those with
healthy muscle and bone mass), suggesting the important
role of bones in functional performance. In the current
study, although no significance was detected, women with
OO had weaker balance and handgrip strength compared to
OB and NR women (Table 1). It is also fair to note that the
OO group had the highest BMI and body fat percent (BFP)
among all the groups (OSO, SO, OB, and NR, Table 1). It is
likely that the high adiposity of the OO group was one of the
reasons for the poor functional performance.

8.3. Obesity Paradox. Currently, there is a misleading term
called “healthy obese” being used in literature. ,is term is
used due to various studies highlighting the benefits of
obesity on health, also known as “obesity paradox.” Obesity
paradox is a medical hypothesis which holds that obesity
may, counterintuitively, be protective and associated with
greater survival in certain groups of people, such as very
elderly individuals or those with certain chronic diseases.
Some examples of obesity paradox include (1) protective
effect of obesity from osteoporosis and (2) increasing evi-
dence that patients, especially elderly, with several chronic
diseases and elevated BMI may demonstrate lower all-cause
and cardiovascular mortality compared with patients of
normal weight [29]. In the current study, the majority of
participants were obese with healthy muscle and bone mass
(OB� 58.2%, Table 1). ,ese participants can generally be
described as “healthy obese.” It is interesting to note that
although this group had significantly higher peripheral
muscle mass (appSMMI) compared to their normal-weight
counterparts (NR), their handgrip strength was significantly
lower compared to NR (Table 1).,is supports the “quantity
versus quality” argument whereby fat-induced muscle mass
has a lower quality compared to protein intake and/or re-
sistance training-induced muscle [29]. One of the reasons is
likely due to intramuscular fat infiltration, reducing muscle
functionality. Some investigators have shown that although
fat mass is positively associated with muscle mass, aging is
associated with an increase in intramuscular fat by
35.5–74.6% in men and 16.8–50% in women [30]. ,erefore,
as an individual age, there is a higher chance of fat infil-
tration between the muscles. Muscle mass is only useful if it
is beneficial to functional performance. Findings from the
current study showed that the muscle mass of the “healthy
obese,” while being high, was not sufficient nor efficient in
giving meaningful benefits to grip strength. ,is supports
the theory that obese individuals may require alternative
cutoffs or at least a different set of criteria from normal
population for the diagnosis of muscle disorders. Further,
while OB and NR groups had a similar amount of muscle
mass, OB had significantly higher body weight and BFP than
the NR group (Table 1). ,is means that OB had a signif-
icantly heavier weight to carry with a similar amount of
muscle mass to people with normal weight.

8.4. Determining Cutoff Values for the Screening of Osteo-
sarcopenia in Obese Postmenopausal Women Using Bioelec-
trical Impedance Analysis (BIA) andQuantitative Ultrasound
(QUS). ,e current definitions of osteosarcopenic obesity
(OSO) are based on the individual definitions of osteo-
porosis, sarcopenia, and obesity. However, questions arise
if OSO should be treated as a singular entity and derive
cut-points accordingly. Currently, there are no estab-
lished criteria to define and to properly diagnose OSO,
although there have been some preliminary diagnostic
criteria proposed [1, 2]. ,e criteria, however, require the
use of sophisticated equipment available only in spe-
cialized laboratories and hospitals, i.e., DXA scan. Studies
have shown that different definitions of sarcopenia (low
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muscle mass) are related to different clinical outcomes,
especially in aging population. For example, Jang et al.
[31], who studied sex-specific distributions of muscle
indices adjusted by height, weight, and BMI, found that
height-adjusted muscle mass index showed significant
association to major health outcomes only in women.
Further, anthropometric parameters are affected by ethnic
differences, causing researchers to establish population-
specific definitions of the decreased muscle mass in
various countries. ,erefore, determining appropriate
cutoff values for osteosarcopenia diagnosis in Asia is
critical to ensure accurate diagnosis and device proper
treatments specific for the Asian population. Several
authoritative research groups have proposed varying
definitions of sarcopenia. Persistent controversies exist in
how to define reduced skeletal muscle mass. Different
cutoffs also exist for different methods of assessment.
European Working Group on Sarcopenia in Older People
(EWGSOP) recommends DXA, computed tomography
(CT), magnetic resonance imaging (MRI), and bioelec-
trical impedance analysis (BIA) for sarcopenia studies
[32]. Although the precision of DXA, CT, and MRI had
been well established, when it comes to BIA, some lim-
itations exist in measuring muscle mass. BIA was de-
veloped to estimate the volume of body fat and whole-
body lean muscle mass. Very few models of BIA were
created with a function to measure appendicular lean
mass (appSMMI), rendering the use of current diagnostic
criteria difficult to be used for screening purposes in the
general population (appSMMI ≤ 5.7 kg/m2) [11]. In order
to limit the use of nonportable and costly diagnostic
devices, researchers are striving to develop screening
methods to allow clinicians to identify only high-risk
individuals to undergo a more demanding diagnostic
instrument to determine the presence of sarcopenia. Early
identification of sarcopenia will allow the implementation
of preventive strategies, thus reducing the risk of fracture
and hospitalization.

Currently, the most logistically-friendly and cost-effec-
tive screening techniques available for osteoporosis, sarco-
penia, and obesity would be quantitative ultrasound-based
devices (QUS) and bioelectrical impedance devices (BIA).
,ese devices are portable and the time required for the
assessments is short, making them the best devices to be used
for screening methods in the general population. For ex-
ample, calcaneus QUSmachines such as the SAHARA® bone
densitometer has been found to be good at predicting fra-
gility fracture in postmenopausal women (hip, vertebral, and
global fracture risk) and men over the age of 65 (hip and all
nonvertebral fractures), independently of central DXA BMD
[33].

Sarcopenia working groups such as AWGS (Asian) [11]
and EWGSOP (European) [32] had proposed diagnostic
classifications and cutoff point identification using various
different methods. AWGS recommended 2 SD below the
mean value of a young reference group or lowest quintile
(20%) of the study population as a cutoff, whereas EWGSOP
recommends only the former. Often, population and gen-
der-specific lowest quintile (predictive technique) was used

as the cutoff value if population norms of young adults were
not available. Other studies had used the ROC curve to
derive cutoff points for the diagnosis of sarcopenia [20, 34].
In the current study, we determined the cutoff values for
osteosarcopenia using all 3 statistical modeling techniques,
(1) ROC curve, (2) lowest quintile of study population, and
(3) 2 SD below the mean value of a young reference group,
and compared the values with standard cutoffs available
from other studies.

8.4.1. Receiver Operating Characteristic (ROC) Curve. In
order to develop cutoff values for the screening of OSO as a
singular entity, receiver operating characteristic (ROC)
analysis was ascertained to be the best and the most ap-
propriate method to use. ROC analysis allowed us to de-
termine the area under the curve (AUC). ,is type of
analysis only furnishes dichotomous results to the
screening test, with and without the disease. A criterion of
an ideal screening test is to demonstrate reasonably ac-
curate sensitivity and specificity. To determine whether the
screening test is positive or negative, we used cutoff values
proposed by previous studies as the external criteria to
identify obese participants (BFP ≥ 32%) with osteosarco-
penia (T-score≤−2.5 and appSMMI ≤ 5.7 kg/m2). ,e
reference group was obese-only (OB) participants (BFP ≥
32%) without osteosarcopenia (T-score > −2.5, appSMMI >
5.7 kg/m2). ,e “sensitivity” represents the proportion of
subjects actually presenting with osteosarcopenia, having
been correctly identified as osteosarcopenic using the
screening tool (i.e., positive screening test). ,e “speci-
ficity” is the proportion of subjects who do not actually
have osteosarcopenia, which were correctly identified as
nonosteosarcopenic using the screening tool (i.e., negative
screening test).

All of these proportions were presented with their exact
95% confidence interval (CI) (Table 4). An AUC value under
0.5 reflects no discriminatory power, while an AUC between
0.5 and 1.0 has a high predictive value for clinical testing
[35]. An AUC closer to 1 demonstrates a higher screening
power and is considered to perform better at distinguishing
very well those at risk of osteosarcopenia compared to those
not at risk. In the current study, we highlighted an excellent
performance of the HGS, SMMI, FFMI, BUA, and SOS to
predict osteosarcopenia in obese postmenopausal women
(AUC value up to 0.9). ,e ROC curve showed that HGS (≤
16.5 kg), FFMI (≤ 15.2 kg/m2), SMMI (≤ 8.2 kg/m2), BUA (≤
52.85 dB/MHz), and SOS (≤ 1492.15m/s (Figure 1) were the
best markers for the screening of osteosarcopenia.,e cutoff
values were identified by maximizing the sum of sensitivity
and specificity derived on the basis of the persistent lower
extremity limitation outcome. When the new cutoff values
were used to determine OSO (BFP≥ 32%, SMMI≤ 8.2 kg/
m2, and BUA≤ 52.85 dB/MHz), the prevalence increased 1.5
times in the sample group (Table 5). ,is finding corre-
sponds to the finding obtained by Kim et al. [20] who re-
ported the increase of likelihood by 1.88 times when their
ROC-derived cutoff values were used to predict the risk of
osteoporosis in sarcopenic elderly.
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Currently, no cutoff values exist for these parameters
in relation to OSO as a singular entity. ,e cutoff values
for FFMI and SMMI, which represent whole-body muscle
mass, would be useful for types of BIA without the ability
to assess appendicular lean mass (appSMMI). Further, the
cutoff value for BUA will be useful for the screening of
bone density in populations that do not have built-in
reference T-scores in some QUS devices. ,e advantage of
the ROC curve was the ability to determine cutoff values
based on obese people presenting both osteoporosis and
sarcopenia at the same time. ,e curve was plotted against
obese people without the combined disorder. ,is allowed
us to see how much worse-off an individual would be
without accounting for obesity as a factor (obesity is the
common denominator). In the current study, it was
revealed that obese people with osteosarcopenia were
likely to have HGS equal to or less than 16.5 kg (Table 3),
which was marginally lower than the cutoff proposed by
AWGS for the Asian population (18.0 kg). Ilich et al. [9],
studying 258 white postmenopausal women with age of
61.6 ± 7.4 years and ≥ 35% of body fat, found that obese
women with OS had significantly lower HGS compared to
obese women without OS. Reduced grip strength has been
shown to lead to a greater propensity for fragility fractures
and associated morbidity [24]. ,erefore, women with
OSO carry with it a higher risk for frailty and fracture risk.
Further, the lower HGS strength found in the current
study may indicate fat infiltration into both muscle and
bone, impairing each tissue’s physiology and functioning.

While it is recognized that whole-bodyMRI provides the
most accurate measurement of skeletal muscle mass, its use
is limited by inconvenience, affordability, and access. Even
the gold-standard dual-energy X-ray absorptiometry (DXA)
shares the same issues that limit its utility in field studies.
,erefore, the BIA is a more convenient method to be used
in field studies. In the current study, the whole-body skeletal
muscle mass index (SMMI) of ≤ 8.2 kg/m2 was derived using
the ROC curve (Figure 1). Interestingly, this value was
greater than the cutoffs set by several Asian and Western
populations: SMMI < 6.40 kg/m2 (China, [36]), SMMI <
6.20 kg/m2 (France, [37]), SMMI < 6.50 kg/m2 (Taiwan,
[38]), SMMI < 6.68 kg/m2 (Spain, [39]), SMMI < 6.75 kg/m2

(USA, [40]), and SMMI < 5.22 kg/m2 (Mexico, [41]). It is
important to note that these cutoff values were derived using
two standard deviations (SD) below the mean value of young
adults, rather than the ROC curve. Further, studies have
shown that BMI and BFP are positively correlated with
SMMI [42]. It is possible that the higher cutoff for SMMI
derived from the ROC curve is due to the high BFP of the
current sample group (BFP ≥ 32%).

It is also interesting to note that the cutoff value for BUA
in the current study was similar to the cutoff proposed by
Johansen, Evans, and Stone [18], 52.85 dB/MHz versus
54.0 dB/MHz. Johansen, Evans, and Stone [18] found that
subjects with BUA below the 54 dB/MHz threshold value
were shown to have low femoral neck BMD. ,e study,
however, had used 2.5 SD below the mean of young adults as
the method to derive the cutoff value. Young adults tend to
have higher bone density compared to older adults, which

likely raised the cutoff values. High bone density has been
consistently found to be correlated with obesity.,erefore, it
is possible that the similarity in cutoff values is due to the
reference groups used in the studies (BMD young
adults∼BMD obese population).

8.4.2. Lowest Quintile (20th). Separating data into quintiles
is another method used to create cutoff points for a given
population. A quintile is a statistical value of a data set that
represents 20% of a given population. ,e first quintile
represents the lowest fifth of data and the final quintile
represents the final or last fifth of data.,is is a goodmethod
to show the distribution of data. For example, in order to
determine the distribution of wealth in society, a socio-
economic study conferred by the government may use this
method to quantify themaximum amount of money a family
could possess in order to belong to the lowest quintile of
society. ,is maximum amount can then be used as a
prerequisite for a family to receive a type of welfare or special
government subsidy aimed to assist the people of less for-
tunate in the society. In the case of sarcopenia, researchers
have used this method based on the same concept and had
been widely accepted by several working groups for sar-
copenia [11, 32, 43]. Using quintiles is a convenient way to
represent data. However, it may not be the best way to
categorize data when the exposure is not normally dis-
tributed. It is fair to note that, in the current study, SMMI
and appSMMI were nonnormally distributed data (although
FFMI, HGS, and BUA were all normally distributed). An-
other advantage of using this method is that data from a
reference group is not required. ,erefore, cutoff values can
be determined for any desired parameters. A study by Jang
et al. [31] found that the cutoff points using the lowest
quintile of Korean rural older adults were < 5.2 kg/m2 for
women in height-adjusted appSMMI, comparable to reports
from other countries. A Taiwanese study using the same
method found that the cutoff for decreased appSMMI was <
5.5 kg/m2 for women [44]. Another Korean study found that
the cutoff values for appSMMI were < 5.4 kg/m2, HGS <
9.1 kg, and gait speed < 0.5m/s using the same method [45].
In the current study, the cutoff for appSMMI derived from
this method was < 5.4 kg/m2 (Table 3), comparable to the
study in Taiwan and Korea.,e cutoff for handgrip strength,
however, was higher in the current study compared to the
aforementioned Korean study (HGS < 16 kg (current study,
Table 3) versus HGS < 9.1 kg [45]). ,e Korean study, which
had compared their own cutoff values (derived using lowest
quintile) with cutoff values recommended by the Founda-
tion for the National Institutes of Health (FNIH) argued that
using the lowest quintile method showed better predictive
values in mortality than using the FNIH cutoffs. However,
this argument is only based on one study.

8.4.3. Two SD below the Mean Value of a Young Reference
Group. Despite its limitations, the most used method to
derive cutoff values is the 2 SD below the mean for a young
reference population. Working group such as EWGSOP, in
particular, recommends the use of this method in defining
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sarcopenia. ,is recommendation is based on the under-
standing that body composition may be affected by race and
environmental factors such as diet and physical activity.
,erefore, the reference population should derive from the
same population of interest and represents people who are at
peaked conditions, such as young adults (Table 2). In the
current study, the cutoff values derived using this method
were lower than those derived using previously mentioned
methods (ROC curve and lowest quintile), including the
standard cutoffs (Table 3). Considering the skeletal muscle
mass, muscle strength, and bone density, cutoff points de-
fined as 2SD lower than healthy young adults in this study
were the following: SMMI < 6.7 kg/m2, appSMMI < 4.7 kg/
m2, HGS < 11.4 kg, and BUA < 37.7 dB/MHz (Table 3).
,ese cutoffs were also much lower than the cutoffs pro-
posed by AWGS for the Asian population and other studies
(Table 3). Height-adjusted appendicular skeletal muscle
mass, in particular, was much lower than other Asian and
Western studies which had used the same methods to derive
the cutoff values, appSMMI ≤ 5.40 kg/m2 (AWGS) [11],
appSMMI < 5.8 kg/m2 (Japan) [46], appSMMI < 5.07 kg/m2

(Korea) [47], appSMMI ≤ 5.50 kg/m2 (EWGSOP) [32],
appSMMI ≤ 5.67 kg/m2 (IWGS) [43], and appSMMI ≤
5.18 kg/m2 (Society of Sarcopenia, Cachexia and Wasting
Disorders) [48]. However, three studies had produced
similar findings: appSMMI < 4.72 kg/m2 (Mexico) [41],
appSMMI < 4.82 kg/m2 (China) [36], and appSMMI <
4.4 kg/m2 (Korea) [49]. Despite its popularity, this method is
not without limitations. Visser [50] argued that the current
definition of sarcopenia refers to a state of deficiency in
muscle mass and does not indicate muscle loss [50]. Various
studies had shown a progressive loss of musculoskeletal
health after the third decade of life and continue to lose 1-2%
of muscle mass after the fifth decade and becoming more
evidenced after the sixth [51].,erefore, caution was advised
when using young adults as a group of reference as they have
not been exposed to the same factors that older people have
experienced throughout their lives, in addition to the already
natural progression of muscle loss due to aging. Perhaps,
using healthy, community-dwelling elderly with high quality
of life could reflect with greater precision the deficiency of
muscle mass instead of the comparison with young pop-
ulation. ,erefore, various studies on the causes of sarco-
penia are taking into account factors beyond just the risk
factors, such as physical inactivity, dietary intake, hormonal
influence, and cytokine levels, recognizing the disorder as a
geriatric syndrome [52].

8.5. Comparisons of Diagnostic Criteria and Corresponding
Cutoff Values. ,is section compares the abovementioned
statistical modeling methods and the corresponding cutoff
values (Table 3) while highlighting the problems resulting
from the lack of uniformity in diagnostic criteria. Our
findings suggest that individuals with high adiposity may
require alternative cut-points to define low bone mass and
low muscle mass. Studies have found that the body has its
own conserved regulatory mechanism or mechanostat that
senses mechanical strain and adapts accordingly. ,e

mechanostat functions as an adaptive mechanism to op-
timize bone mass and architecture based on prevailing
mechanical strain. Changes in weight, due to altered mass,
weightlessness (spaceflight), and hypergravity (modeled by
centrifugation), induce an adaptive skeletal response [53].
,erefore, as an “adaptive” mechanism, a body with high
adiposity will have a stronger core structure to support the
extra weight (high bone density and muscle mass).
,erefore, what is considered as “sufficient” for normal-
weight individuals may not be so for people with high
adiposity, hence why they may require alternative cut-
points. Lenzi et al. [53] also raised the question of the
accuracy of defining sarcopenia in obese individuals. ,e
author states that, in obese individuals, the augmentation
of muscle mass in parallel with body fat mass serves as a
protective mechanism for obese individuals to sustain the
increased fat mass. In other words, the increase of muscle
mass in parallel with fat mass is a way for the body to
protect itself by increasing the core structure to sustain the
extra weight load. ,is is also described by Wolff’s Law of
bone formation and Davis’ Law of soft tissue increment
[54]. Wolff’s law, developed by the German anatomist and
surgeon Julius Wolff (1836–1902) in the nineteenth cen-
tury, states that bone in a healthy person or animal will
adapt to the loads under which it is placed [55]. Similarly,
Davis’s Law (developed by an American orthopedic sur-
geon named Henry Gasset Davis), which is a corollary to
Wolff’s Law, describes how soft tissue increases according
to the manner in which they are mechanically stressed [56].
In the case of osseous tissue, this protective mechanism was
theorized to occur up to a point (mechanostat limit) until
there is an imbalance betweenmuscle mass, excess body fat,
and total body size, resulting in disproportionate ratios
between muscle mass and excess fat mass, creating a sit-
uation where body weight exceeds that which the skeleton
and muscle mass can support. Lenzi et al. [53] hypothesized
that, despite the appearance of good muscle mass in obese
people, it is likely not sufficient in proportion to the total
body mass to prevent the onset of functional impairment
and disability [53]. A study by Norshafarina et al. in 2013
[57], which categorized its study sample into the sarcopenic
group and the nonsarcopenic group, found that overall
skeletal muscle mass (SMMI) for the nonsarcopenic
Malaysian women over the age of 60 was 8.24± 3.74 kg/m2

[56]. ,is value is similar to the current study’s cutoff for
OS (8.2 kg/m2, Table 3). ,is finding shows that the cutoff
value of SMMI to define sarcopenia in obese individual is
similar to the mean SMMI of women without sarcopenia,
suggesting a discordance and a need for alternative cutoffs
for the obese population. In the current study, the ROC
curve method allowed us to derive cutoff values specifically
for obese population by using the obese as the population of
reference, instead of mixing people of normal weight into
the reference group.,is is why the ROC curve method was
concluded to be the most appropriate method to use, out of
the 3 statistical modeling methods tested in the current
study. Out of the 3 sets of new criteria proposed in Table 5,
Criteria 1 is recommended to be the new screening test
criteria as it has the highest percentage of sensitivity to
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screen for OSO. Whenever there is a trade-off between
sensitivity and specificity, sensitivity is prioritized over
specificity to detect screening test criteria [16].

In the case of screening tools, often, they are chosen
based on the means and objective of the researchers. For
example, T-scores require time-consuming calculations,
which may hinder their use. ,erefore, in the case of QUS,
a direct cutoff value for indicator such as the BUA may be
preferred. In addition, other efficiency criteria are also to
be taken into account such as the rapidity, simplicity, and
easy administration of the screening tool use. ,is reflects
the feasibility of these tools in clinical practice. In the
current study, we proposed cutoff values suitable for obese
population, using portable and cost-effective screening
tools. However, it is important to note that these cutoffs
are given as an indication, due to the study’s limitations in
its external validity. Although the BIA and QUS methods
are reliable techniques for measuring body composition
and bone mineral density, they are by no means proper
diagnostic tools. ,e next step of the study will be to
validate the cutoffs using dual-energy x-ray absorpti-
ometry (DXA), and with a larger sample size. Never-
theless, the current study’s comparison of various
diagnostic and statistical modeling methods may bridge
the gap in knowledge of osteosarcopenia and contribute
towards a more evidence-based and less theoretical def-
inition of the syndrome, not only in epidemiological
research but also in health services.

9. Conclusion

Creating specific cutoff points for the high-risk group such
as the obese population is important for accurate labeling
and identification of low bone mass and low muscle mass, so
that appropriate intervention can be instigated and reduce
the risk of having an advanced musculoskeletal disorder in
their later years. Uniformity in diagnostic criteria is also
important to facilitate standardizations and comparisons of
this disorder between countries. Lack of uniformity could
adversely affect public health policies. For example, an
underestimation or overestimation of the prevalence of a
specific disorder could increase the risk of providing un-
necessary treatment to a false-positive patient or depriving a
false-negative patient of treatments. In the current study, we
proposed cutoff values suitable for obese population, using
portable and cost-effective screening tools. Osteosarcopenic
obesity (OSO) is a prevalent musculoskeletal syndrome
conferring an increased risk of falls, fractures, and hospi-
talizations. Findings from preliminary studies suggest that
OSO could be a good target for translational research due to
interconnected pathways illustrating a cross-talk among fat,
bone, and muscle tissues. Currently, resistance exercise, high
protein, vitamin D, calcium, and creatine intake are the only
evidence-based strategies to reduce the progression of os-
teoporosis and sarcopenia. More research in OSO is needed
as the recognition of this syndrome is currently in its in-
fancy. Increased awareness among geriatrics and gerontol-
ogy healthcare professionals is important and must be
included in the context of public health policies.

9.1. Limitations and Strengths. Due to the study’s limita-
tions in its external validity, it is important to note that
these cutoffs are given as an indication. Although we used
statistical inference techniques, biases may have been
present, largely due to the participant selection process
which was mainly composed of voluntary subjects. ,ese
subjects could be more health-conscious and be willing to
undertake a 1-hour interview, including bone density,
functional performance, and body composition assess-
ments, compared to a random sample of the population.
However, our findings may bridge the gap in knowledge of
OSO and contribute to the effort in standardizing the
diagnostic criteria for OSO and accurately determine the
magnitude of the syndrome in the elderly. ROC curve
method may be the best method to be used for deriving
cutoff values for OS studies in overweight and/or obese
populations.

Data Availability

,e data presented in this study are openly available in
FigShare at https://doi.org/10.6084/m9.figshare.13786684.
v1.

Conflicts of Interest

,e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

,e authors wish to thank the students of the School of
Biosciences, University of Nottingham Malaysia, for their
collaborative effort during data collection and Malaysian
Menopause Society, Grace Assembly of God Kajang, Praise
Evangelical Assembly, and everyone who assisted with the
data collection. ,e authors also would like to thank the
participants who took part in the study and enabled this
research to be possible.

References

[1] J. Z. Ilich, O. J. Kelly, and J. E. Inglis, “Osteosarcopenic obesity
syndrome: what is it and how can it Be identified and di-
agnosed?” Current Gerontology and Geriatrics Research,
vol. 2016, Article ID 7325973, 7 pages, 2016.

[2] J. Z. Ilich, O. J. Kelly, J. E. Inglis, L. B. Panton, G. Duque, and
M. J. Ormsbee, “Interrelationship among muscle, fat, and
bone: connecting the dots on cellular, hormonal, and whole
body levels,” Ageing Research Reviews, vol. 15, pp. 51–60, 2014.

[3] M. J. Ormsbee, C. M. Prado, J. Z. Ilich et al., “Osteosarcopenic
obesity: the role of bone, muscle, and fat on health,” Journal Of
Cachexia, Sarcopenia And Muscle, vol. 5, no. 3, pp. 183–192,
2014.

[4] C. Cooper, R. Fielding, M. Visser et al., “Tools in the as-
sessment of sarcopenia,” Calcified Tissue International,
vol. 93, no. 3, pp. 201–210, 2013.

[5] P. Jafari Nasabian, J. Inglis, O. Kelly, and J. Ilich, “Osteo-
sarcopenic obesity in women: impact, prevalence, and
management challenges,” International Journal of Women’s
Health, vol. 9, p. 33, 2017.

Current Gerontology and Geriatrics Research 13

https://doi.org/10.6084/m9.figshare.13786684.v1
https://doi.org/10.6084/m9.figshare.13786684.v1


[6] R. Vaidya, “Obesity, sarcopenia and postmenopausal osteo-
porosis: an interlinked triad!” Journal of Mid-life Health,
vol. 5, no. 1, pp. 1-2, 2014.

[7] S. Migliaccio, E. A. Greco, A. Aversa, and A. Lenzi, “Age-
associated (cardio) metabolic diseases and cross-talk between
adipose tissue and skeleton: endocrine aspects,” Hormone
Molecular Biology and Clinical Investigation, vol. 20, pp. 25–
38, 2014.

[8] P. Y. Liu, J. Z. Ilich, K. Brummel-Smith, and S. Ghosh, “New
insight into fat, muscle and bone relationship in women:
determining the threshold at which body fat assumes negative
relationship with bone mineral density,” International Journal
of Preventive Medicine, vol. 5, no. 11, pp. 1452–1463, 2014.

[9] J. Z. Ilich, J. E. Inglis, O. J. Kelly, and D. L. McGee,
“Osteosarcopenic obesity is associated with reduced handgrip
strength, walking abilities, and balance in postmenopausal
women,” Osteoporosis International, vol. 26, no. 11,
pp. 2587–2595, 2015.

[10] S. Grampp, H. K. Genant, A. Mathur et al., “Comparisons of
noninvasive bone mineral measurements in assessing age-
related loss, fracture discrimination, and diagnostic classifi-
cation,” Journal of Bone and Mineral Research, vol. 12, no. 5,
pp. 697–711, 1997.

[11] L.-K. Chen, L.-K. Liu, J. Woo et al., “Sarcopenia in Asia:
consensus report of the asian working group for sarcopenia,”
Journal of the American Medical Directors Association, vol. 15,
no. 2, pp. 95–101, 2014.

[12] R. N. Baumgartner, K. M. Koehler, D. Gallagher et al.,
“Epidemiology of sarcopenia among the elderly in New
Mexico,” American Journal of Epidemiology, vol. 147, no. 8,
pp. 755–763, 1998.

[13] E. E. Fess, Grip Strength, Chicago American Society of Hand
,erapists, Chicago, IL, USA, 2nd edition, 1992.

[14] J. M. Guralnik, E. M. Simonsick, L. Ferrucci et al., “A short
physical performance battery assessing lower extremity
function: association with self-reported disability and pre-
diction of mortality and nursing home admission,” Journal Of
Gerontology, vol. 49, no. 2, pp. M85–M94, 1994.

[15] N. J. Perkins and E. F. Schisterman, “,e inconsistency of
“optimal” cutpoints obtained using two criteria based on the
receiver operating characteristic curve,” American Journal of
Epidemiology, vol. 163, no. 7, pp. 670–675, 2006.

[16] F. Habibzadeh, P. Habibzadeh, and M. Yadollahie, “On de-
termining the most appropriate test cut-off value: the case of
tests with continuous results,” Biochemia Medica, vol. 26,
no. 3, pp. 297–307, 2016.

[17] J. A. Kanis and J. A. Kanis, “Assessment of fracture risk and its
application to screening for postmenopausal osteoporosis:
synopsis of a WHO report,” Osteoporosis International, vol. 4,
no. 6, pp. 368–381, 1994.

[18] A. Johansen, W. Evans, and M. Stone, “Bone assessment in
elderly women: what does a low bone ultrasound result tell us
about bone mineral density?” Archives of Gerontology and
Geriatrics, vol. 28, no. 3, pp. 239–246, 1999.

[19] V. Pagotto and E. A. Silveira, “Applicability and agreement of
different diagnostic criteria for sarcopenia estimation in the
elderly,” Archives of Gerontology and Geriatrics, vol. 59, no. 2,
pp. 288–294, 2014.

[20] S. Kim, C. W. Won, B. S. Kim, H. R. Choi, and M. Y. Moon,
“,e association between the low muscle mass and osteo-
porosis in elderly Korean people,” Journal of Korean Medical
Science, vol. 29, no. 7, pp. 995–1000, 2014.

[21] C. Szlejf, L. Parra-Rodriguez, and O. Rosas-Carrasco,
“Osteosarcopenic obesity: prevalence and relation with frailty

and physical performance in middle-aged and older women,”
Journal of the American Medical Directors Association, vol. 18,
p. 733, 2017.

[22] J. Kim, Y. Lee, S. Kye, Y.-S. Chung, andO. Lee, “Association of
serum vitamin Dwith osteosarcopenic obesity: Korea national
health and nutrition examination survey 2008-2010,” Journal
of Cachexia, Sarcopenia and Muscle, vol. 8, no. 2, pp. 259–266,
2017.

[23] J. E. Inglis, L. B. Panton, M. J. Ormsbee, O. J. Kelly, and
J. Z. Ilich, “Defining osteosarcopenic obesity and identifying
its prevalence in women across the age span,” Journal of Bone
and Mineral Metabolism, 2013.

[24] O. ,eou, G. R. Jones, J. M. Jakobi, A. Mitnitski, and
A. A. Vandervoort, “A comparison of the relationship of 14
performance-based measures with frailty in older women,”
Applied Physiology, Nutrition, and Metabolism, vol. 36, no. 6,
pp. 928–938, 2011.

[25] L. A. Schaap, A. Koster, and M. Visser, “Adiposity, muscle
mass, and muscle strength in relation to functional decline in
older persons,” Epidemiologic Reviews, vol. 35, no. 1,
pp. 51–65, 2013.

[26] M. Yang, J. Jiang, Q. Hao, L. Luo, and B. Dong, “Dynapenic
obesity and lower extremity function in elderly adults,”
Journal of the American Medical Directors Association, vol. 16,
no. 1, pp. 31–36, 2015.

[27] J. H. Chung, H. J. Hwang, H.-Y. Shin, and C. H. Han, “As-
sociation between sarcopenic obesity and bone mineral
density in middle-aged and elderly Korean,” Annals of Nu-
trition and Metabolism, vol. 68, no. 2, pp. 77–84, 2016.

[28] D.-c. Lee, R. P. Shook, C. Drenowatz, and S. N. Blair, “Physical
activity and sarcopenic obesity: definition, assessment,
prevalence and mechanism,” Future Science OA, vol. 2, no. 3,
Article ID FSO127, 2016.

[29] C. D. Lee and E. Dierickx, “Defining sarcopenia using muscle
quality index,” Journal of Aging Research and Clinical Practice,
vol. 7, pp. 45–59, 2018.

[30] I. Miljkovic and J. M. Zmuda, “Epidemiology of myo-
steatosis,” Current Opinion in Clinical Nutrition and Meta-
bolic Care, vol. 13, no. 3, pp. 260–264, 2010.

[31] I.-Y. Jang, H.-W. Jung, C. K. Lee, S. S. Yu, Y. S. Lee, and E. Lee,
“Comparisons of predictive values of sarcopenia with dif-
ferent muscle mass indices in Korean rural older adults: a
longitudinal analysis of the Aging Study of PyeongChang
Rural Area,” Clinical Interventions in Aging, vol. 13, pp. 91–99,
2018.

[32] A. J. Cruz-Jentoft, J. P. Baeyens, J. M. Bauer et al., “sarcopenia:
European consensus on definition and diagnosis: report of the
European working group on sarcopenia in older people,” Age
and Ageing, vol. 39, no. 4, pp. 412–423, 2010.

[33] ISCD Official ISCD Positions-Adult. 2015. http://www.iscd.
org/official-positions/2015-iscd-official-positions-adult/.

[34] M. Yang, X. Hu, L. Xie et al., “SARC-F for sarcopenia
screening in community-dwelling older adults,” Medicine,
vol. 97, no. 30, Article ID e11726, 2018.

[35] S. H. Park, J. M. Goo, and C.-H. Jo, “Receiver operating
characteristic (ROC) Curve: practical review for radiologists,”
Korean Journal of Radiology, vol. 5, no. 1, pp. 11–18, 2004.

[36] E. M. C. Lau, H. S. H. Lynn, J. W. Woo, T. C. Y. Kwok, and
L. J. Melton 3rd, “Prevalence of and risk factors for sarcopenia
in elderly Chinese men and women,” Be Journals of Ger-
ontology Series A: Biological Sciences and Medical Sciences,
vol. 60, no. 2, pp. 213–216, 2005.

[37] J. Tichet, S. Vol, D. Goxe, A. Salle, G. Berrut, and P. Ritz,
“Prevalence of sarcopenia in the French senior population,”

14 Current Gerontology and Geriatrics Research

http://www.iscd.org/official-positions/2015-iscd-official-positions-adult/
http://www.iscd.org/official-positions/2015-iscd-official-positions-adult/


Be Journal of Nutrition Health and Aging, vol. 12, no. 3,
pp. 202–206, 2008.

[38] M.-Y. Chien, T.-Y. Huang, and Y.-T. Wu, “Prevalence of
sarcopenia estimated using a bioelectrical impedance analysis
prediction equation in community-dwelling elderly people in
Taiwan,” Journal of the American Geriatrics Society, vol. 56,
no. 9, pp. 1710–1715, 2008.

[39] T. F. Masanes, A. Culla, M. Navarro-Gonzalez et al., “Prev-
alence of sarcopenia in healthy community-dwelling elderly in
an urban area of Barcelona (Spain),” Journal of Nutrition,
Health and Aging, vol. 16, no. 2, pp. 184–187, 2012.

[40] I. Janssen, S. B. Heymsfield, and R. Ross, “Low relative skeletal
muscle mass (sarcopenia) in older persons is associated with
functional impairment and physical disability,” Journal of the
American Geriatrics Society, vol. 50, no. 5, pp. 889–896, 2002.

[41] H. Alemán-Mateo and R. E. Ruiz Valenzuela, “Skeletal muscle
mass indices in healthy young Mexican adults aged 20-40
years: implications for diagnoses of sarcopenia in the elderly
population,” Be Scientific World Journal, vol. 20141 page,
2014.

[42] Y. Fukuoka, T. Narita, H. Fujita et al., “Importance of physical
evaluation using skeletal muscle mass index and body fat
percentage to prevent sarcopenia in elderly Japanese diabetes
patients,” Journal of Diabetes Investigation, vol. 10, no. 2,
pp. 322–330, 2019.

[43] R. A. Fielding, B. Vellas, W. J. Evans et al., “Sarcopenia: an
undiagnosed condition in older adults. Current consensus
definition: prevalence, etiology, and consequences. Interna-
tional working group on sarcopenia,” Journal of the American
Medical Directors Association, vol. 12, no. 4, pp. 249–256,
2011.

[44] W.-J. Lee, L.-K. Liu, L.-N. Peng, M.-H. Lin, and L.-K. Chen,
“Comparisons of sarcopenia defined by IWGS and EWGSOP
criteria among older people: results from the I-lan longitu-
dinal aging study,” Journal of the American Medical Directors
Association, vol. 14, no. 7, pp. 528.e1–528.e7, 2013.

[45] J. H. Moon, K. M. Kim, J. H. Kim et al., “Predictive values of
the new sarcopenia index by the foundation for the national
Institutes of health sarcopenia project for mortality among
older Korean adults,” PloS One, vol. 11, no. 11, Article ID
e0166344, 2016.

[46] Y. Lim, M. Watanabe, W. Sun et al., “Association between
sarcopenia and higher-level functional capacity in daily living
in community-dwelling elderly subjects in Japan,” Archives of
Gerontology and Geriatrics, vol. 55, no. 2, pp. e9–e13, 2012.

[47] B. H. Goodpaster, S. W. Park, T. B. Harris et al., “,e loss of
skeletal muscle strength, mass, and quality in older adults: the
health, aging and body composition study,” Be Journals of
Gerontology Series A: Biological Sciences and Medical Sciences,
vol. 61, no. 10, pp. 1059–1064, 2006.

[48] J. E. Morley, A. M. Abbatecola, J. M. Argiles et al., “Sarcopenia
with limited mobility: an international consensus,” Journal of
the American Medical Directors Association, vol. 12, no. 6,
pp. 403–409, 2011.

[49] H.-J. Kwon, Y.-C. Ha, and H.-M. Park, “,e reference value of
skeletal muscle mass index for defining the sarcopenia of
women in Korea,” Journal of Bone Metabolism, vol. 22, no. 2,
pp. 71–75, 2015.

[50] M. Visser, “Towards a definition of sarcopenia - results from
epidemiologic studies,” Be Journal of Nutrition, Health and
Aging, vol. 13, no. 8, pp. 713–716, 2009.

[51] R. J. Zacker, “Health-related implications and management of
sarcopenia,” Journal of the American Academy of Physician
Assistants, vol. 19, no. 10, pp. 24–29, 2006.

[52] Y. Rolland, S. Czerwinski, G. A. Van Kan et al., “Sarcopenia:
its assessment, etiology, pathogenesis, consequences and fu-
ture perspectives,”Be Journal of Nutrition Health and Aging,
vol. 12, no. 7, pp. 433–450, 2008.

[53] A. Lenzi, S. Migliaccio, and L. M. Donini, Multidisciplinary
Approach to Obesity: From Assessment to Treatment, Springer,
London, UK, 2014.

[54] I. Wolff, J. J. van Croonenborg, H. C. G. Kemper,
P. J. Kostense, and J. W. R. Twisk, “,e effect of exercise
training programs on bone mass: a meta-analysis of published
controlled trials in pre- and postmenopausal women,” Os-
teoporosis International, vol. 9, no. 1, pp. 1–12, 1999.

[55] H. M. Frost, “Wolff’s Law and bone’s structural adaptations to
mechanical usage: an overview for clinicians,” Be Angle
Orthodontist, vol. 64, no. 3, pp. 175–188, 1994.

[56] H. G. Davis, Conservative Surgery: As Exhibited in Remedying
Some of the Mechanical Causes that Operate Injuriously Both
in Health and Disease; Illustrations, D. Appleton, Boston, MA,
USA, 1867.

[57] S. Norshafarina, M. Noor Ibrahim, S. Suzana, A. Mohamad
Hasnan, M. Zahara, and Y. Zaitun, “Sarcopenia and its impact
on health: do they have significant associations?” Sains
Malaysiana, vol. 42, no. 9, pp. 1345–1355, 2013.

Current Gerontology and Geriatrics Research 15


