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The incidence of sarcopenic obesity among adults aged =65 years is rising worldwide.
Sarcopenic obesity is a high-risk geriatric syndrome defined as a gain in the amount of adi-
pose tissue along with the age-related loss of muscle mass and strength or physical perfor-
mance. Sarcopenic obesity is associated with increased risks of falls, physical limitations,
cardiovascular diseases, metabolic diseases, and/or mortality. Thus, the identification of pre-
ventive and treatment strategies against sarcopenic obesity is important for healthy aging. Diet
and exercise are the reasons for the development of sarcopenic obesity and are key targets in
its prevention and treatment. Regarding weight reduction alone, it is most effective to main-
tain a negative energy balance with dietary calorie restriction and aerobic exercise. However, it
is important to preserve skeletal muscle mass while reducing fat mass. Resistance exercise and
appropriate protein supply are the main ways of preserving skeletal muscle mass, as well as
muscle function. Therefore, in order to improve sarcopenic obesity, a complex treatment
strategy is needed to limit energy ingestion with proper nutrition and to increase multimodal
exercises. In this review, we focus on recently updated interventions for diet and exercise and
potential future management strategies for Asian individuals with aging-related sarcopenic
obesity. Geriatr Gerontol Int 2022; 22: 695-704.
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Introduction

Globally, the number of adults over the age of 65 is increasing
rapidly. In 2019, there were approximately 700 million adults aged
265 years. In the next 30 years, the global older population will
more than double, to over 1.5 billion adults in 2050.! With an
aging society, various health problems among the older popula-
tion are rapidly increasing. Sarcopenia is one of the most impor-
tant health problems among the elderly. Sarcopenia is the loss of
muscle mass and strength with aging that might contribute to
physical limitations in the elderly.? Along with sarcopenia, obesity
is an important health problem causing metabolic and cardiovas-
cular diseases (CVDs). Sarcopenic obesity, the coexistence of sar-
copenia and obesity, has a synergistic effect in exacerbating
metabolic and cardiovascular diseases and mortality.>* This
vicious cycle may continue because the accumulation of fat tissue
and the decrease in muscle mass are ir1terdepender'1t.5 Therefore,
the prevention and treatment of sarcopenic obesity in the elderly
is important for healthy aging. Lifestyle modifications, including
diet and exercise, are fundamental for the treatment of sarcopenic
obesity. In this narrative review, we review updated diet and
exercise strategies for sarcopenic obesity and propose future
management strategies.

Definition and diagnosis of sarcopenic obesity

In current studies, sarcopenic obesity is defined as a combination
of the individual definitions of sarcopenia and obesity. The
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diagnosis of sarcopenia has been diverse, with no consensus on
the definition. The first definition was that of Baumarterner et al.
were the first to diagnose sarcopenia in terms of the appendicular
skeletal muscle mass (ASM) divided by height squared (ASM
[kg]/height2 [m?]), with sarcopenia being taken to be present when
this value is less than two standard deviations (SD) lower than the
average value of a young reference group, as determined using
dual-energy-X-ray absorptiometry (DXA).® Janssen et al. defined
sarcopenia as a skeletal muscle mass index (SMI = SMM
[kgl/weight [kg] x 100) one or two SDs lower than the reference
value measured by bioelectrical impedance analysis (BIA).” New-
man et al. demonstrated other criteria of appendicular lean mass
adjusted for height and fat mass, especially fat mass should be
considered in women or in obese adults.® In addition, we pres-
ented a cost-effective screening tool for the Z-score of the log-
transformed A Body Shape Index (LBSIZ) and its cut-off values
for assessing sarcopenia in American and Korean populations with
central obesity.” The European Working Group on Sarcopenia in
Older People (EWGSOP) defined sarcopenia as the presence of
low muscle mass combined with low muscle function (muscle
strength or physical performance) based on a large number of pre-
vious studies.? Later, EWGSOP2 emphasized low muscle strength
as the primary parameter for defining sarcopenia,'® as it plays a
crucial role in predicting mortality."""'? Handgrip strength is gen-
erally used to evaluate muscle strength because it closely reflects
the area of the calf section and lower limb muscle power.'* More-
over, EWGSOP2 assessed the decreases in muscle strength and
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muscle quantity (or mass) as diagnostic criteria and also assessed
physical performance to evaluate the severity of sarcopenia.'’

Along with these various definitions of sarcopenia, previous
studies have also used various definitions of obesity. The World
Health Organization (WHO) suggested a body mass index
(BMI) > 30 kg/m? as a cutoff value for obesity and a BMI > 25 kg/m*
for overweight.]4 Even with the same BMI, however, Asians have
a higher body fat percentage than non-Asians.'® Therefore, the
cutoff value is 25 kg/m? for obesity and 23 kg/m? for overweight
in the Asian population, which are lower values than those for the
general population.'® Alternatively, waist circumference (WC) is
used as a parameter for obesity because abdominal fat is more
closely related to CVD than total body fat.'” The WHO uses cut-
off levels of > 102 cm for men and > 88 cm for women in West-
ernized populations, and the cutoff values differ according to
ethnic group.'*'® In the International Diabetes Federation
criteria for Asians, WC > 90 cm for men, and > 85 ¢m for women
are used to identify abdominal obesity,'® because Asians show
lower cutoff levels for WC in mortality and morbidity than other
ethnic groups.'® In addition, measurements of percentage body
fat have suggested other definitions of obesity.?’ Moreover, per-
centage body fat has also been shown to be a useful predictor of
muscle strength rather than ASM in obese elderly individuals.?'
A retrospective Japanese study of inpatients with post-acute
rehabilitation suggested that percentage body fat >35% in
women and > 30% in men were meaningful criteria for defining
obesity in diagnosing sarcopenic obesity as predicting worse
rehabilitation outcomes.*?

Very recently, the European Society for Clinical Nutrition
and Metabolism (ESPEN) and the European Association for the
Study of Obesity (EASO) jointly announced a consensus on a
two-stage algorithm (screening and diagnosis) for sarcopenic
obesity.”® The screening process consists of both the assessment
of elevated BMI (or WC) and the presence of surrogate parame-
ters of sarcopenia (e.g., clinical symptoms, suspicion factors, or
validated questionnaires).>® An individual with a positive screen-
ing result for both conditions must consider the diagnostic eval-
uation to confirm sarcopenic obesity, which primarily estimates
decreased skeletal muscle function, and then measure altered
body composition including increased fat mass and reduced
muscle mass.?® In the future, it will be necessary to verify these
diagnostic criteria for sarcopenic obesity and to establish univer-
sal reference values according to the measurement method and
ethnic group.

Causes of sarcopenic obesity

Aging-related changes in body composition and metabolism
Decreases in muscle mass and increases in body fat are common
with aging.>*?® One of the key factors causing sarcopenia with age
is a decline in physical activity. This exacerbates a decrease in
muscle mass and strength, further reinforcing physical inactivity.
Muscle mass and strength decrease more rapidly after 65 years of
age, with peak levels at approximately 40 years of age.”® Muscle
mass loss with age is mainly caused by a decrease in size rather
than a decrease in the number of type Il muscle fibers.>” The
decline in muscle mass leads to a decrease in basal metabolic
rate.”® In addition, physical inactivity, limited oxidative capacity,
and mitochondrial dysfunction also contribute to a lower basal
metabolic rate in the elderly.?® The decrease in the resting meta-
bolic rate accounts for the accumulation of fat mass. Body fat
mass increases gradually until the age of 70 years, mainly in the
form of visceral fat mass that is strongly correlated with CVD and
type 2 diabetes mellitus.>**!
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Hormonal changes due to aging

Aging-related declines in the productions of testosterone, estrogen,
and growth hormones contribute to changes in body composition.*
Testosterone enhances muscle synthesis and regeneration by activat-
ing amino acid utilization.** Testosterone decreases by 1.6-3% per
year of age, and this has a detrimental effect on muscle and fat distri-
bution.** Women experience an increase in visceral fat during meno-
pause.*>*¢ The decline in estrogen is also attributed to sarcopenia
owing to the increase in pro-inflammatory cytokines such as IL-6
and tumor necrosis factor-a (TNF-a).>” Estrogen may interact with
skeletal muscle directly via estrogen beta receptors on the muscle cell
membrane.®® In addition, insulin-like growth factor (IGF-1) and
growth hormone stimulate muscle protein synthesis and enhance
muscle strength.32 The decreased levels of testosterone, estrogen, and
growth hormone with aging play an important role in accelerating the
decrease in muscle mass/strength and increase in fat mass.

Moreover, aging-induced muscle atrophy worsens, irisin levels
decrease, and myostatin levels increase 3% Simultaneously, these
changes in irisin and myostatin are closely associated with reduc-
tions in white fat browning and energy expenditure, resulting in
increased fat tissue.*

Several hormone-related pharmaceutical therapies, including
myostatin  inhibitors, testosterone, growth hormone, growth
hormone-releasing hormone analogs, and dehydroepiandrosterone,
have been tried for counteracting sarcopenia, but their use was lim-
ited owing to their ineffectiveness and side effects in humans.*'*?

Low-grade inflammation

Aging and physical inactivity lead to sarcopenic obesity, which
decreases the size and number of muscle fibers and increases the
number of adipocytes. Both skeletal muscle and adipose tissue act
as central endocrine organs and secrete messenger peptides such
as myokines and adipokines.*® Myokines and adipokines interact
with each other and modulate chronic low-grade inflammation
through endocrine, paracrine, and autocrine pathways.** In par-
ticular, obesity induces inflammation by activating macrophages
and T lymphocytes.** The activation of these immune cells pro-
motes the secretion of pro-inflammatory hormones such as leptin,
resistin, chemerin, TNF-q, and interleukin-6 (IL-6).*>"*7 Increased
leptin levels result in leptin resistance, causing free fatty acid depo-
sition in the visceral areas, and thus accelerating insulin resistance
and muscle catabolism.*® The decreased consumption of free fatty
acids increases oxidative stress, which contributes to proteolysis
and systemic inflammation.*” The increased secretion of TNF-a
impairs skeletal muscle synthesis and causes mitochondrial dys-
function.®® In contrast, irisin, a peroxisome proliferator-activated
receptor gamma co-activator 1-a (PGCla)-dependent myokine,
acts as an anti-inflammatory cytokine and is stimulated by cold
exposure and exercise.” Irisin regulates adipocyte browning and
IGF-1 production, resulting in improved energy expenditure,
reduced white adipose tissue, and increased muscle growth.*®
Therefore, because the low-grade inflammation of sarcopenic
obesity promotes the vicious cycle of loss of muscle mass and the
accumulation of fat mass, the downregulation of inflammatory
pathways through weight reduction, nutritional support, and exer-
cise are strategies to prevent or attenuate age-induced sarcopenic
obesity.

Treatment strategy

Owing to the lack of randomized controlled trials addressing the
treatment of sarcopenic obesity, there are no clear guidelines.
However, lifestyle modifications, including dietary interventions
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and increased physical activity, are key components in the treat-
ment of sarcopenic obesity (Fig. 1).

Dietary strategy

Low-calorie diet

Weight loss in the obese elderly population has been controversial
owing to the coexistence of the beneficial aspects of reducing
obesity-related complications and concerns about the detrimental
effects on health.>’ Weight-loss interventions in elderly obese
individuals improved physical function and quality of life.>*>* A
longitudinal study suggested that a calorie-restricted diet (1200-
1800 kcal/day) with moderate physical activity (indoor cycling,
outdoor walking, five sessions per week) for 3 weeks improved
stair-climbing performance, especially in elderly (=50 years old)
obese women (BMI > 40).5? A prospective study with a 3-month-
long weight-loss program showed that community-dwelling older
women (> 60 years old) with obesity (BMI > 30) who had reduced
calorie intakes (1200-1500 kcal/day) and performed physical activ-
ity (at least 5000 steps per day) achieved moderate weight loss
(mean + standard deviation [SE], 4.3 +£35.5 kg) and improved
physical performance and quality of life.>* A randomized con-
trolled trial among obese older adults (BMI 27-41, age > 55 years)
with osteoarthritis reported that the calorie-restriction-with-
exercise (energy-intake deficit of 800 to 1000 kcal per day) and the
calorie-restriction groups had significant weight losses (mean
value —10.6 kg, —8.9 kg, respectively) and decreased inflammatory
markers as compared with the exercise-only group.**

A randomized controlled trial of weight-loss interventions
among obese older adults recommended a 500-1000 kcal/day-
deficit diet.>® The aim of weight loss is a decrease in body weight
by 0.5 kg per week, finally approaching an 8%-10% reduction
from the basal body weight at 6 months, followed by weight-loss
maintenance.***” It is possible for a hypocaloric diet to lead to a
not only the loss of fat mass but also lean body mass, which exac-
erbates sarcopenia.’® The “Quarter fat-free mass rule” suggests
that approximately 75% of the weight loss in dietary restriction is
composed of the loss of fat mass, whereas 25% is that of fat-free
mass (muscle mass).>” The decline in muscle mass and strength
could adversely affect functional capacity and quality of life in the
elderly population.®® Several studies have suggested that adequate

Dietary strategy

Obesity

< Ovesiy >

protein intake may prevent declines in muscle mass and strength
during calorie restriction for sarcopenic obesity.*"** In addition,
calorie restriction is associated with a decrease in bone mass and
with impaired bone microstructure.®® Therefore, with regard to
the weight-loss strategy, calorie restriction should be combined
with adequate protein supply and exercise training to attenuate
the harmful effects on muscle and bone.*!

High protein intake

Dietary protein intake plays an important role in the synthesis of
muscle protein. Dietary proteins supply amino acids that are
essential for promoting protein anabolism, while also acting as
raw materials for muscle protein synthesis.***> With aging, the
muscle protein synthetic response to anabolic stimuli is blunted,
and more dietary protein is needed to maintain muscle mass; this
is referred to as anabolic resistance.®® Muscles in the elderly are
less sensitive to lower amounts of amino acids than those in
young adults, and they require a higher amount of protein to
stimulate synthesis and accrue muscle protein.®” Furthermore,
older adults with chronic diseases such as congestive heart failure,
chronic kidney disease, and diabetes mellitus also have higher
protein requirements to keep up with an increased metabolism
due to inflammatory conditions.®® For older adults (265 years old),
evidence-based recommendations suggested daily protein intakes
of 1.0 to 1.2 g/kg body weight per day to maintain and accrue lean
body mass. For older adults with chronic disease or acute illness,
an even higher amount of daily protein intake (1.2 to 1.5 g/kg
weight per day) is recommended.®®”® An intervention study in
104 older women (= 6Syears old) with sarcopenic obesity showed
that a hypocaloric diet with high protein intake (1.2 g/kg body
weight per day) is associated with the preservation of muscle mass
as compared with a hypocaloric diet with low protein intake
(0.8 g/kg body weight per day).”" In addition, a longitudinal study
of 304 older adults (mean age 72 years) reported that those with
protein intakes of 1.2 to 1.76 g/kg body weight per day had fewer
health problems than those with protein intakes of less than 0.8 g/kg
body weight per day.”” Moreover, the Women’s Health Initiative, a
prospective cohort study of 24 000 women with a 3-year follow-up,
suggested that older women (aged 65 to 79 years) with a 20% higher
intake of dietary protein (protein intake defined as percentage of total
kilocalories) had a 12% lower risk of ﬁ"ailty.73

Exercise strategy

Calorie restriction ‘

Increased fat mass

+
Resistant exercise

Aerobic exercise

Protein supply »

Decreased muscle quantity & quality
Decreased muscle strength
Decreased physical performance

Figure 1 Treatment strategies for age-related sarcopenic obesity. Black arrows refer to the main targets of dietary and exercise

strategies.
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Source of protein intake

Protein sources may also be crucial for muscle mass retention. A pre-
vious study showed that a hypocaloric diet with a high protein intake
from dairy foods promoted fat mass loss and the preservation of lean
body mass.” In particular, whey protein from milk is considered to
be an important component contributing to the preservation of mus-
cle mass during weight-loss intervention.”*”® Whey protein, which is
quickly digested and absorbed, promotes muscle protein anabolism
better than casein, which is slowly digested and absorbed.”® Leucine,
which is present at high concentrations in whey protein, is known to
play a key role in augmenting the muscle protein synthetic response
to food intake.”” A meta-analysis of randomized controlled trials that
investigated the effect of leucine supplementation on body composi-
tion showed that leucine had beneficial effects on the increase in lean
body mass among elderly individuals with sarcopenia.”® In addition,
healthy older women (aged 65-75 years) who consumed a high-
protein diet containing more than 4 g of leucine had greater increases
in myofibrillar protein synthesis than those who consumed an isoca-
loric mixed protein beverage containing 1.3 g of leucine.” Likewise,
there is evidence that dietary protein derived from animal-based
sources has more anabolic effects than that derived from plant-based
sources.®® This may be attributed to the differences in the type and
content of essential amino acids in plant-based proteins as compared
with animal-based proteins, especially the relatively low leucine con-
tent in plant-derived proteins.

Vitamin D supplementation

Vitamin D deficiency is reported to be associated with low
muscle mass, weak muscle strength, and decreased physical
performance.®'™®* A 2.6-year follow-up prospective study of
community-dwelling older adults reported that both baseline
and changes in 25-hydroxyvitamin D levels are crucial for the
maintenance of muscle mass, function, and physical activity.*!
Additionally, a previous longitudinal study among community-
dwelling adults (70-89 years old) showed that an increase in
the 25-hydroxyvitamin D level (20 ng/mL) was correlated with
substantial improvement in physical performance.®? In general,
vitamin D deficiency is highly prevalent in older adults owing
to insufficient exposure to sunlight and a decrease in dietary
intake.®* The American Geriatrics Society recommended the
supplementation of 1000 IU/day of vitamin D3 with calcium
and the maintenance of over 30 ng/mL serum vitamin D in
older subjects aged > 65 years.®> However, when serum vitamin
D levels exceed the target, the effectiveness of vitamin D sup-
plementation in improving sarcopenia is questionable. For
example, a previous meta-analysis of 17 randomized controlled
trials involving 5072 participants showed that vitamin D sup-
plementation had no positive effect on the increase in muscle
strength among adults with sufficient vitamin D levels
(25-hydroxyvitamin D > 25 nmol/L).%¢ In contrast, an analysis
of studies in adults with vitamin D deficiency showed that vita-
min D supplementation improved proximal muscle strength.®®
Meanwhile, a previous meta-analysis of randomized controlled trials
reported that vitamin D supplementation of 800 to 1000 IU in older
adults had beneficial effects on balance and muscle strength.87 Hence,
vitamin D supplementation in the elderly with sarcopenic obesity
who live indoors may help to reduce the risk of falls and fractures®®
and improve muscle capability and physical performance.'#”

Exercise strategy

Exercise has been reported to have a profound effect on both sar-
copenia and obesity multifariously. In particular, exercise has a
profound effect on the promotion of muscle mass and function by
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stimulating muscle protein synthesis,*® improving mitochondrial

synthesis and function,”® decreasing myostatin expression®’ and
skeletal muscle inflammatory gene expression,” enhancing intra-
muscular IGF-1,* improving insulin sensitivity of muscle protein
metabolism,”* and activating skeletal muscle satellite cells.”> A
recent meta-analysis of randomized controlled trials with
sarcopenic obese populations showed that exercise strategy was
more effective and coincident with fat mass loss and the enhance-
ment of muscle functions such as gait speed and muscle strength
than nutritional strategy, but its influence on increasing skeletal
muscle mass was discordant.”® These inconsistent findings may
be related to different exercise intensities and modalities, study
durations, and participant characteristics, including age or previ-
ous training history. Aerobic and resistance exercises are major
interventions in exercise strategies.

Aerobic exercise
Aerobic exercise has shown beneficial effects on skeletal muscle
by improving insulin sensitivity’” and reducing oxidative stress.”®
It also improves cardiovascular function,”® skeletal muscle mito-
chondrial adaptation,100 and skeletal muscle blood flow
capacity,'”! thereby resulting in increased aerobic capacity. There-
fore, with the increasing aerobic capacity of the muscle, aerobic
exercise might be the main target for improving muscle quality,
metabolic rate, and physical function in the elderly.'®*'% Aerobic
exercise generally includes large-muscle activities such as walking,
stair stepping, running, rowing, swimming, and cycling. Recently,
some studies have suggested that aerobic exercise also has ana-
bolic potential. Harber et al. reported significantly increased quad-
riceps muscle mass after 12 weeks of progressive cycling in older
adults.'®*1% In addition, high-intensity interval training (HIT),
namely repeated short bursts of intense exercise that last from sec-
onds to minutes between breaks or recovery periods, is a possible
exercise regimen with proven advantages in muscle protein syn-
thesis'%*1%” and skeletal muscle health.®* Although there is little
evidence in patients with obesity and sarcopenia, a number of
studies have suggested that HIT might be a valuable exercise regi-
men as it upregulates PGC-1a'% and mitochondrial biogenesis'®”
and improves insulin sensitivity."'°

Furthermore, aerobic exercise with/without a calorie-restricted diet
is a potential treatment strategy for weight loss."'" In a randomized
controlled trial of 60 obese subjects with sarcopenia aged 65-75 years,
Chen et al. showed that the aerobic exercise group had a significant
reduction in visceral fat and body fat mass along with the preservation
of skeletal muscle mass during 8 weeks compared with the non-
exercise group.”2 Nonetheless, studies on aerobic exercise are limited
in the population with sarcopenic obesity, despite its being a signifi-
cant therapeutic intervention for sarcopenic obesity that enhances
muscle function and weight control.

Resistance exercise

Resistance exercise, as a single intervention, may be the most
effective strategy to reverse aging-related sarcopenic obesity,
because it promotes muscle hypertrophy, muscle strength, flexibil-
ity, and fat mass loss.”? The effect of resistance exercise for
>3 months on increases in muscle mass, strength, and physical
performance has also been reported in a geriatric
population.’’®'15 Resistance exercise increased lean body mass
and the cross-sectional areas of both type I and type II muscle
fibers in older adults."'*''” In particular, a longitudinal study also
reported that resistance exercise contributed to the increase in
muscle mass mainly through type II muscle fiber hypertrophy.?’”
This may be due to increased anabolic hormone production,'®
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decreased catabolic cytokine activity,!'® enhanced muscle protein

synthesis,'*® and the activation of satellite cells."*' Furthermore,
resistance exercises downregulate the pathological progression of
sarcopenic obesity by decreasing inflammatory cytokines, reducing
oxidative stress, and increasing mitochondrial function.!’®

Slow-velocity resistance exercise is a safe and effective tradi-
tional way to increase muscle quality and quantity in older
populations.''®1?%123 In addition, an emerging regimen to
improve muscle function in terms of both strength and speed of
contraction effectively is fast-velocity resistance exercise, which
could improve daily-life activities in older adults.'**'** Recently,
Balachandran et al. showed that fast-velocity circuit exercise signif-
icantly increased physical performance measured by short physical
performance battery (SPPB) in obese patients with sarcopenia.'?®
Furthermore, Candow et al. reported that short-term heavy resis-
tance training for 22 weeks in healthy older men (60-71 years)
resulted in significant increases in lean body mass, local muscle
size, and muscle strength to a level similar to that in younger
men.'?*

Regarding the geriatric population with sarcopenic obesity, lit-
tle is known about the efficacy of resistance exercise on body
composition, muscle strength, and physical function. In a ran-
domized controlled trial with obese women with sarcopenia,
Gadelha et al. showed significant increases in skeletal muscle mass,
strength, and functional capacity after 24 weeks of progressive
resistance training.'?” Additionally, in obese elderly women with
sarcopenia, resistance exercise with an elastic band for 12 weeks
improved body composition by preserving lean muscle mass and
reducing fat mass as compared with the no-exercise group.'?®
Similarly, the beneficial influence of elastic resistance exercise for
12 weeks on body composition, muscle function (ratio of muscu-
lar strength to muscle mass), and physical capacity in obese older
women with sarcopenia has been reported.'*® Therefore, resis-
tance exercise may be a potential and meaningful strategy for
enhancing body composition and physical function in relation to
sarcopenic obesity.

Combination of aerobic and resistance exercise

The professional societies” guidelines strongly recommend that
older adults, like healthy young adults, should perform at least
150-300 min of (moderate to intense) aerobic exercise per week,
with moderate- to high-intensity resistance exercises involving all
major muscles at least 2 days per week.'**"'3? Recently, functional
balance training and strength training have been considered
important in improving functional ability and reducing falls in an
elderly population.”] However, since these guidelines are based
on healthy elderly people, more evidence is needed to elucidate
their efficacy and safety in order to apply them to populations with
sarcopenic obesity.

Theoretically, a combination of aerobic and resistance exer-
cises seems ideal for improving body composition and muscle
function simultaneously in a population with sarcopenic obesity.
In the Lifestyle Interventions and Independence for Elders Pilot
(LIFE-P) study with an older population aged 70-89 years, Manini
et al. showed that multimodal exercise including aerobic, strength,
and balance exercises in subjects with/without obesity improved
overall physical function as measured by SPPB scores as compared
with the no-exercise group, but this improvement was blunted in
obese adults."** However, in a post-hoc stratified analysis using
the LIFE study (the same group), physical activity intervention
showed the greatest benefit for major mobility disability in
extremely obese participants (BMI > 35 kg/m?), although there
were no statistically significant benefit differences between obesity

© 2022 The Authors. Geriatrics & Gerontology International

categories, using BMI and/or waist circumference.'** Moreover, in
a randomized controlled trial with obese older subjects, a combi-
nation of aerobic and resistance exercise reduced body weight and
promoted physical functions such as strength, balance, and gait
more effectively than in the no-exercise group.'® Among the aer-
obic, resistance and combination exercise groups, the physical
performance test score was the best in the combination exercise
group; strength, in the resistance exercise group; and peak oxygen
consumption, in the aerobic exercise group.'®> With weight loss,
lean body mass decreased in all the exercise groups.'>> However,
the loss of lean body mass was less in the resistance exercise (2%
decrease) and combination exercise (3% decrease) groups than
that in the aerobic exercise group (5% decrease).!®® This suggests
the importance of accompanying aerobic exercises with resistance
exercise during weight-loss treatment, because resistance exercise
attenuated the effect of muscle mass loss according to weight loss
and improved muscle strength, despite muscle loss, which indi-
cates an enhancement in muscle function.'® Furthermore, in a
randomized controlled trial of Japanese women with sarcopenic
obesity, 3 months of aerobic and resistance exercise demonstrated
a significant decrease in total body fat mass and trunk fat mass
and increases in knee extension strength and arm and leg muscle
mass.'*® Thus, these pieces of evidence suggest that the combina-
tion of aerobic and resistance exercise is the most effective and
harmonious exercise strategy targeting all components of
sarcopenic obesity.

Coupling of dietary intervention with exercise strategy

To manage sarcopenic obesity, it is crucial to maintain a negative
energy balance for weight loss while preserving muscle mass.
Although, as mentioned above, calorie restriction alone appears to
lead to a distinct reduction in body weight, this result may be
accompanied by a loss in skeletal muscle mass.>® In order to man-
age both obesity and sarcopenia, a combined strategy of exercise
and hypocaloric diet with high protein intake (21.2 g/kg body
weight per day) may be effective in older subjects.*”""*® In partic-
ular, an acute increase in exercise with amino acid supplementa-
tion synergistically stimulates skeletal muscle synthesis by
increasing the nutritive flow to the muscle.'*® For instance, in a
meta-analysis of 52 studies, Weinheimer et al. showed that a com-
bination of energy restriction and exercise may be more suitable
than treatment alone in a population with sarcopenic obesity in
terms of effective weight loss and fat-free mass conservation.'*

In a meta-analysis of 22 randomized controlled trials, Cermak
et al. reported that dietary protein supplementation had an effect
on the additional increase in skeletal muscle mass and strength
during prolonged resistance exercise in both healthy younger and
healthy older people.!* In a meta-analysis of randomized
controlled trials in a population with sarcopenic obesity, Hita-
Contreras et al. reported that dietary protein supplements com-
bined with exercise induced beneficial effects on fat mass and
appendicular skeletal muscle mass as well as on physical function
(grip strength and gait speed).'*? Similarly, protein supplement
interventions along with aerobic and resistance exercise conferred
additional benefits to physical function in healthy older subjects
with sarcopenic obesity."*® A recent meta-analysis study in a pop-
ulation with sarcopenic obesity reported that the combination of
exercise and nutritional strategy (dietary and/or supplementary
intervention) significantly increased skeletal muscle mass, whereas
an exercise strategy alone did not.”® In addition, exercise with/
without nutritional strategies greatly improved hand grip strength
and gait speed.”® However, Hsu et al. reported no extra benefit of
the protein-based nutritional intervention during exercise
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intervention with respect to body composition, walking speed, or
grip strength in the population with sarcopenic obesity in a meta-
analysis.’** Although the effects of protein supply on muscle mass
or function are not constant, the role of protein, which stimulates
muscle protein synthesis, cannot be disregarded.

Meanwhile, a recent meta-analysis study of older adults
showed that resistance exercise in conjunction with vitamin D3
supplementation had additional advantages for muscle strength
compared with resistance exercise only.'"*> Furthermore, a ran-
domized controlled trial with sarcopenic older subjects showed
that the combination of resistance exercise and nutritional supple-
mentation (vitamin D3 and protein) was more effective for muscle
strength and quality compared with each of them alone.'*® Over-
all, a calorie-restricted diet with appropriate nutritional supple-
mentation plus combined exercise may be the most effective way
to improve sarcopenic obesity.

Conclusions

Sarcopenic obesity is defined as the coexistence of sarcopenia
and obesity, namely decreased skeletal muscle mass with low
muscle function and excess body fat. It is becoming a public
health concern that is associated with significant immobility,
comorbidity, mortality, and societal costs. Different from sar-
copenia or obesity alone, sarcopenic obesity exacerbate each
other synergistically leading to the loss of skeletal muscle mass
and gain in adipose tissue mass occurs through disability,
dependency, and reduced mobility.* On the need for universally
established diagnostic criteria of sarcopenic obesity, ESPEN
and EASO recently reported a two-step algorithm (screening
and diagnosis) for evaluating sarcopenic obesity.”® Identifying
sarcopenic obesity and applying an ideal approach to improving
muscle mass and function along with reducing fat mass is nec-
essary in the frail elderly population. Energy restriction without
exercise could result in body weight loss, but this loss could be
accompanied by muscle mass loss.'* Nevertheless, weight loss
itself seems to have a positive effect through the improvement
of relative sarcopenia (greater loss of fat mass than lean body
mass), frailty, and the reduction of obesity-induced low-grade
chronic inflammation.*'>%1%” Moreover, the addition of aerobic
and resistance exercises with energy restriction can help to
maintain skeletal muscle mass as well as enhance physical per-
formance and muscle strength, which are the main components
of sarcopenia. In particular, appropriate dietary proteins,
including essential amino acids, can promote muscle protein
synthesis and affect muscle health. Although great efforts have
been made to identify effective drugs for muscle loss, there has
been no successful pharmacological treatment.'"*® In the
absence of effective drugs for sarcopenia, the best effect on
sarcopenic obesity is obtained by combining proper dietary
intervention (e.g. a low-calorie and high-protein diet) with regu-
lar physical activity based on aerobic and resistance exercise
(e.g. using body weight: chair-stand exercise, planks, lunges,
squats, etc.; using machines; using elastic bands, etc.) according
to the individual’s health condition. Further research is required
to determine the most effective strategy to prevent or treat
sarcopenic obesity, such as ways to combine exercise and die-
tary intervention and the exercise strategies (i.e., the ratio of
aerobic to resistance exercise or the types of exercise). In addi-
tion, more investigations are needed to develop and commer-
cialize potential drugs to improve muscle function and mass in
older populations with physical limitations.

700 |

Author contributions

Yoon Jung Kim, Shinje Moon, and Jae Myung Yu contributed to
the literature search and the original draft preparation. Hye Soo
Chung contributed to the study conceptualization, text review,
and editing. All authors have read and agreed to the published
version of the manuscript.

Sponsor’s role

Indicate sponsor’s role in the design, methods, subject recruit-
ment, data collections, analysis and preparation of paper. If there
is no sponsor, indicate “none”.

Acknowledgement(s)

HSC was funded by the National Research Foundation of Korea
(NRF-2018R1D1A1B07049605).

Disclosure statement
The authors declare no conflict of interest.

Data availability statement

Data sharing is not applicable to this narrative review article as no
new data were generated or analyzed in this study.

References

—_

The Nations United, Department of Economic Population Division.
World Population Prospects: The 2017 Revision, Key Findings and
Advance Tables. Working Paper No. ESA/P/WP/248 (United Nations),
2017).

Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al. Sarcopenia: European con-

sensus on definition and diagnosis: report of the European Working

Group on Sarcopenia in Older People. Age Ageing 2010; 39: 412-423.

https://doi.org/10.1093/ageing/afq034.

3 Nezameddin R, Itani L, Kreidieh D, El Masri D, Tannir H, El
Ghoch M. Understanding sarcopenic obesity in terms of definition
and health consequences: a clinical review. Curr Diabetes Rev 2020; 16:
957-961. https:/doi.org/10.2174/1573399816666200109091449.

4 Xie WQ, Xiao GL, Fan YB, He M, Lv S, Li YS. Sarcopenic obesity:
research advances in pathogenesis and diagnostic criteria. Aging Clin
Exp Res 2021; 33: 247-252. https://doi.org/10.1007/s40520-019-
01435-9.

5 Kim TN, Choi KM. The implications of sarcopenia and sarcopenic

obesity on cardiometabolic disease. J Cell Biochem 2015; 116: 1171-

1178. https://doi.org/10.1002/jcb.25077.

Baumgartner RN, Koehler KM, Gallagher D et al. Epidemiology of sar-

copenia among the elderly in New Mexico. Am J Epidemiol 1998; 147:

755-763. https://doi.org/10.1093/oxfordjournals.aje.a009520.

7 Janssen I, Heymsfield SB, Ross R. Low relative skeletal muscle mass

(sarcopenia) in older persons is associated with functional impairment

and physical disability. J Am Geriatr Soc 2002; 50: 889-896. https://doi.

org/10.1046/7.1532-5415.2002.50216.x.

Newman AB, Kupelian V, Visser M et al. Sarcopenia: alternative defini-

tions and associations with lower extremity function. J Am Geriatr Soc

2003; 51: 1602-1609. https://doi.org/10.1046/j.1532-5415.2003.

51534.x.

Moon S, Kim YJ, Yu JM, Kang JG, Chung HS. Z-score of the log-

transformed A body shape index predicts low muscle mass in popula-

tion with abdominal obesity: the U.S. and Korea National Health and

Nutrition Examination Survey. PLoS One 2020; 15: €0242557. https://

doi.org/10.1371/journal.pone.0242557.

10 Cruz-Jentoft AJ, Bahat G, Bauer J et al. Sarcopenia: revised European

consensus on definition and diagnosis. Age Ageing 2019; 48: 16-31.

https://doi.org/10.1093/ageing/afy169.

oS}

[e}

fos)

el

© 2022 The Authors. Geriatrics & Gerontology International

published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.


https://doi.org/10.1093/ageing/afq034
https://doi.org/10.2174/1573399816666200109091449
https://doi.org/10.1007/s40520-019-01435-9
https://doi.org/10.1007/s40520-019-01435-9
https://doi.org/10.1002/jcb.25077
https://doi.org/10.1093/oxfordjournals.aje.a009520
https://doi.org/10.1046/j.1532-5415.2002.50216.x
https://doi.org/10.1046/j.1532-5415.2002.50216.x
https://doi.org/10.1046/j.1532-5415.2003.51534.x
https://doi.org/10.1046/j.1532-5415.2003.51534.x
https://doi.org/10.1371/journal.pone.0242557
https://doi.org/10.1371/journal.pone.0242557
https://doi.org/10.1093/ageing/afy169

Management of sarcopenic obesity

11 Schaap LA, Koster A, Visser M. Adiposity, muscle mass, and muscle

strength in relation to functional decline in older persons. Epidemiol
Rev 2013; 35: 51-65. https://doi.org/10.1093/epirev/mxs006.

Leong DP, Teo KK, Rangarajan S et al. Prognostic value of grip
strength: findings from the prospective urban rural epidemiology
(PURE) study. Lancet 201S; 386: 266-273. https://doi.org/10.1016/
S0140-6736(14)62000-6.

Dionyssiotis Y. Sarcopenia in the elderly. Eur Endocrinol 2019; 15:
13-14. https://doi.org/10.17925/EE.2019.15.1.13.

World Health Organization. Obesity: preventing and managing the
global epidemic. Report of a WHO consultation. World Health Organ
Tech Rep Ser 2000; 894: 1-253.

performance enhancement. Br J Pharmacol 2008; 154: 522-528. https:/
doi.org/10.1038/bjp.2008.118.

Yeap BB. Are declining testosterone levels a major risk factor for ill-
health in aging men? Int J Impot Res 2009; 21: 24-36. https://doi.org/10.
1038/ijir.2008.60.

Tremollieres FA, Pouilles JM, Ribot CA. Relative influence of age and
menopause on total and regional body composition changes in post-
menopausal women. Am J Obstet Gynecol 1996; 175: 1594-1600. https:/
doi.org/10.1016/50002-9378(96)70111-4.

Sowers M, Zheng H, Tomey K et al. Changes in body composition in
women over six years at midlife: ovarian and chronological aging.
J Clin Endocrinol Metab 2007; 92: 895-901. https://doi.org/10.1210/jc.

15 Jee SH, Sull JW, Park J et al. Body- mass index and mortality in Korean 2006-1393.
men and women. N Engl ] Med 2006; 355: 779-787. https://doi.org/10. 37 Roubenoff R. Catabolism of aging: is it an inflammatory process? Curr
1056/NEJMoa054017. Opin Clin Nutr Metab Care 2003; 6: 295-299. https://doi.org/10.1097/
16 World Health Organization. Regional Office for the Western Pacific. The 01.mc0.0000068965.34812.62.
Asia-Pacific Perspective: Redefining Obesity and Its Treatment: Sydney: Health 38 Brown M. Skeletal muscle and bone: effect of sex steroids and aging.

~

Communications Australia 2000. http://apps.who.int/iris/handle/1066S5/
206936

Despres J-P. Body fat distribution and risk of cardiovascular disease:
an update. Circulation 2012; 126: 1301-1313. https://doi.org/10.1161/
CIRCULATIONAHA.111.067264.

Lee SY, Park HS, Kim D] et al. Appropriate waist circumference cutoff
points for central obesity in Korean adults. Diabetes Res Clin Pract 2007;
75: 72-80. https://doi.org/10.1016/j.diabres.2006.04.013.

Alberti KG, Eckel RH, Grundy SM et al. Harmonizing the metabolic syn-
drome: a joint interim statement of the International Diabetes Federation
Task Force on Epidemiology and Prevention. Circulation 2009; 120:
1640-1645. https:/doi.org/10.1161/CIRCULATIONAHA.109.192644.
Baumgartner RN. Body composition in healthy aging. Ann N Y Acad
Sci 2000; 904: 437-448. https://doi.org/10.1111/1.1749-6632.2000.

_

Adv Physiol Educ 2008; 32: 120-126. https://doi.org/10.1152/advan.
90111.2008.

Chang JS, Kim TH, Nguyen TT, Park KS, Kim N, Kong ID. Circulat-
ing irisin levels as a predictive biomarker for sarcopenia: A cross-
sectional community-based study. Geriatr Gerontol Int 2017; 17: 2266
2273. https://doi.org/10.1111/ggi.13030.

Wang M, Tan Y, Shi Y, Wang X, Liao Z, Wei P. Diabetes and
sarcopenic obesity: pathogenesis, diagnosis, and treatments. Front
Endocrinol 2020; 11: 568. https://doi.org/10.3389/fend0.2020.00568.
Bouchonville MF, Villareal DT. Sarcopenic obesity: how do we treat
it? Curr Opin Endocrinol Diabetes Obes 2013; 20: 412-419. https://doi.
org/10.1097/01.med.0000433071.11466.7f.

Witard OC, McGlory C, Hamilton DL, Phillips SM. Growing older
with health and vitality: a nexus of physical activity, exercise and nutri-

tb06498.x. tion. Biogerontology 2016; 17: 529-546. https://doi.org/10.1007/s10522-
21 Hiol AN, von Hurst PR, Conlon CA, Mugridge O, Beck KL. Body 016-9637-9.

composition associations with muscle strength in older adults living in 43 Chung HS, Choi KM. Organokines in disease. Adv Clin Chem 2020; 94-

Auckland,New Zealand. PLoS One 2021; 16: €0250439. https://doi.org/ 261-321. https://doi.org/10.1016/bs.acc.2019.07.012.

10.1371/journal.pone.0250439. 44 Neels ]G, Olefsky JM. Inflamed fat: what starts the fire? J Clin Invest

22 Yoshimura Y, Wakabayashi H, Nagano F et al. Sarcopenic obesity is 200S; 116: 33-35. https://doi.org/10.1172/JCI27280.

e}

—_

[\

associated with activities of daily living and home discharge in post- 45 Bozaoglu K, Bolton K, McMillan J et al. Chemerin is a novel adipokine

acute rehabilitation. J Am Med Dir Assoc 2020; 21: 1475-1480. https:/
doi.org/10.1016/j.jamda.2020.03.029.

Donini LM, Busetto L, Bischoff SC et al. Definition and diagnostic
criteria for sarcopenic obesity: ESPEN and EASO consensus state-
ment. Clin Nutr 2022; 41: 990-1000. https://doi.org/10.1016/j.clnu.
2021.11.014.

Flegal KM, Shepherd JA, Looker AC et al. Comparisons of percentage
body fat, body mass index, waist circumference, and waist-stature ratio
in adults. Am J Clin Nutr 2009; 89: 500-508. https://doi.org/10.3945/
ajcn.2008.26847.

St-Onge MP. Relationship between body composition changes and
changes in physical function and metabolic risk factors in aging. Curr
Opin Clin Nutr Metab Care 2005; 8: 523-528.

Sayer AA, Syddall H, Martin H, Patel H, Baylis D, Cooper C. The
developmental origins of sarcopenia. / Nutr Health Aging 2008; 12:
427-432. https://doi.org/10.1007/BF02982703.

Nilwik R, Snijders T, Leenders M et al. The decline in skeletal muscle
mass with aging is mainly attributed to a reduction in type II muscle
fiber size. Exp Gerontol 2013; 48: 492-498. https://doi.org/10.1016/j.
exger.2013.02.012.

Gallagher D, Belmonte D, Deurenberg P et al. Organ-tissue mass mea-
surement allows modeling of REE and metabolically active tissue mass.
Am ] Physiol 1998; 275: E249-E258. https://doi.org/10.1152/ajpendo.
1998.275.2.E249.

Conley KE, Esselman PC, Jubrias SA et al. Ageing, muscle properties
and maximal O(2) uptake rate in humans. J Physiol 2000; 526: 211-
217. https://doi.org/10.1111/j.1469-7793.2000.00211.x.

Heo M, Faith MS, Pietrobelli A, Heymsfield SB. Percentage of body fat
cutoffs by sex, age, and race-ethnicity in the US adult population from
NHANES 1999-2004. Am J Clin Nutr 2012; 95: 5§94-602. https:/doi.
org/10.3945/ajen.111.025171.

Amato MC, Giordano C, Galia M et al. Visceral adiposity index: a reliable
indicator of visceral fat function associated with cardiometabolic risk. Dia-
betes Care 2010; 33: 920-922. https://doi.org/10.2337/dc09-1825.

Vincent HK, Raiser SN, Vincent KR. The aging musculoskeletal sys-
tem and obesity-related considerations with exercise. Ageing Res Rev
2012; 11: 361-373. https://doi.org/10.1016/j.arr.2012.03.002.

Kadi F. Cellular and molecular mechanisms responsible for the action
of testosterone on human skeletal muscle. A basis for illegal

© 2022 The Authors. Geriatrics & Gerontology International
published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.

—_

|92}

associated with obesity and metabolic syndrome. Endocrinology 2007;
148: 4687-4694. https://doi.org/10.1210/en.2007-0175.

Park HS, Park JY, Yu R. Relationship of obesity and visceral adiposity
with serum concentrations of CRP, TNF-alpha and IL-6. Diabetes Res
Clin Pract 2005; 69: 29-35. https://doi.org/10.1016/j.diabres.2004.
11.007.

Schrager MA, Metter EJ, Simonsick E et al. Sarcopenic obesity and
inflammation in the InNCHIANTT study. J Appl Physiol 1985; 2007: 919-
92S. https://doi.org/10.1152/japplphysiol.00627.2006.

Harris RB. Direct and indirect effects of leptin on adipocyte metabo-
lism. Biochim Biophys Acta 2014; 1842: 414-423. https://doi.org/10.
1016/j.bbadis.2013.05.009.

Aoi W, Sakuma K. Oxidative stress and skeletal muscle dysfunction
with aging. Curr Aging Sci 2011; 4: 101-109. https://doi.org/10.2174/
1874609811104020101.

Atawia RT, Bunch KL, Toque HA, Caldwell RB, Caldwell RW. Mech-
anisms of obesity-induced metabolic and vascular dysfunctions. Front
Biosci 2019; 24: 890-934. https://doi.org/10.2741/4758.

Miller SL, Wolfe RR. The danger of weight loss in the elderly. J Nutr
Health  Aging  2008; 12: 487-491. https://doi.org/10.1007/
BF02982710.

Sartorio A, Lafortuna CL, Agosti F, Proietti M, Maffiuletti NA. Elderly
obese women display the greatest improvement in stair climbing per-
formance after a 3-week body mass reduction program. Int J Obes Relat
Metab  Disord 2004; 28: 1097-1104. https://doi.org/10.1038/sj.ijo.
0802702.

53 Jensen GL, Roy MA, Buchanan AE, Berg MB. Weight loss

intervention for obese older women: improvements in perfor-
mance and function. Obes Res 2004; 12: 1814-1820. https://doi.
org/10.1038/0by.2004.225.

Messier SP, Mihalko SL, Legault C et al. Effects of intensive diet and
exercise on knee joint loads, inflammation, and clinical outcomes
among overweight and obese adults with knee osteoarthritis: the IDEA
randomized clinical trial. JAMA 2013; 310: 1263-1273. https://doi.org/
10.1001/jama.2013.277669.

Batsis JA, Gill LE, Masutani RK et al. Weight loss interventions in older
adults with obesity: a systemic review of randomized controlled trials
since 200S. J Am Geriatr Soc 2017; 65: 257-268. https://doi.org/10.
1111/jgs.14514.

| 701


https://doi.org/10.1093/epirev/mxs006
https://doi.org/10.1016/S0140-6736(14)62000-6
https://doi.org/10.1016/S0140-6736(14)62000-6
https://doi.org/10.17925/EE.2019.15.1.13
https://doi.org/10.1056/NEJMoa054017
https://doi.org/10.1056/NEJMoa054017
http://apps.who.int/iris/handle/10665/206936
http://apps.who.int/iris/handle/10665/206936
https://doi.org/10.1161/CIRCULATIONAHA.111.067264
https://doi.org/10.1161/CIRCULATIONAHA.111.067264
https://doi.org/10.1016/j.diabres.2006.04.013
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1111/j.1749-6632.2000.tb06498.x
https://doi.org/10.1111/j.1749-6632.2000.tb06498.x
https://doi.org/10.1371/journal.pone.0250439
https://doi.org/10.1371/journal.pone.0250439
https://doi.org/10.1016/j.jamda.2020.03.029
https://doi.org/10.1016/j.jamda.2020.03.029
https://doi.org/10.1016/j.clnu.2021.11.014
https://doi.org/10.1016/j.clnu.2021.11.014
https://doi.org/10.3945/ajcn.2008.26847
https://doi.org/10.3945/ajcn.2008.26847
https://doi.org/10.1007/BF02982703
https://doi.org/10.1016/j.exger.2013.02.012
https://doi.org/10.1016/j.exger.2013.02.012
https://doi.org/10.1152/ajpendo.1998.275.2.E249
https://doi.org/10.1152/ajpendo.1998.275.2.E249
https://doi.org/10.1111/j.1469-7793.2000.00211.x
https://doi.org/10.3945/ajcn.111.025171
https://doi.org/10.3945/ajcn.111.025171
https://doi.org/10.2337/dc09-1825
https://doi.org/10.1016/j.arr.2012.03.002
https://doi.org/10.1038/bjp.2008.118
https://doi.org/10.1038/bjp.2008.118
https://doi.org/10.1038/ijir.2008.60
https://doi.org/10.1038/ijir.2008.60
https://doi.org/10.1016/s0002-9378(96)70111-4
https://doi.org/10.1016/s0002-9378(96)70111-4
https://doi.org/10.1210/jc.2006-1393
https://doi.org/10.1210/jc.2006-1393
https://doi.org/10.1097/01.mco.0000068965.34812.62
https://doi.org/10.1097/01.mco.0000068965.34812.62
https://doi.org/10.1152/advan.90111.2008
https://doi.org/10.1152/advan.90111.2008
https://doi.org/10.1111/ggi.13030
https://doi.org/10.3389/fendo.2020.00568
https://doi.org/10.1097/01.med.0000433071.11466.7f
https://doi.org/10.1097/01.med.0000433071.11466.7f
https://doi.org/10.1007/s10522-016-9637-9
https://doi.org/10.1007/s10522-016-9637-9
https://doi.org/10.1016/bs.acc.2019.07.012
https://doi.org/10.1172/JCI27280
https://doi.org/10.1210/en.2007-0175
https://doi.org/10.1016/j.diabres.2004.11.007
https://doi.org/10.1016/j.diabres.2004.11.007
https://doi.org/10.1152/japplphysiol.00627.2006
https://doi.org/10.1016/j.bbadis.2013.05.009
https://doi.org/10.1016/j.bbadis.2013.05.009
https://doi.org/10.2174/1874609811104020101
https://doi.org/10.2174/1874609811104020101
https://doi.org/10.2741/4758
https://doi.org/10.1007/BF02982710
https://doi.org/10.1007/BF02982710
https://doi.org/10.1038/sj.ijo.0802702
https://doi.org/10.1038/sj.ijo.0802702
https://doi.org/10.1038/oby.2004.225
https://doi.org/10.1038/oby.2004.225
https://doi.org/10.1001/jama.2013.277669
https://doi.org/10.1001/jama.2013.277669
https://doi.org/10.1111/jgs.14514
https://doi.org/10.1111/jgs.14514

56

57

N

e}

60

6

—

62

63

64

65

66

67

68

69

70

7

fiy

7

oS}

73

74

75

76

Y] Kim et al.

Zamboni M, Rubele S, Rossi AP. Sarcopenia and obesity. Curr Opin
Clin Nutr Metab Care 2019; 22: 13-19. https://doi.org/10.1097/MCO.
0000000000000519.

Trouwborst I, Verreijen A, Memelink R et al. Exercise and nutrition
strategies to counteract sarcopenic obesity. Nutrients 2018; 10: 60S.
https://doi.org/10.3390/nu1005060S.

Villareal DT, Chode S, Parimi N et al. Weight loss, exercise, or both
and physical function in obese older adults. N Engl J Med 2011; 364:
1218-1229. https://doi.org/10.1056/NEJMoa1008234.

Heymsfield SB, Gonzalez MCC, Shen W, Redman L, Thomas D.
Weight loss composition is one-fourth fat-free mass: a critical review
and critique of this widely cited rule. Obes Rev 2014; 15: 310-321.
https://doi.org/10.1111/0br.12143.

Villareal DT, Banks M, Siener C, Sinacore DR, Klein S. Physical frailty
and body composition in obese elderly men and women. Obes Res
2004; 12: 913-920. https:/doi.org/10.1038/0by.2004.111.

Muscariello E, Nasti G, Siervo M et al. Dietary protein intake in
sarcopenic obese older women. Clin Interv Aging 2016; 11: 133-140.
https://doi.org/10.2147/CIA.S96017.

Li Z, Heber D. Sarcopenic obesity in the elderly and strategies for
weight management. Nutr Rev 2012; 70: 57-64. https://doi.org/10.
1111/5.1753-4887.2011.00453 x.

Jiang BC, Villareal DT. Weight loss-induced reduction of bone mineral
density in older adults with obesity. J Nutr Gerontol Geriatr 2019; 38:
100-114. https://doi.org/10.1080/21551197.2018.1564721.
Paddon-Jones D, Sheffield-Moore M, Zhang X]J et al. Amino acid
ingestion improves muscle protein synthesis in the young and elderly.
Am J Physiol Endocrinol Metab 2004; 286: E321-E328. https://doi.org/10.
1152/ajpendo.00368.2003.

Volpi E, Kobayashi H, Sheffield-Moore M, Mittendorfer B, Wolfe RR.
Essential amino acids are primarily responsible for the amino acid
stimulation of muscle protein anabolism in healthy elderly adults.
Am J Clin Nutr 2003; 78: 250-258. https://doi.org/10.1093/ajcn/78.
2.250.

Burd NA, Gorissen SH, van Loon LJ. Anabolic resistance of muscle
protein synthesis with aging. Exerc Sport Sci Rev 2013; 41: 169-173.
https://doi.org/10.1097/JES.0b013e318292f3dS.

Breen L, Phillips SM. Skeletal muscle protein metabolism in the
elderly: interventions to counteract the ‘anabolic resistance’ of ageing.
Nutr Metab 2011; 8: 68. https://doi.org/10.1186/1743-7075-8-68.
Walrand S, Boirie Y. Optimizing protein intake in aging. Curr Opin Clin
Nutr Metab Care 200S; 8: 89-94. https://doi.org/10.1097/00075197-
200501000-00014.

Bauer J, Biolo G, Cederholm T er al. Evidence-based recommendations
for optimal dietary protein intake in older people: a position paper
from the PROT-AGE study group. J Am Med Dir Assoc 2013; 14: 542—
559. https://doi.org/10.1016/j.jamda.2013.05.021.

Deutz NE, Bauer JM, Barazzoni R et al. Protein intake and exercise for
optimal muscle function with aging: recommendations from the
ESPEN expert group. Clin Nutr 2014; 33: 929-936. https://doi.org/10.
1016/j.clnu.2014.04.007.

Vellas BJ, Hung WC, Romero LJ, Koehler KM, Baumgartner RN,
Garry PJ. Changes in nutritional status and patterns of morbidity
among free-living elderly persons: A 10-year longitudinal study. Nutri-
tion 1997; 13: 515-519. https://doi.org/10.1016/s0899-9007(97)
00029-4.

Beasley JM, LaCroix AZ, Neuhouser ML et al. Protein intake and inci-
dent frailty in the Women’s Health Initiative observational study. J Am
Geriatr Soc 2010; 58: 1063-1071. https://doi.org/10.1111/j.1532-5415.
2010.02866.x.

Josse AR, Atkinson SA, Tarnopolsky MA, Philips SM. Increased con-
sumption of dairy foods and protein during diet- and exercise-induced
weight loss promotes fat mass loss and lean mass gain in overweight
and obese premenopausal women. J Nutr 2011; 141: 1626-1634.
https://doi.org/10.3945/jn.111.141028.

Hector AJ, Marcotte GR, Churchward-Venne TA et al. Whey protein
supplementation preserves postprandial myofibrillar protein synthesis
during short-term energy restriction in overweight and obese adults.
J Nutr 2015; 145: 246-252. https://doi.org/10.3945/jn.114.200832.
Pennings B, Boirie Y, Senden JM, Gijsen AP, Kuipers H, van Loon LJ.
Whey protein stimulates postprandial muscle protein accretion more
effectively than do casein and casein hydrolysate in older men.
Am J Clin Nutr 2011; 93: 997-100S. https://doi.org/10.3945/ajen.110.
008102.

Boirie Y, Dangin M, Gachon P, Vasson MP, Maubois JL, Beaufrere B.
Slow and fast dietary proteins differently modulate postprandial pro-
tein accretion. Proc Natl Acad Sci 1997; 94: 14930-14935. https:/doi.
org/10.1073/pnas.94.26.14930.

702 |

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

Wall BT, Hamer HM, de Lange A et al. Leucine co-ingestion improves
post-prandial muscle protein accretion in elderly men. Clin Nutr 2013;
32: 412-419. https://doi.org/10.1016/j.cInu.2012.09.002.

Komar B, Schwingshackl L, Hoffmann G. Effects of leucine-rich
protein supplements on anthropometric parameter and muscle
strength in the elderly: a systemic review and meta-analysis.
J Nutr Health Aging 2015; 19: 437-446. https://doi.org/10.1007/
$12603-014-0559-4.

Devries MC, McGlory C, Bolster CR et al. Protein leucine content is a
determinant of shorter- and longer-term muscle protein synthesis
responses at rest and following resistance exercise in healthy older
women: a randomized, controlled trial. Am J Clin Nutr 2018; 107: 217-
226. https://doi.org/10.1093/ajen/ngx028.

Vliet V, Burd NA, van Loon LJ. The skeletal muscle anabolic response
to plant- versus animal-based protein consumption. J Nutr 2015; 145:
1981-1991. https://doi.org/10.3945/jn.114.204305.

Scott D, Blizzard L, Fell J, Ding C, Winzenberg T, Jones G. A pro-
spective study of the associations between 25-hydroxy-vitamin D,
sarcopenia progression and physical activity in older adults. Clin
Endocrinol 2010; 73: 581-587. https://doi.org/10.1111/j.1365-226S.
2010.03858.x.

Houston DK, Tooze JA, Hausman DB et al. Change in
25-hydroxyvitamin D and physical performance in older adults.
J Gerontol, Ser A 2011; 66: 430-436. https:/doi.org/10.1093/gerona/
glq23s.

Mithal A, Bonjour JP, Boonen S et al. Impact of nutrition on muscle
mass, strength, and performance in older adults. Osteoporosis Int 2013;
24: 1555-1566. https://doi.org/10.1007/s00198-012-2236-y.

Ceglia L. Vitamin D and its role in skeletal muscle. Curr Opin Clin Nutr

Metab  Care 2009; 12: 628-633. https://doi.org/10.1097/MCO.
0b013e328331¢707.
American Geriatrics Society workgroup on vitamin D supplementation

for older adults. Recommendations abstracted from the American
Geriatrics Society consensus statement on vitamin D for prevention of
falls and their consequences. J Am Geriatr Soc 2014; 62: 147-152.
https://doi.org/10.1111/jgs.12631.

Stockton KA, Mengersen K, Paratz JD, Kandiah D, Bennell KL. Effect
of vitamin D supplementation on muscle strength: a systemic review
and meta-analysis. Osteoporosis Int 2011; 22: 859-871. https://doi.org/
10.1007/500198-010-1407-y.

Muir SW, Montero-Odasso M. Effect of vitamin D supplementation
on muscle strength, gait and balance in older adults: a systemic review
and meta-analysis. ] Am Geriatr Soc 2011; §9: 2291-2300. https://doi.
org/10.1111/1.1532-5415.2011.03733 x.

Moyer VA. Force USPST. Vitamin D and calcium supplementation to
prevent fractures in adults: U.S. Preventive Services Task Force recom-
mendation statement. Ann Intern Med 2013; 158: 691-696. https://doi.
org/10.7326/0003-4819-158-9-201305070-00603.

Villareal DT, Smith GI, Sinacore DR, Shah K, Mittendorfer B. Regular
multicomponent exercise increases physical fitness and muscle protein
anabolism in frail, obese, older adults. Obesity 2011; 19: 312-318.
https://doi.org/10.1038/0by.2010.110.

Lanza IR, Nair KS. Muscle mitochondrial changes with aging and
exercise. Am J Clin Nutr 2009; 89: 4675-4718S. https://doi.org/10.3945/
ajcn.2008.26717D.

Argiles JM, Orpi M, Busquets S, Lopez-Soriano FJ. Myostatin: more
than just a regulator of muscle mass. Drug Discovery Today 2012; 17:
702-709. https://doi.org/10.1016/j.drudis.2012.02.001.

Lambert CP, Wright NR, Finck BN, Villareal DT. Exercise but not
diet-induced weight loss decreases skeletal muscle inflammatory
gene expression in frail obese elderly persons. J Appl Physiol 198S;
2008: 473-478. https://doi.org/10.1152/japplphysiol.00006.2008.
McMahon G, Morse CI, Burden A, Winwood K, Onambele GL. Mus-
cular adaptations and insulin-like growth factor-1 responses to resis-
tance training are stretch-mediated. Muscle Nerve 2014; 49: 108-119.
https://doi.org/10.1002/mus.23884.

Fujita S, Rasmussen BB, Cadenas JG et al. Aerobic exercise overcomes
the age-related insulin resistance of muscle protein metabolism by
improving endothelial function and Akt/mammalian target of
rapamycin signaling. Diabetes 2007; 5§6: 1615-1622. https://doi.org/10.
2337/db06-1566.

Thornell LE. Sarcopenic obesity: satellite cells in the aging muscle.
Curr Opin Clin Nutr Metab Care 2011; 14: 22-27. https://doi.org/10.
1097/MCO.0b013e3283412260.

Yin YH, Liu JYW, Valimaki M. Effectiveness of non-pharmacological
interventions on the management of sarcopenic obesity: A systematic
review and meta-analysis. Exp Gerontol 2020; 135: 110937. https://doi.
org/10.1016/j.exger.2020.110937.

© 2022 The Authors. Geriatrics & Gerontology International

published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.


https://doi.org/10.1097/MCO.0000000000000519
https://doi.org/10.1097/MCO.0000000000000519
https://doi.org/10.3390/nu10050605
https://doi.org/10.1056/NEJMoa1008234
https://doi.org/10.1111/obr.12143
https://doi.org/10.1038/oby.2004.111
https://doi.org/10.2147/CIA.S96017
https://doi.org/10.1111/j.1753-4887.2011.00453.x
https://doi.org/10.1111/j.1753-4887.2011.00453.x
https://doi.org/10.1080/21551197.2018.1564721
https://doi.org/10.1152/ajpendo.00368.2003
https://doi.org/10.1152/ajpendo.00368.2003
https://doi.org/10.1093/ajcn/78.2.250
https://doi.org/10.1093/ajcn/78.2.250
https://doi.org/10.1097/JES.0b013e318292f3d5
https://doi.org/10.1186/1743-7075-8-68
https://doi.org/10.1097/00075197-200501000-00014
https://doi.org/10.1097/00075197-200501000-00014
https://doi.org/10.1016/j.jamda.2013.05.021
https://doi.org/10.1016/j.clnu.2014.04.007
https://doi.org/10.1016/j.clnu.2014.04.007
https://doi.org/10.1016/s0899-9007(97)00029-4
https://doi.org/10.1016/s0899-9007(97)00029-4
https://doi.org/10.1111/j.1532-5415.2010.02866.x
https://doi.org/10.1111/j.1532-5415.2010.02866.x
https://doi.org/10.3945/jn.111.141028
https://doi.org/10.3945/jn.114.200832
https://doi.org/10.3945/ajcn.110.008102
https://doi.org/10.3945/ajcn.110.008102
https://doi.org/10.1073/pnas.94.26.14930
https://doi.org/10.1073/pnas.94.26.14930
https://doi.org/10.1016/j.clnu.2012.09.002
https://doi.org/10.1007/s12603-014-0559-4
https://doi.org/10.1007/s12603-014-0559-4
https://doi.org/10.1093/ajcn/nqx028
https://doi.org/10.3945/jn.114.204305
https://doi.org/10.1111/j.1365-2265.2010.03858.x
https://doi.org/10.1111/j.1365-2265.2010.03858.x
https://doi.org/10.1093/gerona/glq235
https://doi.org/10.1093/gerona/glq235
https://doi.org/10.1007/s00198-012-2236-y
https://doi.org/10.1097/MCO.0b013e328331c707
https://doi.org/10.1097/MCO.0b013e328331c707
https://doi.org/10.1111/jgs.12631
https://doi.org/10.1007/s00198-010-1407-y
https://doi.org/10.1007/s00198-010-1407-y
https://doi.org/10.1111/j.1532-5415.2011.03733.x
https://doi.org/10.1111/j.1532-5415.2011.03733.x
https://doi.org/10.7326/0003-4819-158-9-201305070-00603
https://doi.org/10.7326/0003-4819-158-9-201305070-00603
https://doi.org/10.1038/oby.2010.110
https://doi.org/10.3945/ajcn.2008.26717D
https://doi.org/10.3945/ajcn.2008.26717D
https://doi.org/10.1016/j.drudis.2012.02.001
https://doi.org/10.1152/japplphysiol.00006.2008
https://doi.org/10.1002/mus.23884
https://doi.org/10.2337/db06-1566
https://doi.org/10.2337/db06-1566
https://doi.org/10.1097/MCO.0b013e3283412260
https://doi.org/10.1097/MCO.0b013e3283412260
https://doi.org/10.1016/j.exger.2020.110937
https://doi.org/10.1016/j.exger.2020.110937

97

9

5]

99

100

10

—_

102

103

104

108

106

107

108

109

110

11

—_

112

113

114

115

116

117

Management of sarcopenic obesity

Hawley JA. Exercise as a therapeutic intervention for the prevention
and treatment of insulin resistance. Diabetes Metab Res Rev 2004; 20:
383-393. https://doi.org/10.1002/dmrr.50S.

Leeuwenburgh C, Heinecke JW. Oxidative stress and antioxidants in
exercise. Curr Med Chem 2001; 8: 829-838. https:/doi.org/10.2174/
0929867013372896.

Agarwal SK. Cardiovascular benefits of exercise. Int J Gen Med 2012; 5:
541-545. https://doi.org/10.2147/JGM.S30113.

Lundby C, Jacobs RA. Adaptations of skeletal muscle mitochondria to
exercise training. Exp Physiol 2016; 101: 17-22. https://doi.org/10.1113/
EP085319.

Laughlin MH, Roseguini B. Mechanisms for exercise training-induced
increases in skeletal muscle blood flow capacity: differences with inter-
val sprint training versus aerobic endurance training. J Physiol Pharmacol
2008; 59: 71-88.

Forbes SC, Little JP, Candow DG. Exercise and nutritional interven-
tions for improving aging muscle health. Endocrine 2012; 42: 29-38.
https://doi.org10.1007/512020-012-9676-1.

Landi F, Marzetti E, Martone AM, Bernabei R, Onder G. Exercise as a
remedy for sarcopenia. Curr Opin Clin Nutr Metab Care 2014; 17: 25—
31. https://doi.org/10.1097/MCO.0000000000000018.

Harber MP, Konopka AR, Undem MK et al. Aerobic exercise training
induces skeletal muscle hypertrophy and age-dependent adaptations
in myofiber function in young and older men. J Appl Physiol 1985;
2012: 1495-1504. https://doi.org/10.1152/japplphysiol.00786.2012.
Harber MP, Konopka AR, Douglass MD et al. Aerobic exercise train-
ing improves whole muscle and single myofiber size and function in
older women. Am J Physiol Regul Integr Comp Physiol 2009; 297: R1452-
R1459. https://doi.org/10.1152/ajpregu.00354.2009.

Bell KE, Seguin C, Parise G, Baker SK, Phillips SM. Day-to-day
changes in muscle protein synthesis in recovery from resistance, aero-
bic, and high-intensity interval exercise in older men. J Gerontol, Ser A
2015; 70: 1024-1029. https:/doi.org/10.1093/gerona/glu313.

Di Donato DM, West DW, Churchward-Venne TA, Breen L,
Baker SK, Phillips SM. Influence of aerobic exercise intensity on myo-
fibrillar and mitochondrial protein synthesis in young men during
early and late postexercise recovery. Am J Physiol Endocrinol Metab 2014;
306: E1025-E1032. https://doi.org/10.1152/ajpendo.00487.2013.

Little JP, Safdar A, Bishop D, Tarnopolsky MA, Gibala MJ. An acute
bout of high-intensity interval training increases the nuclear abun-
dance of PGC-lalpha and activates mitochondrial biogenesis in
human skeletal muscle. Am J Physiol Regul Integr Comp Physiol 2011;
300: R1303-R1310. https://doi.org/10.1152/ajpregu.00538.2010.

Little JP, Gillen JB, Percival ME et al. Low-volume high-intensity inter-
val training reduces hyperglycemia and increases muscle mitochon-
drial capacity in patients with type 2 diabetes. J Appl Physiol 1985;
2011: 1554-1560. https://doi.org/10.1152/japplphysiol.00921.2011.
Richards JC, Johnson TK, Kuzma JN et al. Short-term sprint interval
training increases insulin sensitivity in healthy adults but does not
affect the thermogenic response to beta-adrenergic stimulation.
J Physiol 2010; 588: 2961-2972. https://doi.org/10.1113/jphysiol.2010.
189886.

Bouaziz W, Schmitt E, Kaltenbach G, Geny B, Vogel T. Health bene-
fits of endurance training alone or combined with diet for obese
patients over 60: a review. Int J Clin Pract 2015; 69: 1032-1049. https:/
doi.org/10.1111/ijcp.12648.

Chen HT, Chung YC, Chen Y], Ho SY, Wu HJ. Effects of different
types of exercise on body composition, muscle strength, and IGF-1 in
the elderly with sarcopenic obesity. J Am Geriatr Soc 2017; 65: 827-832.
https://doi.org/10.1111/jgs.14722.

Batsis JA, Villareal DT. Sarcopenic obesity in older adults: aetiology,
epidemiology and treatment strategies. Nat Rev Endocrinol 2018; 14:
513-537. https://doi.org/10.1038/s41574-018-0062-9.

Peterson MD, Sen A, Gordon PM. Influence of resistance exercise on
lean body mass in aging adults: a meta-analysis. Med Sci Sports Exerc
2011; 43: 249-258. https://doi.org/10.1249/MSS.0b013e3181eb6265.
Yoshimura Y, Wakabayashi H, Yamada M, Kim H, Harada A, Arai H.
Interventions for treating sarcopenia: A systematic review and meta-
analysis of randomized controlled studies. J Am Med Dir Assoc 2017;
18: el-e16. https://doi.org/10.1016/j.jamda.2017.03.019.

Candow DG, Little JP, Chilibeck PD et al. Low-dose creatine com-
bined with protein during resistance training in older men. Med Sci
Sports  Exerc 2008; 40: 1645-1652. https://doi.org/10.1249/MSS.
0b013e318176b310.

Brose A, Parise G, Tarnopolsky MA. Creatine supplementation
enhances isometric strength and body composition improvements fol-
lowing strength exercise training in older adults. J Gerontol, Ser A 2003;
58: 11-19. https://doi.org/10.1093/gerona/S8.1.b11.

© 2022 The Authors. Geriatrics & Gerontology International
published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.

118

119

12

[}

12

—_

122

123

124

125

126

127

128

129

130

131

132

133

134

135

Smilios I, Pilianidis T, Karamouzis M, Parlavantzas A, Tokmakidis SP.
Hormonal responses after a strength endurance resistance exercise
protocol in young and elderly males. Int J Sports Med 2007; 28: 401-
406. https://doi.org/10.1055/s-2006-924366.

Cornish SM, Chilibeck PD. Alpha-linolenic acid supplementation and
resistance training in older adults. Appl Physiol Nutr Metab 2009; 34:
49-59. https://doi.org/10.1139/H08-136.

Schulte JN, Yarasheski KE. Effects of resistance training on the rate
of muscle protein synthesis in frail elderly people. Int J Sport Nutr
Exerc Metab 2001; 11: S111-S118. https://doi.org/10.1123/ijsnem.11.
s1.s111.

Verdijk LB, Gleeson BG, Jonkers RA et al. Skeletal muscle hypertrophy
following resistance training is accompanied by a fiber type-specific
increase in satellite cell content in elderly men. J Gerontol Ser A 2009;
64: 332-339. https://doi.org/10.1093/gerona/gin050.

Frontera WR, Meredith CN, O'Reilly KP, Knuttgen HG, Evans WJ.
Strength conditioning in older men: skeletal muscle hypertrophy and
improved function. J Appl Physiol 1985; 1988: 1038-1044. https://doi.
org/10.1152/jappl.1988.64.3.1038.

Fiatarone MA, O’Neill EF, Ryan ND et al. Exercise training and nutri-
tional supplementation for physical frailty in very elderly people. N
Engl ] Med 1994; 330: 1769-1775. https://doi.org/10.1056/
NEJM199406233302501.

Candow DG, Chilibeck PD, Abeysekara S, Zello GA. Short-term
heavy resistance training eliminates age-related deficits in muscle mass
and strength in healthy older males. J Strength Cond Res 2011; 25: 326-
333. https://doi.org/10.1519/JSC.0b013e3181bf43c8.

Sayers SP. High-speed power training: a novel approach to resistance
training in older men and women. A brief review and pilot study.
J Strength Cond Res 2007; 21: 518-526. https://doi.org/10.1519/R-
20546.1.

Balachandran A, Krawczyk SN, Potiaumpai M, Signorile JF. High-
speed circuit training vs hypertrophy training to improve physical
function in sarcopenic obese adults: a randomized controlled trial.
Exp Gerontol 2014; 60: 64-71. https://doi.org/10.1016/j.exger.2014.
09.016.

Gadelha AB, Paiva FM, Gauche R, de Oliveira RJ, Lima RM. Effects of
resistance training on sarcopenic obesity index in older women: A ran-
domized controlled trial. Arch Gerontol Geriatr 2016; 65: 168-173.
https://doi.org/10.1016/j.archger.2016.03.017.

Huang SW, Ku JW, Lin LF, Liao CD, Chou LC, Liou TH. Body com-
position influenced by progressive elastic band resistance exercise of
sarcopenic obesity elderly women: a pilot randomized controlled trial.
Eur J Phys Rehabil Med 2017; §3: 556-563. https://doi.org/10.23736/
S1973-9087.17.04443-4.

Liao CD, Tsauo JY, Lin LF er al. Effects of elastic resistance exercise
on body composition and physical capacity in older women with
sarcopenic obesity: A CONSORT-compliant prospective randomized
controlled trial. Medicine 2017; 96: €7115. https://doi.org/10.1097/MD.
0000000000007115.

Garvey WT, Mechanick JI, Brett EM et al. American Association of
Clinical Endocrinologists and American College of endocrinology
comprehensive clinical practice guidelines for medical Care of Patients
with obesity. Endocr Pract 2016; 22: 1-203. https://doi.org/10.4158/
EP161365.GL.

WHO. Guidelines on Physical Activity and Sedentary Behaviour. WHO
Guidelines Approved by the Guidelines Review Committee. Geneva:
2020.

Garber CE, Blissmer B, Deschenes MR et al. American College of
Sports Medicine position stand. Quantity and quality of exercise for
developing and maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults: guidance for prescrib-
ing exercise. Med Sci Sports Exerc 2011; 43: 1334-1359. https://doi.org/
10.1249/MSS.0b013e318213fefb.

Manini TM, Newman AB, Fielding R et al. Effects of exercise on
mobility in obese and nonobese older adults. Obesity 2010; 18: 1168-
1175. https://doi.org/10.1038/0by.2009.317.

Kritchevsky SB, Lovato L, Handing EP et al. Exercise’s effect on
mobility disability in older adults with and without obesity: the LIFE
study randomized clinical trial. Obesity 2017; 25: 1199-120S. https://
doi.org/10.1002/0by.21860.

Villareal DT, Aguirre L, Gurney AB et al. Aerobic or resistance exer-
cise, or both, in dieting obese older adults. N Engl J Med 2017; 376:
1943-1955. https://doi.org/10.1056/NEJMoa1616338.

Kim H, Kim M, Kojima N et al. Exercise and nutritional supplementa-
tion on community-dwelling elderly Japanese women with sarcopenic
obesity: A randomized controlled trial. ] Am Med Dir Assoc 2016; 17:
1011-1019. https://doi.org/10.1016/j.jamda.2016.06.016.

| 703


https://doi.org/10.1002/dmrr.505
https://doi.org/10.2174/0929867013372896
https://doi.org/10.2174/0929867013372896
https://doi.org/10.2147/IJGM.S30113
https://doi.org/10.1113/EP085319
https://doi.org/10.1113/EP085319
https://doi.org/10.1007/s12020-012-9676-1
https://doi.org/10.1097/MCO.0000000000000018
https://doi.org/10.1152/japplphysiol.00786.2012
https://doi.org/10.1152/ajpregu.00354.2009
https://doi.org/10.1093/gerona/glu313
https://doi.org/10.1152/ajpendo.00487.2013
https://doi.org/10.1152/ajpregu.00538.2010
https://doi.org/10.1152/japplphysiol.00921.2011
https://doi.org/10.1113/jphysiol.2010.189886
https://doi.org/10.1113/jphysiol.2010.189886
https://doi.org/10.1111/ijcp.12648
https://doi.org/10.1111/ijcp.12648
https://doi.org/10.1111/jgs.14722
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1249/MSS.0b013e3181eb6265
https://doi.org/10.1016/j.jamda.2017.03.019
https://doi.org/10.1249/MSS.0b013e318176b310
https://doi.org/10.1249/MSS.0b013e318176b310
https://doi.org/10.1093/gerona/58.1.b11
https://doi.org/10.1055/s-2006-924366
https://doi.org/10.1139/H08-136
https://doi.org/10.1123/ijsnem.11.s1.s111
https://doi.org/10.1123/ijsnem.11.s1.s111
https://doi.org/10.1093/gerona/gln050
https://doi.org/10.1152/jappl.1988.64.3.1038
https://doi.org/10.1152/jappl.1988.64.3.1038
https://doi.org/10.1056/NEJM199406233302501
https://doi.org/10.1056/NEJM199406233302501
https://doi.org/10.1519/JSC.0b013e3181bf43c8
https://doi.org/10.1519/R-20546.1
https://doi.org/10.1519/R-20546.1
https://doi.org/10.1016/j.exger.2014.09.016
https://doi.org/10.1016/j.exger.2014.09.016
https://doi.org/10.1016/j.archger.2016.03.017
https://doi.org/10.23736/S1973-9087.17.04443-4
https://doi.org/10.23736/S1973-9087.17.04443-4
https://doi.org/10.1097/MD.0000000000007115
https://doi.org/10.1097/MD.0000000000007115
https://doi.org/10.4158/EP161365.GL
https://doi.org/10.4158/EP161365.GL
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1038/oby.2009.317
https://doi.org/10.1002/oby.21860
https://doi.org/10.1002/oby.21860
https://doi.org/10.1056/NEJMoa1616338
https://doi.org/10.1016/j.jamda.2016.06.016

Y] Kim et al.

137 Weijs PJM, Wolfe RR. Exploration of the protein requirement during
weight loss in obese older adults. Clin Nutr 2016; 35: 394-398. https:/
doi.org/10.1016/j.clnu.2015.02.016.

138 Schoufour JD, Tieland M, Barazzoni R et al. The relevance of diet,
physical activity, exercise, and persuasive technology in the prevention
and treatment of sarcopenic obesity in older adults. Front Nutr 2021; 8:
661449. https://doi.org/10.3389/fnut.2021.661449.

139 Timmerman KL, Dhanani S, Glynn EL et al. A moderate acute
increase in physical activity enhances nutritive flow and the muscle
protein anabolic response to mixed nutrient intake in older adults.
Am J Clin Nutr 2012; 95: 1403-1412. https://doi.org/10.3945/ajen.111.
020800.

140 Weinheimer EM, Sands LP, Campbell WW. A systematic review of

the separate and combined effects of energy restriction and exercise on

fat-free mass in middle-aged and older adults: implications for
sarcopenic obesity. Nutr Rev 2010; 68: 375-388. https://doi.org/10.

1111/j.1753-4887.2010.00298 x.

Cermak NM, Res PT, de Groot LC, Saris WH, van Loon LJ. Protein

supplementation augments the adaptive response of skeletal muscle to

resistance-type exercise training: a meta-analysis. Am J Clin Nutr 2012;

96: 1454-1464. https://doi.org/10.3945/ajcn.112.037556.

142 Hita-Contreras F, Bueno-Notivol J, Martinez-Amat A, Cruz-Diaz D,
Hernandez AV, Perez-Lopez FR. Effect of exercise alone or combined
with dietary supplements on anthropometric and physical performance
measures in community-dwelling elderly people with sarcopenic obe-
sity: A meta-analysis of randomized controlled trials. Maturitas 2018;
116: 24-35. https://doi.org/10.1016/j.maturitas.2018.07.007.

143 Martinez-Amat A, Aibar-Almazan A, Fabrega-Cuadros R et al. Exercise
alone or combined with dietary supplements for sarcopenic obesity in
community-dwelling older people: A systematic review of randomized
controlled trials. Maturitas 2018; 110: 92-103. https://doi.org/10.1016/
j.maturitas.2018.02.00S.

14

—_

704 |

144 Hsu KJ, Liao CD, Tsai MW, Chen CN. Effects of exercise and nutri-
tional intervention on body composition, metabolic health, and physi-
cal performance in adults with Sarcopenic obesity: A meta-analysis.
Nutrients 2019; 11: 2163. https:/doi.org/10.3390/nu11092163.

145 Antoniak AE, Greig CA. The effect of combined resistance exercise train-
ing and vitamin D3 supplementation on musculoskeletal health and
function in older adults: a systematic review and meta-analysis. BV Open
2017; 7: €014619. https://doi.org/10.1136/bmjopen-2016-014619.

146 Yamada M, Kimura Y, Ishiyama D et al. Synergistic effect of
bodyweight resistance exercise and protein supplementation on skele-
tal muscle in sarcopenic or dynapenic older adults. Geriatr Gerontol Int
2019; 19: 429-437. https://doi.org/10.1111/ggi. 13643.

147 Brown M, Sinacore DR, Binder EF, Kohrt WM. Physical and perfor-
mance measures for the identification of mild to moderate frailty.
J Gerontol, Ser A 2000; 55: M350-M355. https://doi.org/10.1093/
gerona/55.6.m350.

148 Sartori R, Romanello V, Sandri M. Mechanisms of muscle atrophy
and hypertrophy: implications in health and disease. Nat Commun
2021; 12: 330. https://doi.org/10.1038/541467-020-20123-1.

How to cite this article: Kim YJ, Moon S, Yu JM,
Chung HS. Implication of diet and exercise on the man-
agement of age-related sarcopenic obesity in Asians.
Geriatr. Gerontol. Int. 2022;22:695-704. https://doi.org/10.
1111/ggi.14442

© 2022 The Authors. Geriatrics & Gerontology International

published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.


https://doi.org/10.1016/j.clnu.2015.02.016
https://doi.org/10.1016/j.clnu.2015.02.016
https://doi.org/10.3389/fnut.2021.661449
https://doi.org/10.3945/ajcn.111.020800
https://doi.org/10.3945/ajcn.111.020800
https://doi.org/10.1111/j.1753-4887.2010.00298.x
https://doi.org/10.1111/j.1753-4887.2010.00298.x
https://doi.org/10.3945/ajcn.112.037556
https://doi.org/10.1016/j.maturitas.2018.07.007
https://doi.org/10.1016/j.maturitas.2018.02.005
https://doi.org/10.1016/j.maturitas.2018.02.005
https://doi.org/10.3390/nu11092163
https://doi.org/10.1136/bmjopen-2016-014619
https://doi.org/10.1111/ggi.13643
https://doi.org/10.1093/gerona/55.6.m350
https://doi.org/10.1093/gerona/55.6.m350
https://doi.org/10.1038/s41467-020-20123-1
https://doi.org/10.1111/ggi.14442
https://doi.org/10.1111/ggi.14442

	 Implication of diet and exercise on the management of age-related sarcopenic obesity in Asians
	Introduction
	Definition and diagnosis of sarcopenic obesity
	Causes of sarcopenic obesity
	Aging-related changes in body composition and metabolism
	Hormonal changes due to aging
	Low-grade inflammation

	Treatment strategy
	Dietary strategy
	Low-calorie diet
	High protein intake
	Source of protein intake
	Vitamin D supplementation
	Exercise strategy
	Aerobic exercise
	Resistance exercise
	Combination of aerobic and resistance exercise

	Coupling of dietary intervention with exercise strategy

	Conclusions
	Author contributions
	Sponsor's role
	Acknowledgement(s)
	Disclosure statement
	Data availability statement

	References


