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Sarcopenic obesity (SO) is defined as co-occurrence of increased fat mass and
sarcopenia and may predict adverse health outcomes in the pediatric population.
However, the prevalence of SO and its association with adverse health outcomes have
not been well defined in children and adolescents. We systematically reviewed data on the
SO definition, prevalence, and adverse outcomes in the pediatric population. A total of 18
articles retrieved from PubMed or Web of Science databases were included. Overall, there
was a wide heterogeneity in the methods and thresholds used to define SO. The
prevalence of SO ranged from 5.66% to 69.7% in girls, with a range between 7.2%
and 81.3% in boys. Of the 8 studies that evaluated outcomes related to SO, all showed a
significant association of SO with cardiometabolic outcomes, non-alcoholic fatty liver
disease (NAFLD) severity, inflammation, and mental health. In conclusion, this review
found that SO is highly prevalent in children and adolescents and is associated with
various adverse health outcomes. Findings of this review highlight the need for the
development of a consensus regarding definition, standardized evaluation methods,
and age and gender thresholds for SO for different ethnicities in the pediatric
population. Further studies are needed to understand the relationship between obesity
and sarcopenia and SO impact on adverse health outcomes in children and adolescents.
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1 INTRODUCTION

According to the World Health Organization (WHO), over 340 million children and adolescents
aged 5–19 years were overweight or obese in 2016 (1). Despite the implementation of numerous
obesity prevention programs, the prevalence of overweight and obesity among children and
adolescents is rising on each of the continents. The growing prevalence of childhood obesity is
associated with noncommunicable comorbidities affecting almost every system in the body,
including insulin resistance (IR), type 2 diabetes mellitus (T2DM) (2), elevated blood pressure
(3), dyslipidemia (4), non-alcoholic fatty liver disease (NAFLD) (5), obstructive sleep apnea (OSA)
(6), and psychosocial sphere (7).

The term “sarcopenia” (Greek “sarx” or flesh + “penia” or loss) was first introduced in 1989 by
Irwin Rosenberg as the term to describe the decrease of muscle mass in the population of the elderly
(8, 9). Since then, major changes occurred in the definition of sarcopenia and led to the development
of The European Working Group on Sarcopenia in Older People (EWGSOP), which proposed a
new definition of sarcopenia involving the assessment of muscle function. The EWGSOP
n.org June 2022 | Volume 13 | Article 9147401
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recommended using the presence of both low muscle mass
(LMM) and low muscle function (strength or performance) for
the diagnosis of sarcopenia (10). However, according to
EWGSOP2 revised consensus from 2019, muscle strength is
now the primary parameter of sarcopenia. The occurrence of
sarcopenia is probable when low muscle strength is observed. To
confirm sarcopenia diagnosis, low muscle quantity or quality
must be detected. When low muscle strength, low muscle
quantity/quality, and low physical performance co-occur,
sarcopenia is regarded as severe (11).

“Sarcopenic obesity (SO) is an emerging clinical entity
characterized by excessive fat mass in the presence of reduced
muscle mass (12)”. The co-occurrence of sarcopenia and obesity
indicates a synergistically amplified risk of adverse health
outcomes (13).

Sarcopenia and SO were once considered as afflictions
affecting only the elderly, regarding the changes in body
composition with aging involving muscle mass decline after
the fourth decade (14), reduced resting metabolic rates (15),
and reduced metabolic adaptation (16). A reduction in energy
expenditure is not in line with a decrease in appetite that can lead
to the development of obesity (16). Correlation of this factors
leads to the development of SO. Furthermore, the sedentary
lifestyle of elderly people further exacerbates changes in
metabolism and body composition (16).

However, sarcopenia is now also linked to the pediatric
population, as sarcopenia was found to be a risk factor of
insulin resistance and higher metabolic risk in children and
adolescents (17, 18). There is no established consensus regarding
SO definition, diagnostic methods, and age- and gender-specific
cutoff points in children and adolescents.

Currently, a wide range of various techniques are used to
estimate muscle mass. Computed tomography (CT) and
magnetic resonance imaging (MRI) are considered gold
standards for estimating muscle mass because of their accuracy
(10). However, few factors limit the usage of imaging techniques
for routine clinical practice, including high cost, limited access to
equipment, radiation exposure, and contraindications for
scanning (19). The use of gold standard methods in the
pediatric population has been limited mostly to patients with
end-organ failure and children with solid/hematologic
malignancies. Moreover, there is no consensus regarding
landmarks (L2–L5) and muscle type/number used in studies
concerning the pediatric population; most commonly used are
the measures of psoas muscle area or psoas muscle index
measured at L3 on CT, although some studies used L2, L4, or
L5; MRI; paraspinous muscle area; or intramuscular adipose
tissue area (20). Dual-energy X-ray absorptiometry (DXA) is
now considered to be the most widely utilized method for muscle
mass quantification because this method is quick, simple,
low-cost, more available than CT/MRI, and is associated with
minimal radiation exposure (10, 19, 21). The usage of
bioelectrical impedance analysis (BIA) is inexpensive, readily
reproducible, and appropriate for both ambulatory and
bedridden patients (10). It has been found that BIA results
under standard conditions correlate well with MRI
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predictions (22). However, susceptibility to patient hydration
status is considered to be the main disadvantage of both DXA
and BIA (20). Nevertheless, usage of these methods may be
clinically warranted to assess for sarcopenia when CT and MRI
are unavailable (23). Considering the fact that muscle mass is
influenced by body size, absolute skeletal muscle (SM) mass
(SMM) indicators should be adjusted for body size using height
squared [appendicular skeletal muscle mass (ASM)/height2],
weight (ASM/weight), or body mass index (BMI) (ASM/BMI)
(24). Both total/partial body potassium per fat-free soft tissue
and anthropometric measurements are not routinely used in
clinical practice (10). There are a few studies providing reference
values for DXA- and BIA-derived muscle mass parameters in
children (25–28). Whereas only one study warranted reference
values regarding CT-derived parameters of muscle mass in
children (29). Assessment of muscle function should always be
performed, since muscle strength is not linearly related to muscle
mass (30). In older children and adolescents, strength and
performance tests utilized in adults such as handgrip test, chair
stand test, Timed Up and Go test, 6-min walk test, stair climb
power test, and 400-m walk test can be used (10, 11). For younger
children, standardized motor function assessment scales can be
used in order to evaluate motor performance that may be affected
by impaired muscle function. For this purpose, the validated
Alberta Infant Motor Scale and the Peabody Developmental
Motor Scale can be used (31).

To our knowledge, until now, no systematic reviews regarding
solely SO in children and adolescents have been published. In
this review, we aim to assess the current state of knowledge about
SO among children and adolescents and its prevalence and
evaluate outcomes related to SO, answering the question:
“What are the diagnostic criteria, prevalence, and outcomes
related to sarcopenic obesity in the population of children and
adolescents?” in accordance to “participants, interventions,
comparisons, and outcomes (PICO)” scheme.
2 MATERIALS AND METHODS

A literature search of articles published in English was completed
via PubMed and Web of Science databases on October 25, 2021.
The following search query was used: (pediatrics or pediatric or
childhood or child or children or adolescent or adolescence)
AND (obese or obesity or overweight or adiposity or excessive
weight) AND (sarcopenia or sarcopenic or muscle loss or
sarcopenic obesity). Adequate filter regarding publication
language (English) was applied. The search was done without
limiting the years of publication. Two independent researchers
(MZ, PM) screened the results. The inclusion criteria were
studies that assessed the concept of SO among the pediatric
population (<21 years) (32). Studies that addressed outcomes
related to SO were also included. Studies in which the age of the
control group exceeded age criterium and studies that evaluated
only one sex were ruled out. Articles were excluded if they were
editorials, letters, replies from authors, review articles,
June 2022 | Volume 13 | Article 914740
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commentaries, case reports, articles conducted on animal models
or cell culture, non-English articles, and articles without a full
text. Studies performed in a population of children with
neuromuscular disorders (e.g., Duchenne muscular dystrophy,
spinal muscular atrophy) and autoimmune diseases affecting SM
(e.g., dermatomyosis) were excluded considering possible disease
impact on body composition. Studies addressing cachexia and
frailty were ruled out.

In order to examine the studies’ methodological quality, the
quality assessment tool adopted from the National Institutes of
Health/National Heart, Lung and Blood Institute for
observational cohort studies, cross-sectional studies, and case
control studies was used (12). After answering the series of
questions (14 regarding observational cohort studies and cross-
sectional studies, 12 regarding case–control studies), the quality
of cohort studies and cross-sectional studies was rated as poor
(0–4 points), fair (5–10 points), or good (11–14 points); the
quality of case–control studies was rated as poor (0–3 points),
fair (4–8 points), or good (9–12 points).
Frontiers in Endocrinology | www.frontiersin.org 3
3 RESULTS

The initial search returned 1,241 results. Additional studies were
identified by a manual search of bibliographic references of
existing reviews. The repeated results of search were ruled out.
After screening of abstracts, 137 results were chosen for full-text
analysis, of which 18 (25, 33–49) met the inclusion criteria and
were included in the study. A flowchart of study inclusion is
presented in Figure 1. The following information was abstracted
from original papers: first author, geographic region, year of
publication, time of the study, study design, number, sex, age of
patients, study population, and data regarding SO definition,
prevalence, and relation with outcomes. The characteristics of
studies that included healthy populations are shown in Table 1,
studies regarding overweight/obese children and adolescents are
summarized in Table 2, and studies concerning other clinical
populations are demonstrated in Table 3. Of 18 studies included
in this review, 8 (25, 33–37, 42, 45) examined the prevalence of
SO and 8 (33–35, 37, 43, 44, 47, 48) evaluated outcomes related
FIGURE 1 | PRISMA protocol for data acquisition. n, number; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses (50).
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TABLE 1 | Characteristics of studies regarding healthy population.

ive weight indicator Definition of SO SO
prevalence

Assessment of
outcomes related to

SO

Control
group

mean MFR-2SD of the
3rdBMI quintile/
estimation of cut-off
points of grip-to-BMI
ratio

boys: 9.2%
girls: 5.9%
total: 7.5%

NA no

mean MFR-2SD of the
3rdBMI quintile)/
estimation of cut-off
points of grip-to-BMI
ratio

boys: 7.2%
girls: 9.3%

NA no

-specific reference
of BMI in children and
according to Kromeyer-
t al., 2001, BMI>90 th
f the study population

FM/FFM >90th
percentile/FM/FFM2>90th
percentile

boys: 62.7%
girls: 69.7%

NA no

of BMI-z score for age
ex

below mean MFR-2 SD
of the middle fifth of the
BMI range, highest fifth
of BMI-z score for age
range and sex

boys 5-10y:
8.31% boys
10-18y: 9.67%
girls 5-10y:
15.48% girls
10-18y: 5.66%

NA no

n 25 and 35, fat mass as
t percentage >25% for
32% for females

lower SMM in
comparison with healthy
lean group

NA hsCRP, cortisol
concentration at 8 a.m.
and 8 p.m.

yes-
gender
and age
range
matched

ercentile for sex and age
Standard Growth
rean children and
published by the KCDC
Pediatric Society in
st quintile of BMI

mean MFR-1SD of the
3rdBMI quintile

boys: 32.1%
girls: 24.3%

Metabolic syndrome
components (BP,
glucose level, TG, HDL-
C, WC)

no

in both sexes lower 10% of gender-
specific ASM/Wt (%),
WHtR>0.47 in both
sexes

boys: 81.3%
girls: 62.6%

Mental health no

90th percentile for age
ording to National
Education Program-Adult
anel III Criteria

ASM/Wt below lower
quintile for the study
population, WC at least
90th percentile

NA NA no

≥2 according to WHO,
in females, WC ≥ 90 cm

FFMI as percentage
≤25th percentile in
sample (adjusted for
sex), BMI Z-score≥2/WC
≥80 cm in females, WC ≥
90 cm in males

NA Metabolic syndrome
components (BP, fasting
serum total glucose, TG,
HDL-C), insulin, HOMA-
IR, cholesterol,
adiponectin, hsCRP

no

≥2 according to WHO,
in females, WC ≥ 90 cm

FFMI as percentage of
BMI ≤25th percentile in
sample (adjusted for
sex),BMI Z-score≥2/WC
≥80 cm in females, WC ≥
90 cm in males

NA Metabolic syndrome
components (BP, fasting
serum total glucose, TG,
HDL-C), insulin, HOMA-
IR, cholesterol,
adiponectin, hsCRP

no

value over +1 SD
WHO, WC according to
s from Chilean Ministry

RHGS<25th percentile
by sex, BMI-for-age over
+1 SD/WC according to
the guidelines from
Chilean Ministry of Health

NA NA no

l-energy X-ray absorptiometry; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index; HDL-c, high-density
; NA, not available; RHGS, relative handgrip strength; SES, socioeconomic status; SMM, skeletal muscle mass;
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Authors Region Year
published

Time of
study

Design Number Sex Age, years Population Study
quality
(NIH)

Method of
body

composition
evaluation

Sarcopenia
indicator

Excess

Gontarev S et al.
(36)

North
Macedonia

2020 2017 CS 4021 49.4%
male

range: 6-10
mean: 8.6

Healthy
children from
primary
schools

6 BIA,
dynamometer

MFR= SMM/
BFM, grip-to-
BMI ratio=
maximal
handgrip
strength/BMI

NA

Steffl M et al. (42) Czech
Republic

2017 2015 CS 730 51.64%
male

range: 4-14 Healthy
children and
adolescents

6 BIA,
dynamometer

MFR= SMM/
BFM, grip-to-
BMI
ratio=maximal
handgrip
strength/BMI

NA

Gätjens I et al.
(45)

Germany 2021 since 1996 CS 15 392 49.38%
male

range: 5-17 Healthy
children and
adolescents

6 BIA FM/FFM, FM/
FFM2

age and se
percentiles
adolescents
Hauschild e
percentile o

McCarthy HD
et al. (25)

UK 2013 2003-2004 CS 1985 56.22%
male

range: 5-18.8 Healthy
schoolchildren

6 BIA MFR= SMMa/
FM

highest fifth
range and s

Stefanaki Ch et al.
(48)

Italy 2016 2009-2012 CC 2551 lean group
16%
females,
overweight
95%
females

range: 18-21 Healthy lean
group, healthy
overweight
group

6 BIA SMM BMI betwee
body weigh
males and

Kim K et al. (33) Republic
of Korea

2016 2009-2011 CS 1919 53.36%
male

range: 10-18 Healthy non-
institutionalized
Korean children
and
adolescents

7 DXA MFR=ASM/
body fat mass

BMI≥85th p
according t
Charts of K
adolescents
and Korean
2007, highe

Moon JH et al.
(37)

Republic
of Korea

2018 2008-2011 CS 1233 53.69%
male

range:12-18 Healthy Korean
adolescents

7 DXA ASM, ASM/Wt
(%)

WHtR>0.47

Kim JH et al. (41) Republic
of Korea

2016 2009-2011 CS 1420 52.75%
male

range:12-19 Healthy Korean
adolescents

7 DXA ASM/Wt WC at leas
and sex ac
Cholesterol
Treatment P

Burrows R et al.
(43)

Chile 2015 NA CS 667 52.2%
male

range:16-17
mean: 16.8

Healthy Chilean
adolescents of
middle to low
SES

6 DXA FFMI-
estimated
according to
Wells and
Fewtrell

BMI Z-scor
WC ≥80 cm
in males

Burrows R et al.
(44)

Chile 2015 NA CS 667 52.2%
male

range:16-17
mean: 16.8

Healthy Chilean
adolescents of
middle to low
SES

7 DXA FFMI-
estimated
according to
Wells and
Fewtrell

BMI Z-scor
WC ≥80 cm
in males

Palacio-Agüero A
et al. (39)

Chile 2020 2018 CS 491 51.73%
male

range: 10-17
mean: 13.6

Healthy Chilean
adolescents

7 dynamometer RHGS
=maximum
HGS from
dominant
hand/BMI

BMI-for-age
according t
the guidelin
of Health

ASM, appendicular skeletal muscle mass; BFM, body fat mass; BIA, bioelectrical impedance analysis; BMI, body mass index; BP, blood pressure; CC, case–control; CS, cross-sectional; DXA, dua
lipoprotein cholesterol; HGS, handgrip strength; HOMA-IR, homeostatic model assessment for insulin resistance; hsCRP, high-sensitivity C-reactive protein; MFR, skeletal muscle-to-body fat rati
SMMa, appendicular skeletal muscle mass; TG, triglyceride; WC, waist circumference; WHtR, waist circumference-to-height ratio; Wt, weight.
x

>

o
o

t
c

e

e

o
e

o
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TABLE 2 | Characteristics of studies concerning overweight/obese children and adolescents.

sex Age, ye cessive weight
indicator

Definition of
SO

SO prevalence Assessment of outcomes
related to SO

Control
group

47.9%
male

range: 10 85th percentile
ex and age

%SMM≤p25
according to
reference charts
for youth
McCarthy H.D.
et al.

boys: 33.3%
girls: 20,2%
total: 26.9%

BP, glucose level, insulin
level, HOMA-IR, total
cholesterol, TG, HDL-C,
LDL-C, CRP

no

56.41%
male

range: 6- 85th percentile
ex and age

tertile 1 of RMM/
tertile 1 of ASM/
weight index

boys: 28.79%
girls: 39.22%
total: 33.33%

Metabolic syndrome
components
(WC, BP, glucose, HDL-C,
TG),assessment of liver
function(ALT, AST, liver US,
liver biopsy),insulin, HOMA-
IR, total cholesterol

no

histology
65%
male, liver
stiffness
68%
male,
liver PDFF
77% male

<20 85th percentile
ex and age,
ers for Disease
trol and
ention growth
ts

lower median
tPMSA index in
comparison with
subjects with
NAS<5

NA NAFLD activity score (NAS),
liver stiffness, liver fat fraction

no

tate aminotransferase; BFM ssure; CS, cross-sectional; CRP, C-reactive protein; DXA, dual-energy X-ray absorptiometry; HDL-c, high-
resistance; LDL-c, low-d nce imagining; NA, not available; NAFLD, nonalcoholic fatty liver disease; NAS, NAFLD activity score; O,
cle mass; SMM, skeletal y; WC, waist circumference.

clinical populations

sex Age, years eight indicator Definition of SO SO preva-
lence

Assessment
of outcomes
related to SO

Control group

5.8%
ale

≤18 subcutaneous fat lower sarcopenic index
compared to controls,
higher visceral fat and
subcutaneous fat index
compared to controls

NA NA yes, 1:1 age- and
gender -matched

2%
ale

range: 10-21
mean: 14.4

rding to Centers for
and Prevention
initiation, increase
ass/fat percent

loss of muscle volume/
muscle percent over time,
increase of total body fat
mass/fat percent over time

NA NA yes- age range
matched

3.8%
male

range: 1.33-20
mean: 9.8
median:11

tile for sex and age
ncrease of VAT

loss of SM and RLT over
time, increase of VAT over
time

NA NA no

0%
ale

range: 9.9-19.6
mean: 14.7
median:14.6

tile for sex and age
criteria before

n, increase of BF%

loss of lean muscle mass
over time, increase of BF%
over time

NA NA no

; BMI, body mass index; C hy; DXA, dual-energy X-ray absorptiometry; NA, not available; P, prospective; QCT, quantitative computed
isceral adipose tissue; WH
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Authors Region Year
published

Time
of

study

Design Number

Videira-Silva A
et al. (34)

Portugal 2017 NA R, CS 240

Pacifico L et al.
(35)

Italy 2020 NA O, CS 234

Yodoshi T et al.
(47)

USA 2020 2009-
2018

R, CS 100 histology
cohort,
263 liver stiffness
cohort,
95
liver PDFF cohort

ALT, alanine aminotransferase; ASM, appendicular skeletal muscle mass; AST, aspar
density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment for insuli
observational; PDFF, proton density fat fraction; R, retrospective; RMM, relative mu

TABLE 3 | Characteristics of studies which included other

Authors Region Year
published

Time of
study

Design Number

Mangus RS et al.
(40)

USA 2017 2002-2012 CC 81 3
m

Mueske NM et al.
(46)

USA 2019 2011-2014 P 12 4
m

Joffe L et al. (49) USA 2020 2002-2017 R 39 5
f

Orgel E et al. (38) USA 2018 NA P 50 6
m

ALL, acute lymphoblastic leukemia; AYA, adolescents and young adults; BF, body fa
tomography; R, retrospective; RLT, residual lean tissue; SM, skeletal muscle; VAT,
n
s

e

t
v

s Population Study
quality
(NIH)

Method of
body

composition
evaluation

Sarcopenia
indicator

Ex

7 Overweight adolescents
attending
a Pediatric Outpatient
Obesity Clinic

8 BIA %SMM=SMM/body
weight
MFR=SMM/BFM

BMI
for s

Overweight/obese
children and
adolescents attending
Outpatient Clinics of the
Department of
Pediatrics

6 DXA RMM=100x muscle
mass/muscle mass
+fat mass,
ASM/weight index=
ASM/weight x100

BMI
for s

Patients with NAFLD 7 MRI tPMSA index=
tPMSA/height2

BMI
for s
Cen
Con
Prev
char

body fat mass; BIA, bioelectrical impedance analysis; BMI, body mass index; BP, blood pr
sity lipoprotein cholesterol; MFR, skeletal muscle-to-body fat ratio; MRI, magnetic reson
uscle mass; TG, triglyceride; tPMSA, total psoas muscle surface area; US, ultrasonograp

Population Study
quality
(NIH)

Method of
body

composition
evaluation

Sarcopenia
indicator

Excessive w

Pediatric end-organ
disease patients

7 CT sarcopenic
index= total
psoas area/
height2

visceral fat index
index

Pre-adolescents,
AYA diagnosed
with HR B-ALL or
T-cell ALL

9 QCT, DXA muscle volume/
percent in the
lower leg

BMI%≥85th acc
Disease Control
before treatment
of total body fat
during therapy

Children,
adolescents and
young adults with
solid tumors

10 CT SM,RLT BMI≥85th perce
WHO and CDC
during therapy

Children and
adolescents
diagnosed with
High-Risk B-
Precursor ALL or T-
cell ALL

7 DXA Lean muscle
mass

BMI≥85th perce
according to CD
treatment initiatio
during therapy

, case–control; CDC, Centers for Disease Control and Prevention; CT, computed tomograp
, World Health Organization.
ar

-1

18

,
en
m

.

C
O

≥

>

≥

t

e
a
h

,

o

m

n
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n
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to SO. Seven studies were performed in Europe (25, 34–36, 42,
45, 48), 5 in the United States (38, 40, 46, 47, 49), 3 in Asia (33,
37, 41), and 3 in South America (39, 43, 44). The number of
participants ranged from 12 (46) to 15,392 (45). Based on the
NIH quality assessment tool, all studies were classified as fair
quality. Populations of studies by Kim et al. (33), Moon et al.
(37), and Kim and Park (41) might be alike, since all of the
studies used data from the Korean National Health and
Nutrition Examination Survey (KHANES) conducted in
similar years in subjects in the similar age range. However, all
of the studies were included in this review, considering the fact
that different definitions and cutoff values for SO were used in
each of the studies, yielding different SO prevalence. The study
by Orgel et al. (38) and the study by Mueske et al. (46) regarded
patients newly diagnosed with high-risk B-acute lymphoblastic
leukemia (ALL) or T-cell ALL who were prospectively enrolled in
a clinical trial studying body composition and bone health.
Nevertheless, both studies used different methods to evaluate
sarcopenia, and therefore, both of the studies are part of this
review. Both studies by Burrows et al. (43, 44) studied adolescents
who were part of an iron deficiency anemia preventive trial and a
follow-up study beginning in infancy. Although both studies used
the same body composition evaluation method and sarcopenia
and excessive weight indicators, SO definition differed between the
aforementioned studies; therefore, neither of them were excluded
from our review. Among the patients included in the 6 studies
evaluating the prevalence of SO, the prevalence ranged from 5.66%
(25) to 69.7% (45) in girls, with a range between 7.2% (42) and
81.3% (37) in boys.

3.1 Sarcopenic Obesity
Evaluation Methods
Overall DXA (n = 8/18) (33, 35, 37, 38, 41, 43, 44, 46) and BIA (n
= 6/18) (25, 34, 36, 42, 45, 48) were the most commonly used
body composition evaluation methods, followed by other
imaging techniques (4/18) (40, 46, 47, 49) and assessment of
handgrip strength (HGS) using dynamometer (39). Three studies
used more than one method to assess SO [BIA along with
dynamometer (36, 42) and quantitive computed tomography
(QCT) in addition to DXA (46)]. Overall, there was a wide
heterogenity in the cutoff values used to define sarcopenia.

3.1.1 Healthy Populations
In total, 11 studies included healthy populations of children and
adolescents (25, 33, 36, 37, 39, 41–45, 48). Five studies used BIA
to evaluate body composition (25, 36, 42, 45, 48), 5 studies used
DXA (33, 37, 41, 43, 44), whereas 1 study was conducted with the
use of the handgrip test (39).

3.1.1.1 Bioelectrical Impedance
In the study by McCarthy et al. (25), muscle-to-fat ratio (MFR)
was derived by dividing appendicular skeletal muscle mass
(SMMa) by fat mass (FM). For each age range, in boys and in
girls separately, children were divided into fifths of BMI z-score,
and the mean and standard deviation (SD) of MFR within each
fifth were calculated. MFR cutoff equating to -2 SD for the
middle fifth was introduced for the first time, and SO was
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considered as a proportion of cases falling below the cutoff in
the highest fifth of BMI z-score.

In the study by Stefanaki et al. (48), patients were divided into
two groups: healthy lean group and healthy overweight/obese
group. Lower SMM in comparison to healthy lean group for each
gender separately was used as sarcopenia indicator.

In the study by Gätjens et al. (45), fat mass (FM) and fat-free
mass (FFM) were normalized to height2 to fat mass index (FMI)
and fat-free mass index (FFMI). Sarcopenic obese phenotype was
defined as >90th percentile of FM/FFM or FM/FFM2.

Studies by Gontarev et al. (36) and Steffl et al. (42) assessed
muscle strength using a dynamometer along with bioelectrical
impedance from which MFR was calculated. The purpose of
those studies was to determine the relationships between MFR
and relative handgrip strength (RHGS) and to determine the
ability of HGS relative to BMI (grip-to-BMI) to identify children
who are at risk of developing SO. In both studies, a previous
methodology used to define sarcopenia in children described by
McCarthy et al. (25) and Kim et al. (33) was used. Results
indicated that grip-to-BMI ratio is capable of identifying children
at risk of SO.

3.1.1.2 Dual-Energy X-Ray Absorptiometry
Studies by Moon et al. (37) and Kim and Park (41) used ASM
divided by weight (ASM/Wt%) as a sarcopenia indicator. In the
study by Moon et al. (37), LMM was defined as the lower 10% of
gender-specific ASM/Wt%. Whereas in the study by Kim et al.
(41), LMM was observed if the value for ASM/Wt was below the
lower quintile for the study population; LMM cutoff points were
calculated for each sex and age.

Two studies by Burrows et al. (43, 44) used FFMI estimated
according to Wells and Fewtrell as a sarcopenia indicator. In the
study by Burrows et al. (43), FFMI values were expressed as
percentage; values ≤25th percentile in the study sample, adjusted
for sex, were defined as relative sarcopenia. While in the study by
Burrows et al. (44), FFMI values were expressed as the percentage
of BMI; values ≤25th percentile in study sample, adjusted for sex,
were considered sarcopenia.

In the study by Kim et al. (33), MFR was calculated, each
gender was divided into quintiles of BMI z-score, and the mean
and SD of MFR were calculated for each quintile; cutoff values
were defined using the mean and SD of MFR for the third BMI
quintile (cutoff value = mean value -1 SD of MFR for the third
BMI quintile).

3.1.1.3 Handgrip Test
In the study by Palacio-Agüero et al. (39), RHGS was calculated
by dividing maximum HGS from the dominant hand by BMI.
Low RHGS was defined as <25th percentile by sex.

3.1.2 Overweight/Obese Populations
Overall, 3 studies involved overweight/obese children and
adolescents (34, 35, 47).

In the study by Videira-Silva and Fonseca (34), %SMM ≤25
percentile based on reference charts for youth by McCarthy et al.
(25) was used as a cutoff value for sarcopenia; BIA was used to
assess the concept of SO.
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In the study by Pacifico et al. (35), DXA was used to assess
body composition, population was stratified into tertiles of
relative muscle mass (RMM) and ASM/weight index, and
children in the lowest tertiles were considered sarcopenic.

In the study by Yodoshi et al. (47), abdominal MRI at the level of
the second to third lumbar vertebrae allowing the determination of
total psoas muscle surface area (tPMSA) of patients with either
histologically confirmed NAFLD with negative workup for other
liver disease, and an abdominal MRI within 1 year of the liver
biopsy, or presumed NAFLD, defined as overweight/obese patients
with MRI-determined hepatic steatosis and a negative workup for
other liver diseases, was evaluated. Patients with presumed NAFLD
were divided into two groups: one consisted of patients who
underwent magnetic resonance (MR) elastography to assess liver
stiffness, and patients in group 2 had measured liver fat fraction by
MRI proton density fat fraction (PDFF). tPMSA was measured
using a geometric region of interest measurement tool (Intellispace).
tPMSA was corrected for height, generating tPMSA index (mm2/
m2). Patients with a lower median tPMSA index compared to
patients with a lower grade (<5) of NAFLD activity score (NAS)
according to non-alcoholic steatohepatitis (NASH) Clinical
Research Network were identified as sarcopenic.

3.1.3 Other Populations
The populations of studies by Orgel et al. (38) and Mueske et al.
(46) consisted of children with hematologic malignancies (high-
risk B-precursor ALL and T-cell ALL).

In the study by Orgel et al. (38), the concept of SO was
evaluated with DXA; subjects underwent three serial assessments
of body composition (at diagnosis, at the end of the induction
phase, and at the end of the delayed intensification phase), and
lean muscle mass was measured. SO was defined as loss of lean
muscle mass and increase of body fat mass and body fat percent
over time.

In the study by Mueske et al. (46), participants underwent
imaging using three-dimensional QCT of the tibia and
whole-body DXA within 96 h from the start of chemotherapy,
again at 28–35 days later (end of induction phase), and 7–9
months from diagnosis following completion of intensive
chemotherapy (end of the delayed intensification phase).
Tissue volumes for adipose, muscle, and bone were computed
along the entire length of both tibias using a custom MATLAB
script. Total body fat mass and percentage were obtained using
DXA. Loss of muscle volume/muscle percent and increase of
total body fat mass/fat percent over time was considered as an
SO indicator.

In the study by Joffe et al. (49), chest CT images obtained at
two time points, diagnosis and first follow-up disease evaluation
(6–14 weeks after initiation of therapy), of children, adolescents,
and young adults who underwent treatment for a primary
diagnosis of Wilms tumor, Ewing sarcoma, osteosarcoma, or
rhabdomyosarcoma were used. Measurement of SM, residual
lean mass (RLT), and visceral adipose tissue (VAT) was
performed on single-slice images at a select anatomic landmark
located in the intervertebral space between the 12th thoracic and
first lumbar vertebrae (T12–L1). Image analysis was performed
utilizing Slice-O-Matic image analysis software. SO was defined
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as a decrease in SM and RLT and increase of VAT between two
study points.

In the study by Mangus et al. (40), body composition of
children on the kidney, liver, or intestine transplant list with end-
organ failure and a CT scan within 6 months of actual transplant
date were assessed with measurements taken at the level of the
L2/L3 intervertebral disc space. The scan was set to the soft tissue
image mode, and the FreehandDrawingTool was employed to
outline the target structures using Synapse picture archiving and
communication system (PACS). Total psoas muscle area was
obtained by outlining both the right and left psoas muscles and
summing these measurements. Total perinephric fat was
calculated by outlining the kidney and vasculature and
subtracting this area from the area obtained by outlining
Gerota’s fascia. The subcutaneous fat area was obtained by
subtracting the area of the outlined abdominal cavity (at the
outermost fascial layer) from the area obtained by outlining the
level just beneath the dermis. The sarcopenic index was obtained
by dividing the total psoas area (in mm2) by the height (in cm)
squared, and the visceral and subcutaneous fat measurements
were also scaled for height. SO was defined as lower sarcopenic
index and higher visceral fat and subcutaneous fat index
compared to controls.

3.2 Sarcopenic Obesity Prevalence
Eight studies included in the review assessed the prevalence of
SO (25, 33–37, 42, 45); 6 studies included healthy populations
(25, 33, 36, 37, 42, 45), whereas 2 studies examined overweight/
obese children and adolescents (34, 35).

3.2.1 Healthy Populations
Among the patients included in the studies evaluating healthy
populations, the prevalence ranged from 5.66% (25) to 69.7%
(45) in girls, with a range between 7.2% (42) and 81.3% (37) in
boys. Evaluation of body composition using BIA with usage of
mean MFR-2SD of the third BMI quintile as threshold, which
was used in 3 studies (25, 36, 42), was associated with the lowest
SO prevalence in boys [7.2% (42), 8.31% in boys 5–10 years (25),
9.2% (36), 9.67% in boys 10–18 years (25)] and in girls [5.66% in
girls 10–18 years (25), 5.9% (36), 9.3% (42), 15.48% in girls 5–10
years (25)]. This was followed by a study that used DXA and a
cutoff value defined as mean value -1 SD of MFR for the third
BMI quintile, which yielded 24.3% SO prevalence in girls and
32.1% in boys (33).

Highest prevalence of SO was found in the usage of DXA and
the lower 10% of gender-specific ASM/Wt% in boys (81.3%) (37)
and using BIA along with >90th percentile of FM/FFM or FM/
FFM2 in girls (69.7%) (45).

3.2.2 Overweight/Obese Populations
Two studies evaluated SO prevalence in overweight/obese
children and adolescents, the study that used DXA to assess
RMM and ASM and stratified study population into tertiles of
RMM and ASM/weight index yielded 28.79% SO prevalence in
boys and 39.22% in girls (35), whereas the study by Videira-Silva
and Fonseca (34) that used BIA and a cutoff value defined as %
SMM ≤25 percentile based on reference charts for youth by
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McCarthy et al. (25) yielded 20.2% prevalence of SO in girls and
33.3% in boys.

3.3 Outcomes Related With
Sarcopenic Obesity
A total of 8 (33–35, 37, 43, 44, 47, 48) studies assessed outcomes
related to SO. Of those, 5 studies evaluated SO relation with
cardiometabolic outcomes (33–35, 43, 44), and 2 studies assessed
the association between NAFLD severity and presence of SO (35,
47). Two studies evaluated the relation between SO and
inflammation (34, 48). The remaining study investigated the
relationship between LMM, obesity, and mental health (37).

In 2 of the studies analyzing the occurrence of metabolic
syndrome (MetS) (33, 43), MetS diagnosis was based on 2007
International Diabetes Federation (IDF) consensus, whereas in one
study (35), MetS diagnosis was based on the presence of at least 3 risk
factors: high waist circumference (WC), elevated blood pressure (BP),
low high-density lipoprotein cholesterol (HDL-C) levels,
hypertriglyceridemia, and glucose impairment. In all studies
evaluating associations between sarcopenia, obesity, and MetS,
significant associations were observed. Odds ratios (ORs) of MetS
risk were found to be significantly increased in sarcopenic obese
individuals [OR 8.28, 95% CI 5.6–11.45 (33); sarcopenic boys, OR
21.2, 95% CI 4.18–107.5 (43); obese boys, OR 3.7, 95% CI 1.23–10.8
(43); and sarcopenic girls, OR 3.61, 95% CI 1.10–11.9) (43)]; the
prevalence of MetS was also significantly increased in the tertile 1 of
RMM (p < 0.0001) (35).

Remaining studies that analyzed SO association with
cardiometabolic outcomes showed significant associations in
terms of insulin resistance (IR) and obesity (OR 6.6, 95% CI
4.1–10.6) (44) and IR and sarcopenia (OR 4.9, 95% CI 3.2–7.5) in
bivariate analysis (44), IR and sarcopenia (OR 1.9, 95% CI 1.1–3.6)
and IR and obesity (OR 2.4, 95% CI 1.2–4.9) in the fully adjusted
model (including family history of type 2 diabetes, physical
inactivity, sarcopenia, obesity, low adiponectin) (44), increased
insulin (p < 0.01) (34), homeostatic model assessment for insulin
resistance (HOMA-IR) (p < 0.05) (34, 35), total cholesterol (p <
0.05) (34), low-density lipoprotein cholesterol (LDL-C) (p < 0.01)
(34), triglyceride (TG) (p < 0.05) (34, 35), decreased HDL-C (p <
0.05) (34, 35), and NAFLD (p < 0.05) (35).

In 2 studies (35, 47) aiming to assess NAFLD severity in terms
of SO, children with a higher severity of NAFLD [NAS/liver
PDFF/non-alcoholic steatohepatitis (NASH) occurrence] had
lower values of sarcopenia indicator (tPMSA index/RMM/
ASM/weight) in comparison with the ones with lower liver
disease severity. In the study by Pacifico et al. (35), children
with NASH showed significantly lower RMM [mean 55.7% (SD,
6.0) vs. 63.4% (6.0); p < 0.0001) and ASM/weight index [mean
25.6% (SD, 2.8) vs. 28.6% (2.9); p = 0.006], whereas in the
histology cohort from the study of Yodoshi et al. (47), median
tPMSA index was significantly lower in the subjects with NAS ≥5
compared to those with NAS <5 (544 mm2/m2 vs. 669 mm2/m2,
p < 0.001). In both univariate logistic regression analysis with
proportional odds and multivariable analysis (including all
demographic, clinical, radiographic variables), higher NAS was
significantly associated with lower tPMSA index (OR 0.67, 95%
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CI 0.52–0.86, p = 0.002) and tPMSA index significantly predicted
NAS (OR 0.68, 95% CI 0.52–0.91, p = 0.008), respectively.
Moreover, in the liver PDFF cohort in the multivariable
regression model (including tPMSA index, sex, ethnicity,
community deprivation index, and T2DM), liver PDFF was
significantly associated with tPMSA index (p = 0.029) (47).

Both studies (34, 48) aiming to investigate SO relation with
inflammation, an assessment of C-reactive protein (CRP)/high-
sensitivity C-reactive protein (hsCRP) concentration, showed
significant associations. In the study by Videira-Silva and
Fonseca (34), a low value of SMM (%SMM ≤p25) was
associated with an increased value of inflammation indicator
(p < 0.05), whereas in the study by Stefanaki et al. (48), SMMwas
negatively correlated with hsCRP concentration in overweight/
obese individuals.

In the study by Moon et al. (37), girls with LMM and obesity
were 3.46 times more at risk of developing depression compared
with girls with normal muscle mass after controlling for age,
waist-to-height ratio, health habits, self-reported obesity, weight
loss efforts, and monthly household income (95% CI 1.00–11.97,
p = 0.049).
4 DISCUSSION

There are a limited number of studies assessing the prevalence of
SO and its relation with adverse health outcomes in children and
adolescents. Results of our review indicate that SO is highly
prevalent in children and adolescents and influences the
occurrence of adverse health outcomes (25, 33–37, 42–45,
47, 48).

In our review, the prevalence of SO ranged from 5.66% to
69.7% in girls, with a range between 7.2% and 81.3% in boys. The
wide range of SO prevalence is related to different sarcopenia
evaluation methods and the variety of used definitions and cutoff
points. Furthermore, studies that evaluated SO prevalence
included healthy populations and overweight/obese children
and adolescents; therefore, comparisons between those
populations may lead to discrepancies, as studies regarding
overweight/obese participants may yield higher SO prevalence.

Our review found DXA and BIA to be the most prevalent
methods of body composition assessment. Evaluation of body
composition with usage of mean MFR-2SD of the third BMI
quintile as threshold was the most prevalent. All of the studies
that assessed SO relation with adverse health outcomes
(cardiometabolic outcomes, NAFLD severity, inflammation,
mental health) found significant associations. The main
difficulty regarding the assessment of sarcopenia in the
population of children and adolescents is their growth, which
leads to age-related differences. Puberty is also a crucial factor in
body composition evaluation. The present review indicates that
the occurrence of SO is associated with a higher metabolic risk.
Much work needs to be done to understand the impact of SO on
metabolic outcomes, as SO may carry a cumulative metabolic
risk of both sarcopenia and obesity and could lead to worse
metabolic outcomes than obesity alone. Routine assessment of
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SM mass and function should be considered in obese children
and adolescents in order to distinguish individuals with a higher
metabolic risk.

Only 2 studies included in our review assessed both muscle
mass and muscle function (36, 42), as recommended by
EWGSOP, yielding inadequate values of SO prevalence. The
assessment of muscle function is crucial for the assessment of
sarcopenia, since muscle strength is not linearly related to muscle
mass (30).

SO has been associated with various adverse health outcomes
such as disability, metabolic outcomes, depression, increased
stress level, cancer treatment outcomes, and mortality in adults
(16). Several studies evaluated SO association with metabolic
outcomes in adults, indicating worse cardiovascular risk profiles
(hyperglycemia, hypertension, dyslipidemia, insulin resistance,
lower cardiorespiratory fitness) in individuals affected by SO
(51–53). Results of the Korean Longitudinal Study on Health and
Aging (KLoSHA) demonstrated a higher risk of IR and MetS in
patients with SO than in those with sarcopenia alone or obesity
alone (51). According to KHANES, SO was also associated with
NAFLD, and the study found that SO increased stepwise from
lowest to highest quintile (independent 3.4-fold risk) of serum
gamma-glutamyl transferase activity (GGT) in community-
dwelling older adults (54). NASH as a cause of cirrhosis was
found in multivariable logistic regression analysis as an
independent predictor of SO after controlling for age, gender,
alcoholic liver disease diagnosis, and hepatocellular carcinoma
(p = 0.014, 95% CI, 1.44–25.26, OR 6.03) (55). In a study by
Schrager et al. (56), low HGS and high waist circumference and/
or BMI were significantly associated with elevated levels of IL-6,
C-reactive protein, and Interleukin-1 (IL-1). In a study by Hamer
et al. (57), the risk of occurrence of depressive symptoms in obese
adults with low HGS was 1.79 (95% CI, 1.10–2.89) times greater
compared to non-obese individuals with high HGS after
multivariate adjustment. These findings of adult studies are in
line with results of our review, which demonstrated a significant
association between adverse health outcomes (metabolic
syndrome, IR, NAFLD) and SO in children and adolescents.
Moreover, in two studies included in our review, low SMM
demonstrated an association with increased hsCRP/CRP
concentration, indicating a relation between inflammation and
low SMM in overweight/obese children and adolescents. Results
of our review regarding the association between LMM, obesity,
and depressive symptoms also match adult studies.

To our knowledge, this is the first systematic review
evaluating the prevalence and outcomes of SO in children and
adolescents. Our study is not without limitations. There was
considerable inconsistency in the criteria used to define SO, and
there was a wide heterogeneity in sarcopenia as well as obesity
definitions that limited comparisons among studies.
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Furthermore, the number of study participants varied between
the studies that also led to difficulties regarding comparisons.
Included studies differed in terms of included populations
(healthy populations, overweight/obese participants, other
clinical populations) that yielded further difficulties regarding
data comparability.

Consensus regarding SO definition and implementation of
standardized evaluation methods in children and adolescents
should be reached in order to conduct studies assessing the exact
prevalence of SO and its impact on outcomes. Furthermore,
according to EWSOGP2, low muscle strength is a primary
sarcopenia parameter and should always be evaluated next to
muscle mass. Further studies providing age and gender
thresholds for SO for different ethnicities are needed.

5 CONCLUSIONS

In conclusion, in our review, the prevalence of SO ranged from
5.66% to 69.7% in girls, with a range between 7.2% and 81.3% in
boys. Association between SOand various adverse health outcomes
was found. Considering the fact that no consensus regarding SO
definition in children and adolescents has been reached and studies
included inour reviewused awide range ofmethods anddefinitions
to evaluate the presence of SO, results of our review concerning SO
prevalence and adverse health outcomes related to SOmight not be
adequate. Findings of this review highlight the need for the
development of a consensus regarding definition, standardized
evaluation methods, and age and gender thresholds for SO for
different ethnicities in the pediatric population in order to produce
meaningful results and implications for clinical practice. Routine
assessment of SM mass and function in obese pediatric patients
should be taken into consideration. Moreover, effective treatment
strategies for childrenandadolescentswithSOshouldbedeveloped,
as SO might play a role in the occurrence of adverse
health outcomes.
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