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Effect of exercise interventions on sarcopenic obesity in middle-
aged and older adults: a comprehensive review
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Purpose: This study examined the definitions, diagnostic criteria, and measurements of sarcopenic
obesity and identified effective exercise interventions that improve cardiometabolic outcomes in mid-
dle-aged and older adults, in whom the prevalence of sarcopenic obesity is increasing.

Methods: This comprehensive review followed the principles of literature search, data extraction, and
review, as described in the PRISMA 2009 guidelines.

Results: The 11 articles included in this study presented different concepts of sarcopenic obesity. Exer-
cise interventions for sarcopenic obesity varied in their effects. Resistance exercise improved muscle
mass and physical function, while aerobic exercise primarily impacted obesity and cardiometabolic in-
dicators. Combined exercise had mixed results across indicators.

Conclusion: This study addressed a pressing public health concern in the context of an aging popula-
tion, acknowledged the unique challenges of sarcopenic obesity, and attempted to clarify definitions
and assessment methods, while identifying effective exercise interventions to reduce cardiometabolic
risk. Sarcopenic obesity is a multifaceted condition with varying definitions and diagnostic criteria. Its
association with cardiometabolic risk underscores the need for comprehensive assessments consider-
ing both muscle and obesity indicators. While exercise interventions hold promise for managing sarco-
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penic obesity, further research is required to establish effective strategies.
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INTRODUCTION

Due to the improvement in nutrition and medical technology
development, life expectancy has increased worldwide, and the
proportion of the elderly population is also increasing. In South
Korea, older adults over 65 comprise 15.7% of the total popula-
tion in 2020. Moreover, the super-aged society will launch at
20.6% in 2025 [1]. The aging population leads to an increasing
prevalence of chronic diseases and medical expenses [2].

These problems are related to the increased obesity rate. The
obesity rate among the Korean population aged 60~69 and
over 70 in 2019 was 37.3% and 34.3%, respectively [3]. In par-
ticular, obesity among older adults increases the risk of chron-
ic diseases, such as hypertension, diabetes, dyslipidemia, and

cardiovascular disease. These situations also increase medical
expenses [4].

With age, body composition changes, such as muscle mass
decreases and fat mass increases. The muscle mass decreases by
3%-6% every year after age 60 [5]. On the other hand, advanced
age increases adipose tissue by 10% in men and 6% in women
[6]. Muscle loss and increased fat characterize obesity in older
adults. This condition is called Sarcopenic obesity [7]. Unlike
obesity in general, which is characterized by excess body fat
and often results from an imbalance between calorie intake and
expenditure, sarcopenic obesity combines obesity with muscle
loss, increasing muscle weakness and vulnerability to falls, pos-
ing a dual challenge [7].

However, The definition of sarcopenic obesity is not clear.
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The criteria for sarcopenic obesity vary according to the pur-
pose of a study, and the measurement of sarcopenic obesity is
also not standardized. Despite the variety of criteria and differ-
ent measurement methods, sarcopenic obesity means satisfying
both sarcopenia and obesity criteria simultaneously. Baumgart-
ner was the first to define Sarcopenic obesity as the concept of
sarcopenia and obesity [8].

Although Baumgartner introduced the concept of sarcopenic
obesity in 1998 [9], it is still not recognized as actual obesity
due to decreased muscle mass despite increased fat mass, so its
risk is overlooked and not adequately managed. Those who are
average or underweight tend to be less concerned with sarcope-
nic obesity. However, even a normal weight or underweight
state can not be free from sarcopenic obesity. In terms of phe-
notype, sarcopenic obesity may not look like being obese. So, It
is likely not to consider a need for management. There is a re-
quirement to improve the awareness of sarcopenic obesity.

According to a systematic review of definitions and diagnos-
tic criteria [10], muscle mass or strength, such as walking speed
and handgrip strength, can define sarcopenia. Moreover, BMI,
fat mass, visceral fat area, and waist circumference are obesity
indexes. Various ways measure these parameters. Specifically,
muscle mass can be presented by total muscle mass or appen-
dicular lean mass in a ratio of weight, squared height, or BML
Other indicators for muscle mass are fat-free mass index by up-
per arm or thigh muscle circumference. Thus, The definition,
diagnostic criteria, and measuring methods for sarcopenic obe-
sity are in chaos.

The prevalence varies from 6.1%-22.5% for men and 7.3%-
21.1% for women, depending on the diagnostic criteria of sar-
copenic obesity [11-14]. However, the prevalence of sarcopenic
obesity increases with physical inactivity due to long-term sed-
entary lifestyles, nutritional imbalance related to insufficient
protein intake, systemic inflammatory disease, and age
[7,15,16]. In sarcopenic obesity, muscle loss and body fat incre-
ment create a negative synergistic effect, increasing the car-
diometabolic risk such as diabetes, hypertension, and dyslipid-
emia [17]. Moreover, Sarcopenic obesity causes physical dys-
functions such as falls and gait disorders in daily life and conse-
quently lowers the quality of life of older adults [18].

To manage obesity in general, limit calories and exercise to
lose weight. However, with general obesity management for
sarcopenic obesity, the loss of muscle mass may worsen. There-
fore, it is necessary to apply an intervention to manage sarcope-
nic obesity differentiated from general obesity management.
The need for obesity management through exercise and diet is
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highly recognized, and many studies have been conducted.
However, the awareness and management of sarcopenic obesity
are poor. Because of unstandardized definitions, diagnostic cri-
teria, and measuring methods, the management intervention
for sarcopenic obesity is unclear. Therefore, reaching a consen-
sus on a definition, diagnostic criteria, and measurement is
necessary to identify effective exercise methods for sarcopenic
obesity discriminated from general obesity management.

This study aims to identify the effective exercise interven-
tions improving cardiometabolic outcomes of sarcopenic obe-
sity for middle-aged and older adults with an increasing preva-
lence through a comprehensive literature review. The study will
examine the definitions, diagnostic criteria, and measurement
of sarcopenic obesity and outcome variables to test interven-
tions' effectiveness.

METHODS

This comprehensive review followed the principles of litera-
ture search, data extraction, and review of the PRISMA 2009
guidelines [19]. This comprehensive review conducted the
study selection process rigorously and methodically. The selec-
tion criteria were established a priori to ensure the relevance of
the chosen studies to the research question. This process in-
cluded a comprehensive database search and a meticulous ex-
amination of titles, abstracts, and full texts to determine wheth-
er each study met the predefined inclusion and exclusion crite-
ria. Furthermore, the methodology for study selection was in-
formed by consultations with another experienced researcher
to enhance the robustness of the selection process.

Eligibility criteria

Inclusion criteria were as follows: adults over middle-aged
living in the community, sarcopenic obesity subjects, prescribed
exercise interventions and physical activities related to the
study (possibly dietary combined exercise interventions), and
indicators that can confirm the effectiveness of interventions.
Exclusion criteria were as follows: without full-text, subjects
without sarcopenic obesity, unclear definition of sarcopenic
obesity, proceeding analysis, letter opinions, a study without or
inappropriate outcome variables, and a study reported in lan-
guages other than English or Korean.

Information sources and search strategy
The study performed a literature search for articles published
until May 2020 in databases such as PubMed, Embase, and CI-
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NAHL. The study checked for the literature search. ("mid-
dle-aged" OR "older adult” OR "elderly" OR "aging") AND ("ex-
ercise” OR "training” OR "physical activity") AND ("sarcopenic
obesity" OR ("sarcopenia” AND "obesity")) AND ("blood pres-
sure” OR "glucose” OR "triglyceride” OR "cholesterol" OR "car-
diometabolic" OR "cardiovascular” OR "weight" OR "waist cir-
cumference” OR "BMI" OR "muscle mass")

Study selection and data extraction

In May 2020, The study conducted the first literature search
using search terms and strategies. One thousand forty-nine
documents were searched, including PubMed 259, Embase
725, and CINAHL 65. Figure 1 presents the whole screening
process of the study. TThere were 11 articles included in the
study (Appendix 1).

Quality assessment

This study adopted the Cochrane Collaboration Risk of Bias
tool for quality assessment [20]. The risk of bias assessment
process was also enhanced by soliciting consultation from a fel-
low researcher, ensuring a more comprehensive and rigorous
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evaluation. Two investigators evaluated independently using
the Cochrane Collaboration Risk of Bias tool and confirmed
together. Assessment criteria were random sequence genera-
tion, allocation concealment, blinding participants and person-
nel, blinding outcome assessment, incomplete outcome data,
and selective reporting.

Table 1 presents the assessment results. This study analyzed
all included articles irrespective of the risk of bias due to the
relevant article shortage.

RESULTS

Characteristics of participants and sarcopenic obesity

Out of eleven studies, eight were female participants, two
were male participants, and one was male and female. The av-
erage age of participants was between 55 and 90 years old.

The studies use the indicators of sarcopenia and obesity to
define sarcopenic obesity (Table 2). Various indicators were ap-
plied alone or in combination to define sarcopenia. Even
though its calculation methods and diagnostic criteria differed,
the skeletal muscle index (SMI) was the most prevalent sarco-

T

S Records identified from:

E PubMed (n = 259) R Records removed before screening:

% Embase (n = 725) " Duplicate records removed (n = 270)

= CINAHL (n = 65)
NG
T T

Records screened R Records excluded
(n=1779) " Title & Abstract review (n = 732)
A4

2

= Reports sought for retrieval > Reports not retrieved

o (n =47) (n=0)

A

A 4
Reports assessed for > Reports excluded:
-, eligibility (n = 47) « Subjects without sarcopenic obesity (n = 22)
« Unclear criteria for sarcopenic obesity (n = 3)
« Without or inappropriate outcome variables (n = 3)

) * Proceeding journal (n = 6)

= * Letter opinion (n = 1)

.“g’ v + Not an English journal (n = 1)

2 Reports of included studies

(n=11)

N

Figure 1. Flow diagram of study screening.
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Table 1. Assessment of the Risk of Bias of the Included Articles
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. Random sequence Allocation Blinding of participants el Incomplete Selective
Article X outcome .
Author (yr) generation concealment and personnel outcome data reporting
= (selection bias)  (selection bias) (performance bias) assess men_t (attrition bias) (reporting bias)
(detection bias)
A1 Barbat-Artigas et al. (2016) Unclear Unclear Low Unclear Low Low
A2 Nabuco et al. (2019) Low Low Low Low Low Low
A3 Carvalho et al. (2019) Unclear Unclear Low Unclear Unclear Low
A4 Stoever et al. (2018) Unclear Unclear Low High Low Low
A5 Liao et al. (2018) Low Low Low High Low Low
A6 de Oliveira Silva et al. (2018) Unclear Unclear Low Unclear Low Low
A7 Liao et al. (2017) Low Low Low Low Low Low
A8 Huang et al. (2017) Low Low Low High Low Low
A9 Maltais et al. (2016) Low Low Low Low Low Low
A10  Parketal.(2017) Low Low Low Unclear Low Low
A1l Kimetal. (2016) Low Low Low High Low Low

penic indicator (6 studies). Obesity indicators were body mass
index (BMI), body fat mass, and visceral fat area alone or in
combination. Body fat mass (7 studies) was the most prevalent
indicator, followed by BMI (5 studies). The body composition
was measured by bioelectrical impedance analysis (6 studies)
or dual-energy X-ray absorptiometry (5 studies).

Outcome variables

Outcome variables for intervention were muscle indicators,
obesity indicators, physical function indicators, and cardiomet-
abolic indicators (Table 3).

Lean mass (kg) and SMI (%) were prevalent as muscle indi-
cators. Twenty-one muscle indicators were evaluated in ten
studies (90.9%), of which nine (42.9%) showed significant
changes. Most studies adopted BMI (kg/m2) or Body fat of to-
tal body or appendicular in percentage (%) or kilogram (kg) as
obesity indicators. In the obesity indicator, there were signifi-
cant changes in 16 out of 37 (43.2%) variables in eleven (100%)
studies. Physical functions were categorized as speed, balance,
flexibility, strength, etc. A walk test was the most prevalent for
speed evaluation, followed by a rising test. Eight studies (72.7%)
evaluated thirty-one physical function indicators, and eighteen
(58.1%) showed significant results.

Six (54.5%) of the eleven studies evaluated cardiometabolic
indicators such as blood pressure, serum glucose, cholesterol,
an inflammatory cytokine, artery thickness, and blood flow ve-
locity (Table 4). Of the forty-eight cardiometabolic indicators
evaluated, sixteen showed significant results.

https://doi.org/10.7586/jkbns.23.0018

The Exercises and effects
Aerobic exercise

There was only one study that applied aerobic exercise. The
study applied moderate- and vigorous-intensity exercise once a
week for three weeks, and the session lasted one hour (Table 2).
Among the obesity indicators, body weight, BMI, and body fat
decreased. However, no significant changes in the muscle indi-
cators and physical function were not evaluated (Table 3). Car-
diometabolic indicators had improved in all measured vari-
ables, such as total cholesterol, triglyceride, low-density lipo-
protein cholesterol, and systolic blood pressure, except for
high-density lipoprotein cholesterol (Table 4).

Resistance exercise

Five out of eight studies applied moderate- and vigorous-in-
tensity exercises. The other three studies applied moderate-in-
tensity exercises. The minimum 35-minute to maximum one-
hour exercise was performed twice or thrice a week for 12 to 16
weeks (Table 2).

In muscle indicators, appendicular lean mass or appendicular
lean mass index increased in four out of eight resistance exer-
cise studies. Still, there were no significant changes in all three
studies evaluating skeletal muscle or SMI (Table 3). For the
obesity indicator, six out of eight studies investigated a body fat
percentage and reported a decrease in four of them. One study
reported decreased waist circumference or waist-to-hip ratio.
On the other hand, three and five studies measured body
weight and BMI, respectively, but showed no significant chang-
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Table 2. Summary of the Included Articles
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Article . Period Intervention frequency and L Obesity crite-

D Author (yr)  Age (yr)  Gender Exercise (week) o Sarcopenia criteria i Assessment
Al Barbat-Arti- 50~60 Female Aerobic 3 Cycle ergometer and walk- Lean BMI (kg/m?) BMI > 30 and BIA
gas et al. ing, 1 hour, once a week BFM > 40

(2016) (moderate & vigorous)
A2 Nabuco et al. > 60 Female  Resistance 16 Whole body program, Appendicular lean soft BFM > 35 DXA
(2019) thrice/week (moderate & tissue < 15.02 kg
vigorous)
A3 Carvalho etal. 55~80 Male Resistance 12 Mixed power training, Handgrip strength/Body ~ BFM > 25 DXA
(2019) thrice/week (moderate &  weight
vigorous)
A4 Stoever et al. > 65  Female, Resistance 16 Progressive resistance train- Female: SMI < 27.6%, BMI > 30 BIA
(2018) Male ing, 1 hour, twice a week  hand-grip strength <
(moderate & vigorous) 21 kg, SPPB score < 8,
4-meter gait speed <
0.8 m/s
Male: SMI < 37%,
Hand-grip strength <
32 kg, SPPB score < 8,
4-meter gait speed <
0.8 m/s
A5 Liao et al. 60~80 Female  Resistance 12 Elastic band training, SMI (TSM/total body BFM > 30 BIA
(2018) 35-40 min, thrice/week mass x 100) < 27.6%
(moderate)
A6 de Oliveira > 60  Female Resistance 16 Muscle resistance training, Appendicular fat-free BMI > 27 DXA
Silva et al. 40-50min, twice a week mass (measured - pre-
(2018) (moderate & vigorous) dicted’) < 3.4
A7 Liao et al. 60~80 Female  Resistance 12 Elastic band training, SMI (TSM/height?) BFM > 30 BIA
(2017) 35-40 min, thrice/week < 7.15 kg/m’
(moderate)
A8 Huang et al. 60~90 Female  Resistance 12 Elastic band training, SMI (TSM/total body BFM > 30 DXA
(2017) 55 min, thrice/week (mod- mass x 100) < 27.6%
erate)
A9 Maltaisetal. ~ 60~75 Male Resistance 16 Muscle resistance training, Appendicular lean mass ~ BMI > 30 DXA
(2016) 1 hour, thrice/week (mod-  index < 10.75 kg/m’
erate & vigorous)
A10  Parketal. 65~84  Female Combination 24  Combined exercise program, SMI (ASM/weight) BMI > 25 BIA
(2017) 50-80 min, quintuple/ < 25.1%
week (moderate & vigor-
ous)
A1 Kim et al. > 70 Female Combination 12  Chair exercise, band, rotated SMI (ASM/height?) BFM > 30 BIA
(2016) training machine, station- < 5.67 kg/m’

ary bicycle, 1 hour, twice a
week (moderate & vigor-
ous)

ASM = appendicular skeletal muscle mass; BIA = bioelectrical impedance analysis; BMI = body mass index; BFM = body fat mass (%); DXA = dual-energy X-ray
absorptiometry; SMI = skeletal muscle index; SPPB = Short Physical Performance Battery; TSM = total skeletal muscle mass.
*Predicted appendicular fat mass = -14.529 + (17.989 x height in meters) + (0.1307 x total fat mass in kg).

es (Table 3).

Six out of eight studies evaluated physical function indica-
tors. Speed improved in four out of six studies. The study that
evaluated the balance was three out of eight studies, and all
three studies reported improvement. The strength was evaluat-
ed in four out of eight studies. One out of four studies reported
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enhanced handgrip strength. On the other hand, one study re-
ported increased knee extension (Table 3).

Three out of eight studies evaluated cardiometabolic indica-
tors. However, only one out of three studies reported improved
cardiometabolic risks such as glucose, triglyceride, high-density
lipoprotein cholesterol, High-sensitivity c-reactive protein, and
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Table 3. Effects of Exercise on Muscle, Obesity, and Physical Function Indicators

Article ID
Indicator Variable AE RE CE
A1l A2 A3 A4 A5 A A7 A8 A9 A10 ATl
Muscle Skeletal muscle mass (kg) + +
Skeletal muscle mass index (%) + + + +
Trunk muscle (kg) A
Appendicular muscle mass (kg) + A
Lean mass (kg) + A + + A
Lean mass index (kg/m?) + +
Appendicular lean mass (kg) A A A
Appendicular lean mass index (kg/m?) A A
Obesity  Body weight (kg) v 4 + o+
Body mass index (kg/m?) v + + + o+
Waist circumference (cm) v 4
Hip circumference (cm) * +
Waist-hip ratio v +
Neck circumference (cm) 4
Body fat percentage (%) v + vV + Vv V vV V
Total fat mass (kg) + + vV Vv + v
Trunk fat mass (kg) + + 4
Appendicular fat mass (kg) * v
Physical ~ Speed Wialk test (sec, m/sec, repetitions) v * + A + A =
function Stair test (n) + A
Rising test (sec, repetitions) v vV V A + +
Timed-up-and-go test (sec) + A VvV =+
Balance Single leg stance (sec) A
Functional reach distance (cm) A
SPPB score A
Flexibility Sit and reach (cm) +
Strength Knee extension (kg) A ' A
Handgrip strength (kg) A £ * A =
Other Global physical capacity score A

AE = aerobic exercise (ID A1), RE = resistance exercise (ID A2-A9), CE = combined exercise (ID A10,A11), SPPB = Short Physical Performance Battery.

A= increase; ¥ = decrease; £ = no significant change.

Interleukin-6 (Table 4).

Combination exercise

Two studies adopted moderate- and vigorous-intensity com-
bination exercise (Table 2). One study applied the 50- to
80-minute exercise five days per week for 24 weeks, and the
other applied one-hour exercise twice weekly for twelve weeks.

The appendicular muscle mass as muscle indicators increased
in one study. However, there were no significant changes in SMI
(Table 3). For the obesity indicator, two studies all reported de-
creased body fat percentage. In addition, one out of two studies
reported a decrease in total fat mass, trunk fat mass, and appen-
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dicular fat mass. On the other hand, only one study evaluated
waist circumference, and no significant changes (Table 3).

Two studies evaluated physical function indicators. However,
speed showed improvement in one study evaluated through the
walk test. Enhanced strength was reported in both studies
through the knee extension test and handgrip strength test, re-
spectively (Table 3).

Only one out of two studies that evaluated cardiometabolic
indicators reported improved systolic blood pressure, total cho-
lesterol, carotid artery intima-media thickness, peak systolic
flow velocity, end-diastolic flow velocity, and wall shear rate
(Table 4).
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Table 4. Effects of Exercise on Cardiometabolic Indicators
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Article ID

Cardiometabolic indicator AE RE CE

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1
Systolic blood pressure (mmHg) v + v +
Diastolic blood pressure (mmHg) + + Eis +
Glucose (mg/dL or mmol/L) v +
Insulin (mU/mL or pmol/L) + e
HbA1c (%) +
Homeostasis model assessment-insulin resistance it
Total cholesterol (mg/dL or mmol/L) A 4 + + + +
Triglycerides (mg/dL or mmol/L) v v + £ + +
High-density lipoprotein cholesterol (mg/dL or mmol/L) ¥ A + + +
Low-density lipoprotein cholesterol (mg/dL or mmol/L) v + e e +
High-sensitivity c-reactive protein (mg/L or mmol/L) v + + + +
Interleukin-6 (pg/mL) v i 4
Carotid artery intima-media thickness (mm) v
Peak systolic flow velocity (cm/sec) A
End diastolic flow velocity (cm/sec) A
Wall shear rate (sec) A

AE = aerobic exercise (ID A1); RE = resistance exercise (ID A2-A9); CE = combined exercise (ID A10,A11).

A= increase, ¥= decrease, + = no significant change.

DISCUSSION

This study investigated the definitions, diagnostic criteria,
and measurement of sarcopenic obesity and the effective exer-
cise interventions improving cardiometabolic outcomes of sar-
copenic obesity for adults over middle-aged. Unfortunately,
there were few attempts to manage sarcopenic obesity by relat-
ing it to cardiometabolic risk, and only eleven studies met the
criteria. Identifying eleven articles in this study, concepts of sar-
copenic obesity were different. Even though the same indica-
tors were used to define sarcopenic obesity, it was difficult to
compare the study results because the measurement methods
and units were not the same. In addition, the cutoff values were
all different.

Sarcopenic obesity, in which muscle loss and fat increase si-
multaneously, has various pathophysiological changes. De-
creased skeletal muscle mass increases fragility and loss of in-
dependence associated with decreased muscle strength, impair-
ing its role as an endocrine organ. As an endocrine organ, skel-
etal muscle release various myokines such as adiponectin, ape-
lin, B-aminoisobutyric acid, fibroblast growth factor 21, Inter-
leukin-6, Interleukin-10, Interleukin-15, irisin, myonectin, and
musclin [9]. These myokines are involved in the metabolism of
glucose, fat, inflammation, and cardiometabolic risk. Moreover,

260

excessive proinflammatory cytokines from exacerbated adipose
tissue alter adipokine expressions, which creates a high flow of
lipids to muscle fibers [9,21]. The atrophy of skeletal muscle
cells decreases the expression of glucose transporter type 4 in
muscle fibers and reduces the demand for insulin-dependent
glucose uptake [22]. The proinflammatory state and lipid accu-
mulation in muscle fibers, on the other hand, induce the activi-
ty of intracellular kinases that phosphorylate and inactivate the
insulin receptor and substrates [9]. Insulin resistance is a cen-
tral mechanism for associating sarcopenic obesity with cardio-
vascular disease [21]. As such, sarcopenic obesity acts as a risk
factor for cardiovascular disease. Therefore, to define sarcope-
nic obesity, it is necessary to consider cardiometabolic risk as
well as muscle and obesity indicators. However, as can be seen
from the results of this review, only six out of eleven studies
(approximately 54.5%) adopted cardiometabolic indicators. In
the case of studies employing resistance exercise, only one
study considered cardiometabolic indicators.

Moreover, the application of exercise intervention for sarco-
penic obesity should evaluate the increase in skeletal muscle
and decrease in body fat based on the definition of sarcopenic
obesity. However, while the decrease in body fat was assessed in
ten studies, only four out of eleven studies evaluated the skeletal
muscle mass or skeletal muscle mass index, and none showed
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significant results in increasing skeletal muscle. These results
raise doubts about the suitability of intervention for sarcopenic
obesity. Therefore, awareness of this still needs to be improved,
and more research is necessary to establish diagnostic criteria
for cardiometabolic risk for sarcopenic obesity.

So far, bioelectrical impedance analysis and dual-energy
X-ray absorptiometry have been the most prevalent methods to
measure muscle mass or body fat. However, it is also necessary
to consider the ease of screening, such as tape measure. Calf or
thigh circumference might be an alternative to muscle mass
measurement [23-26]. Moreover, waist circumference is a good
indicator of central obesity in the ratio of the hip circumference
or height [27]. In particular, the waist to hip ratio or the waist
to height ratio are indicators that can quickly identify the car-
diometabolic risk caused by the problem of body fat distribu-
tion, which is easy to overlook in normal BMI [27-29]. Calf cir-
cumference is associated with cardiovascular risk factors, par-
ticularly insulin resistance and carotid atherosclerosis [30]. Calf
circumference cutoff values for sarcopenia vary according to
age, gender, and race. For Koreans over 70, the calf circumfer-
ence cutoff was < 35 cm for men and < 33 cm for women [23].
For Japanese over 40 years old and Brazil over 60, the calf cir-
cumference cutoff was < 34 cm for men and < 33 cm [24,25].
In Indonesia, over 60 years of age, the calf circumference cutoff
was male < 34 cm and female < 29 cm [26]. Also, a smaller
thigh circumference is associated with increased cardiovascular
and coronary heart disease and hypertension [31,32]. In Amer-
ican subjects 18 years of age or older, an increase in thigh cir-
cumference by 1 cm resulted in a 6% decrease in cardiovascular
mortality [33]. Thus, these anthropometric indices enable early
detection of sarcopenic obesity, including cardiometabolic risk.
If thigh, calf circumference, and waist circumference in ratio to
hip or height are managed together in daily life, it would be
possible to prevent cardiovascular disease, significantly reduc-
ing medical expenses.

Even though there were exercise interventions for sarcopenic
obesity, such as aerobic, resistance, and combination exercise,
there were too few studies to compare the impact of the out-
come variable in sarcopenic obesity subjects. However, Aerobic
exercise effectively manages cardiometabolic risk by improving
glycemic control, cardiorespiratory fitness, myocardial func-
tion, vascular endothelial function, visceral adiposity, inflam-
mation, and dyslipidemia [34]. On the other hand, resistance
exercise increases muscle mass by stimulating the entire muscle
and muscle fiber hypertrophy [35]. In a weight loss program
for older adults, combined aerobic and resistance exercise im-
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proved the participants' functional status while preserving lean
mass [36]. Combination exercise benefits weight loss, fat loss,
cardiovascular health, leptin levels, and aerobic capacity [37].
Thus, combination exercise may help improve body composi-
tion and cardiometabolic risks in obese older people, ultimately
improving cardiovascular function and health [38].

Exercise interventions for sarcopenic obese subjects should
reduce body fat through aerobic exercise and increase muscle
mass and strength through resistance exercise to create a syner-
gistic effect, consequently reducing cardiometabolic risk. In
particular, improving lower extremity muscle health may help
prevent and ameliorate sarcopenic obesity while lowering the
risk associated with metabolic syndrome and premature death
and may reduce certain lipid levels, particularly those related to
the development of cardiovascular disease [22,39]. However,
additional research should investigate which aerobic and resis-
tance exercise ratio in combination exercise is an effective in-
tervention for sarcopenic obesity

Also, considering exercise intensity and frequency would be
necessary. Considering the age at which sarcopenic obesity is
prevalent, it is necessary to consider practical exercise applica-
tions that can be adopted continuously without being excessive.
In this review, There were significant changes in muscle, obesi-
ty, and physical function indicators in studies that applied
moderate-intensity exercise. However, no significant changes
were observed in cardiometabolic indicators, and even more
were not evaluated. Additional research is needed.

This study has some limitations. This study tried to find out
exercise intervention effects on sarcopenic obesity. However,
there were few preliminary studies. Because of the relevant arti-
cle shortage, this study included articles irrespective of the risk
of bias. Moreover, some study results are not limited to exercise,
including diet interventions. In addition, the limitation of re-
stricting the search to English-language databases resulted in a
narrow scope by excluding publications in languages other than
English.

For this reason, it was difficult to verify the effect of pure ex-
ercise intervention. Therefore, it is necessary to be careful in in-
terpreting the results. Nevertheless, this study may raise aware-
ness of sarcopenic obesity and its management, seeking to clar-
ify definitions and assessing methods while identifying exercise
interventions to improve the cardiometabolic risks. Further re-
search on management and its effect on sarcopenic obesity is
needed.
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CONCLUSION

This study addresses a pressing public health concern in the
context of an aging population, acknowledges the unique chal-
lenges of sarcopenic obesity, and tries to clarify definitions and
assessment methods while identifying effective exercise inter-
ventions to improve the cardiometabolic risks. Sarcopenic obe-
sity is a multifaceted condition with varying definitions and di-
agnostic criteria. Its association with cardiometabolic risk un-
derscores the need for comprehensive assessments considering
both muscle and obesity indicators. While exercise interven-
tions hold promise for managing sarcopenic obesity, further re-
search is required to establish effective strategies.
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